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In the series starting with the present paper, ring closure reactions of
isocytosine derivatives will, inter al., be described. Most of the starting com-
pounds (as well as isocytosine 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 and orientations similar to those which had
to be solved during our previous studies in the 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 exocyelic to the triazine ring. For this purpose UV and IR spec-
troscopic methods proved to be very suitable and, therefore, the 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 two amino-oxo
forms la (conjugated form) and 1b (cross conjugated form) are the most likely
ones.
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According to UV spectroscopic studies of Ausiralian authors [10] (¢f. also below) iso-
cytosine exists in approximately neutral aqueous buffer solutions as a mixture of the tauto-
meric forms 1a and 1b: the presence of the aromatic form le may, however, not be excluded
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with complete certainty. Moreover, according to UV spectroscopic studies of French authors
[11], the position of the equilibrium 1a = 1b 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 1b or perhaps with that of
the form 1d (containing an exocyelic double bond) could be taken as verified.
In order to be able to distinguish between these three possibilities, characteristic
differences in the UV and IR spectra corresponding to the three double bond
distributions represented by formulas 1a, 1b and 1d had, however, to be re-
cognized in addition to the demonstration of a carbonyl band.

As a result of a study of more or less “fixed”, i.e. of such derivatives of
the tautomeric forms la, 1b and 1d in which as many of the mobile hydrogen
atoms attached to nitrogen as possible had been 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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Fig. 1. UV spectra and carbonyl frequencies of representatives of types 2 and 3, 4 and 5, and
6—8, respectively

The UV spectra of monocyclic (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
monocyclic (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 reveals that these two chromophore systems cannot be dis-

* Differences in the UV spectra corresponding to the conjugated and cross conjugated
chromophores were pointed out previously by Browx and Terrer [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 (Jloge = —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 intense (Jloge = —0.24—
-+0.18).

The tautomeric structure of compound 4b, 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 4b and its tautomeride containing
an exocyclic double bond is present in the ethanolic solution could, therefore,
not be excluded in advance. Since, however, both UV 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 4b 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 3) may, however, in most
cases be distinguished by the lower wave numbers of their amide I bands from
the above two types of compounds (c.f. [25]).

In the following a detailed discussion — mostly in tabular form — of the
UV and IR characteristics of the three different chromophore systems will be
presented.

The UV and IR spectra of the 2-amino-4(3H)-
~pyrimidinone chromophore (types 2 and 3)

The monocyclic variant (type 2) of the chromophore under discussion
was available in form of model compounds of not completely fixed tautomeric
structures (2, R* or R®=H). The structures of these compounds, therefore,
do not follow unequivocally from their syntheses, and the possible existence
of the following tautomeric equilibria had to be taken into comsideration:
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From the fact, however, that the UV spectra of the compounds belong-
ing into the subgroups R**=H and R3=H, respectively, were found — apart
from a few execeptions (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 chro-
mophore 2.

The situation with the bicyclic model compounds 3 is similar because,
owing to R'=H, the presence of the tautomeric form 8 (R®=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 correciness of these reasonings was fully supported by the UV 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 rule concerning
the extremes of the Alog 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), IN(2)-dimethyl
derivatives (2f-—1i); the dlog ¢ values of these compounds were <7 —0.36 [10]
and —0.79 — —0.30 [10,13], respectively. Since the UV 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 1b mustbe presentinsolutions
of isocytosine [10]. The anomalously small value of Alog ¢ may be rationalized
also by assuming a tautomeric equilibrium: as may readily be seen from Fig. 1,
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Table 1
UV and IR spectra of

Compound R R Rs R R

a [10] H CH H H H

b , H H H H Me

c[10] H H Me H H

d H H Me H Me

e H H Me Br Me

£ [10] Me Me H H H

@ [13] Me Me H Et Me

b [13] Me Me H n—Pr Me

i [13] ( Me Me H n—Bu, Me

j [10] Me Me Me H H

k —(CH,),— H H CH,=CH—(CH,), —

1 —(CH,);— H H CH,=CH—(CH,),—

m —(CH,),— H H Me—CH—(CH,),—
|
Br

o —(CH,),— H allyl Me

o , —(CH,)s— H Br CH,=CH—(CH,),—

p . —(CHg)s— H Br CH,—CH—(CH,);—
[

IBr Br

q HOC,H,— H H Me

r HOG.H,— H H —(CH,),—

HOGH,— H H " Br ; Me

¢ HOC.H,— H Me H ! Me

u HOCDH — H Et —(CH,),—

v HOC,H,- H CH, ——c< —(CH,),—

‘ NHCH, oH ;

w  HOCH,— H H H Me

z . PhCH,— H H ‘ —(CH,),—

x . PhCH,— H |—CH,— c< | —(CH,),—

! : ‘NHCH, Ph
v . HOGHNH- H H ‘ —(CH,),~

the presence of either of the tautomerides 1b and 1d besides la in the solution
should cause the lowering of the value of Adlog e. With the N(2),IN(2)-dimethyl
derivatives the situation is analogous (tautomeric equilibrium between the
forms corresponding to la and 1b, respectively).

The UV 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

Solvent Fmax (log €) P4 log ¢ AmIi(Il{c (IK(LBKZ)”)
buffer, pH = 7 < 220 (> 4.0): 280 (3.64) < —0.36
EtOH 226 (3.96): 283 (3.97) 0.01 1665
buffer, 295 (3.86): 281 (3.94) 0.08
pH = 9.8 13.3
EtOH 298 (3.88): 284 (4.01) 013 1665
EtOH 231 (3.88): 298 (1.03) ST 1655
buffer, pH = 7 254 (4.30): 297 (3.51) —0.79
227 (4.15): 300 (3.84) —0.31
228 (4.15): 304 (3.85) —0.30
wx 220 (4.19): 304 (3.89) —0.30
buffer, pH = 9.8 237 (3.89): 297 (4.04) X 0.15
EtOH 232 (1.14): 300 (4.04) —0.10 1650
EtOH 234 (4.16): 300 (4.05) —0.11 1650
EtOH 233 (£.20): 301 (3.96) —0.24 1650
EtOH 236 (4.20): 304 (4.03) —0.17 1635
EtOH 240 (4.15); 312 (4.11) —0.04 1665
EtOH 240 (4.14); 315 (4.14) 0 1648
EtOH 224 (4.02); 200 (3.97) —0.05 1635
EtOH 296 (1.03): 203 (3.88) —0.15 1670
EtOH 229 (4.04): 304 (£.04) 0 1645
EtOH 298 (3.86): 289 (4.04) 0.18 1650
EtOH 233 (3.92): 202 (4.02) 0.10 1630
E:OH 232 (3.92); 293 (4.00) 0.08 1655
EtOH 224 (4.00): 290 (3.96) —0.04 1680
EtOH 224 (414). shs 294 (3.96) 0.18 1650
EtOH 226 (3.98), sh.: 206 (4.04) 0,06 1630
EtOH L 230 (4.04): 201 (3.80) —0.24

*The UV specira 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 pK, values and the pH
of the aqueous buffer solutions used. According to experience, in ethanolic solutions the spectra
of the neutral species are always ohserved: therefore the pK, 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 Polytechnica Ch. XV/1--2
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Table 2
UV and IR spectra of compounds of type 3

R R: R R Soi\‘ent% e (log €) dlege 4R o)
a H H (CH.), | EtOH 231 (4.32); 288 (4.20) ’ —0.12 1690
b H OH H ' Me | EtOH 226 (4.00); 290 (3.95) . —0.05 1680
c H OH  Br Me EtOH 230 (3.94); 304 (3.94) . 0 1675
d[14] 1 Me H  Me H ' EtOH 228 (3.95); 296 (3.84) —0.11 1668
Table 3
UV and IR spectra of compounds of type 2A
IR (KBr)
R R® Solvent Apax (log €) Aloge Amide I
{em™1)
a [15]  Me H  EOH 220 (3.82); 301 (3.80) —0.02
buffer, pH=9.3 219 (3.90): 297 (3.82) - —0.08
b [15] Me Me EtOH 222 (3.90): 299 (3.89) - —0.01
buffer. pH==7.0 222 (3.91); 296 (3.85) - —0.06
¢ [16]  —NH, Me | EtOH 218 (3.93); 298 (3.84) - —0.09 1685
d[7] —NHC,H,0H : Me EtOH - 220 (3.88); 300 (3.78) . —0.10. 1690
el[7] ~NHCH,(C Me : EtOH - 218 (3.93): 302 (3.83) - —0.10. 1690
Table 4
UV and IR spectra of compounds of type 3A [7] .
Z n Solvent Fmexiloge) . dlog e Amlige (f(}c;;z"‘z)
a CH. 1 EtOH . 220 (4.05); 300 (3.70) - —0.35 1680
b CH, 2 EtOH | 231 (4.05); 316 (3.85) . —0.18 | 1680
¢ NH 2 EtOH © 226 (4.11); 311 (3.84)

—0.27 | 1665

not change the shape of the UV spectra, and at most as a result of the transi-
tion 2 — 2A may a rather small hypsochromic shift of the short-wave band
be observed. '

These findings support. on the one hand, the correctness of the above
considerations and, on the other, they demonsirate that the UV spectrum cor-
responding to the 2-amino-4(3H)-pyrimidinone chromophore is rather insen-
sitive to variations in the skeleton of the chromophore. The same will be found
below when discussing the effects of replacing the 2-amino by a 2-alkylthio
group.
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In the last columus of Tables 14 the positions of the amide I bands
in the IR spectra of the respective compounds are shown. With the exception
of five compounds (2m, 2p, 2q, 2s and 2u) in Table 1 — in which the amide
I band is found at 1648 —1630/cm — the IR spectra (taken in KBr pellets)
exhibit amide I bands in the region of 1680-—-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(1H)-pyrimidinones to be discussed below®. The amide I bands of com-
pounds of type 3 are found without exception in the region 1690 —1668/cm
(Table 2), and the amide bands of the aza analogues 2A (1690-—1685/cm) and
3A (1680—1665/cm) are also found at comparatively high wave numbers.

The UV 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 bicvclic imidazo[l,2-a]pyrimidine series (types
7 and 8), their spectral characteristics being compiled in Table 5.

The UV spectrum corresponding to the chromophore in question has two
absorption maxima, their actual positions being strongly dependent on the
quality of the substituents, above all whether the 2,3-imidazo[l,2-a]-pyrim-
idin-7(8H)-one (7) or the -5(8H)-one system (8) is concerned. (For the possi-
bility of distinguishing these spectra from thoese corresponding to the 2-amino-
-4(3H)-pyrimidinone chromophore system already discussed and also exhibit-
ing two maxima, see p. 46).

The spectral characteristics of the compounds containing a double bond,
exocyclic to the pyrimidine ring, are essentially retained also in the case of
the aza analogue 6A but both bands suffer hypsochromic shifts and the value
of Mloge diminishes (see Table 3).

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

* Though the anomalously low wave numbers of the amide I bands of compounds
2n, 2p, 2q and 2s could be explained by assuming that in crystalline state these compounds
exist as the corresponding cross-conjugated 2-amino-4(1H)-pyrimidinones, in the case of com-

pound 2u, owing to R3 = H. a tautomerization of this type would be impossible. Thus, the

shift of the amide I band towards lower wave numbers must be caused by different and still
uncleared structural features.



Table 5
UV and IR spectra of compounds of types 7, 8 and 6A
Type Compound Re, or R? | R’e ne & voent Aman (log &) Alog & i (!\(l(}lrl)l f\xl)“mll !
7 a l (CH,), Et E1OH 234 (4.14); 312 (3.62) -0.52 1678
7 b {14} I Me Me FEtOH 234 (4.15): 314 (3.58) —0.57 ;, 1670
8 ¢ ’ Me H Me EtOH 226 (4.26): 297 (3.55) =071 1 1695 - 1675 (d)
8 d [14] H Me Me | EtOH 225 (4.15); 302 (3.40) —0.75 | 1685
6A e [15] buffer, |
! pH =7 217 (4.05); 262 (3.57) —0.48
| EtOH 216 (3.88); 266 (3.58) - 0.30 1
| !
Table 6
UV and 1R spectra of compounds of type 4 and §
R= 16 e Selvent Anax (log £) Am!i([l{p, (IK(?:!). 1y
,,,,,, | -
4a [10] H H H | buffer, pH = 13.0 | < 220 (> 4.1); 260 (3.74) :
4b H Me | Me EtOH i 210 (4.34; 204 (3.74), shoulder 1650
de H ~C,HL,OH | Me EtOH 213 (4.36): 264 (3.74) 1645
4d H - CH, (()()H Me EtOH 213 (4.31); 263 (3.75), shoulder 1650
de Me M( ’ Me EtOH 216 (l 2() 282 (3.74) 1650
5 [ 14] R‘ = R" == Me, R® == H EtOH 210 (4 "2) 232 (4.17); 277 (3.58) 1660

[&))
[35)

E:
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pounds containing the 2,3-dihydro-2-imino-4(1H)-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
bicyelic 2,3-dihydro-2-imino-4(1H)-pyrimidinones containing a double bond
exocyclic with respect to the pyrimidine ring is also found at comparatively
high wave numbers (in the region 1695—1660/cm) and, therefore, on the basis
of the positions of the amide I bands the 2,3-dihydro-2-imino-4(1H)-pyrimidi-
none and the 2-amino-4(3H)-pyrimidinone systems can not be told apart.

The UV and IR spectra of the 2-amino-4(1H)-
-(pyrimidinone chromophore (types 4 and 5)

Most representatives of the monocyclic variant (4) of the compounds,
containing the cross conjugated chromophore system, available to us were
of the non completely “fixed” type (R* =H). Therefore the possible existence
of a tautomeric equilibrium of the type 4 22 6 could not be denied in advance.
On the basis of a reasoning similar to that on p. 47 it may, however, be realized
that, in any case, this equilibrium must be 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 considerably hypsochromically shifted (by 20—40 nm) as compared to
those of compounds 2 and 6; moreover, in two of a total of four examples
their shapes are almost shoulder-like, pointing to the fact that cross conjuga-
tion is less “effective”.

The considerable change in the spectrum caused by the introduction
of a second alkyl group at the exocyclic nitrogen atom of 4 is striking. The 1eny-
-wave band in the spectra of the completely “fixed” compounds (de and 5)
is found to be bathochromically shifted by 15—20 nm as compared to the
corresponding bands in the spectra of compounds 4a—d and, at the same time,
the hand has lost its shoulder-like appearance and become more pronounced.
Furthermore, in the spectrum of the bicyclic compound 5 a further maximum
is found (at 232 nm) between the above two bands. Thus, the UV spectra of
compounds of type 4 are by far more sensitive to variations of the substituents
than those of compounds 2 and 6. The same will be found below when discus-
sing the effects of replacing the 2-amino by a 2-alkylthio group.

The spectral data of the aza analogues 4A and 5A are compiled in Table 7.
Among the monocyclic compounds (type 4A) listed no completely “fixed”
derivative may be found: at least one of the ligands R2, R% and R* is hy-
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Table 7
UV and IR spectra of compounds
Type Compound R Rx R Re
4A a [15] ! H H H H
b H H H Me
¢ [7] H H H HOCH,—
d [7] H H H HOC;H—
e [15] H H Me Me
£17] H H HOCH,— Me
g [7] H H HOCH,— Me
b (7] H H HOC,H,NH— Me
i[15] H Me | Me Me
H (CH,), Me
k [15] Me H | H ! Me
1(15] Me L Me H i Me
- 0O | \
m [7] | _CH2C<NHB11 H ' n—Bu Me
5A n {7} Z=CH, (monohydrate)
o [7] Z = CH,

drogen. From the identity of the UV 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
similar 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
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of types 44 and 5A

Solvent Fmux (log &) Amgtliae_(lk(?:g—l)
EtOH 248 (3.75)
buffer, pH = 5.1 247 (3.71) !
Et0H 204 (4.52): 246 (3.87), shoulder 1665 -+ 1650 (d)
buffer, pH = 5.1 243 (3.78) [15] :
EtOH 205 (4.43); 249 (3.78). shoulder 1668
- 1665
EtOH 214 (4.25); 241 (3.88), shoulder
buffer. pH = 5.6 213 (4.22); 243 (3.80), shoulder
EtOH 210 (4.42); 240 (3.86), shoulder | 1658
EtOH 211 (4.40); 240 (3.86), shoulder . 1663
EtOH 211 (4.36); 244 (3.85), shoulder 1673
EtOH 220 (4.27); 247 (3.80), shoulder ‘
buffer, pH = 4.0 223 (4.28); 247 (3.84). shoulder
EtOH 218 (4.42); 246 (3.94). shoulder 1665
EtOH 257 (3.73) !
buffer, pH = 5.1 248 (3.73) :
EtOH 250 (3.85)
buffer, pH = 7.0 218 (4.19), shoulder; 245 (3.86), shoulder
EtOH 212 (4.43): 248 (3.94), shoulder 0 1675 (acycl)
= 1648 (ring)
EtOH 210 (4.42); 244 (3.86), shoulder i 1660
EtOH 212 (4.42); 255 (3.82). shoulder , 1635
Table 8

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

pyrimidine ring

e | . .
of T double Bonds | conpounds Amide T (em=) (1) | ompoundt
|

Conjugated I 2, 3 1690—1630 22
typical: 1690—1650 17

Aza analogues 1 2A, 3A 1690—1665 6
Cross conjugated | 4, 5 16601645 5
Aza analogues | 44, 5A 1673—1635 11
Exocyclic 7, 8 1695 —1660 4

basis of the wave 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

midinone derivative.

2.

amino-4-pyri-
C
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In the following a comparison of the spectra of isocytosine and imidazo-
pyrimidinone derivatives with those of some analogues will be presented.

(8]
RS i; RB R(j (’:[) 4 (a
N g il i
I w‘/ \// \N/R Me\\//‘\x 1
,/\ _’/,A‘ - }l"‘\ /’5 \U A
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Q. o AR e
9: X =MeS QA 10A
11: X=H

The UV 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 bicyclic compound 10A which contains
the same chromophore system. As a supplement, the UV spectral data (taken
from literature) of compounds of type 11 have 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 be registered: the short-
-wave absorption band in the UV spectrum run in ethanol of this compound
was found, in contrast to the corresponding bands of the fundamental types
2 and 3 or even to those of the rest of the compounds 9, to be split. This splitt-
ing was found in the UV spectra of the sulphur-containing aza analogues 9A
and 10A to be general. At the same time, this split band system — especially
its more pronounced shorter-wave part upon which the longer-wave part
is superposed as a shoulder — has been rather considerably hypsochromically
shifted. On the other hand, the second band system retains its position un-
altered with respect to the compounds of type 2 and in all these cases the value
of dlog ¢ falls between the limits found for the case of compounds 2.

The wave numbers of the amide I bands in the IR specira of compounds
9A and 10A 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 UV spectra of the 4(3H)-pvrimidinones 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 UV spectra of the compounds 11 are very similar to those
of the other related systems. All these data, summarized in Table 12, support



Table 9

UV and IR spectea of methylthio analogues of type 9
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H
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Apnx (log €)

tOH

ELOH
Ko

15toH
ElOnl
EtOH
Kol
EtOH
EtOH
buffer,
pH=2-—-12

224 (3.79):

/

pH=2.-12
[18]

FOH
EtOH
EtOHL

[17]

232 (4.05); 285 (3.92)

236 (3.91);
236 (3.88);

286 (3.88)
287 (3.85)

244, (3.98);
238 (3.99);
243 (3.90);
241 (3.86);
242 (3.92);

235 (3.76);

288 (3.95)
284 (3.92)
292 (3.98)
292 (3.96)

290 (4.00)
289 (3.95)

241 (~3.8); ~286 (~3.9)

241 (3.76);
242 (3.83);
241 (3.81);
242 (3.78);

288 (3.93)
288 (3.97)
288 (3.99)
288 (4.00)

|

|

i

dlog &

-—0.13

~0.03
0.03

40,02
—0.07
4-0.08
-0.10

--0.08
--0.19

IR (KBr)
Amide [ (em—1)

1655
1645
1665
1650

1650

1645

1650
1640 (broad)
1685

1670
1670
1670 (broad)
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Table 10
UV and IR spectra of compounds of type 9A and 10A

Type ;u(:::! Re R4 e Solvent Ay (log €) Alog e All{ill’;c(l(\’((l‘,:;)' -1) &
9A a[l] Me Me H MeOH 208 (4.11); 226 (3.70), sh.; 298 (3.92) ~(L19 1695 &
b {5] Me NI, Me ErOH 212 (4.08); 228 (4.01); 298 (3.94) — 014 1695 s
¢ [5] —CH,COO0EL NH, Me EtOH 209 (4.06); 225 (3.9), sh.; 294 (3.90) 0,16 1695 2

d 5] — CH,CN NIH, Me EtOH 207 (4.08); ~225 (~-3.8), sh.; 290 (3.89) ~0.19 1695

e |5] - CH,CN NH, |[HOCH,—| EtOH 206 (4.12); ~230 (~3.9), sh.: 291 (3.96) ~0.16 | 1695

10A 1] EOH 212 (4.07); 225 (3.96), sh.; 292 (3.83) -=0.24 1685
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Table 11
UV spectra of compounds of type 11
R3 1 Rs Re Solvent ‘max OE &) dlog ¢ Ref.
Me H H pH ==35.0 | 221 (3.83); 269 (3.59) k —0.24 [17]
Me H Me pH=7 - 224 (3.75); 268 (3.56) . —0.19 [18]
Me Br H | pH=4.0 | 236 (3.60); 283 (3.77) I=+0.17 ¢ [19]
Me  Me H I pH=17.0 226 (3.76); 270 (3.72) i —0.04 [19]
! | ) i |
Table 12

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

: . {nm] ‘ L\;:xm- Num-
H Lmax 0L i er IR (KB b £
Type 4 leg & % c:i i Amide(l (c;)z—l) c?m?
I II ‘ pounds | pousds
i ‘ i | ;
2 <220—240 280—315 © —0.24 — -[-0.18*; 26 |1680—1650%* 18
3 226 —231 288304 —0.12 — 0 4 1690—1668 4
24 218—222 1 296—302 1 —0.10 — —0.01 | 5 1690—1685 3
3A 220—231 | 300—316 + —0.35 — —0.18 3 16801665 3
9 225, 232244 £ 285—292  —0.13 — $-0.22 | 14 1685—1640 12
9A 208—212; 225230 (sh) 290298 —0.19 — —0.14 | 5 1695 5
10A 212; 225 (sh) 292 —0.24 1 1685 1
11 221 —226 J 268—270  —0.24 — —0.04 | 3%*¥

* The data of compounds 2a and 2f—1 were neglected (¢f. p. 47.)
** The data of compounds 2n, 2p, 2q, 2s and 2u were neglected (¢f. p. 51.)
*** The data of the bromo derivative 11¢ were neglected.
once more the correctness of our view that the UV spectra of 4(3H)-pyrimidin-
ones containing a conjugated double bond system are comparatively insen-
sitive to variations of chemical structure.

Me N S \'( SR N S
L—%——Me R’ L{CHQ),J
H
12: X=RS— 13 124 13A
14.. = H

The spectral data of the cross-conjugated analogues 12, 13, 12A, 13A
and 14 of types 9, 9A, 10A 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.



UV and

Table 13

IR spectra of compounds of types 12—14

Type Conmpound X
12 a MeS
b* EtS
© PhCH,S
13 d
14 ¢ H
f H

* Kindly furnished by Dr. J.

1= ’ e

I
H

H
Me

J.

' IR (KBr)

1 Me
! H

Me

H
H

Irox, c.f.

Solvent Amax (og €) ‘ Amide I (em™1t)
]
EWOH 233 (4.44); ~260 (~3.9) sh 1645
EtOH 233 (4.39); ~260 (~3.8) sh 1645
buffer, pH=3.6 11 | 233.5 (4.43) [20] ‘
BLOH 236 (1.16); ~260 (~4.0) sh L1650
| EOH 230 (4.42); 258 (3.91) sh 1650
buffer, pH == 6.0 240 (4.16) [17] 5
buffer, pH = 7.0 247 (4.07) [19]
[20].

RLIRL § 29} - 4
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Table 14
UV and IR spectra of compounds of types 124 and 13A

: IR (KBr)
Type | Compound Re ! R R Solvent Zmax {log &} Amide I
; | : (om=)
124 a4 = H  —CHCOOH  Me EtOH 236 (£.26) | 1620
; ; dioxane = 233 (4.17) |
b [4] H  —CH,CO0H  Me E:OH 236 (4.30) |
¢ [1 Me | Me = H MeOH 235 (4.38) | 1670
d [71] —CH,CO0Et Mo Me  EtOH 238 (4.34) | 1660
el2]  H | Me  —CHCOOH EOH 33 (128) |
H 1 H
134 £ [1)* n=2 R=Me ' EtOH 232 (4.32) | 1645
e [T n=3 R=DMe | EtOH 238 (4.36) 1645

|

* For the spectra of compounds of analogous structures see [3].
** For the spectra of compound of analogous structures see [6].
Table 15

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

Fmax [nm] | Number of IR (KBr) : Number of
Type 1 - compounds Amide I (em™?!) .  compounds
! H
4 210—220 260—282* 4 1650 —1645 4
3 210 277%% 1 1660 1
4A 204223 241—-257% 18 1673—1648 9
5A , 210—212 244—255% 2 1660 —1635 2
12 ! 230—236 260 sh 3 1650 —1645 3
13 230 258 sh 1 1650 1
12A : 233238 — 3 1670—1620 3
13A 232238 — 2 1645 2
14 240 — 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 reveals — 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 UV spectra of the compounds containing a
cross-conjugated chromophore are by far more sensitive to variations 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 UV spectra, depending on the type of chromophore present: re-
placement of the 2-NRR’ group by the 2-SR and 2-H ligands of gradua]l}"
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 variations,
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 UV spectra of compounds 7, 8 and 6A containing 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

R
Y
R/)\}'/KX
!I
R
15: X=8
16: X =

differences being, however, found both in the band positions and the Alog ¢
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 UV spectra in ethanol of some compounds containing an exocvelic
double bond

Zmas (log €) | Numb £
7 234 (4.14—4.15) 312314 (3.58—3.62) —0.57 — —0.52 2
8 226 (4.15—4.26) . 297—-302 (3.40—-3.57) —0.75 — —0.71 2
64 217 (4.05) 262 (3.57) | —~0.18 1
15 214—220 (4.08—4.26)  270—280 (4.13—4.27) —0.08 — +0.17 8
16 206—215 (3.84—4.00) | 260268 (3.90--4.02) —0.10 — +0.11 3
Experimental

UV spectra®™ were obtained using a Spectromom 201 spectrometer (Ma-
gvar Optikai Mivek***, Budapest), the IR spectra were run in KBr pellets
using UR-10 (Carl Zeiss, Jena), Model 221 (Perkin-Elmer & Co.) and Spec-

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

#** The majoritvy of the UV spectra has been published in [26].

#** Hungarian Optical Works.
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tromom 2000 (Magyar Optikai Miivek®, Budapest) spectrometers. The au-
thors wish to express their gratitude to Miss Zs. Farac6, Mrs. Gy. Karsa1-Sas,
Mrs. M. Szirinyi-Kiss and to Mr. M. 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. Gur and J.
REITER to whom the authors wish to express their gratitude for their oblige-

ance.

Summary

UV and IR spectra of a series of C- and N-alkylated isocvtosines as well as of the cor-
responding derivatives of imidazo[l.2-a]pyrimidinones have been studied. Characteristic
differences have been found between the spectira of the different types of compounds, which
make possible the differentiation of compounds containing cross-conjugated and ordinary
conjugated chromophores in and a semicyclic C==N 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

. Nyr1rral, J.—BEx4ssy, S.—LeyMpeErT, K.: Acta Chim. Acad. Sei. Hung. 53, 311 (1967).

. DoreEscEALL, G.— HorNYAK. GY. —HorxvAR-HAimori, M.— LEMPERT, K. — WOLFNER, A.:
Acta Chim. Acad. Sci. Hung. 33, 385 (1967).

3. Dorescuarr, G.—LeEmPERT, K.: Acta Chim. Acad. Sci. Hung. 53, 397 (1967).

4. DorescHALL, G.— HorNYik, Gy.—Linc, L.—Lewrert. K.—Zsaver. K.: Acta Chim.
Acad. Sci. Hung. 57, 191 (1968).

. Zsver, K.—Pusgis, J.—Nvitrar, J.—HorNvix . Gy.—WoLFNER, A.—DoOLESCHALL,
G.—LevmperT, K.: Periodica Polytechn. Budapest, Ser. Chem. Engng., 12, 259 (1968).

. HornNyix, Gy.—Lixe, L.—LeypErT, K. —MENCZEL, GY.: Acta Chim. Acad. Sci. Hung.
61, 93 (1969).

. Hornvig, Gy.—Lexpert, K. —ZavER, K.: Acta Chim. Acad. Sci. Hung. 61. 181 (1969).

. Browwx, D. J.—Lvyarr, J. M.: Austral. J. Chem. 15, 851 (1962).

. Karrirzey, A. R.—Lacowsk:, J. M. in Advances in Heterocyclic Chemistry (Editor: Kat-

rITZKY, A. R.), Academic Press. New York. London, Vol. 1.. pp. 341 et sequ.. Vol. 2.,
pp- 3 et sequ., 28 et sequ. (1963).

10. Brown, D. J.—Terr 1, T.: Austral J. Chem. 18, 559 (1965).

11. Herene, Cr.—Douvzou, P.: C.R. Acad. Sc. Paris 259, 4387, 4853 (1964).

12. McConnNEL, J. F.—SuarMa, B. D.—Marsa., R. E.: Nature 203, 399 (1964).

13. S~xern, B, K.: J. Chem. Soc. (C). 1968, 2358.

14, Re1Ter., J.—SouiAR, P.—ToLpY, L.: Lecture delivered before the Committee for Organic
Chemistry of the Hungarian Academy of Sciences, May 27, 1969, Budapest. Tetra-
hedron Letters, 1970, 1411, 1417, 2451, 2435.

15. Prraa, J.—FiepLer, P.—GuT, J.: Collection Czechoslov. Chem. Commun. 31, 1864 (1966).

16. Dorxow, A.—MEenczer, H.—Marx, P.: Chem. Ber. 97, 2173 (1964).

17. Browx, D. J.—HoOERGER, E.—Masox, S. F.: J. Chem. Soc. London 1955, 211.

18. Marsuairl J. R.—Warker: J. J. Chem. Soc. London 1951, 1004.

19. Browx, D. J.—Leg, T. C.;: Austral J. Chem. 21, 243 (1968).

20. Suuear, D.—Fox, J. J.: Bull. Soc. Chim. Belg. 61, 293 (1952).

21. DovrescHaLL, G.—LEMPERT, K. unpublished.

1D

(o]

(w28

OO0 -]

* Hungarian Optical Works



64 B. AGAT et ol.

22, HorNYAK, Gy.—LeMPERT, K.: Studies with imidazo [1.2-a] pyrimidine derivatives. Lecture
delivered at the \Ieetmv of the Hung. Chem. Soc. at Sopron September 3, 1965.

23, Acai, B.—Hornvixg, Gy, —LE\IPERT K.: Investigations into the syntheses of 6, ,1-tetra-
methylene-5(1H)- -imidazo [1,2-a] py rimidinone derivatives. Lecture delivered at the Meet-
ing of the Hung. Chem. Soc. at Pécs, August 24, 1967.

24, &Gu B. HOR\’:AI\ Gv.—LeMPERT, K.: S\nthe=e~ of and spectroscopic studies with
amino- and iminopyrimidinones. Lecture delivered at the Meeting of the Hung. Chem,
Soc. at Szeged, August 23, 1969,

. Souir, P.: ’\Iaowar Kém. Foh 74, 298 (1968).

. Lixe, L, (Ed.): Absorption Spectra in the Ultraviolet and Visible Region, Vols VII—XIV
1966 — 1970, Publishing House of the Hungarian Academy of Sc1ence:, Budapest,

Prof. Dr. Karoly LEMPERT ]
Béla Acar Budapest XI,

Dr. Gyula HornyiK l Gellért tér 4,

Dr. Laszlé Lixe Hungary

Dr. Pal SomARr

bty

O Ut





