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This work describes two distinct routes to prepare pyrazolo-
[1,5-a]pyrimidin-7-ones and two distinct routes to prepare
pyrazolo[1,5e]pyrimidin-5-ones. Use of 1,3-dimethyluracil
as the electrophile in the preparation of the pyrimidin-5-one

regioisomer represents a correction of previously reported
results. Also, a novel reaction to prepare this isomer was
identified and the reaction mechanism elucidated. This work

provides the experimentalist with complimentary synthetic
pathways that afford either the pyrimidin-7-one or the
pyrimidin-5-one regioisomer.

Over the past few decades, the cofd-gyrazolo[1,5e]-
pyrimidin-7-one, 1, has surfaced in a variety of biologically
active molecules such as thel32y2-selective ligand,! the
anti-schistosomal age@f and the anti-inflammatorg® (Figure
1). Moreover, corel may be used as a versatile synthetic

intermediate and therefore has received a considerable amount

of synthetic interest in recent literatutel® During our inves-
tigations into the preparation of the substituted pyrazolo[1,5-
oJpyrimidin-7-one intermediate, we found that altering the
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FIGURE 1. Compounds containing the pyrazolo[Igfpyrimidin-7-
one core.

results of our synthetic investigations including the correction
of a previously reported regioisomeric assignment.

Our initial synthesis, previously described in the literature,
involved condensation of an aminopyrazole and diethyl ethoxym-
ethylenemalonate with subsequent cyclization, as shown in step
1 of Scheme 1. Starting from commercially available-2
pyrazol-3-ylamineb, the reaction proceeded smoothly to afford
ester6 in one pot. Saponification gave the carboxylic agid
which was subsequently decarboxylated yielding the desired
compound3 in 69% over the three steps.

SCHEME 1. Synthesis of the Simple
Pyrazolo[1,5-a]pyrimidin-7-one Core?
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aReagents and conditions: (a) diethyl ethoxymethylenemalonate, AcCOH,
reflux, 16 h, 56%. (b) NaOH, EtOH, 10TC, 3.5 h, 100%. (c) Dowtherm
A, 250°C, 2 h, 98%.

Synthesis of 5-(3-bromophenylH2pyrazol-3-ylamine 11,

reaction conditions affected the regiochemical outcome of the a key intermediate in our research, was achieved as shown in

key cyclization reaction in the synthesis. Herein, we report the
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Scheme 2. Displacement of thhebromo group with potassium
cyanide was carefully developed to prevent cyanohydrin forma-
tion of the keto nitrilel0. Condensation with hydrazine afforded
the desired and novel pyrazdé, which reacted smoothly with
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diethyl ethoxymethylenemalonate in glacial acetic acid to give is low (47%),14 is the only regioisomer detected. The crude

the cyclized estet2. reaction mixture shows 15% unreacted starting material, and
the low recovery is assumed to be due to unoptimized workup/

SCHEME 2. Synthesis of the Optimally Substituted purification conditions.

Pyrazolo[1,5a]pyrimidin-7-one Core® Similarly, reaction of other available aminopyrazolés,?

o o 5, and16) with the sodium salt of ethyl formyl acetate afforded
Br Br a Br N optimally substituted pyrazolo[1 &}pyrimidin-7-one scaffolds,
- - as shown in Scheme 5. In all cases, exclusively one regioisomer
10

was detected via TLC or crude NMR.
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aReagents and conditions: (a) KCN, MeOH,® room temperature,
0.5 h, 65%. (b) Hydrazine hydrate, EtOH, 180, 2 h, 69%. (c) Diethyl

ethoxymethylenemalonate, AcOH, reflux, 16 h, 85%. 15 R; =3"-BrC¢H,, R, = CH; 17 R; =3-BrC¢Hy, R, = CH3
5 R, =H,R,=H 8 R =H,R,=H
16 R; =H, R, = CO,Et 18 R; =H, R, = CO,Et

However, our desired intermediate did not have the ester
moiety in the molecule. Therefore, in the same fashion as shown
above, saponification and decarboxylation provided the desired
intermediatel4, as shown in Scheme 3.

a2 Reagents and conditions: (a) (i) Na, EtOAc, EtOH, ethyl formate, 16
h, room temperature. (ii}1, 80 °C, 4 h, 42-76%.

Another appealing one-step/one-pot synthesis for intermediate
14 using a commercially available synthon was reported by
Chul3 This work employed 1,3-dimethyluracil as the electro-

0o 9 l AT .
Br N phile in the pyrazole additionelimination reaction sequence.
G_d o a) However, when we reacted 5-(3-bromophenyf)2yrazol-3-
= N
H

SCHEME 3. Saponification and Decarboxylatiort

ylamine, 11, with 1,3-dimethyluracil the expected produit
(Rs ethyl acetate= 0.07) was not obtained; instead, exclusive
formation of the regioisomed,9 (R; ethyl acetate= 0.56), was
observed (Scheme 6).
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In the end, synthesis of the desired pyrazolo[d]pyrimidin-
7-one intermediatel, 4, was achieved in five synthetic steps and 1 19
31.5% overall yield. We thus sought alternative more efficient N . .
synthetic routes which would eliminate the need for ester group 3h F%«;il/g.ents and conditions: (a) 1,3-dimethyluracil, NaOEt, EtOH(R0
removal. One such route is shown in Scheme 4, where

intermediatel4 is prepared in one step by addition of 5-(3- There is a dramatic difference in the chemical shift of fhe
bromo-phenyl)-Bi-pyrazol-3-ylamine/L1, to a solution of the  proton of the vinylogous amide moiety. In the pyrimidin-7-one
sodium salt of ethyl formylacetatprepared in situ. The sodium jsomer, this proton appears at 7.96 ppm, while in the pyrimidin-
salt of ethyl formylacetate was prepared by addition of ethyl 5.one isomer, the chemical shift of this proton is shifted further
acetate to a dispersion of sodium in toluene followed by gownfield to 8.52 ppm, Figure 2.

dropwise addition of ethyl formate. This mixture was stirred  The reaction was repeated using pyrazdgss, and16 and

for 15 h prior to addition ofL1.1* It is worth mentioning thatif  found to give exclusive formation of the pyrazolo[i$-
the sodium was not a fine suspension, no product was detectedpyrimidin-5-one products, as shown in Scheme 7. This is in
Also worthy of mention is that although the yield of this reaction  ¢onirast to the Chu paper in which two of these pyrazdes (
and16) were reported to give the pyrazolo[1¢gpyrimidin-7-

one products. Upon rigorous examination of the crude NMR
spectrum of these compounds, no other regioisomers were

Br Br 7 detected in any case. As highlighted above, in Figure 2, there
M a) @_&J] is a large difference in the chemical shift observed between the
_—
= NH, = N
H

(11) Wheeler, H. L.; Merriam, H. FAm. Chem. J1903 29, 478-480.
1 14 (12) 5-(3-Bromo-phenyl)-3-pyrazol-3-ylamine was prepared by the
alkylation of 10 with methyl iodide followed by pyrazole cyclization.
aReagents and conditions: (a) (i) Na, EtOAc, EtOH, ethyl formate, 16 (13) Chu, C. K.; Suh, J. J.; Mesbah, M.; Cutler, Sl.Heterocycl. Chem.
h. (i) 11, 80°C, 4 h, 47%. 1986 23, 349-352.

SCHEME 4. One-Step Synthesis of the Substituted
Pyrazolo[1,5-0]pyrimidin-7-one Core2
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FIGURE 2. Difference in chemical shift of the vinylogous amide
[-proton.

S proton of the vinylogous amides for each isomer. This trend
continued for each of the novel pyrazolo[Igfpyrimidin-5-
one products formed (i.e5-H chemical shift of8 = 7.86 ppm
and theS-H chemical shift in21 = 8.47 ppm).

SCHEME 7. General Utility of the Reaction Using
1,3-Dimethyluracil as Electrophile?
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aReagents and conditions: (a) 1,3-dimethyluracil, NaOEt, EtOH0
3 h, 11-84%.

The structures of pyrazole® (Schemes 1 and 5) an2il
(Scheme 7) were unambiguously determined by NMR NOE

experiments of the N-methyl derivatives. The observed carbon

chemical shifts of the methyl carbons of-380 ppm for both

23 and24 are consistent with methylation of the pyrimidinone
ring nitrogen, not oxygen. The N-methyl derivati28 afforded
two NOEs, one to a proton on the pyrimidinone ring and a
second to a proton on the pyrazole ring, while the N-methyl
analog,24, gave a single large NOE to a proton on the pyrazole
ring, as depicted in Figure 3.
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FIGURE 3. NOE experiments of the N-methyl regioisomers. Reagents
and conditions: (a) (i) NaH, Mel, DMF, RT, 0.5 h, 889%.

Synthesis of the pyrimidin-5-one regioisomer using 1,3-

dimethyluracil has not previously been reported. In the literature,
the only synthesis of this isomer reported uses ethyl propiolate

as the source for the,S-unsaturated ketone moiety.Upon
further investigations in our laboratory of other conditions that
may preferentially react to give the pyrimidin-5-one isomer, the

conditions outlined in Scheme 8 were discovered. In this case
also, we carefully examined the crude NMR spectrum, and none

of the pyrimidin-7-one regioisomer was observed.

(14) Scheiner, P.; Geer, A.; Bucknor, A.; Imbach, J.; Schinazi, Rled.
Chem 1989 32, 73-76.

JOCNote

SCHEME 8. Alternate Synthesis of the
Pyrazolo[1,5a]pyrimidin-5-one Scaffold?
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a2 Reagents and conditions: (a) ethyl 3-ethoxyacrylateCOs, DMF,
110°C, 4 h, 94%.

By lowering the temperature of the reaction from TMto
room temperature, we were able to isolate intermediales
and11B, (Scheme 9) and thus elucidate the mechanism of this
high-yielding cyclization reaction. Initially, there is a Michael
addition of the secondary nitrogen of the pyrazole to the ethyl
3-ethoxyacrylate, which leads to formation of intermedizité.
Michael addition to an acrylate without elimination, although
not common, has previously been documented in the liter&ture.
Subsequent intramolecular lactam formation yields the bicycle
11B, which liberatesl9 following ethanol elimination.

SCHEME 9. Isolation of Intermediates: Elucidation of the
Reaction Pathway
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a2 Reagents and conditions: (a) ethyl 3-ethoxyacrylateCOs, DMF,
room temperature, 2 h, 94%. (b) 11Q.

Additionally, it was found that intermediat&lA can be
converted to intermediatEl B upon treatment with GEO; at
60 °C, and both of these intermediates can be converted into
regioisomerl9 at 110°C.

These novel reaction conditions for constructing the pyrazolo-
[1,5-0]pyrimidin-5-one product were found to be reproducible
and general. In another example, as shown in Scheme 10,
exposure of commercially availableH2pyrazol-3-ylamine5
afforded pyrimidin-5-on@1in moderate yield. Although reac-
tion intermediates were not isolated in this case, we hypothesize
that this reaction follows the same mechanistic pathway outlined
in the formation ofl9 as shown inScheme 9.

SCHEME 10. General Utility of the Reaction Using Ethyl

3-ethoxyacrylate as Electrophilé
N~ N~
— —
NH, N” 0
H

5 21

a2 Reagents and conditions: (a) ethyl 3-ethoxyacrylateCOs, DMF,
110°C, 2 h, 59%.
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In summary, we have shown two distinct routes to prepare
pyrazolo[1,5e]pyrimidin-7-ones, such a$4 (Schemes 3 and
4). Both of these routes are applicable to a variety of pyrazole
substrates, offering products with optimal substitution patterns.
Alternatively, we have shown two distinct routes for the
preparation of pyrazolo[1,6]pyrimidin-5-ones, such a49
(Schemes 6 and 8). Table 1 summarizes these findings.

TABLE 1. Summary of Results

Startin
Method ne Reagents Product
Material
1. E10,C__CO,Et 0
: \[ ? AcOH, reflux
N~ 16h Ne
NH
A R— OEt rR— N |
>
NH, 2.NaOH, EtOH, 100 °C, 2 h N
R, I H
- 2
3. Dowtherm, P
250°C.2h pyrimidin-7-one
0
S NH E(0,C Y
Ry R, |
B = | =
NH, O @ N
R, O Na K, H
pyrimidin-7-one
[0 Ne "X
N
. ANNH _ R,m
I N7 NaOEt ECOH
C P NH | 16 h, RT N" 7o
2 R H
R, N o 2
| pyrimidin-5-one
N~
N
R g N FI0,C Cs,co, DMF | N = /l
D ! — jl\ 115(2”(:3' N” o
NH, R H
R, OEt 2
- pyrimidin-5-one

(150 mL). The suspension was cooled to room temperature, filtered,
and dried to yield 7-oxo-4,7-dihydropyrazolo[1o3pyrimidine-6-
carboxylic acid (1.80 g, 10 mmol, 100%) as a white solid.

Method A: Pyrazolo[1,5-o]pyrimidin-7(4 H)-one (8).To 7-oxo-
4,7-dihydropyrazolo[1,%¢]pyrimidine-6-carboxylic acidy, (12.10
g, 68 mmol) was added Dowtherm A (100 mL). The suspension
was heated to 258C for 2 h. The reaction mixture was cooled to
room temperature, then diluted with hexanes (300 mL), stirred
vigorously, filtered, and dried to afford pyrazolo[1¢gpyrimidin-
7(4H)-one (8.90 g, 66 mmol, 98%) as a pink solid.

Method B: 2-(3-Bromophenyl)pyrazolo[1,5a]pyrimidin-
7(4H)-one (14).Sodium, prewashed with hexanes (0.13 g, 5.6
mmol, 2.8 equiv), was added to a scintillation vial (20 mL) to which
toluene (2 mL) was added. The vial was heated in a WR®il
bath until the sodium became molten. The vial was shook vigorously
to produce a fine suspension of sodium as the mixture cooled. To
the suspension at room temperature undends added ethyl
acetate (43@L, 4.4 mmol, 2.2 equiv) followed by EtOH (3 drops).
Ethyl formate (355.L, 4.4 mmol, 2.2 equiv) was added in portions
over 20 min. The suspension was allowed to stir for 16 h at room
temperature under;NA solution of 3-(3-bromophenyl)H-pyrazol-
5-amine,11(0.43 g, 2 mmol, 1 equiv), in EtOH (2 mL) was added
to the suspension and then heated to°80for 4 h. The solvent
was removed, kD (50 mL) was added, and the crude product was
heated to boiling, filtered through Celite, cooled, and brought to
pH 1 by addition 6 6 N HCI. The precipitate was filtered and
washed with HO. The wet solid was triturated with EtOH, filtered,
and dried to yield 2-(3-bromophenyl)pyrazolo[Ipfpyrimidin-

Further experimentation and mechanistic studies are requiredz4).one (0.27 g, 0.93 mmol, 47%) as a pale yellow solid.

to fully understand the differences in regioisomer selectivity. It
seems that both the conditions (acidic vs basic) and the
electrophile play important roles in determining the course of
the cyclization reaction.

Both routes for formation of the pyrimidin-5-ones are
noteworthy. First, use of 1,3-dimethyluracil as the electrophile
in the preparation of regioisomeidl and 22 represents a
correction from previously reported resultésThis one-step

Method C: 2-(3-Bromophenyl)pyrazolo[1,5a]pyrimidin-
5(4H)-one (19). To 3-(3-bromophenyl)-Hi-pyrazol-5-amine,11
(1.19 g, 5 mmol, 1 equiv), under a;Nitmosphere was added a
solution of sodium ethoxide in EtOH (1 N, 17.5 mL). Solid 1,3-
dimethyluracil (0.77 g, 5.5 mmol, 1.1 equiv) was added, and the
mixture was heated to 9%C for 3 h. The reaction mixture was
then cooled in an icewater bath. The resulting amber precipitate
was filtered off and dissolved in water (20 mL) and neutralized

procedure can be used to prepare a variety of novel compoundswith acetic acid. The solid was then washed withOHand

Also, we report here for the first time that reaction of an
aminopyrazole with ethyl 3-ethoxyacrylate in the presence of
cesium carbonate affords the pyrimidin-5-one regioisomer.
Furthermore, the mechanism of formation1& was revealed
by isolation of intermediates within the reaction pathway. This
work provides the experimentalist with a variety of synthetic
pathways that will afford either the pyrimidin-7-one or the
pyrimidin-5-one regioisomer.

Experimental Section

Method A: Ethyl 7-Oxo0-4,7-dihydropyrazolo[1,5-a]pyrimi-
dine-6-carboxylate (6).To a solution of B-pyrazol-3-ylamine
(4.15 g, 50 mmol, 1 equiv) in glacial acetic acid (60 mL) at room

azeotroped to dryness by refluxing in toluene (100 mL) to give
2-(3-bromophenyl)pyrazolo[1,&}pyrimidin-5(4H)-one (1.09 g, 3.8
mmol, 75%) as a cream-colored solid.

Method D: 2-(3-Bromophenyl)pyrazolo[1,5a]pyrimidin-
5(4H)-one (19).To a solution of 3-(3-bromophenyl)Htpyrazol-
5-amine,11 (0.238 g, 1.0 mmol), and ethyl 3-ethoxyacrylate (220
uL, 1.5 mmol) in DMF (15 mL) was added cesium carbonate (480
mg, 1.5 mmol). The reaction mixture was heated to 1CCor 4
h. The mixture was then allowed to cool, and acetic acid (3 mL)
was added. The solvent was evaporated, and the product was
partitioned between #D and ethyl acetate. The organic layer was
washed with brine, dried over MgSQCfiltered, and evaporated to
give crude product. The resultant material was purified by trituration
with ethyl acetate:EtOH to give 2-(3-bromophenyl)pyrazolo[1,5-

temperature was added diethyl ethoxymethylenemalonate (11'89a]pyrimidin-5(4H)-one (0.273 g, 0.94 mmol, 94%) as a white solid.

g, 55 mmol, 1.1 equiv). The mixture was heated at 1QGor 4.5

h. The suspension was filtered warm, then washed several times  Acknowledgment. The authors thank Dr. John Ellingboe

with EtOH, and dried to yield ethyl 7-oxo-4,7-dihydropyrazolo-
[1,5-a]pyrimidine-6-carboxylate (5.76 g, 28 mmol, 56%) as a white
powder.

Method A: 7-Oxo-4,7-dihydropyrazolo[1,5-a]pyrimidine-6-
carboxylic Acid (7). To a suspension of ethyl 7-oxo-4,7-dihydro-
pyrazolo[1,5e]pyrimidine-6-carboxylate6, (2.07 g, 10 mmol) in
EtOH (10 mL) at room temperature was added 2.5 N NaOH (10
mL). The resulting suspension was heated to X0@or 3.5 h. The
suspension was cooled to room temperature and diluted with H
(300 mL) and citric acid (5.78 g, 30 mmol). The white suspension
was stirred an additional 30 min, filtered, and washed with water.
The wet solid was azeotroped to dryness by refluxing in toluene
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