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Abstract:
An efficient and environmentally benign synthesis of 5-methyl-
3H-pyrrolo[2,3-d]pyrimidin-4(7H)-one is described. An acyl-
protected aminoacetone is reacted with cyanoacetamide to give
2-amino-4-methyl-1H-pyrrole-3-carboxamide, which is con-
verted in one-pot to 5-methyl-3H-pyrrolo[2,3-d]pyrimidin-
4(7H)-one in 60% overall yield. This process avoids the use of
large excess Raney nickel which is required when known
methods are practiced.

Introduction
Pyrrolo[2,3-d]pyrimidines have attracted much recent

interest because of their biological importance.1 Due to
presence of multiple reactive sites, 3H-pyrrolo[2,3-d]pyri-
midin-4(7H)-ones are important intermediates for preparation
of pyrrolo[2,3-d]pyrimidines. While there are numerous
synthetic examples for 3H-pyrrolo[2,3-d]pyrimidin-4(7H)-
ones with a heteroatom substitution at the 2-position, only a
limited number of synthetic methods with wide applicability
have been reported for 5-alkyl-3H-pyrrolo[2,3-d]pyrimidin-
4(7H)-ones.2 Recently, we were in need of large quantities
of 5-methyl-3H-pyrrolo[2,3-d]pyrimidin-4(7H)-one (1) to
support an internal drug development program. Although1
is known in literature, all reported syntheses utilize the
desulfurization route. One such procedure consists of des-
ulfurization of the 2-thioxopyrrolo[2,3-d]pyrimidinone (2),

which is prepared from the appropriately substituted cy-
anoacetate3 in two steps (Scheme 1).3 Due to the lack of
an efficient method for the preparation of the cyanoacetate
3,4 an in-house process was developed during the medicinal
chemistry stage employing desulfurization of4 as the final
step (Scheme 2).5,6 While this process was sufficient to
support medicinal chemistry, the desulfurization step required
a large excess of Raney nickel and suffered long reaction
times and inconsistent yields during early process develop-
ment.7 We sought to develop a process that is more robust
as well as more environmentally friendly.

Results and Discussion
While the Discovery synthesis of1 starts with building

the pyrimidine moiety, literature suggests that building the
pyrrole moiety first may be more effective.2 There are a
number of such methods reported in literature for pyrroles.
For example, pyrrole5 was prepared from acetamidoacetone
(6) (Scheme 3).8 However, in our hands, the conversion of
5 to 1 using known procedures suffered poor yields. Thus,
heating5 in formic acid9 gave only 10-15% yield of 1.
Alternatively, treating5 with formic acid in the presence of
acetic anhydride gave theN-formyl pyrrole7 in good yield.
However, conversion of7 to the1 by heating with concen-
trated phosphoric acid,10 or phosphorus pentaoxide10,11gave
only trace amounts of1.

Since the inefficient conversion of5 to 1 may be due to
the low reactivity of the nitrile in such an electron-rich
pyrrole, we reasoned that replacing the nitrile with a primary* To whom correspondence should be addressed. E-mail:
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amide could ease the construction of the pyrimidinone ring.
Indeed, when 2-amino-4-methyl-1H-pyrrole-3-carboxamide
(8) was prepared from6 using similar conditions, it
underwent annulation with ethyl formate to1 in about 80%
yield (Scheme 4). However, the yield of8 was low, and the
pyrrole was found to be unstable.12 Consequently, we decided

to carry out the two annulation reactions in one pot. Although
acetamidoacetone (6) can be prepared by the Dakin-West
reaction,13 the reaction and isolation is somewhat tedious.14

We decided to use phthalimidoacetone (9),15 which is easier
to monitor during the reaction due to the presence of a
chromophore, as the aminoacetone surrogate.16

Since the pyrimidinone-formation step requires an alkox-
ide, such as sodium ethoxide, as the base, it was chosen as
the base for the pyrrole-formation step as well. Thus, the
cyanoacetamide was treated with sodium ethoxide followed
by 9 at 40-50°C. Upon consumption of9, ethyl formate
was added along with additional sodium ethoxide. After
heating at 50-60 °C for 4 h, HPLC showed the disappear-
ance of8. The reaction mixture was then quenched with
water, and solvent was removed. The product1 was isolated
by adjusting the pH to 7-8. Although this procedure gave
about 30-35% yield at 10-g scale, the yield fell dramatically
to about 10% when the procedure was scaled up to 50-g
scale. It is noteworthy that the product1 isolated from this
low-yielding experiment was still very clean by HPLC and
NMR.

We suspected that self reactions of cyanoacetamide and
9 under the reaction conditions were responsible for the scale-
up issues since longer addition times may allow self reactions
to proceed to a greater extent. Indeed,9 is known to undergo
a Gabriel-Coleman-type rearrangement in the presence of
alkoxide bases to give 3-acetyl-4-hydroxyisoquinolin-1(2H)-
one (10, Scheme 5).17,18 It is also reported in the literature
that cyanoacetamide undergoes self-condensation to give11
in the presence of sodium methoxide.19 Indeed, when
cyanoacetamide was heated with 0.8 equiv of sodium
methoxide in methanol for 6 h at 40°C and then 5 h at
60 °C, a yellow solid was formed and isolated cleanly by
filtration. This compound accounted for about 55% of the
reaction mixture by HPLC area. The structure of the solid
product was determined to be12based on HPLC/MS as well
as NMR analysis. Further proof of the structure of12 came
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from NMR comparison of its protonated form13 with that
reported in literature.20 We suspect that compound11
reported in the literature19 may be a secondary product
produced during workup from12. A possible mechanism
for this reaction is presented in Scheme 6.

Since both side reactions proceed under strongly basic
conditions, lower basicity should be beneficial to the desired
reaction. We decided to investigate the efficiency of the
pyrrole formation vs strength of the base. Weak amine bases,
such as triethylamine, gave only the ethanolysis product14a
even after heating at reflux overnight. Some pyrrole8 (about
10% by HPLC area) was observed when potassium carbonate
was used as the base and the reaction mixture was heated at
reflux overnight. In this case, the ethanolysis product14a
and hydrolysis product14b predominated. With sodium
hydroxide as the base, we were surprised to observe the aldol
condensation product15. Thus, when a mixture of9 and
cyanoacetamide (1.5 equiv) was treated with 50% sodium
hydroxide (1.5 equiv) at room temperature in DMF,9 was
converted within 30 min to aldol15 and hydrolysis product
14b in about 2:1 ratio. Aldol15 was found to be unstable
under reaction conditions and was gradually converted to
pyrrole 8 upon heating. However, hydrolysis product14b
resisted further reaction. To minimize hydrolysis, solid
sodium hydroxide or lithium hydroxide was used, resulting
in improved yields. After conversion to the pyrrole was
complete, excess ethyl formate was added along with sodium
methoxide to form the product in about 60% yield. Although
reactions using lithium hydroxide gave similar yields to that
using solid sodium hydroxide on small scale, they are more
reproducible on larger scale (e.g., 100 g).

Thus, cyanoacetamide and9 are treated with lithium
hydroxide in methanol at room temperature to form15.
Sodium methoxide solution in methanol is then added, and
the reaction mixture is heated to convert15 to 8. The
pyrrolopyrimidinone1 is formed by heating the reaction
mixture with ethyl formate and additional sodium methoxide
(Scheme 7). After quenching with water and removal of
organic solvent,1 is isolated by precipitation at pH 7.5 to
8.0. This process consistently produced1 at 60% overall
yield on 100-g (9) scale with purity greater than 99% by
HPLC.

Having established the reaction conditions for conversion
of phthalimidoacetone (9) to 1, we repeated the process using
acetamidoacetone (6). The one-pot procedure gave an overall
yield of 55% yield of1. If the preparation procedure for6
can be streamlined, the process starting with6 should be
more attractive due to its higher atom efficiency.

In summary, we have developed a one-pot process for
the preparation of 5-methyl-3H-pyrrolo[2,3-d]pyrimidin-
4(7H)-one (1). This process avoids the use of hazardous
Raney nickel and eliminates the resulting heavy metal waste
stream. The process produces1 in 60% yield from readily
available starting material9.

Experimental Section
Reagents and solvents were obtained from commercial

sources and used as received. All solvents used were of
HPLC grade. NMR spectra were recorded with a Bruker
ARX 300, Bruker DPX 400 or Varian Mercury 400. HPLC
analysis was performed on a Shimadzu instrument with a
PDA detector. HPLC/MS analysis was carried out on a
Waters ZQ or Shimadzu instrument.

Representative ProcedureTo a solution of LiOH (17.25
g, 1.5 equiv) in anhydrous methanol (600 mL) was added
cyanoacetamide (63 g, 1.5 equiv) under nitrogen atmosphere.
The resulting mixture was stirred for 20 min at room
temperature. To this was added a solution of phthalimidoac-
etone (101.5 g, 0.5 mol) in 700 mL of THF (anhydrous)
over a period of 30 min. The resulting reaction mixture was
stirred for 2 h atroom temperature and then heated at 55°C
for 1 h. To this was added sodium methoxide solution (25%
solution, 172 mL, 1.5 equiv) at 55°C over a period of 40
min. After 3 h HPLC/MS indicated starting material and
intermediates were converted to the pyrrole8. A crude
sample of8 was obtained by extractive aqueous workup.
MS: MH+ ) 140.1. 1H NMR (DMSO-d6): δ 9.71 (br s,
1H), 6.08 (br s, 2H), 5.84 (s, 1H), 5.64 (s, 2H), 2.07 (s, 3H).
13C NMR (DMSO-d6): δ 169.2, 146.7, 113.8, 108.0, 95.5,
13.4. To the above reaction mixture was added ethyl formate
(200.8 mL, 5 equiv) over a period of 20 min followed by(20) Junek, H.; Sarhan, E. T.; Sterk, H.Monatsh. Chem.1988,119, 717-726.
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sodium methoxide (25% solution, 324 g, 3 equiv). The
resulting reaction mixture was heated for 7 h at 55°C at
which time HPLC/MS indicated that the pyrrole8 was
converted to the pyrrolopyrimidinone1. The reaction mixture
was diluted with 1.5 L water, heated at 60°C for 1 h, and
then concentrated to small volume (∼1.5 L). Solution assay
indicated that pyrrolopyrimidinone1 was formed in 75%
solution yield. This solution was neutralized to pH≈ 7.5
with 6 N aq HCl, cooled to about 5°C, and held at this
temperature for 30 min. Solids were filtered, washed with
water, dried at 50°C under vaccum overnight to give the
pyrrolopyrimidinone1 as a light brown solid (45.8 g, 61%
yield, purity: 99.0% by HPLC area). MS: MH+ ) 150.1.

1H NMR (DMSO-d6): δ 2.27(s, 3H), 6.74(s, 1H), 7.74(s,
1H), 11.53 (br s, 2H).13C NMR (DMSO-d6): δ 11.6, 107.0,
113.8, 117.8, 143.5, 148.2, 159.6.
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