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AssTracT. The feaction between 3,7-disubstituted-2,5-diamino-pyrazolo [1,5-a]
pyrimidine-6-carbonitriles (DPC) with iodine is studied photometrically in
various chlorinated solvents. The results obtained from spectroscopic
measurements revealed that in each solvent the (DPC): I, ratio is 1:2 and the
charge transfer (CT) iodine complex is assigned the formula (DPC) I' I, .
Values of the formation constant (k), molar absorptivity (€) and oscillator
strength (f) for the I5(CT) complex were obtained. It was shown that the values
of these constants depend entirely on the polarity of the solvent. Where it was
indicated that there is a linear correlation between either the oscillator strength
or the molar absorptivity and the dielectric constant of the solvent, suggesting a
type of interaction between the ionic (CT) complex with the solvent.

The important role that charge transfer (CT) complexes play in biological systems;
leads some investigators (Gyorgy 1960) to suggest that the activity of biologically
active compounds may depend on their tendencies to form such CT complexes with
biological receptors. In connection with the CT complexes of I, although a great deal
of work has been done (Yarwood 1974, Trotter 1978, Harada 1979, Mulazzi et al.
1981, Laane et al. 1986) on the interaction of I, with different donor compounds, also
the conversion of iodine molecules into polyiodide units are known in the literature
(Mulazzi et al.,Laane et al. 1986), much work needs to be done for obtaining
compounds of expected biological activity. Pyrazolo [1,5-a] pyrimidines are purine
analogues and as such they have useful properties as antimetabolites in purine
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biochemical reactions (Earl et al. 1975). Moreover, these compounds have marked
antitumor and antileukemic activity (Hildick 1971, Novinson et al. 1974).

Continuing our interest for the synthesis of pyrazolopyrimidines as potential CNS
regulants and antimetabolites in purine biochemical reactions (Elegemeie 1987, 1988,
1991), we investigated in the present work the tendency to form CT complexes with I,.
The CT complexes were studied photometrically in solutions, where the solvent effect
has been investigated. Also, values of some physical parameters, such as the
formation constant, the molar absorptivity and the oscillator strength, of such CT
complexes were calculated.

Experimental

Absorption spectra were measured using a Perkin-Elmer spectrometer Model 522,
with a fused silica cell of 1.0 cm optical pathlength. Spectrograde solvents were used in
all measurements. R.G. quality I, (Hyashi Pure Chemical Industry Ltd.) was used and its
concentration in solution was checked spectrophotometrically.

The DPC compound (Fig. 4) was prepared essentially by the method previously
reported (Elgemeie 1988) and were purified by recrystallization from ethanol. The
obtained yellow crystalline solid of DPC showed a melting point higher than 573 K. Its
infrared spectrum showed absorption bands at 3450 and 3300 cm™' characteristic of
associated NH, stretching modes and at 2210 cm™' of C = N stretching vibration. On the
other hand, 'H nmr spectrum of DPC showed the signals 7.18 ppm (s, br., 2H, NH,),
7.52-8.02 ppm (m, 8H, 2CH,) and 8.62 ppm (s, br., 2H, NH,). Also, the mass spectrum
of the compound showed that its molecular weight is 423.

Photometric titrations were performed as described (Skoog 1985) in all solvents at
293 K, using a fixed concentration of DPC (10x10°M), whilst the concentration of I, was
varying over the range 5-80 x 10°M in order to cover the DPC:, ratios from 1:0.5 to 1:8.
The absorbancies of the brown I, CT complex formed were measured in each case and
were plotted as a function of the I, molar ratio as will be seen in the section "Results and
Discussion.” Photometric titration was also performed in 1,2-dichloroethane but with
fixed I, concentration and varying DPC concentration.

Results and Discussion

The electronic absorption spectra of the DPC:1, CT complex (1:2), as well as the
spectra of 1, and DPC, at the concentration 10x10°°M, in 1,2-dichloroethane are shown in
Fig.1. The spectra showed that DPC CT complex with I, has two strong absorptions at
295 and 365 nm. It should be noted that neither I, nor DPC base shows significant
absorptions in the UV/Visible region using such low concentrations. Fig.2 shows the
photometric titration curves measured at Mmax 295 and 365 nm, where the DPC
concentration was kept constant. The equivalence points, as shown in the photometric
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titration curves, indicate that the CT complex forms in the ratio (1:2). Photometric
titration curves carried out in other solvents such as CCl,, CHCI, and CH,Cl,, showed that
DPC and 1, react in the same |:2 molar ratio under the conditions of fixed DPC
concentration, where the CT complex absorbs in these solvents almost with
inconsiderable wavelength shift. It is not out of place to mention that the formation of 1:2
CT complex was further substantiated in 1,2-dichloroethane, but with fixed 1, in this case.

In the present work, the solvent effect was studied in a quantitative manner. Values of
the formation constant (k), the molar absorptivity (€) and the oscillator strength ( f) of
the complex in each solvent were obtained. Since the concentration of both the donor
(DPC) and acceptor (l,) are remarkably low, the following equation (Balasubramanian
1978, Abu-Eittah 1976) could be used in the calculation:

Ca®-Cd® _ 1, Ca®Cdo
=% SetT= (D

Where Ca® and Cd° are the initial concentrations of the acceptor and donor
respectively and A is the absorbance of the most intense band at 295 nm.
From the plot Ca®. Cd®A vs Ca®+Cd°, in each solvent using various concentrations of the
acceptor, values of both (k) and (€) were obtained. On the other hand, the oscillator
strength (f) was calculated from the approximate relation, as has previously been reported
(Tsubomura 1961):

F= (A.319X10°°) € .Yy correeersemsemessssssseeomoeeeeseeeeseseeseeoeeseesesesesseeeessseeereens )

where v, , is the half band-width in cm'".

The calculated values of (k), (€) and ( f) for the CT complex in various solvents,
together with values of the dielectric constants of the solvents used, are given in Table 1.

Table 1. Spectrophotometric data of DPC-1, Charge-Transfer complex and the dielectric constants of the
solvents used

-4
Solvent l((l)/(n:gl) /(\nr::; € max x 10™ (f) (D)
CcCl, 12.4 298 2.34 0.635 22
CHCI, 4.6 296 3.44 0.785 4.7
CH,CI, 16.7 298 4.56 1.048 89
CH,CI-CH,CI 95 295 5.82 1.255 10.4

It is quite evident from the data in Table 1 that the (DPC): [, CT complex shows high
values of both the formation constant (k) and the molar absorptivity (€) which reflects the
high stability of the complex as a direct consequence of the expected high donation ability
of the (DPC) molecule (containing eight nitrogens). Whilst the high value of (€) is in
good agreement with the existence of the triiodide ion 1, which is well known to have
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high absorptivity (Kiefer 1972, Andrews 1980, Kaya 1972). It is also clear that by the
increase of the solvent polarity the molar absorptivity increases. It is not out of place to
mention that this is in accordance with the experimental findings reported by
Balasubramanian er a/.1978 .

Again it is quite obvious that both (&) and the oscillator strength (f) increase with the
increase of the dielectric constant (D) of the solvent, as indicated by the linear
relationship obtained by plotting (f) against (D), as shown in Fig.3. It should be noted that
the strong solvent hyperchromic effect observed in the electronic spectrum of such CT
complex, resulting in a high spectral intensities, could be attributed to a strong solvent
interaction with the ionic (DPC) I + I,— leading to an alteration of the molecular geometry
of the triiodide complex. Such an alteration would be expected to increase of the solvent
polarity.

Also, the appearance of three raman bands at 147,108 and 85 cm™ which are
assigned to vy, (I-[ y, (I-I) and & I3- respectively in the raman spectrum of the isolated
solid complex adds a substantial evidence supporting the triiodide structure [DPCI] + [, .
The results of the solid complex may well be published is a separate communication.
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Fig. 1. Electronic absorption spectra of
(a) DPC [10x10°"M],
(b) lodine [10x10""M] and
(¢) CT complex: DPC [10x107M] and lodine [20x107M]
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Fig.2. Photometric titration curves of DPC-I, system in 1, 2-dichlorethane,
- Upper curve for the absorption at 295 nm and
- Lower curve for the absorption at 365 nm.
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Fig.3. Dependence of the oscillator strength ( ) of the CT
complex on the dielectric constant of the solvent.
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Fig.4. The DPC compound.
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