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Introduction 

In recent years several ne,v 4H-pyrido [1,2a ]pyrimidin-4-one derivatives 
have been synthesized [1] and many of them exhibit an important biological 
activity [2]. A systematic study on the electronic spectra of substituted deriv
atives has been published by HORV.'\'TH et al. [3]. 

In the present work LV and IR spectra of the following 9-substituted 
3-ethox ycarbonyl-4-H-pyrido [1,2a ]pyrimidin-4-ones have been investigated: 
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Molecular structure - spectrum correlations seemed to be interesting 
as the double bonds of the 9-substituents were expected to extend the conjuga
tion. 
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Experimental 

A seperate communication will be published on the syntheses of the 
investigated compounds. 

lTV spectra were recorded on a Zeiss Specord Dv-Vis spectrometer. The 
IR spectra of samples in KBr pellets and in CHCl3 solutions were measured 
using a Zeiss Specord 75 IR spectrometer. 

The pH dependence of the electronic spectra was investigated in 1 lVI 
HCI and 1 lVI N aOH solutions and in citrate-phosphate buffers. 

Results and Discussion 

Effect of conjugation 

The effect of substitution on the conjugated systems A and B was studied 
hy comparing the electronic spectra taking Al as parent compound. The spec
tral data measured in enthanolous solutions have heen compiled in Tahle 1. 

Table 1 

Electronic spectral data of compounds in ethanol 

Band 1. 1I. 
---- ---------,--------, 
Compound i.max(nm) 

Ai 

A8 

Bl 

B2* 

B3 

B± 

392 
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382 

·1,22 

4.54 

·1.73 

4.93 

4.10 

2.65** 

* Saturated solution 
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300 
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* * .-\.bsorbances for 1 cm cell length 

19 c 
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4.0'~ 

3Al 

3.69 

sh 

1.12** 
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23·1-

244 

226 

235 

]g e 

3.78 

3.88 

3.83 

3.60 

3.99 

4.16 

·1.11 
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·L09 

1.55** 

The two bands in the electronic spectra of compounds AI-A5 may be 
assigned to n-:n;* transitions of the conjugated system [3]. In the spectra of 
A2 and A3 the significant red shifts of the bands II are due to the more exten-
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sIve conjugated systems caused by the R3 ethoxycarbonyl groups. The still 
stronger red shift in the case of compound A4 may be attributed to the partly 
delocalized nonbonding electrons of the halogen atom, contributing to the 
effect of ethoxycarbonyl group. In case of A5 the very strong red shift (",50 nm) 
is due to the effect of ethoxycarbonyl group as well as the :n;-electrons and the 
partly delocalized nonbonding electrons of oxygen atom in the R9 substituent_ 

The ne"w intensive longest-wavelength band of compounds A6, A7, AS 
may be assigned to the R9 substituents and the band splitting near 300 nm 
shows the widely spread conjugated system. In these molecules the nonhond
ing electrons of sulphur and nitrogen atoms are partly delocalized and so the 
d-orhitals of sulphur atoms can take part in the :n;-system. At AS, not only 
the first hand, hut the short-wavelength hand (244 nm) is shifted to the visihle 
region. This sho"ws the extension of conjugation to the NH group and the 
existence of an intramolecular hydrogen hond hetween the imino group and 
the nitrogen atom of the pyrimidine ring. This latter supposition has heen 
confirmed hy the IR spectrum. 

The electronic spectra of Bl and B2 arc similar to that of compound 
--\.6 which refers to similar conjugation and to an intramolecular hydrogen
hond hetwcen the Rg suhstituent and pyrimidine ring. also confirmed hy the 
infrared spectra. The first hand of compound B2 may he assigned to n-:n;* 

transition hecause of its very high "wavelength (422 nm) though its intensity 
is higher than expected. The missing hand at ahout 400 nm in the spectra 
of B3 and B4 may hc explained hy the hindrance effect of the Rg ester groups 
to n-:r* transition of carhonyl oxygen, as its nonhonding electron pair is dis
persed within the ester group. This confirms the supposition that the first 
hand in the spectrum of B2 is a n-;r* transition. 

pH dependence 

The pH dependence of the spectra was investigated in the pH interval 
0.1 14. The spectra were compared to those recorded in a neutral solution 
rather than in alcohol to avoid the disturhing effects of the solvents. 

In a strong alkaline medium the spectrum of Al does not differ signifi
cantly from that measured in neutral solution hut hoth hands have a strong 
hlue shift for compounds A2 and A3. This may refer to hydrolysis of the ester 
group. The spectra of A4-AS and BI-B2 indicate a similar decomposition. 
Bands I of A6 and A7 have also a hlue shift hut no shift of this band is found 
for compound AS. It sho"ws that in this case the conjugation through the imino 
group subsists and so existence of the hydrogen bond may be supposed. 

In alkaline medium the first bands of B3 and B4 vanish probably because 
of the splitting of R9 methoxycarbonyl and ethoxycarbonyl groups, respec
tively. The spectra of the reacidated solutions are very similar to that of A3 
III acidic medium, confirming our supposition. 

4* 
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In acidic medium blue shift of band II is observed for compound AI-AS 
and this refers to protonation on I-nitrogen [2]. For A6, the blue shift of the 
229 nm band indicates the protonation and the red shift of the band I belong
ing to the substituent R9 shows that the protonation increases conjugation. 
Protonation occurs also for A 7 and A8. The spectra in the neutral acidic 
medium for B3 and B4 are nearly identical, demonstrating the absence of 
protonation. 

In strong acidic medium the blue shift of bands IV ofBI and B2 indicates 
the protonation while that of band I shows reduced conjugation for Bl. 

Hydrogen bonding 

Hydrogen bonding was studied by IR spectrocopy. The most characteris
tic IR frequencies are given in Table 2. 

In the spectra of crystalline A8 and its concentrated solution, three 
'JIN_H bands have been observed. Upon diluting the solution, the band of the 
lowest frequency disappeared, demonstrating the decomposition of intermolec
ular hydrogcn bonds. The two other bands may be derived from NH groups 
intramolecularly hydrogen bonded to the I-nitrogen atom and from free ones. 

In the solid state spectra of BI, B2, B3 and B4 both the Vc=o bands of 
Rg aldehyde and ester groups and the VN_H hands have been found at extremely 
low wave numbers. These bands appeared at almost the same frequencies in 
the spectra in dilute solutions. These results give evidence to very strong 
intramolecular hydrogen bonds between the NH groups and the Rg suhstit
uents. Similarly low frequencies of the Vc=o and V;-';_H bands were observed 
in the case of {.i-amino rx-{.i unsaturated ketones [4]. 

O-cis-O-trans conformation, coupling of vibrations, tautomerism 

In the solid state IR spectra of compounds A a strong coupling between 
the l'C=O vibrations of the 3-ester and 4-lactame carbonyl groups may occur 
if the molecules are in "O-cis" conformation [5]. In the case of AI, A2, A3, A4 
and BI the intenseness of the bonds of the coupled vibrations shows the domi
nance of the "O-cis" form. 

Comparing the 1600-1400 cm -1 regions in the spectra of A6, A7 and 
A8, the frequencies and intensities of the bands have been found very similar, 
but they differ very much from those in the spectra of A3 and A4. This suggests 
that in the A6, A7 and A8 molecules the stretching vibrations of the double 
bonds hetween the 9-carbon atom and the Rg substituents are strongly cou
pled with the vibrations of the pyrido-pyrimidinone skeletons. In the spectra 
of A3 and A4 no such coupling has been observed. 

In the IR spectrum of B2 two weak bands appear around 2500 cm-1 

likely to belong to the l'S_H vibration of a tautometric form resulting from the 
transposition of proton from the I-nitrogen to the Rg group. 
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Table 2 

Some characteristic frequencies in the IR spectra of the crystalline compounds (cm -1)* 

Compound 

l'C~O 
(3-ester and 4-lactame carbo

nyl groups) 

vibrations 

A3 A·j A5 A6 A7 

! 
I ' 

1740 m I 1736 vs I 174·1 m 1729 m 
1704} i 1710 sh 11690 vs 1689 s ,1680 s 
1692 s I 1672 m I 1670 m . 1658 m 
1680! i ~~--l----------·'---·------------
1574 m I 1575 III ' 1611 w 

I 1568 m 
1565 s 1550 s 
1530 m I 

1505 vs 1504 vs 1497 vs 

A8 

1715 m 
1682 s 
1660 m 

1552 s 

1468 vs 1470 vs 1469 vs 

VN-H 

VS-H 
(partly) 

Compound 

Vc_o 
(3-ester and 
4-lactame carbonyl groups) 
vc=o and VC-S resp. TR9)--

Skel~t;l 
vibrations 

Bl 

3093 w 
3080 w 

* For spectral data of Al and A2 see ref. 
vs: very strong, 
m: medium, 
sh: shoulder, 
b: broad. 

B2 

[5] 
s: strong, 
w: weak, 

1450 vs , 1465 vs 

1730 sh 
1696 s 
1672 w 

1438 vs 

vb: very broad, 

Acknowledgement 

DJ 

3090 m 

1740 
1688 s 

The authors wish to thank CHINOIN Chemical and Pharmaceutical Works for support
ing the present work and dr. 1. BITTER for providing the compounds and for his valuable 
advice. 

Snmmary 

Dv and IR spectra of 9-R-3-etoxycarbonyl-6-methyI-4-H-pyrido[1,2a]pyrimidin-4-
ones (R = Cl, NOH, CSZ(CH2h, CHNH(CH3h, CHNHC6H 5, CHO, CSSCH3, COOCH3, 
COOC

2
Hs) have been studied. In the UV region the effect of substitution, the protonation and 

the decomposition were investigated in the pH interval 0.1-14. The IR spectra were used 
for studying hydrogen bond, molecular conformation and tautomerism. 
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