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In the complexes of Cu2+ and Mn2+ with theophylline 
a weakening occurs in the C = N bands (1555-1590 
cm-‘), which together with the modifications in the 
(<<additional>>) 930-950 cm-’ band, account for the 
changes in the stereochemistry of theophylline. No 
enolisation of the carbonyl at G occurs, and from the 
modifications in intensity of the bands C= N and = 
NH, we conclude that there is a stronger bonds in 
[Mn (theophylline)r] than in [ Cu (theophylline) 21 and 
[Ag (theophylline) 1. We report for the first time the 
1. R. spectra of the complexes: [ CuCl2 (guanine) 21, 
[ Cu(guanine)z] . SOI . H?O and [ CuSOd(guanine)z]. 
HzO. 

tntroductton 

The first compounds of theophilline with metal ions 
(Mn*+, Cu*+, Zn+*, and Ati+) were reported by A.F. 
Schutz and Umschweif, and by R. Klimek.2 Owing 
to their marked biological importance a series of pu- 
rinic base complexes has recently been used in tera- 
peutics as diuretics. 3s4 The compound [ Cu(theophylli- 
ne)z], where theophylline is C7H702N4, has been shown 
to have a catalytic effect on the decomposition of 
Ht02: in this reaction the catalytic effect is due to 
the release of Cu*+? 

J. Bayer and E. Posgoy6 assume similar structures 
for the complexes of theophylline, guanine, xanthine, 
and hypoxanthine with Hg*+f as in Figure 1. 

Recently, R. Weiss and H. Venner7*8,9 have synthesis- 
ed complexes of Cu*+ with purinic bases (theophylline, 
guanine, hypoxanthine, purine, adenine) and have de- 
termined their stability as a function of pH. 

Theophylline complexes are of the type [M(theo- 
phylline)z] (Figure 1) and those of guanine (2-amino,6- 
hydroxypurine) of the types Pu~MC~~(H~O)~, PuzMSOr 
(HzO),, PuMS04(HzO),, where M is CU*+ and Pu = 
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purinic compound. The structures are assumed on 
the basis of the chelation possibilities between NT and 
the substituent for c6 (Figure 2). 
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Figure 1. Structure of [ Cu(theophylline)l]. 

Figure 2. Guanine(2-amino, 6-hydroxypurine); coordination 
around the Cu2+ ion. 

The tendency of purinic bases to form complexes 
with Cu’+ decreases with increase in number of sub- 
stituents in the purinic cycle. Whereas in the case of 
guanine the authors clearly assume the mode of com- 
plex formation (Figure 2), in the case of theophylline 
chelation has been confirmed by spectroscopic obser- 
vations. This chelation may occur either by the enolis- 
ation of carbonyl and the creation of a stable chelate 
ring, or by the simple substitution of the hydrogen 
atom from N7. We have endeavoured to explain in 
this sense the observations made by T. Tu and J. A. 
Reinosa.” 

The spectra were obtained with a UR-10, Carl Zeiss 
Tena annaratus, bv the KBr disc method. The sub- 
stances -used were obtained from Schuchardt, Miin- 
then. 

(10) Anthony T. Tu and J. A. Reinosa, Biochemistry, 5, 3375 (1969). 
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Results and Discussion 

The theophylline compounds [ Mn(theophylline)r] 
and [ Cu(theophylline)J were prepared according to 
the methods of Venner7 and Klimek.2 In the spec- 
trum of [ Cu(theophylline)J , the weakening of the NH 
(2500-3500 cm-‘) bands was evident. This fact sup- 
ports a structure (Figure 1) in which a bond is formed 
by substitution of the hydrogen from N. The weaken- 
ing and flattening of the NH band appears clearly at 
3330 cm-‘. On the other hand, the characteristic 
band of the carbonyl grouping is at about 1690 cm-’ 
and is not affected by complexation, showing only 
slight widening. Our formulation, in agreement with 
the suggestion of Tu and Reinosa,” assumes the ab- 
sence of interaction with the carbonyl grouping and is 
supported by the fact that the spectrum shows no ab- 
sorption in the range of the O-H frequencies and, 
therefore, no possibilitv of enolisation for the carbonyl 
at Cg (1680-1720 cm” range).” 

In the 1555-1590 cm-’ range the maxima are some- 
what stronger than for pure theophylline. This is 
accounted for by the modification in the energy of the 
C =N bond of the purinic cycle upon coordination. 
According to Blout,” the bands at 1610 cm-’ corresp- 
ond to the C=C bond stretching in the purinic cycle. 
Bands in the region 1590-1610 cm-’ may also be as- 
signed to the C= C bond stretching. According to 
the observations of Tu and Reinosa,” in analogous 
complexes with inozine and guanozine the phenome- 
non of enolization was related to the evident weaken- 
ing of the C= 0 band to notable changes in the 1680- 
1720 cm-’ range. The mechanism explaining the 
changes in the I.R. spectrum of guanine is shown in 
Figure 3. 

Figure 3. Enolisation phenomenon in the guanine case. 

In theophylline the positions NI, NJ are methylated 
and the occurrence of enolization can only be consider- 
ed as very improbable. The fact that the carbonyl 
band 1690 cm-‘, is only slightly widened in [Cu- 
(theophylline)J is an additional evidence that the re- 
placed hydrogen atom derives from N7. The observat- 
ion is also confirmed by the changes in bands assign- 

(11) E. R. Blout and M. Fields, 1. Amer. Chem. Sot., 72, 479 (1950). 

ed to the NH bond stretching in the 2500-3 200 cm-’ 
range of absorption. 

In the complex we again find a slight attenuation 
of the free theophylline (940 cm-’ and 950 cm-‘) 
bands,12 as well as a small shift of the maximum from 
1200 cm-’ to 1210 cm-‘. The weak modification in 
the 900-950 cm-’ additional band, after complexat- 
ion, could be attributed to the stereochemical modific- 
ations in theophylline. We draw the conclusion that 
the existence of a hydrogen bond between the carbo- 
nyl at G, and the hydrogen at N7 in free thephylline 
is unlikely because according to the hypothesis of Tu 
and Reinosa,” it would certainly break when complex- 
ation occurs (Figure 4). 

& 4 
Figure 4. Destruction of the hydrogen bond in theophyyline 
after coordination around Cd+ 

The I.R. spectroscopic study of the interaction of 
the Mn*+ ion with theophylline confirms our assertions 
that the only metal-nitrogen bond is formed by sub- 
stitution of the hydrogen atom at NT. In [Mn(theo- 
phyllineh] the 2500-3000 cm-’ range (NH frequency)” 
shows more important changes than those found in 
the spectrum [Cu(theophylline)z]. We interpret these 
changes keeping in mind that the Mn’+-N7 coordinati- 
ve bond is stronger than it was for Cu’+-N7 and that 
it exceeds the strength of the AgN7 bond in [Ag(theo- 
phylline)] . In support of these assertions we note 
the disappearance of some maxima in free theophylli- 
ne (2620, 2720, 2790, 2800, 3200 cm-‘) after complex- 
ation with Mn”. The C=N (1555-1590 cm-‘) bond, 
according to Blout,” is weakened more than in [Cu- 
(thephylline)z]. The 1690 cm-’ carbonyl band is not 
altered, displaying only a very weak widening. The 
((additional,> band in the purines (Blout” and Willi&12) 
at 930-950 cm-’ displays, after complexation, maxima 
at 910 and 940 cm-‘. In general, we notice the fact 
that the bands are more intense in the 900-l2GO cm-’ 
range. We interpret the more important changes in 
the <<additional. range, characteristic of the purinic 
cycle vibrations, as showing possible changes in the 
stereochemistry of theophylline after complexation, as 
in the case of [Cu(theophylline)J. The presence of 
more marked changes in the cradditionalw range of 
[Mn,theophylline)J could be due to a disturbance in 
the purinic cycle stereochemistry, which would be 
more important after complexation with Mn’+. The 
more important changes in the range of the NH fre- 
quencies in [Mn(theophylline)2] (2500-3000 cm-‘) 
suggests that the Mn-NT bond is stronger than the 
Cu-N7 bond. 

(12) C. H. Willits and I. C. Decius. I. Amer. Chem. Sot.. 9. 2579 
(1955). 
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Table I. Wavenumbers (cm-‘) 

Theophylline 930 950 1555 1590 1690 2620 2720 2790 2800 3330 
E Cu(theophylline)J] Mn(theophylline)J 940 910 990 940 1210 1555 1555 1590 1590 1690 2,500- 1600 1690 3330 

3000 
weak weak 

Guanine 840 940 950 1980 1530- 1650 1490 2701 2910 3120 3330 
1608 

[ CuCL(guanine)J 580 930 950 980 970 1050 1180 1210 1470 1490 1590 2910 3330 
intense intense weak 

[ Cu(guanine)*] SO, . Hz0 970 to30 1060 1530 1590 2930 3085 3120 3330 3340 
split weak weak 

[ CuSO,(guanine)J 3160 3320 3190 . Hz0 570 620 690 750 1440 1510 1570 1700 2930 
intense 

Yieik 

The complexes of guanine with transitional metals 
(Co’+, Fe’+, Cu2+) are interesting from the stand- 
point of biological activity and also because they are 
well suited for through physico-chemical studies (MSss- 
bauer effectsI NMR spectra14). 

The [ CuCL(guanine)J, [ Cu(guanine)JS04 . Hz0 
and [ CuSoe(guanine)J . Hz0 complexes have been 
synthesised by the methods of Weiss and Venner.7 
The bands were assigned starting from the data re- 
corded by Blout” and C. H. Willits which show 
that the vibration frequencies of NH and OH in gu- 
anine are 3330 and 3120 cm-’ respectively, and that 
the C=H frequencies appear in the 2910-2702 cm-’ 
range. The characteristic bonds of purinic cycles ab- 
sorb at 1590-1600 cm-’ ,C = N) and at 1750 cm-’ 
(C= C). We have also compared the 930-950 cm-’ 
range of additional bands (Blout).” 

According to H. Venner and R. Weisss,9 two com- 
plexes of the same [CuCL(guanine)2] constitution are 
obtained, one immediately after complexation and a 
second, somewhat lighter in colour, which crystallizes 
from the mother liquor after a few days. Our I.R. 
determinations do not reveal any notable differences 
between the two compounds, and we are therefore 
unable to specify whether they are isomeric species or 
not. The second compound (recrystallised after a few 
days) shows somewhat weaker bands in the 500-700 
cm-’ and 950-930 cm-’ ranges. The bands at 2910 
cm-’ (C=N) are split and show an increase in inten- 
sity, and the bands at 1700 cm-’ (C=C) show the 
same aspect of shift and change. 

The band at 1590 cm-’ is much more marked and 
more intense than in pure guanine. We could attri- 
bute this effect, as in the complexes with theophylline, 
to the changes of the C = N bond vibration energies af- 
ter complexation. It is more difficult to account for 
the other changes in the 800-1200 cm-‘, 1150-1410 
cm-‘, and 1450-1600 cm-’ ranges. They could be 
explained by a disturbance of the vibrations of the 
various bonds in purine after complexation. Details 
of these changes are as follows: a displacement of 
the maximum placed at 840 cm-’ in pure guanine to 
780 cm-’ and appearance of new bands at about 1050 
cm-‘. 

In the 1150-1400 cm-’ range a maximum appears 
at 1180 cm-’ and another, somewhat weaker, at 1210 
cm-‘. In the 1400-1600 cm-’ range some bands ap- 
pear 1470, 1490, 1530 (weak), and 1570 cm-‘, gener- 
ally split with respect to guanine. In the range of 

(13) R. A. Stukan, Biofirica, 10, 343 (1965). 
(14) A. Veillard, \, Chim. Phys., 59, 1056 (1962). 

<<additional>> bands (Blout)” at 930-950 cm-’ charac- 
teristic for adenine, guanine, hypoxantine, and xantine, 
we note a displacement of the maximum from 930 
cm-’ tc 970 cm-‘. The changes in the <<adidtionab> 
band are attributable to some changes induced by 
complexation in the stereochemistry of the guanine 
molecule. We have not been able to account more 
definitely for these changes. 

In the 600-700 cm-’ range the maxima for the 
[Cu(guanine)2]S04 . Hz0 complex are less intense than 
in pure guanine owing to absorption by the SO,‘- ion. 
The cradditionab, band displays a new feature: the 
peak at 930 cm-’ has disappeared while the peak at 
970 cm-’ is intact. The explanation is similar to the 
one given in the case of [CuCh(guanine)2]. 

The NH band is weaker (3330 cm-‘) and displays a 
weak satellite at 3430 cm-‘, suggesting a link through 
nitrogen. The O-H band at 3120 cm-’ is somewhat 
lower, having a maximum at 3125 cm-‘, and the C-H 
band (2910-2702 cm-‘) displays a series of maxima 
at 2930 cm-’ and 3285 cm-‘, stronger and better out- 
lined than in guanine. The changes in the absorpt- 
ion range of C = N (1590 cm-‘-l608 cm-‘) account 
for changes in the vibrational energy of the C=N 
bond; the maximum at 1590 cm-’ decreases consider- 
ably, and the maxima at 1530 and 1650 cm-’ are 
split. 

Finally, marked changes appear in the 900-1000 
cm-’ range. The maximum at 1000 cm-’ is split and 
two maxima are weakly outlined at 1030 and 1060 
cm-‘. 

The [CuSOXguanine)z] . H20 complex displays a 
series of peaks in the 600-700 cm-’ range, attributed 
to SOd2-. These maxima are much more intense than 
for [ Cu(guanine)2] SO4 . H20, thus constituting a spec- 
troscopic confirmation of the presence of SO.+‘- within 
the coordinating sphere of the complex (Venner’s for- 
mulation’). The marked maxima are at 570-620 cm-‘, 
690-730 cm-r, 750 cm-‘. In the range of the NH 
frequency (3330 cm-’ according to Blout”), a series 
of displacements and strengthening of the maxima in 
guanine appear from 3330 to 3320 cm-‘. 

At 3340 cm-’ the compound displays another max- 
imum. In the region of hydroxyl, 3120 cm-‘, a 
weak descending tendency of the rather flat maximum 
displayed by pure guanine at 3130 cm-’ is observed. 

The band corresponding to the C-H bond (2910- 
2702 cm-’ *I) in pure guanine is displaced to 2960 
cm-‘. In the 2800-3200 cm-’ range, maxima appear 
at 3160 and 3190 cm-‘. The C= C frequency is un- 
changed and on the whole, the splitings in this band 
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are likewise very pronounced. The 1400-1600 cm-’ 
range exhibits a few changes at 1440-1510-1570 cm-’ 
and a displacement of the band from 1490 cm-* in 
pure guanine to 1510 cm-’ in the complex. 

Conclusions 

When studying the I.R. spectra of the [Cu(theo- 
phylline)z] and [ Mn(theophylline)z] we notice, in 
agreement with the suggestions of A. Tu and J. 
Reinosa,” that the phenomenon of coordination does 
not involve the carbonyl in position Ce and that the 
metal-nitrogen bond is formed by substitution of the 
hydrogen atom at NI. 

The study of the [Cu(guanine)zlSOd . Hz0 and 
[ CuS04(guanine)z] . Hz0 complexes indicates that the 
SOa2- ion is bonded differently in the coordination 
sphere of the two complexes (600-700 cm-’ range). 

Acknowledgments. The authors express their 
thanks to Professor Dr. Alfred Teitel, Chair of Phar- 
macology, Faculty of Medicine, Bucharest, for scien- 
tific information received regarding this class of sub- 
stances. 

Thanks are also extended to Prof. Dr. Dan A. 
Petrescu and Dr. Marina Olteneanu, research chemist, 
for their help in the study of purinic compounds and 
to the Firm << Dr. T. Schuchardt )>, Munchen, for pro- 
viding the substances used in the experiments. 

Inorganica Chimica Acta 1 4:2 1 ]une. 1970 


