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the esterification reactions. Nmr spectra were recorded on the 
HC1 salts in dimethyl-<j6 sulfoxide. 

Hydrolysis of N-Methyl-3-PiperidyI Esters of Glycolic Acids.— 
The method of Biel and co-workers10 was employed. A 0.45-g 
sample of the N-methyl-3-piperidyl glycolate HC1 (1, 2, 21, or 
22, Table I I ) was heated vigorously for 1 hr in 30 ml of 3 3 % 
HsSOj. The cooled solution was decanted from resinous material 

and was extracted three times with ether. The aqueous solution 
was cooled in an ice bath, made strongly alkaline with NaOH 
pellets, then was extracted repeatedly with ether. The combined 
ethereal extracts were dried (Na^SOO, and the ir spectrum was 
recorded. In each instance, the spectrum was superimposable 
upon a similar spectrum of an authentic sample of N-methyl-3-
piperidinol. 
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A series of 3-phenyl-2-(tertiary aminoalkoxy)-4H-pyrazino[l,2-a]pyrimidinones obtained by condensing 
ethyl phenylmalonate with aminopyrazine followed by base-catalyzed O-tertiary-amino alkylation of the result­
ing 2-hydroxy-3-phenyl-4H-pyrazino[l,2-a]pyrimidin-4-one was screened for CNS activity in mice. None 
showed significant activity in the maximal electroshock, oxotremorine, strychnine lethality, pentylenetetrazols 
seizure threshold, or d-amphetamine aggregate toxicity tests. Some potentiated the effect of hexobarbital 
and d-amphetamine in mice and antagonized the effect of reserpine. 

A search of the chemical literature revealed that the 
pyrazino[l,2-a]pyrimidine system has not been re­
ported. In fact, the only pyrazinopyrimidine system 
reported is that found in the pteridines, the pyrimido-
[4,5-6 ]pyrazine heterocycle. This prompted us to 
undertake a synthesis and pharmacological testing 
study in this area. This paper reports the results of 
this studv. 

tf- •Ns 
IS"" 

•N-. 

pyrazino [ 1,2-a]pyrimidine pyrimido [4,5-6] pyrazine 

Because our primary interest was the uncovering of 
new structures with central nervous system activity, 
derivatives of the pyrazino|l,2-a]pyrimidine hetero­
cycle that contained a phenyl or substituted phenyl in 
the 3 position and a tertiary aminoalkoxy chain in the 
2 position were synthesized and evaluated for CNS 
activity. This type of derivative was selected for 
synthesis because it contains a type of phenethylamine 
moiety and a choline or choline-like side chain which 
increases the likelihood it will affect the CNS neuro­
transmitters, norepinephrine and acetylcholine. 

The desired 3-pheny 1-2-(tertiary aminoalkoxy) py-
razino[l,2-a]pyrimidin-4-ones (II) were obtained by 
condensing ethyl phenylmalonate with aminopyrazine 
followed by base-catalyzed O-alkylation of the result­
ing 2-hydroxy-3-phenyl-4H-pyrazino ll,2-a]pyrimidin-
4-one (I) (Scheme I). 

In order to obtain more diverse structural modifica­
tions pyrazinopyrimidinone I was O-alkylated with 
a-chloro esters and chloracetonitrile, and aminopyra­
zine was condensed with diethyl ethoxymethylene­
malonate and diethyl phenylcyanoacetate. 

When aminopyrazine was allowed to react with di­
ethyl ethoxymethylenemalonate neat at 110° a 63% 
yield of diethyl pyrazinylaminomethylenemalonate 
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(III) was obtained. That the exu-ammo nitrogen and 
not one of the ring nitrogens was alkylated was indi­
cated by the pmr spectrum of III. The vinyl proton 
and the D20 exchangeable proton on the exo nitrogen 
appeared as doublets (J = 12.5 cps) at 543 and 672 
cps, respectively. The pmr spectrum of the alterna­
tive structure, alkylation of a ring nitrogen, wou d 
not show a vinyl proton coupled with an exchangeable 
NH proton. Ring closure of III to 3-carboethoxy-4H-
pyrazino[l,2-a]pyrimidin-4-one (IV) was accomplished 
in 89% yield by heating III at 250° in Dowtherm. 
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3-Carboethoxy-4H-pyrazinoll,2-a]pyrimidin-4-one 
(IV) was allowed to react with X,X-diethylethylene-
diamine, phenylmagnesium bromide, and sodium /3-
dimethylaminoethoxide in an attempt to introduce 
moieties that are present in known CXS active com­
pounds. However, IV is sensitive enough to these 
basic reagents that in our hands these reactions all 
yielded intractable tars. 

Ethyl phenylcyanoacetate reacted with amino-
pyrazine to give a product tentatively assigned the 
structure 4-imino-2-hydroxy-3-phenyl-4H-pyrazino-
[l,2-a]pyramidine (V) based on spectral analysis of V 
and elemental and spectral analysis of its diacetate 
derivative VI. However, the spectral data do not 
exclude other protomeric forms nor do they exclude the 
structural isomer of V in which the imino group and the 
hydroxyl group are interchanged. 

Because "malonylaminopyrazine" has not been re­
ported and because various structures have been 
formulated1 for "malonyl-a-aminopyridine," pyrazino-
pyrimidiuone (I) is described in the Experimental 
Section. 

The physical and spectral properties of I indicate 
that, similarly to "malonyl-a-aminopyridine," it exists 
predominantly as the mesomeric betaine. Because of 
the strength of the + X-H — 0~ hydrogen bond, in 
the solid state, the betaine would most likely be inter-
molecularly hydrogen bonded so that I is most ac­
curately formulated as follows. Also, the precise posi-

[-NY^H._....0ArA0 
^ N ^ Ph 

tion of the acidic proton is a matter of conjecture as it 
was not found in the pmr spectrum and, although the 
ir spectrum indicates it is certainly bonded between X 
and 0, the degree of association to either 0 or X is not 
indicated. 

Chemically, pyrazinopyrimidinone (I) differed from 
"malonyl-a-aminopyridine" in that it failed to give a 
chloride when treated with POCI3 and base-catalyzed 
alkylation resulted in isolation of only O-alkylated 
product. In contrast, "malonyl-a-aminopyridine" 
gives a chloride when allowed to react with P0C13 

and base-catalyzed alkylation has given X-alkylated 
or O-alkylated products or mixtures of both.' 

Pharmacology.—These pyrazinopyrimidinones were 
evaluated for CXS activity using a battery of screening 
methods; the data are summarized in Table I. Xone 
showed significant activity in the maximal electroshock, 
oxotremorine, strychnine lethality, pentamethylene-
tetrazole seizure threshold, or the hydrochloric acid 
writhing tests except 10 and 15 which were active in 
HC1 writhing test (ED6„'s of 31.6 and 76.1 mg/kg, 
respectively). 

Some of the pyrazinopyrimidinones in this series 
showed activity in the hexobarbital sleep time test. 
The more active compounds (1, 9, 10, 15) were selected 

(1) A. R. Katritzky and A. .1. Waring, J. Chum. Soc, 1544 (19b2). 

for testing for reinduction of sleep in hexobarbital-
treated mice. They were also active in this test which 
suggests a CXTS rather than a metabolic mechanism of 
action. 

To determine possible antidepressant activity of 
these compounds they were tested for ability to pre­
vent reserpine-induced ptosis in mice and potentiate 
d-amphetamine toxicity in aggregated mice. When 
test compounds were given intraperitoneally 30 min 
before reserpine (1 mg/kg) and the mice checked for 
presence or absence of ptosis 45 min after the reserpine, 
ptosis was absent only in the group of mice that had 
been pretreated with 6. However, when the test 
compounds were given 3 hr before reserpine, 6, 8, 
10, 17, and 18 all prevented ptosis. Thus four com­
pounds that were inactive when administered 30 min 
prior to reserpine were active in the delayed test. 

Compounds 1, 4, 6, and 10 potentiated d-amphet-
amine toxicity in aggregated mice. 

In summary, this series of pyrazinopyrimidinones 
shows some CXS activity which is manifested in poten­
tiating the effect of hexobarbital and d-amphetamine 
in mice and antagonizing the effect of reserpine. In 
these three tests some of these compounds behaved 
similarly to the antidepressants imipramine and 
amitriptyline. 

Experimental Section 

The melting points were obtained in an open capillary tube 
with the Thomas-Hoover Uni-Melt and are uncorrected. The 
elemental analyses were done by Midwest Microlabs., Inc., 
Indianapolis, Ind. The pmr spectra were obtained at 60 Mc 
with a Varian A-60 spectrophotometer, for 10% CDCU or satu­
rated dc-DMSO solutions containing TMS as an internal standard. 
Ir spectra were obtained with a Perkin-Elmer 337 grating 
spectrophotometer. Uv spectra were scanned on the Cary record­
ing spectrophotometer Model 15 in a 1.00-cm cell. Where anal­
yses are indicated only by symbols of the elements or functions, 
analytical results obtained for those elements or functions were 
within ± 0 . 4 % of the theoretical values. 

Preparation of Compounds Listed in Table I. Method A . 
2-Hydroxy-3-phenyl-4H-pyrazino[l,2-a]pyrimidin-4-one (I).—A 
mixture of 47.5 g (0.50 mole) of aminopyrazine and 118 g (0.50 
mole) of diethyl phenylmalonate under X; was heated gradually 
with an oil bath to 160°. At this temperature an aspirator was 
attached and the system was evacuated and kept at approxi-
ately 70 mm. After 2 hr at 160-170°, an additional 30 g of 
diethyl phenylmalonate was added and the mixture was kept 
at 160-170" for 2 hr and the another 30-g portion of diethyl 
phenylmalonate was added and the heating was resumed for 
another 2 hr. The mixture was allowed to cool to ambient tem­
perature, and the brown mass was crushed in a mortar with a 
pestle, triturated with ether, suction filtered, and recrystallized 
from glacial HOAc. Compound I is a high-melting (278° dec), 
yellow-gold solid insoluble in common organic solvents, except 
D M F or DMSO. Its ir spectrum (Xujol) does not show OH 
stretch in the 3200-3600-cm_1 region but rather exhibits a broad 
absorption from 2300 to 3200 c m - 1 with a maximum at 2650 
c m - 1 that indicates intramolecular bonded OH or X H + . The 
carbonyl region has five peaks located at 1760, 1735, 1680, 1660, 
and 1600 cm - 1 . The uv spectrum of the conjugate acid of I 
(spectrum obtained in 5 A* H2S04) exhibited \m!tx at 231, 267, 
346, and 379 mM with 10"3 e of 23.7, 8.78, 4.11, and 4.09, respec­
tively. Even though I has an extra ring X and a phenyl sub-
stituent its physical (high melting point, low solubility in non-
polar solvents) and spectral properties closely resemble those of 
"malonyl-a-aminopyridine."1 Both compounds have five peaks 
in the C = 0 region of the ir and four absorption maxima in the 
ultraviolet. As would be expected the ir peakB in the C = 0 re­
gion of I are each shifted to a higher frequency and the uv maxima 
are shifted to a higher wavelength. 

A pmr spectrum of I in rf6-DMS04 showed the five phenyl pro-
tons as a complex multiplet centered at 450 cps, ring proton at 
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position 5 as a doublet at 535 ops i,/ = 1.5 ops), ring proton at 
position 6 as a doublet of doublets at 522 cps (./ = 1.5 and 4.5 
cps), and ring proton at position S as a doublet at 492 cps (./ = 
4.5 cps). The acidic proton was not found, 

Method B. 2-DimethyIaminopropoxy-3-phenyl-4H-pyrazino-
[l,2-a]pyrimidin-4-one.—To a stirred solution of XaOEt in 
EtOH, prepared by adding 0.1)2 g of Xa to 250 ml of absolute 
ElOH, was added, port ionwise, over a period of 0.5 hr, 7.2 g 
(0.030 mole) of 2-hydrox\-3-phenyl-4H-pyrazitio[I,2-a]pyrimi~ 
din-4-one. The mixture was stirred and heated to the reflux 
temperature. A solution of 4.8 g (0.040 mole) of ->-dimethyl-
aminopropyl chloride in 40 nil of dry toluene was added, drop-
wise, over a period of 1.5 hr. After the addition was completed, 
the mixture was stirred and heated at the reflux temperature for 
3 hr. It was allowed to cool to room temperature and suction 
filtered, and the filtrate was concentrated in vacuo to 75 ml. The 
residual mixture was diluted with 300 ml of cold IhO, treated with 
20 ml of 10 A' XaOH, and extracted thoroughly with ether. Tim 
di'ied (MgSOi) ether extract was treated with ethereal HCl until 
the precipitin ion of the hydroehloiide was complete. The hydro-
chlorid" was removed by suction filtration, washed (EtjO), and 
recryst tllizod from an appropriate solvent. 

Method ( ' . - T h e same as method B except that the reaction 
mixture was stirred and healed at reflux temperature overnight 
instead of 3 hr. 

Method D. The same as method (,' except that the product 
was isolated as the base instead of as a hydrochloride or hydro-
bromide. 

Diethyl Pyrazinylaminomethylenemalonate (III). -A mixture 
of 4.4 g (0.046 mole) of aminopyrazine and 10 g (0.040 mole) of 
dietlnl ethoxymethylenemalonate was stirred and heated al 
105° for 1.5 hr. EtOH distilled from the mixture during this 
time. After cooling to ambient temperature, the solidified 
mixture was recrvstalized from 9r>';t EtOH to give 7.4 g (639c) "'" 
white crystals: mp 120-122°; pmr 80 and 82 (triplets, COOCH--
CH3), 257 and 250 (quartets, COOOff.CH.,), 499 (multiple!, 
three ring protons), 543 (doublet, / = 12.5 cps, -NHCff==C< !, 
and 672 (broad doublet, ./ = 12.5 cps, - Y W C H ^ O cps. Deu­
terium exchange caused the doublet at 672 to disappear and the 
doublet ut .543 to become a singlet. Anal. (CY>Hi5N30/) C, II, 
X. 

Ethyl 4-Oxo-4H-pyrazino|l,2-ajpyrimidine-3-carboxylate (IV). 
To 51) ml of Dowtherm A preheated to 250-255° was added, 

portionwise, over a period of 5 min, 5 g (0.02 mole) of diethyl 
pyrazinylaminomethylenemalonate and the mixture was stirred 
and heated at 255° for 10 min. The mixture was cooled rapidly 
to ambient, temperature, 60 ml of hexane was added, and the 
precipitated yellow solid was collected by suction filtration, 
washed with hexane, and recrystallized from f-PrOH to give 3.7 
g (89ry ) of vellow- crystals: mp 164-165°; pmr 85 (triplet, COO-
CU,CH3), 266 (quartet, COOCH2C#3), 503 (doublet, ,/ - 5 cps, 
II at C-5 coupled with II at C-6), 534 (two doublets, II at C-6 
coupled with II at C-5, ./ = 5 cps, coupled with II at C-8, ,/ = 
1.5 cps), 544 (singlet, II at 0-2), and 553 (doublet, J = 1.5 cps, 
II at 0-S coupled with II at 0-6) cps. Anal. (OiolbiX'sO;, i 0 , 
II, N. 

Reaction of Aminopyrazine with Ethyl Phenylcyanoacetate. 
A mixture of 13.9 g (0.13 mole) of aminopyrazine and 25 g (0.13 
mole) of ethyl phenylcyanoacetate was heated under X- in 
125-140°. The system was attached to an aspirator and evaeu-
aled to 70 mm, and the heating was continued for 2 hi or until 
no further distillate was collected. After the solidified reaction 
mixture cooled to ambient temperature, it was triturated with 
ether, and collected by suction filtration to give 27.7 g (88 ' , i of 
green solid, mp 202-207° dec. This material was too insoluble 
in the common solvents to allow recrystallization. Ir (Xi:jol) 
showed absence of 0 = X and ester 0 - - O and presence of con­
siderable OH and XII stretch absorption at 3460, 3340, 3275, 
and 3160 cm "', nil ramolecular bonded Oil by a broad absorpt ion 
from 3200 to 2500 c m 1 , and 0 = X stretch at 1660 cm '. 

A 5-g sample of the green solid (mp 202-207° dec i was added 
to 35 ml of Ac2<) and the mixture was heated at reflux temperature 
for 1 hr, cooled, poured onto crushed ice, stirred until all the acetic 
anhydride had reacted, and extracted with CILOU The O l U ' b 
extract was washed (Xa-;CO;i, \IX) I, dried (MgSO,), and evapo­
rated to dryness in vacuo. The brown residue was recryslallized 
twice from KtOH to give 0.75 g of tan crystals, mp 250-252° 
dec: ir showed absence of XII and OH and the presence of two 
carbonyl peaks at 1715 and 1745 cm" ': pmr in CEsCOOH showed 
the two methyl groups of the acetate functions as singlets at 134 
and 138 cps. The rest of the spectrum was poorly resolved. 

Pharmacology.- The acute toxicity.'- maximal elect roshnck," 
oxotremorine,'1 strychnine lethality/' pentyloneletrazolc seizure 
threshold,•• rf-amphetamine aggregate toxicity/' HOI writhing/ 
hexobarbital sleeping lime,5 and reiuduction of hexobarbilal 
sleep8 effects in mice were all investigated by the techniques pre­
viously described. 

Antagonism to reserpine-iiiduced ptosis in mice was measured 
in the following manner. Adult male mice were given the test 
compound intraperitoneally 3 hr prior to a reserpine (1 mg/kg 
ip) challenge. Observation for ptosis was made 45 min after 
reserpine. Results are given as a ratio of number of mice pro­
tected to number of mice tested. When 6/10 or more mice were 
protected additional tests were made to determine the El):,„. 
In these cases, the El).-,,, values and their 95'',' confidence limits 
(Calculated according to the method of Litchfield and Wilcoxon) 
are listed instead of the protection ratios. The lest was also 
done with only a 30-min time lapse between administration of test 
compound and the reserpine challenge. In this case, only one 
compound was act ive so the test results are not tabulated. 
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