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ABSTRACT. The reaction between 3.7-disubstituted-2.5-diamino-pyrazolo [1.5-a] 
pyrimidine-6-carbonitriles (OPC) with iodine is studied photometrically in 
various chlorinated solvents. The results obtained from spectroscopic 
measurements revealed that in each solvent the (OPC): I, ratio is 1:2 and the 
charge transfer (CT) iodine complex is assigned the formula (OPC) r 1,_. 
Values of the formation constant (k). molar absorptivity (6) and oscillator 
strength (I) for the Ii (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 h, 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 12 with different donor compounds, also 
the conversion of iodine molecules into poly iodide 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 [l,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 12 , 

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 12 (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-I characteristic of 
associated NH2 stretching modes and at 2210 em-I ofC = N stretching vibration. On the 
other hand, 'H nmr spectrum of DPC showed the signals 7.18 ppm (s, br., 2H, NH2), 
7.52-8.02 ppm (m, 8H, 2C6H4) and 8.62 ppm (s, br. , 2H, NH2). Also, the mass spectrum 
of the compound showed that its molecular weight is 423 . 

Photometric titrations were performed as described (Skoog \985) in all solvents at 
293 K, using a fixed concentration of DPC (lOx \ 0-6M), whilst the concentration of 12 was 
varying over the range 5-80 x 10-6M in order to cover the DPC:12 ratios from \ :0.5 to \ :8. 
The absorbancies of the brown 12 CT complex formed were measured in each case and 
were plotted as a function of the 12 molar ratio as will be seen in the section "Results and 
Discussion." Photometric titration was also performed in 1,2-dichloroethane but with 
fixed 12 concentration and varying DPC concentration. 

Results and Discussion 

The electronic absorption spectra of the DPC:12 CT complex (I :2), as well as the 
spectra of 12 and DPC, at the concentration \ Ox 10-6M, in J,2-dichloroethane are shown in 
Fig.l . The spectra showed that DPC CT complex with 12 has two strong absorptions at 
295 and 365 nm. It should be noted that neither 12 nor DPC base shows significant 
absorptions in the UVIVisible region using such low concentrations. Fig.2 shows the 
photometric titration curves measured at Amax 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 fonns in the ratio (I :2). Photometric 
titration curves carried out in other solvents such as CCI., CHCI} and CH2CI2, showed that 
ope and 12 react in the same 1:2 molar ratio under the conditions of fixed OPC 
concentration, where the CT complex absorbs in these solvents almost with 
inconsiderable wavelength shift. It is not out of place to mention that the fonnation of 1:2 
CT complex was further substantiated in I ,2-dichloroethane, but with fixed 12 in this case. 

In the present work, the solvent effect was studied in a quantitative manner. Values of 
the fonnation constant (k), the molar absorptivity (E) and the oscillator strength (f) of 
the complex in each solvent were obtained. Since the concentration of both the donor 
(OPC) and acceptor (1 2) are remarkably low, the following equation (Balasubramanian 
1978, Abu-Eittah 1976) could be used in the calculation: 

Cao·CdO 1 CaO+CdO 
-A- =~ + -E- , ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,, (I) 

Where Cao and Cdo 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 Cao. CdolA vs Cao+Cdo, in each solvent using various concentrations of the 
acceptor, values of both (k) and (E) were obtained. On the other hand, the oscillator 
strength (f) was calculated from the approximate relation, as has previously been reported 
(Tsubomura 1961): 

9f= (4.319 x 10. ) E max ' ...... .... .......... .. .......................................................... (2)
'IJ/2 

where 'IJ /2 is the half band-width in cm J. 

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

Table I. Spectrophotometric data of OPC-I, Charge-Transfer complex and the dielectric constants of the 

solvents used 


Solvent 
k x 10-' 
(l/mol) 

Amax 
(nm) E max x 10-' ( f) (0 ) 

CCI, 12.4 298 2.34 0.635 2.2 

CHCI, 4.6 296 3.44 0.785 4.7 

CH,CI, 16.7 298 4.56 1.048 8.9 

CH,CI-CH,CI 9.5 295 5.82 J .255 J0.4 

It is quite evident from the data in Table I that the (OPC): [2 CT complex shows high 
values of both the fonnation constant (k) and the molar absorptivity (E) which reflects the 
high stability of the complex as a direct consequence of the expected high donation ability 
of the (OPC) molecule (containing eight nitrogens) . Whilst the high value of (E) is in 
good agreement with the existence of the triiodide ion I} 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 el a/.ln8 . 

Again it is quite obvious that both (E) and the oscillator strength (f) increase with the 
increase of the dielectric constant (0) of the solvent, as indicated by the linear 
relationship obtained by plotting (f) against (0), 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 (OPC) I + IJ- leading to an alteration of the molecular geometry 
of the triiodide complex. Such an alteration would be expected to increase of the solvent 
polarity. 

AIso, the appearance of three raman bands at 147, I 08 and 85 cm-I which are 
assigned to "las (I-I "Is (I-I) and {) I3- respectively in the raman spectrum of the isolated 
solid complex adds a substantial evidence supporting the triiodide structure [OPCI] + IJ _. 

The results of the solid complex may well be published is a separate communication. 

(Received /21/01/992; 
in revised/arm 071061/993) 
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Fig. I. Electronic absorption spectra of 
(a) DPC [IOxIO-'M] , 

(b) Iodine [IOxIO-'M] and 
(c) CT complex: DPC [I Oxl O-'M] and Iodine [20x I O-'M] 
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Fig.2. Photometric titration curves of DPe-I , system in I , 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 ( f) of the CT 

complex on the dielectric constant of the solvent. 
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Fig.4. The DPC compound. 



151 Electronic Spectral Studies of Some ... 

References 

Abu-Eittah, R. and AI-Sugeir, F. (1976) Charge-transfer interaction of bithionyls and some tiophene 
derivatives with electron acceptors. Can. J. Chern., 54: 3705. 

Andrews, L., Proehaska,E.S. and A. Loewensehuss, A. (1980) Resonance Raman and ultraviolet absorption 
spectra of the triiodide ion produced by alkali iodide-iodine argon matrix reactions , Inorg. Chern., 
19: 463. 

Balasubramanian, P., Ramaraj, K. and Senthilnathan, V.P. (1978) Electronic spectral studies of solvent 
effects on the charge-transfer complex of ethylene thiourea-iodine system. Spectrochem. Acta. 
34 (A): 449. 

Earl, R.A., Pugmire, R.J., Revanker, G.R. and Townsend, L.B. (1975) Chemical and carbon-13 nuclear 
magnetic resonance reinvestigation or'the N-methyl isomers obtained by direct methylation of 
5-amino-3,4-dicyanopyrazole and the synthesis of certain pyrazolo (3,4-d) pyrimidines, J. Org. Chern., 
40: 1822. 

Eigemeie, G.E.H., Riad, B.Y., Nawwar, G.A. and Eigamal, S. (1987) Nitriles in heterocyclic synthesis. 
Synthesis of new pyrazolo (I, 5-a) pyrimidines, pyrano (2, 3-c) pyrazoles, and pyrano (3, 4- c) 
pyrazoles; Arch. Ph arm. (Weinheim), 320, 223 . 

Eigemeie, G.H., Elfahham, H.A., Ibrahim, Y.R. and Elnagdi, M.H. (1988) Studies on 
3,5-diaminopyrazoles: new routes for the synthesis of new pyrazoloazines and pyrazoloazoles. Liebigs 
Ann. Chern. , 819 p. 

Eigemeie, G.E.H., Fathy, N.M., Faddah, L.M., Ebeid, M.Y. and Elsaid, M.K. (1991) Reactions with diethyl 
acetonedicarboxylate: novel synthesis of pyrazolo (3, 4-d) pyridazine derivatives, Arch. Pharrn. 
(Weinheim), 324, 149. 

Gyorgy, A. Szent (1960) Introduc/ion /0 a subrnolecular biology, Academic Press, New York. 

Hildiek, B.G. and Show, G. (1971), Purines, pyrimidines and imidazoles. XXXVII. New synthesis of pyrazolo 
(3, 4-d) pyrimidines, including allopurinol, J. Chern. Soc. (C), 1610. 

Kaya, 	K., Mikami, N., Udagawa, Y. and Ito, M. (1972) Resonance Raman effect of I,_ ion by ultraviolet 
laser excitation. Chern. Phys. Lell., 16: 151. 

Kiefer, W. and Bernstein, H.J. (1972) The UV-laser excited resonance Raman spectrum of the 1,_ ion, Chern. 
Phys. Lell., 16: 5. 

Laane, J., Nour, E.M. and Chen, L.H. (1986) Far-infrared and Raman spectroscopic studies of polyiodides. 
J. RarnanSpec/rosc., 17: 467. 

Laane, J., Nour, E.M. and Chen, L.H. (1986) Resonance Raman and far-infrared studies of charge-transfer 
complexes of iodine, J. Phys. Chern., 90: 2841. 

Mulazzi, E., Pollini, I., Piseri, L. and Tubino (1981) Selective resonant Raman enhancement in polyiodide 
chains. Phys. Rev., 24 (8): 35-55. 

Novinson, T., Hanson, R., Dimmitt, M.K., Simon, L.N., Robins, R.K., and O'Brien, D.E. (1974) 
3-Substituted 5,7-dimethylpyrazolo (1,5-a) pyrimidines, 3' 5' -cyclic AMP phosphodiesterase 
inhibitors, 1. Med. Chern., 17: 645 . 

Skoog, D.A. (1985) Principles of Instrumental Analysis, 3rd edn. Ch. 7, Souders college publishing, New 
York . 

Tsubomura, H.and Lang, R.P. (1961) 1. Am. Chern. Soc., 83, 2085. 

Trotter, P.J. and White, P.A. (1978) Resonance Raman determination of the triiodide structure in bis 
(tetrathiotetracene) triiodide organic conductor compared with the poly (vinyl alcohol)- iodine complex. 
Appl. Spec/rosc .. 32: 232. 

Yarwood, J. and Tamres, M. (1974) Spectroscopy and'Structureo[ Mo}ecu}arCornp}exesCh3(edited by 
Yarwood, J.), Plenum Press, London and New York. 

(Received 12/10/1992; 
in revised form 07/06/1993) 



152 Abdulla Alkubaisi and Ezzeldine H .M.lbrahirne 

~1.r.1 ~ ~~ ~..ul ~ J ~I .JJI~ 

~ \' \t . '-:' . d' - ~ J.D\ - ):U W\:.:- - \."w\ ~ - ..~\ ~ 
):U ~J~ 

~, .. .. 
\s..:l ~ ,~}~I ~ ~ I J Lo~ IJ.p ~I J~I ul:5l,.,M ~ 

I~ oJJj J ~ ~}~ ~y" ~i ~~ 0~ (\;';~I Jl ~~I ~ 
~ ~ ~I J~I ul:5l,.,M (J" uJl I~ ~ (f..~ ~ ~)I 

ul:5l,.,M ~ Jy.d-I 4J.Jls! J ~I I~ ~ .~}~I u~1 

DPC (f..J~1 0i ~.J ..w ..:l.,JI.J ul:.,...)~1 ~ ~ (CT) ~I J~I 

J~I ul:5l,.,M (J" ~I,.,M ~ ,,:, ~ .:l.r.JI ~ ~Li.:: (f ~) 
u~J~1 (J" ~ ~~~ (i - 0, n }.Jjl~ ul:5y" 0i ~.J . ~I 

. "",~ ~ 

u~l.4; J ~~I u~ ubl.....2.oS w~ ~I.,.> 4J 0~ ...:..,.;f u=J1.J 

ubl....45 -Jw ~t; 4J 0~ ul:5)1 o~ 0~ ~ (J".J ,~L;.S~\ (f..;~1 
J ~I I~ ~ Jj.J . ~}JI J:') ubl.....2.oS.J ~lk..,-11 iIJ.J SU 
ul:5I.;l1 0-41 -).J.;~.NI ~I 4.....-IJ.:l ~.;k If ul:5I.;l1 (CT) o~ 4.....-IJ.:l 

J ~~~I ~ ~.lll ~t; 4.....-IJ.:l ~ ..w ~ (J".J ,~I J:JWI J 
. ~I J:JWI J ul:5I.;l1 0-41 ~.J.;5J~1 ..j~ '11 

0t ..w:-.J DPC: 12 CT ~I~ -).Jy-:5J~1 ~~~I U:1 ~IJ~.J 
nm "~O ,ilo ~.JL; "max.xs- ~1AA ~~~I ~ (J" ~I ~ ~I?I 

. .:ly.-lI.J DPC ~lcll ~.:lLJJ ~~~I U:1 J k ~ 

http:ubl.....2.oS


153 Electronic Spectral Studies of Some ... 

~.r.lIJ DPC (f' 0~ ~I.;ll 0i ~J ~I of-WI ~ r.r.J 

~~ V""~~I ~ ~ :i.A.l.:;;.J.I 0l:-:...il1 ~G ~IJ~ ~ JjJ .r : \ ~ 

o}J (£) ~):;I V""~~IJ (K) 0-!~1 ~~ ~ ~ ? ~ ~ 

~J)5 LIJ r./'J ~~I ~I o l:-:...il I (f' J5 J ~I..,AAJJ (f) ~~.i:JI 

. iJ}JJ}S0IJ 0~JJ)5 ~\::'J 0~bJ)5 ~\:::'J 0y,):JI 

0l:-:...LJJ y.RI J y.JI ~~ O~~~ ~b:; (f), (£) ~ 0i ~J ~i 
~ (f) ~ r.r. ~ Jy.d-I ? ~I ~I 6jJ\..JI (f' ~ LS .4..1.1.:.~.tI 

V""~~I ~ 0i ~) JjJ . (r) ~ J ~ yo LS (D) ~ 

015 I~l ~! ~~ ~ l?..ul f \II ~..ill ~ u~ ~ ~I..,AAJJ <)J..J~NI 
~41 ~I J ~ ~J.1>- J! ~~y (DPC)I+13- ~ <)y-i ~I.;ll 
f-~I (f'J .~..ill ~ O~~~ ~bj: 0i ~pl (f' ~I Ih ~ ~I..,AAJJ 
• \ • 1\ • \ ~ V 	~ ~I.;ll 1-4J 0\..olJ ~ J i j> ~';}.:j J.# 0i ..;5..u~ 
Jy 	Yas (I-I), Ys (I-I), 8(1 3-) ~L:.lI 0b;JJ~ ~l:ll i)-I ~J ,-r 1\0 

(DPC)I+I3- <)y-\II 0"JJI J 0~ ~\.;ll 0~ I~J . ylpl 


