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ABSTRACT
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A novel route to highly substituted chiral 6,7-dihydro-5H-imidazo[1,5-a]pyrazine-8-ones starting from Meldrum’s acid is disclosed. The key
features of the methodology are the incorporation of amino esters as a chiral pool and facile mild intramolecular cyclization to form the
pyrazine ring. Incorporation of various substituents at different stages of the synthesis from various building block sets makes this methodology
readily amenable to parallel synthesis.
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Imidazopyrazined are structural units found in numerous
bioactive natural products, drugs, and drug candidates. They
are well represented in the area of medicinal chemistry, acting

on a number of targets including the CRF recepBABAA R QR Br 0
receptor? melanocortin receptdretc. Recently, 6,7-dihydro- ‘“N)H%N \©\ _
BH-imidazo[1,5-a]pyrazin-8-one&were disclosed as Factor RZ\\‘-K/N\/( NK,N N
Xa inhibitor$ (Figure 1). Rs ~
The imidazo[1,5-a]pyrazine heterocyclic system is one of 1 2 CFs

the less known members of the azaindolizine family.
Reported synthetic methods involve either the formation of
the imidazole rin§ or the much lesser known routes of
formation of the pyrazine rirffgby ring closure onto an
existing imidazole intermediate. A recent report by Trcek et
al” describes a one-pot approach to the imidazo[1,5-a]-

Figure 1.

pyrazine system based on the cyclocondensation of 3-[(2-

amino-1,2-dicyanoethen-1-yl)amino]-2-(benzylamino)-pro-
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(4) Pinto, D. J. P.; Li, R. US 20030118023, 2003.

(5) (@) Montgomery, J. A.; Secrist, J. A., lll. i€omprehensie (6) (a) Chattopadhyay, G.; Ray, &.Chem. Res., Synaop©92 170. (b)
Heterocyclic ChemistryKatritzky, A. R., Rees, C. W., Eds.; Pergamon Sen, A. K.; Sengupta, D. Kindian J. Chem., Sect. B983 22B, 30. (c)
Press: Oxford, 1984; Vol. 5, Part 4A, p 607. (b) Sliskovic, D. R. In  El-Bayouki, K. A. M.; Hammad, M.; Osman, S. A.; Basyouni, W. Egypt
Comprehensie Heterocyclic Chemistry jIIKatritzky, A. R., Rees, C. W., J. Chem 1986 29, 581.
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Scheme 1. Synthesis of Imidazole Intermediat® Scheme 2. Synthesis of
6,7-Dihydro-31-imidazo[1,5-a]pyrazine-8-onek
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combinatorial arrays. Our approach to this heterocyclic
system convenlgntly makgs use of amino es’Fers_ as the chiral Amino Esters (R,)
component and involves intramolecular cyclization to form
the pyrazine ring as detailed below. COOMe COOBn COOMe _-COOt-Bu
Our approach to synthesizing a common imidazole inter-
mediate starts with Meldrum’s acid (Scheme 1). Thus, NH, NH, NH, NH,
reaction of Meldrum’s aci® with acetyl chloridé afforded
5, which was treated witlw-amino esters such as phenyl- Benzyl Amines (R;)

alanine methyl este§ to give thef-ketoamider. Conversion NH, NH, NH,
to the hydroxyimine3 was quantitative using sodium nitdte /O@—/ m@J AQ_/

in acetic acid. Reaction & with 4-methoxybenzylamin@

gave the cyclized imidazoleintermediatelO. Alkyl Halides (Ry)
Initial attempts to cyclize the imidazole ester intermediate

10 under basic conditions afforded the desired product . NN Br

pyrazine-5,8-dione, but the product was found to be unstable Br EjA

under acidic or basic conditions. However, the intermediate
10 underwent smooth selective reduction of the ester upon
treatment with LiAlH; to give the alcohol1in quantitative ~ Figure 2. Building Blocks for Parallel Synthesis.
yield. Reduction worked equally well when benzyltert-

butyl esters were used in the place of methyl ester. In situ pound 1. The building blocks chosen to introduce the di-

conversion of the alcohdl1 to the corresponding primary versity in these positions are shown in Figure 2.

bromidé! and further cyclization to form the pyrazine ring All the building blocks employed gave good yields, ex-

12 could be carried out in one pot and was found to be very cept for the phenyl substituent in the Rosition, which

facile under the mild conditions employed. Further alkylation gave lower yields £20-58%, depending on the sRem-

of the amide afforded the substituted dihydroimidazopyrazine ployed) for the imidazole formation ste@ (o 10), prob-

1 (Scheme 2). The heterocyclewas found to be stable  ap|y due to steric hindrance during cyclization. Ester re-

through a range of pH values and could be isolated in good gction and final ring closure to form the pyrazine ring

purity. . . worked well with all the amino esters, including the steric-
Application of this method for parallel solution-phase 41y hindered valine methyl ester (Table 1). The enantio-

synthesi&’ was demonstrated by generating a small library meric purity of representative compounds with the chiral
of compounds varying the four substituentsR, in com-

(12) (a) Solution-phase parallel synthesis was carried out in 8 mL vials

(8) Yamamoto, Y.; Watanabe, Y.; Ohnishi,Ghem. Pharm. Bull1987, using J-Kem blocks with heating and cooling capabilities. (b) All compounds
35, 1860. were purified by HPLC. A Gilson HPLC instrument with Unipoint software
(9) Beccalli, E. M.; Puppo, M. D.; Licndro, E.; Marchesini, A. was used. Column: Phenomenex C18 Luna 24 & mm, 5«M. Solvent
Heterocycl. Chem1981, 18, 685. A: water (0.02% TFA buffer). Solvent B: acetonitrile (0.02% TFA buffer).
(10) Veronese, A. C.; Cavicchioni, G.; Servadio, G.; Vecchiati JG. Solvent gradient: time 0 min (5% B), 2.5 min (5% B), 12 min (95% B),
Heterocycl. Chem198Q 17, 1723. hold 3 min (95% B). Flow rate: 22.5 mL/min. Detection: 215 and 254
(11) Imperiali, B.; Roy, R. SJ. Org. Chem1995 60, 1891. nm. Reported yields are isolated yields.
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Table 1. Formation of Pyrazine Ring2

R1 R2 Rs yield 10 to 12 (%)
methyl benzyl 4-methoxyphenyl 85
methyl benzyl 4-chlorophenyl 46
methyl benzyl 4-methylphenyl 58
ethyl benzyl 4-methoxyphenyl 56
ethyl benzyl 4-chlorophenyl 57
ethyl benzyl 4-methylphenyl 67
Phenyl benzyl 4-methoxyphenyl 61
phenyl benzyl 4-chlorophenyl 40
phenyl benzyl 4-methylphenyl 54
methyl i-propyl 4-methoxyphenyl 63
methyl methyl 4-chlorophenyl 80
methyl H 4-methylphenyl 85

amino acids used was determined by NMR measurement
using ©-(+)-a-(trifluoromethyl)benzyl alcohol and/or eu-
ropium tris[3-(heptafluoropropylhydroxymethylene}}-

S

purity without racemization during the synthetic transforma-
tions.

In summary, we have developed a novel route for the 6,7-
dihydro-H-imidazo[1,5-a]pyrazine-8-one system involving
mild reaction conditions and limited purification. The method
is amenable for parallel synthesis, providing multiple sites
for diversification leading up to highly substituted chiral
imidazopyrazines of biological significance.
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