
PYRIMIDINES AND CONDENSED DERIVATIVES, 1.* 

DV AXD IR SPECTRA OF ISOCYTOSINES _'\XD RELATED DIIDAZO[1,2-a]
PYRIMIDIl'IOXES** 

By 

B. AGAI, Gy. HOR~"_L'\K, L. L_.\NG***, K. LE:\IPERT and P. SOK.\R**** 

Department of Organic Chemistry, Technical university, Budapest 

(Received April 2, 1970) 

In the series starting with the present paper, ring closure reactions of 
isocytosine derivatives will, inter aI., be described. lVlost of the starting com
pounds (as well as isocytosinc itself) were potentially tautomeric compounds 
of potential double reactivity. As a consequence, one had to reckon with two 
alternate orientations in the course of the cyclizations. Thus, there arose 
problems of tautomeric structures andorientations similar to those which had 
to be solved during our previous studies in thc 1,2,4-triazine series [1-7]. 
The solution for both types of problems consisted in establishing the actual 
distribution of double bonds which, in principle, could be situated in different 
positions of or exocyclic to the triazine ring. For this purpose DV and IR spec
troscopic methods proved to be very suitable and, therefore, thc same methods 
were applied also in the course of our studies in the pyrimidine series. 

Isocytosine could principally exist in seven [8] different tautomeric 
forms. Among these, according to general experience [9] the t-wo amino-oxo 
forms la (conjugated form) and lh (cross conjugated form) are the most likely 
ones. 

0 0 OH 0 r NH ~l,,{" rar 11 

r~H 
(~NHz ~:'-i/~-"Hz ""-.XANH 

H - H 

la Ih lc Id 

According to lTV spectroscopic studies of Australian authors [10] (cf. also helow) iso
cytosine exists in approximately neutral aqueous huffer solutions as a mixture of the tauto
meric forms la and lh; the presence of the aromatic form lc may. however, not be excluded 
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with complete certainty. :3Ioreoyer, according to UV spectroscopic studies of French authors 
(11], the position of the equilibrium la ;:: lb depends on the solvent, as well as on the temper
ature while, according to X-ray studies [12], in crystalline state the two amino-oxo tauto
mers form a 1 : 1 complex. 

In the IR spectra of the majority of monocyclic and condensed bicyclic 
derivatives of isocytosine prepared by us an intensive amide I band could 
easily be recognized; thus, the presence of a product containing a chromo
phore system identical with that of either la or lh or perhaps with that of 
the form Id (containing an e:x:ocyclic double bond) could he taken as verified. 
In order to be able to distinguish hetween these three possibilities, characteristic 
differences in the DV and IR spectra corresponding to the three double bond 
distributions represented by formulas la, lh and Id had, however, to be re
cognized in addition to the demonstration of a carbonyl hand. 

As a result of a study of more or less "fixed", i.e. of such derivatives of 
the tautomeric forms la, lh and Id in which as many of the mobile hydrogen 
atoms attached to nitrogen as possible had heen replaced by groups incapable 
of tautomeric shifts, the UV spectra of compounds containing a conjugated 
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(types 2 and 3), a cross conjugated double bond system (types 4, and 5)* and 
an exocyclic double bond (types 6-8), respectively, can be stated to differ 
characteristically from each other; differences were found in the IR spectra 
as well, namely in the positions of the amide I bands (see Fig. 1). 
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-- - - Types 2. and J 
as exemplified by compound Jd 

vC=O: 1668 cm-I 

--- Types It: and 2. 
as exemplified by compound f1J2; 

vC=O: 1650 cm-I 

.......... Types ff-~ 
as exemplified by compound @; 

vC=O· 1678 cm-! -

400 (UV spectra in ethanol, IR spectra in KBr pellets) 

Fig. 1. ITV spectra and carbonyl frequencies of representatives of types 2 and 3, 4 and 5, and 
6-8, respectively 

The DV spectra of mono cyclic (type 2) and bicyclic (type 3) compounds, 
containing a conjugated chromophore system of the 2-amino-4(3H)-pyrim
idinone type, exhibit two absorption bands similarly to those of the isomeric 
mono cyclic (type 6) and bicyclic compounds (types 7 and 8) containing a 
chromophore system of the 2,3-dihydro-2-imino-4(1H)-pyrimidinone type 
with an exocyclic double bond. An inspection of Fig. 1 and especially of the 
pertinent tables reyeals that these two chromophol'e systems cannot be dis-

* Differences in the Dv spectra corresponding to the conjugated and cross conjugated 
chromophores were pointed out previously by BROWN and TEITEI [10]. 
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tinguished by the positions of the absorption bands with certainty. They may, how
ever, be unequivocally distinguished on the basis of the relative intensity of 
the maxima: while the longer wave band of compounds containing either of 
the chromophores 6-8 is of much lower intensity than that at smaller 'wave 
lengths (jlog s = --0.52-- 0,75), the corresponding difference is much 
smaller in the case of compounds containing chromophores 2 or 3; moreover, 
the longer wave maximum is quite often the more inteme (jlog s = -0.24-

0.18). 
The tautomeric structure of compound 41, representing the compounds 

with cross conjugated chromophores in Fig. 1, is, in principle, not completely 
fixed because a potentially mobile hydrogen atom (attached to nitrogen) is 
present. The possibility that a mixture of 41 and its tautomeride containing 
an exocyclic double bond is present in the ethanolic solution could, therefore, 
not be excluded in advance. Since, however, both DV absorption maxima of 
the compound in question coincide with the minima of model compound 7a 
containing an exocyclic double bond and, furthermore, our compound was 
found to be practically transparent at wave lengths where 7a, as well as its 
analogues shown in Table 5, have their longer wave absorption band, the tau
tomeric equilibrium mentioned above must be shifted considerably towards 
the cross conjugated form 41 and, thus, the spectrum of this compound may 
be taken as to belong to the cross conjugated double bond system. 

On the basis of their IR spectra, compounds containing a conjugated 
double bond system (types 2 and 3) and an exocyclic double bond (types 6-8), 
respectively, cannot be distinguished because the amide I band is found in 
both cases at approximately the same wave numbers. Compounds containing 
a cross conjugated double bond system (types 4 and 5) may, however, in most 
cases be distinguished by the lower wave numbers of their amide I hands from 
the above two types of compounds (c.f. [25]). 

In the following a detailed discussion - mostly in tabular form - of the 
DY and IR characteristics of the three diffen>nt chromophore systems will be 

presented. 

The DV and IR spectra of the 2-amino-4(3II)
-pyrimidinone chrollophore (types 2 and 3) 

The mono cyclic variant (type 2) of the chromophore under discussion 
was available in form of model compounds of not completely fixed tautomcric 
structures (2, R22 or R3 =H). The structures of these compounds, therefore, 
do not follow unequivocally from their syntheses, and the possible existence 
of the following tautomeric equilihria had to he taken into consideration: 
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Type 2 Type 6 

Type 2 Type 4 

From the fact, however, that the DY spectra of the compounds belong
ing into the subgroups R22 =H and R3 =H, respectively, -were found apart 
from a few exceptions (see below) - to be practically identical (see Table 1), 
it follows that both equilibria are strongly shifted to the left, i.e. that the 
compounds in question exist mainly as the tautomerides containing the cluo
mophore 2. 

The situation with the bicyclic model compounds 3 is similar because, 
owing to Rl =H, the presence of the tautomeric form 8 (R 8 =H) may not be 
excluded a priori either. Since, however, the spectra (see Table 2) of the com
pounds studied were found practically identical ·with those of compounds 2, 
it could be taken as verified that, again at least predominantly, the tautomer
ides 3 ·were present. 

The correctness of these reasonings ·was fully supported by the DY spec
tral data of a completely fixed representative (2j and 3d, respectively) both 
of the mono- and bicyclic variant described in the literature and also presented 
in Tables 1 and 2, respectively. 

Among the compounds of Table 1 deviations from the rulc concerning 
the extremes of the Lllog E values (see p. 46) were found only in the cases of 
isocytosine (2a) itself as well as of a limited number of its N(2), N(2)-dimethyl 
derivatives (2f-i); the .dlog E values of these compounds were < -0.36 [10] 
and -0.79 - -0.30 [10,13], respectively. Since the DV spectrum of isocyto
sine was found to be intermediate between those corresponding to compounds 
containing the fixed chromophores 2 and 4, respectively, according to Australian 
authors, a tautomeric equilibrium of forms la and lh must be present in solutions
ofisocytosine [10]. The anomalously small value of jlog E may be rationalized 
also by assuming a tautomeric equilibrium: as may readily be seen from Fig. 1, 
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Compound 

a [10] 
b 
c [10] 

d 
e 
f [10] 
g [13] 
h [13] 
i [13] 
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H H 
H H 

H H 
H H 
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-(CH2h-
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-(CH2)"-

HOC2H4- H 
HOC2H4 - H 
HOC2H4 - H 
HOC2H.1- H 
HOC2H4 - H 

HOC2H 4- H 

HOCaH 6 - H 
PhCH2 - H 

PhCH2- H 

HOC2H,J,-,H- H 
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Table 1 

UY and IR spectra of 

RC 

H H 
H Me 
H H 

H Me 
Br lIIe 
H H 
Et Me 

n-Pr Me 
n-Bu Me 

H 
H 

H 

H 

allyl 

Br 

Br 

H 

Br 
H 

H 

i H 
!CH2=CH-(CH~k-
! 
'CH2=CH-(CH2)2-

1 
l\fe-CH-(CH~)2-

I 1 

Br 
Me 

I CH2 = CH - (CH2)2-

CH2-CH-(CH2)2-
I I 
Br 

-(CH2)~-

-(CH2)4-

-(CH2)4-

-(CH2)4-

-(CH2)c 

-(CH2)4-

Br 

.Me 

Me 
lIIe 

Me 

the presence of either of the tautomerides lh and Id besides la in the solution 
should cause the 10",-ering of the value of Lllog 8. With the N(2),N(2)-dimethyl 
derivatives the situation is analogous (tautomeric equilibrium between the 
forms corresponding to la and lh, respectively). 

The DV data of compounds of types 2A and 3A, the aza analogues of 
types 2 and 3, are presented in Tables 3 and 4. 

By comparing the data of the corresponding tables it becomes evident 
that the introduction of a further nitrogen atom into the cyclic skeleton does 
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compounds of type 2 

50h-ent )'max (log e) .J log F 
m (KBr) 

I Amide I (cm- l ) 

buffer, pH = 7 < 220 (> 4.0); 280 (3.6-;) <-0.36 
EtOH 226 (3.96); 283 (3.97) 0.01 1665 

buffer. 225 (3.86); 284 (3.94) 0.08 
pH 9.8-13.3 

EtOH 228 (3.88): 28-1 (-1.01) 0.13 1665 
EtOH 231 (3.88); 298 (4.05) 0.17 1655 

buffer, pH 7 224 (4.30): 297 (3.51) -0.79 
** 227 (4.15): 300 (3.84) -0.31 
** 228 (4.15): 304 (3.85) -0.30 
** 229 (4.19); 30-1 (3.89) -0.30 

buffer, pH 9.8 237 (3.89): 297 (4.04) 0.15 
EtOH 232 {-LH): 300 (4.0-1) -0.10 1650 

EtOH 234 (4.16); 300 (4.05) -0.11 1650 

EtOH 233 (4.20); 301 (3.96) -0.2-1 1650 

EtOH 236 (-1.20): 30-!' (-L03) -0.17 1635 

EtOH 240 (-US); 312 (nl) O.Ot 1665 

EtOH 2-10 (-1.14); 315 (-LIt) 0 1648 

EtOH 224 (4.02); 290 (3.97) -0.05 1635 
EtOH 226 (4.03); 293 (3.88) -0.15 1670 
EtOH 229 (4.04); 30-1 (-1.0-1) 0 16-15 
EtOH 228 (3.86): 289 (4.04) 0.18 1650 
EtOH 233 (3.92): 292 {-1..02) 0.10 1630 

EtOH 232 (3.92); 293 (-1.00) 0.08 1655 

EtOH 224 (4.00); 290 (3.96) -0.0·1 1680 
EtOH 22,1 (4.14} sh.; 294 (3.96) 0.18 1650 

EtOH 226 (3.98), sh.: 296 (·LO·t) --0.06 1650 

EtOH 230 (.1.0.1): 291 (3.80) -0.21 

* The "CY spectra of isocytosine derivatives are strongly dependent on the pH of the 
solutions examined, i.e. on the actual form of the compound (neutral, anionic or cationic species) 
present in the solution. Therefore it has become common practice in the literature to state - in 
addition to the spectral characteristics of these compounds - also their pKa values and the pH 
of the aqueous buffer solutions used. According to experience. in ethanolic solutions the spectra 
of the neutral species are always observed: therefore the pKa values could be omitted in the 
above as well as in the subsequent tables. 

** The solvent has not been stated, but the actual form present was explicitely denoted as 
the neutral species. 

4 Periodica Polytedmka Ch. XY/l-::! 
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a 
b 
c 
d [14] i 

a [15] 

b [15] 

c [16] 
d [7] 
e [7] 

a 
b 
c 
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H 
H 
:1Ie 

:1ie 

}-le 

R' 

-;'GI. 

H 
OH. 
OH 
H 

-XHCzH4OH 
-XHCzH4Cl 
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Table 2 

"CV and IR spectra of compounds of type 3 

So~\'ent i 

(CHZ)4 
H .Me 
Br }-le 
}-le H 

, EtOH 
. EtOH 

EtOH 
EtOH 

231 (4.32); 288 (4.20) 
226 (4.00); 290 (3.95) 
230 (3.94); 304 (3.94) 
228 (3.95); 296 (3.84) 

Table 3 

DY and IR spectra of compounds of type 2A 

H' Solvent i.max (log e) 

H EtOH 220 (3.82); 301 (3.80) 
buffer, pH=9.3 . 219 (3.90); 297 (3.82) 

}-le EtOH 222 (3.90): 299 (3.89) 
buffer. pH=7.0 222 (3.91); 296 (3.85) 

}-le EtOH 218 (3.93); 298 (3.84) 
}-le EtOH 220 (3.88); 300 (3.78) 
::lIe EtOH 218 (3.93): 302 (3.83) 

Table 4 

DV and IR spectra of compounds of type 3A [7] 

Z n Solvent i.rna:.:(logz) 

------- -- "-----

CH" 1 EtOH 220 (~.05); 300 (3.70) 
CH: 2 EtOH 231 (·1.05): 316 (3.85) 
.xli 2 EtOH 226 (4.11); 311 (3.84) 

IR (KBr) 
..J log e . Amide I (cm-I) 

-0.12 
-0.05 

o 
-0.11 ' 

...1 log e 

-0.02 
-0.08 
-0.01 
-0.06 

1690 
1680 
1675 
1668 

m (KBr) 
Amide I 
(cm-1) 

-0.09 1685 
-0.10 1690 
-0.10 1690 

,j log t 
m (KBr) 

Amide I (cm-I) 

-0.35 1680 
-0.18 1680 
-0.27 1665 

not change the shape of the ey spectra, and at most as a result of the transi
tion 2 -- 2A may a rather small hypsochromic shift of the short-waye hand 
he ohseryed. 

These findings support, on the one hand, the correctness of the ahoye 
considerations and, on the oth('1', they dcmonstrate that the DV spectrum cor
responding to the :2-amino--1(3H)-pyrimidinone chromophore is rather insen
sitiye to yariations in the skeleton of thp chromophore. The same will he found 
belo'w when discussing the effects of replacing the 2-amino hy a 2-alkylthio 

group. 

* 
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In the last columns of Tables 1-4 the positions of the amide I bands 
in the IR spectra of the respective compounds are shown. With the exception 
of five compounds (2n, 2p, 2q, 2s and 2u) in Table 1 in which the amide 
I band is found at 164S-1630/cm - the IR spectra (taken in KBr pellets) 
exhibit amide I bands in the region of 16S0--1650/cm. Thus, comparatively 
high wave numbers may be accepted as typical for the amide I bands or 2-ami
no-4(3H)-pyrimidinones, this being a significant difference from the 2-amino-
4(lH)-pyrimidinones to be discussed below*. The amide I bands of com
pounds of type 3 are found without exception in the region 1690 -166S; cm 
(Table 2), and the amide bands of the aza analogues 2A (1690 1685/cm) and 
3A (16S0-1665/cm) are also found at comparatively high wave numbers. 

The DV and IR spectra of the 2-amino-4(1H)
-pyrimidinone chromophore (types 6-8) 

According to our findings the double bond distribution corresponding 
to this chromophore is the least stable: if the possibility for prototropy exists 
in principle, it will be realized. Therefore this chromophore can be studied 
only if completely "fixed" derivatives are available. Representatives of this 
class were available only in the bicyclic imidazo [1,2-a ]pyrimidine series (types 
7 and 8), their spectral characteristics being compiled in Table 5. 

The UY spectrum corresponding to the chromophore in question has two 
absorption maxima, their actual positions hc·ing strongly dependent on the 
quality of the suhstituents, above all 'whether the 2,3-imidazo [1,2-a ]-pyrim
idin-7(SH)-one (7) or the -5(SH)-one system (8) is concerned. (For the possi
bility of distinguishing these sppctra from tho:,(' corresponding to the 2-amino
-4(3H)-pyrimidinone chromophorf' system already discussed and also exhibit

ing two maxima, see p. -16). 
The spectral characteristics of the compounds containing a double hond, 

exocyclic to the pyrimidine ring, are f'ssentially retained also in thf' ease of 
the aza analogue 6A but both bands 5uffer hypsochromic shifts and the value 
of '_lIog cl diminishes (see Table 5). 

• ~ i 

Although final conclusions can not be drawn from the comparatively 
few data available, it may at least be pointed out that the DY spectra of com-

'" Though the anomalously low waye numbers of the amide I bands of compounds 
2n, 2p, 2q and 25 could be exphiined by assuming that in crystalline state these compounds 
exist as the corresponding cross-conjugated 2-amino-4(lH)-pyrimidinones, in the case of com
pound 2u, owing to R3 0:= H, a tautomerization of this type would be impossible. Thus, the 
shift of the amide I band towards lower waye numbers must be caused by different and still 
uncleared structural features. 

4* 



Type Compound Ht" or IF 

7 a (CH2). 

7 h [14·1 H I 

n e [\>Ie 
n d [111 If 

6A (' [ISI 

1t:!1 11" 

,ta [I(} J II 1I 
4.b 11 Me 
,te 11 ·,C2li.jOH 
,M H CII 2COfHI 
,le Mc Me 

511. 1t.J I{ I ,~ HI; ,~Me, IF' 11 

Table 5 

LJV anti Ht spectra of eOlupn:,llus of types 7, 8 and 6A 

HII HI! :-< 't~ III }'Ulft\ (IoJ!; l') 

Et EtOH 2,H, (4 .. 14.); 312 (:U2) 
.Me .Me ElOH 234. (4 .. 15): ,114. (3.5B) 
H Me EtOn I 226 (11 .. 26); 297 (3.55) 
Me .Me EtOII I 225 (4..l5); 302 (3.40) 

I 

Imffer-, -"'-----_._-" 
pH = 7 217 (iJ..05); 262 (3.57) 

EtOn 216 (3.BB); 266 (3.SB) 

Table 6 

lJ Y and 1H spectra of eOlllpoullds of type 4 allll 5 

un SulY('nt Amnx(log 1') 

LI huffer, pH '~ 1:1.0 i < 220 (:> 'U); 260 (3.H) 
ivle Et011 210 (oJ.,3.j.); 2M. (:1.711), shoulder 
.Me EtOn 21:1 (4.36); 2M· (:I.H) 
Me EtOn 213 (4.31); 26:1 (:{.75), shoulder 
Me EtOH 216 (4.26); 2B2 (il. H) 

EtOIL 210 (4 .. 22); 2:12 (4.17); 277 (3.SB) 

.110;0 r 

0.52 
-0.57 
-0.71 
-0.75 

_·o",g 
0.:\0 

11\ (K Br) AllIid .. 
(I~Hl - I) 

Hi7B 
1670 
1695 -I- Hi75 (cl) 
16B5 

lit (KBr) 
Amide' J «(~IU' ') 

1650 
J 611.5 
1650 
] 650 

.1660 

Ut 
t" 

!':I 

~' 
;,.. .... 
'" 
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pounds contallllllg the 2,3-dihydro-~-imino-4(lH)-pyrimidinone chromophore 
are considerably more sensitive to structural variations than are the spectra of 
2-amino-4( 3H)-pyrimidinones. 

* 

In the last column of Table 5 the positions of the amide I bands in the 
IR spectra of the individual compounds are shown. The amide I band of the 
hicyclic 2,3-dihydro-2-imino-4(lH)-pyrimidinones containing a douhle bond 
exocyclic with respect to the pyrimidine ring is also found at comparatively 
high wave numhers (in the region 1695-1660jcm) and, therefore, on the hasis 
of the positions of the amide I hands the 2,3-dihydro-2-imino-4(lH)-pyrimidi
none and the 2-amino-4(3H)-pyrimidinone systems can not be told apart. 

The ITV and IR spectra of the 2-amino-4(lH)
-(pyrimidinone chromophol'e (types 4 and 5) 

Most representatives of the monocyclic variant (4) of the compounds, 
contallllllg the cross conjugated chromophore system, availahle to us were 
of the non completely "fixed" type (R21 =H). Therefore the possihle existence 
of a tautomeric equilibrium of the type 4 ~ 6 could not he denied in advance. 
On the hasis of a reasoning similar to that on p. 47 it may, however, he realized 
that, in any case, this equilihrium must he strongly shifted towards the cross 
conjugated tautomeride (4). The spectral data are presented in Table 6. 

The long-"wave absorption bands in the spectra of compounds 4a-4d 
are considerahly hypsochromically shifted (hy 20-40 nm) as compared to 
those of compounds 2 and 6; moreover, in two of a total of foul' examples 
their shapes are almost shoulder-like, pointing to the fact that cross conjuga
tion is less "effective". 

The considerahle change in the spectrum caused hy the introduction 
of a second alkyl group at the exocyclic nitrogen atom of 4 is striking. The 110;"1",

--wave hand in the spectra of the completely "fixed" compounds (4e and 5) 
is found to he hathochromically shifted hy 15-20 nm as compared to the 
corresponding hands in the spectra of compounds 4a-d and, at the same time, 
the hand has lost its shoulder-like appearance and hecome more pronounced. 
Furthermore, in the spectrum of the hicyclic compound 5 a further maximum 
is found (at 232 nm) hetween the ahove two hands. Thus, the TJV spectra of 
compounds of type 4 are hy far more sensitive to variations of the suhstituents 
than those of compounds 2 and 6. The same will he found below "when di"cus
sing the effects of replacing the 2-amino hy a 2-alkylthio group. 

The spectral data of the aza analogues 4A and 5A are compiled in Tahle 7. 
Among the mono cyclic compounds (type 4A) listed no completely "fixed" 
derivative may he found: at least one of the ligancls R2, R31 and R32 is hy, 
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Type Compound 

4A a [15] 

b 

c [7] 
d [7] 

e [151 

f[7] 
g (7] 
h [7] 
i [15] 

j 
k [15] 

1 [15] 

m (7] 

5A n [7] 
0(7] 

B. AGAI el al. 

R' R" 

H H 

H H 

H 
H 

H 

H H 
H H 
H H 
H :Jle 

H 
}le H 

Me l\Ie 

-CHzCZ~HBu H 

Table 7 

DV and IR spectra of compounds 

R" R' 

H H 

H Me 

H HOCzH4 -

H HOCaHs-
,------

Me Me 

HOCzH4 - Me 
HOCaH 6 - :Me 
HOCzH.!:\'H- Me 

Me Me 

(CHZ)4 )ie 
H Me 

H Me 

n-Bu Me 

Z = CZH4 (monohydrate) 
Z = CaHs 

drogen. From the identity of the lJV spectra it follows, however, unequivocally 
that the potentially tautomeric compounds studied all exist, at least pre
dominantly, as the cross conjugated tautomerides. This statement holds, on 
8imilar grounds, for the bicyclic representatives (type 5A) as well. 

Comparison of the data in Tables 6 and 7 shows that, as a consequence 
of the replacement of the pyrimidine by the 1,2,4-triazine ring, the long-wave 
absorption band has been hypsochromically shifted by about 20 nm but the 
shapes of the spectra are scarcely changed. In any case, the shift of the long
-wave band supports the correctness of our conclusion that the spectra of the 
cross conjugated compounds are highly sensitive to variations of structure. 

* 

In the last columns of Tables 6 and 7 we have listed the wave number 
of the amide I bands in the IR spectra of the individual compounds. The 
amide I band of the compounds of types 4 and 5 is found in the region 1660-
1645, that of the aza analogues (types 4A and 5A) in the region 1668-1635/cm. 
The regions of the amide I bands of the different types are listed in Table 8. 

The regions of the amide I bands are seen to overlap partly. Therefore 
the differentiation of the cross conjugated forms from the other ones on the 



of types 4A and SA 

Solvent 

EtOH 
buffer, pH = 5.1 

EtOH 
buffer, pH = 5.1 

EtOH 

PYRIJIIDISES _·L\"D COSDESSED DERIT"ATIl"E,; 

i.m:.x (log E) 

248 (3.75) 
247 (3.il) 

204 (4.52); 246 (3.87), shoulder 
243 (3.78) [15] 

205 (4.43); 249 (3.78), shoulder 
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IR (KBr) 
Amide. I (cm-') 

1665 -;- 1650 (d) 

1668 
1665 

----------,------- -.----.~.- -- --_ .. _ .. _--- ---------
EtOH 

buffer, pH = 5.6 
EtOH 
EtOH 
EtOH 
EtOH 

buffer, pH 4.0 
EtOH 
EtOH 

buffer, pH = 5.1 
EtOH 

buffer, pH = 7.0 
EtOH 

EtOH 
EtOH 

214 (4.25); 241 (3.88), shoulder 
213 (4.22); 243 (3.80), shoulder 
210 (4.42); 240 (3.86), shoulder 
211 (4.40); 240 (3.86), shoulder 
211 (4.36): 244 (3.85), shoulder 
220 (4.27): 247 (3.80), shoulder 
223 (4.28); 247 (3.84). shoulder 
218 (4.42); 246 (3.94)_ shoulder 

257 (3.73) 
248 (3.73) 
250 (3.85) 

218 (4.19), shoulder; 245 (3.86), shoulder 
212 (·1.43); 248 (3.94), shoulder 

210 (4.42); 24·t (3.86). shoulder 
212 (4 . .42); 255 (3.82). shoulder 

Table 8 

1658 
1665 
1673 

1665 

1675 (acycl.) 
1648 (ring) 

1660 
1635 

Region of the amide I band as a function of the distribution of the double bonds in the 
pyrimidine ring 

Type of distribution 
of the double hands 

Conjugated 

Aza analogues 
Cross conjugated 

Aza analogues 
Exocyclic ~ 

Types of 
compounds 

2, 3 

2A, 3A 
4, 5 
4A, SA 
7, 8 

Amide I (cm-') (KBr) 

1690-1630 
typical: 1690-1650 

1690-1665 
1660-1645 
1673-1635 
1695-1660 

);'umber of 
compounds 

22 
17 
6 
5 

11 
4 

basis of the wa,-e numbers of the amide I bands seems more questionable than 
in the cases of the alkylthio analogues and the aza analogues of the latter 
(see below). 

In any case, it may be accepted as established that an amide I band at 
or above 1675/cm excludes the possibility of dealing with a 2-amino-4-pyri
midinone derivative. 

'" 
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In the following a comparison of the spectra of isocytosine and imidazo
pyrimidinone derivatives with those of some analogues 'will he presented. 

9: X = '.leS

ll: X = H 
lOA 

The Dv and IR spectra of the methylthio analogues (9) of the compounds 
of type 2 containing a conjugated double bond system and those of their aza 
analogues (9A) are listed in Table 9 and in Table 10, respectively. In the latter 
we have listed also the data of the hicyclic compound lOA which contains 
the same chromophore system. As a supplement, the DV spectral data (taken 
from literature) of compounds of type 11 haye been also listed in Table 11. 

The spectra of the methylthio analogues 9 are seen to be practically iden
tical with those of the compounds 2 and their bicyclic variants 3; the same 
holds for the positions of the amide I bands in the IR spectra. Only in the 
case of a single compound, 9k, could a slight difference he registered: the short
-waye ahsorption band in the DV spectrum run in ethanol of this compound 
was found, in contrast to the corresponding bands of the fundamental types 
2 and 3 or eyen to those of the rest of the compounds 9, to be split. This splitt
ing 'was found in the DV spectra of the sulphur-containing aza analogues 9A 
and lOA to he general. At the same time, this split hand system - especially 
its more pronounced shorter-waye part upon which the longer-wave part 
is superposed as a shoulder has been rather considerably hypsochromic ally 
shifted. On the other hand, the second hand system retains its position un
altered with respect to the compounds of type 2 and in all these cases the yalue 
of c1log c falls between the limits found for the case of compounds 2. 

The "wave numbers of the amide I hands in the IR spectra of compounds 
9A and lOA fluctuate between less broad limits than found for the case of 
the other types discussed above and, at the same time, are shifted towards 
higher wave numbers. 

In the DV spectra of the 4(3H)-pyrimidinones 11, unsubstituted in posi
tion 2, the second band is shifted by approximately 20-40 nm towards lower 
wave lengths in harmony with the fact that, in the absence of a substituent 
in position 2, the extension of the chromophore system decreases. Apart from 
this, however, the Dv spectra of the compounds 11 are yery similar to those 
of the other related systems. All these data, summarized in Table 12, support 
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}Ie 
:;VIe 
Me 
}Ic 

R' 

H 
H 
Br 
:Me 
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Table 11 

DV spectra of compounds of type 11 

R' Solvent 

H . pH 5.0 
Me ' pH = 7 
H pH = 4.0 
H pH = 7.0 

i.m:n:. og s) 

221 (3.83); 269 (3.59) 
224 (3.75); 268 (3.56) 
236 (3.60); 283 (3.77) 
226 (3.76); 270 (3.72) 

Table 12 
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.cl log IS Ref. 

-0.24 [17] 
-0.19 [18] 
+0.17 [19] 
-0.04 [19] 

Comparison of the 1JV and IR spectra of some compounds containing a conjugated double bond 
system in the pyrimidine and 1,2,4-triazine ring, respectively 

Type 

2 
3 
2A 
3A 
9 
9A 
lOA 
11 

.J log IS 

i.max. [nm] 
i l'ium- r i l'ium-
i ber ~ IR (KBr) I ber of 
i of I Amide I (cm-I) com-
I com.. pounds I pounds 1 II 

<220-240 280-315 -0.24 +0.18* I 26 i 1680-1650**) 18 
226-231 288-304 -0.12 - 0 ! 4 :1690-1668 i 4 
218-222 296-302 -0.10 - -0.01 5 ;1690-1685 . 3 
220-231 300-316 -0.35 - -0.18 3 11680-1665 3 

225; 232-244 285-292 -0.13 - +0.22 14 11685-1640 12 
208-212; 225-230 (5h) 290-298 -0.19 -0.14 5 1695 5 

212; 225 (sh) 292 -0.24 1 ' 1685 1 
221-226 268-270 -0.24 - -0.04 3***1 

"The data of compounds 2a and 2f-i were neglected (cf. p. 47.) 
** The data of compounds 2n, 2p, 2q, 25 and 2u were neglected (cf. p. 51.) 

*** The data of the bromo derivative lIe were neglected. 

once more the correctness of our view that the DV spectra of 4(3H)-pyrimidin
ones containing a conjugated double bond system are comparatively insen
sitive to variations of' chemical structure. 

12: X= RS-

14.· x= H 

1N 
}Ie~NJls 

I I 
I 

H 
13 

}ie 

* 

12A 

o 

R, Jl Ii ~N 

N )l 
- 'N ..... S 

~Cl·h)~ 

13A 

The spectral data of the cross-conjugated analogues 12, 13, 12A, 13A 
and 14 of types 9, 9A, lOA and 11, have-been listed in Tables 13 and 14- respec
tively. The data of all cross-conjugated types of compounds studied by us 
are summarized in Table 15. 
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Table 13 

lJV nnd III speel ra of eOlll(louuds of t.ypes 12-14 

Typ(~ (;UIlIIIUIUHI x- ii" Bd Sulvent A"lnX (Iu~ ,,) 
I III (KBr) 
: AmidcI(mu--- ' ) 

12 11 MeS 11 Me EtOn 233 (4,.,1"1); ~260 (~3.9) sh 164,5 ?;1 
h* EtS 11 11 1·:tOIl 233 (/1,.:19); ,~260 (~3.B) sh 164S ~, 

huffer, p II ~~ ,Ui 11, 2'13.S UA3) [201 :,.., 

I PhCH~S 11 l\)" EtOn 2,16 ('1,.'1.6); ~26() (~,t..() sh 1650 
.... 

e 
~ 

13 d Et.On 230 ('\..'1.2); 
~ 

258 (:\.91) sh 1650 

V1, I e 11 11 11 buffer, pH ,= 6.0 2t\,() (4,.16) 1171 
f 11 Me 11 Imffer, pll ~~~ 7.0 24,7 ('\..07) [19] 

'" Kindly furnished hy Dr . .I. ;I. (<'0". e.f. 120]. 



Type 

12A 

13A 

Pi-RDIIDISES _-L,D CO_'\DESSED DERIT-ATIT"ES 

Table 14 

UV and lR spectra of compounds of types 12A and 13A 

Compound R' JP H$ Solvent i-nux (log e) 

a [4] H CH2COOH }Ie EtOH 236 (4.26) 
dioxane 233 (4.17) 

b [-I] H --C2H 4COOH' }Ie EtOH 236 (4.30) 
c [1] ?tIe :Me H }leOH 235 (4.38) 
d [7] .-CHoCOOEt Me }Ie EtOH 238 (4.34) 
e [21] . }I .Me C2H4COOH EtOH 236 (4.28) 

f [1]* }Ie EtOH 232 (4.32) 
0- [1]** Me I EtOH 238 (,1.36) 
" I 
" For the spectra of compounds of analogous structures see [3]. 

** For the spectra of compound of analogous structures see [6]. 

Table 15 

61 

IR (KBr) 
Amide I 
(cm-I) 

1620 

1670 
1660 

1645 
1645 

Comparison of the l7V and lR spectra of some compounds containing a cross-conjugated double 
bond system in the pyrimidine and 1,2,4-triazine ring, respectively 

Type 

4 
5 
4A 
5A 

12 
13 
12A 
13A 
14 

I i.max [nm] 2'umber of m (KBr) :::\muber of 

I compounds Amide I (cm-') compounds 
II 

~I --
210-220 260-282* 4 1650-1645 ,t 

210 277** 1 1660 1 
204·--223 241-257* 18 16i3-1648 9 
210-212 24-4-255* 2 1660-1635 2 
230-236 260 sh 3 1650-1645 3 

230 258 sh 1 1650 1 
233-238 ;:; 1670-1620 3 
232-238 ~ 1645 2 
240-247 2 

* This band is seldom well-developed and appears often as a shoulder on the first band. 
*" A third band at intermediate wave number (232 nm) is also found in this case. 

A comparison of the data in Tables 12 and 15 readily reyeals in addi-
tion to the conclusion that the compounds containing one of the two different 
kinds of chromophores in question may, on the basis of their spectra, distin
guished with certainty - that the Dv spectra of the compounds containing a 
cross-conjugated chromophore are by far more sensitiye to yariations of chem
ical structure than those of the compounds containing an "ordinary" con
jugated double bond system and, furthermore, that variation of the substitu
fent attached to position 2 of the pyrimidine ring results in two opposing ef
fects on the DV spectra, depending on the type of chromophore present: re
placement of the 2-:NRR' group by the 2-SR and 2-H ligands of gradually 
decreasing conjugative ability results in a significant bathochromic shift of 
the main absorption band while, in the "ordinary" conjugated system, a 
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hypsochromic shift of the second* band is caused by the same ....-ariations, 
the shift caused by the exchange 2-NRR' ->- 2-SR being rather unimportant 
while that caused by the exchange 2-SR ->- 2-H is all the more significant. 

* 

The DV spectra of compounds 7, 8 and 6A contammg a double bond 
exocyclic to the pyrimidine ring resemble those of their thioxo (15) and even 
oxo analogues (16) only in that they have two absorption bands, considerable 

o 

RIf' ...... R i\" I -
/~~~x R _, -

R 
15: X=S 
16: X=O 

differences being, howe....-er, found both in the band posItlOns and the Jlog c 
values. Therefore, the spectra of the latter type of compounds are not discussed 
in detail and only the differences in the spectra are briefly summarized in 
Table 16. 

Table 16 

Comparison of the DV spectra in ethanol of some compounds containing an exocydic 
double bond 

7 
8 
6A 
15 
16 

234 (4.14--1.15) 
225-226 (4.15-.1.26) 

217 (4.05) 
214-220 (4.08-·L26) 
206-215 (3.84-1.00) 

i.ma::: (log e) 

II 

3U-314 (3.58-3.62) 
~97 -302 (3.40-3 .. 57) 

262 (3.57) 
270-280 (4.13--1.27) 
260-268 (3.90-4.02) 

Experimental 

.J log E 

-0.57 -0.52 
--0.75 -0.71 

--0.-18 
-O.OR - +0.17 
-0.10 +0.11 

i :Xumber of 
i compound::: 

2 
1 
8 
;:; 

Dv spectra** -were obtained using a Spectromom 201 spectrometer (lVIa
gyar Optikai }IUvek***, Budapest), the IR spectra werc run in KBr pellets 
using UR-10 (Carl Zeiss, ]ena), Model 221 (Perkin-Elmer & Co.) and Spec-

tions. 
* The first band is less sensitive and reacts less uniformly to the same structural varia-

*** The majority of the "CV spectra has been published in [26]. 
*** Hungarian Optical Works. 
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tromom 2000 (lYlagyar Optikai lYluvek*, Budapest) spectrometers. The au
thors wish to express their gratitude to lVIiss Zs. FARAGo, Mrs. Gy. KARSAI-SAS, 
::VIrs. lVI. SZIR.-\NYI-KISS and to l\Ir. ~I. VOROS for their valuable assistance in 

obtaining the various spectra. 
The compounds studied were partly prepared in conformity to literature 

and partly by methods to be described in subsequent papers of this series. 
Finally, part of the compounds was supplied by J. J. Fox, J. GUT and J. 
REITER to whom the authors wish to express their gratitude for their oblige
ance. 

Summary 

UY and IR spectra of a series of C· and lY-alkylated isocytosines as well as of the cor
responding derivatives of imidazo[l,2-a]pyrimidinones have been stndied. Charaeteristic 
differences have been fonnd between the spectra of the different types of componnds, which 
make possible the differentiation of compounds containing cross-conjugated and ordinary 
conjugated chromophores in and a semicyclic C=:'I double bond at the pyrimidine ring. re· 
spectively. on the one hand, and on the other the elucidation of the tautomeric structure of 
potentially tautomeric members of the above series by spectroscopic means. 

References 

1. :'IYITRAI, J.-BEK.4.ssy, S. LE)IPERT. K.: Acta Chim. Acad. Sci. Hung. 53, 3ll (1967). 
2. DOLESCHALL. G.-HOR"iY.4.K. GY.-HOR"iY.4.K·H.brORI.:\1. LE}[PERT, K.- ,"'rOLF"iER, .'I .. : 

_-\cta Chim. Acad. Sci. Hung. 53, 385 (1967). 
3. DOLESCHALL, G.-LE}[PERT. K.: Acta Chim. Acad. Sci. Hung. 53, 397 (1967) . 
. 1. DOLESCHALL G.-HOR"iY.4.K. GY.-L.4."iG. L. LE)[PERT. K.-ZAL"ER. K.: Acta Chim. 

Acad. Sci. Hung. 57, 191 (1968) . 
. ). ZAUER. K.-PL"sKAs, J.-:'IYITRAI, J.-HOR"iYAK. Gy.- VlOLF"iER .. ·\.-DOLESCHALL. 

G.-LDIPERT, K.: Periodica Polytechll. Budapest. Ser. Chem. Engng., 12, 259 (1968). 
6. HOR"iyAK, GY.-L.4."iG. L.-·LE)IPERT, K.-:\IE"icZEL, Gy.: Acta Chim. Acad. Sci. Hung. 

61, 93 (1969). 
I. HOR:\"y,\.K. GY.-LE)IPERT. K. ZAL"ER. K.: Acta Chim .. -\cad. Sci. Hung. 61. 181 (1969). 
8. BRow"i, D. J.-LYALL, J.:\1.: Austral. J. Chem. 15, 851 (1962). 
9. KATRITZKY. A. R.-L.-I.GOWSKL J. :\1. in Adwnces in Heterocyclic Chemistry (Editor: KAT

RITZKY, A. R.), Academic Press, :'Iew York. London, Yol. 1 .• pp. 3-H et sequ .. Yo1. 2., 
pp. 3 et sequ .. 28 et sequ. (1963). 

10. BRo,,""i. D. J.-TEITEI. T.: Austral J. Chem. 18, 559 (1965). 
11. HELE:\"E. CL.-DoUOL", P.: C.R. Acad. Se. Paris 259, 4387. ·1853 (1964). 
12. }-IcCo:\":\"EL, J. F. SHAK\IA. B. D.-:\IARSH. R. E.: :"ature 203, 399 (1964). 
13. S"iELL, B. K.: J. Chem. Soc. (C). 1968, :l358. 
14. REITER. J.-SOH.4.R. P.-TOLDY. L.: Lecture delivered before the Committee for Organic 

Chel~istry of the' Hungarian.-\cademy of Sciences, :\1ay 27. 1969. Budapest. Tetra
hedron Letters, 1970, 14ll. 1417. 2451. 2455. 

1.'i. PUHA. J.-FIEDLER, P.-GL"T, J.: Collection Czechoslov. Chem. Commun. 31, 1864 (1966). 
16. DORNOW, A.-:lIE"czEL, H.-YL-I.RX, P.: Chem. Ber. 97, 2173 (1964). 
17. BROWN, D. J.-HOERGER, E.-:\1.-I.SO"i. S. F.: J. Chem. Soc. London 1955, 21l. 
18. MARSHALL J. R.- WALKER: J. J. Chem. Soc. London 1951, 1004. 
19. BR01YN, D. J.-LEE, T. c.: Austral J. Chem. 21, :243 (1968). 
:lOo SHl'GAR. D.-Fox. J. J.: Bull. Soc. Chim. Belg. 61, 293 (1952). 
:!l. DOLESCHALL. G.-LDIPERT, K. unpublished. 

* H ullgarian Optical Works 



64 B .. iGAI et "I. 

22. HOR"Y . .\.K, GY.-LE:\IPERT, K.: Studies with iUlidazo [1.2-aJ pyrimidine derivatives. LecturG 
delivered at the 1Ieeting of the Hung. Chem. Soc. at Sopron, September 3, 1965 . 

. 23. AGAI, B.- HOR:'iY . .\.K, GY.-LE:'IIPERT, K.: Investigations into the syntheses of 6,7-tetra· 
methylene-5(lH)-imidazo [1,2-a] pyrimidinone derivatives. Lecture delivered atthe}Ieet. 
ing of the Hung. Chem. Soc. at Pecs, August 24, 1967. 

2·1. AGAI, B.-HoR:'iY . .\.K, GY.-LEMPERT, K.: Syntheses of and spectroscopic studies with 
amino- and iminopyrimidinones. Lecture delivered at the 1Ieeting of the Hung. Chem, 
Soc. at Szeged, August 23, 1969. 

25. SOH.-I.R, P.: Magyar IGm. Foly. 74, 298 (1968). . 
26. L.\.:'iG. L (Ed.): Absorption Spectra in the Ultraviolet and Yisible Region, Yols VII-XIY 

1966-1970, Publishing House of the Hungarian .\cademy of Sciences, Budapest. 

Prof. Dr. Karoly LEl\IPERT 

BMa AGAI 

Dr. Gyula HORl'\Y . .\.K 

Dr. Lasz16 L . .\.NG 

Dr. Pal SOH . .\R 

1 Budapest XI, 

i
' Gellcrt tcr 4, 

Hungary 




