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One-Electron Redox Potentials of Purines and Pyrimidines 
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One-electron redox potentials of some purine and pyrimidine derivatives were determined by pulse radiolysis from electron 
transfer equilibria involving their and other free radicals. The redox potentials were determined at pH 13 by using 
p-methoxyphenol ( E  = 0.4 V), Trolox C ( E  = 0.19 V), and tryptophan ( E  = 0.56 V) as references. The lowest oxidation 
potential measured for DNA bases was for guanosine ( E  = 0.72 V vs. NHE), and the highest was for 1-methylpyrimidines 
( E  - 1.6 V). Uric acid ( E  = 0.26 V) and isobarbituric acid ( E  = 0.13 V) were found to have the lowest potentials. 

Introduction 
One-electron transfer processes in biological systems induced 

by various exogenous agents, such as light and ionizing radiation, 
and endogenous processes, such as autoxidation and metabolic 
reactions, are not fully understood in spite of numerous 
For example, it is still an open question which DNA bases are 
damaged by direct action of ionizing radiation. Which base may 
act as a sink for the positive hole? Which particular compounds 
may act as repairing agents of the positive holes and their daughter 
radicals? Two features are of particular importance. One-electron 
redox potentials provide predictability for the possible direction 
of flow of the electrons. Secondly, rate constants allow definitive 
determination of preferred processes. These two parameters, while 
being exact in simpler systems, are still of considerable value even 
for large biological systems consisting of numerous subcomponents. 

In this work one-electron redox potentials of various purines 
and pyrimidines were determined by pulse radiolysis measurements 
in aqueous solutions at  pH 13. 

Experimental Section 
Chemicals were of the highest purity available and were used 

without further purification. Guanosine, adenine, adenosine, 
xanthine, uric acid, barbituric acid, isobarbituric acid, uracil, 
cytosine, thymine, and p-methoxyphenol were obtained from 
Sigma,2o guanine, hypoxanthine, and tryptophan were from 
Aldrich, 1 -methylcytosine was from Heterocyclic Chemical Corp., 
1- and 3-methyluracil were from Chemical Dynamics Corp., and 
Trolox C was from Hoffman La Roche. Water was purified by 
a Millipore Milli-Q system, and solutions were freshly prepared 
before each experiment. The pH was adjusted by adding sodium 
hydroxide to N,O-saturated water solutions in order to minimize 
chemical changes of solutes before irradiation. 

The pulse radiolysis experiments were conducted on the Fe- 
betron 705 pulse radiolysis setup,4 which allowed single-pulse 
transient spectra measurements and simultaneous absorbance vs. 
time readings at a fixed wavelength with the lowest time resolution 
of 1 p s .  A Suprasil quartz cell with 2-cm path length was used 
in all experiments. Doses were in the range of 5-50 Gy, as 
determined by thiocyanate d o ~ i m e t r y . ~  

The procedure used in the study of electron transfer equilibria 
of investigated redox couples is best illustrated by the data 
presented in Figure 1 and Table I, obtained for the reaction of 
the uric acid radical with Trolox C. The experimentally obtained 
traces A-C in Figure 1 clearly indicate the establishment and 
measurement of equilibria in the reactions studied. The absor- 
bances (corrected if both radicals absorb at the same wavelength) 
of the uric acid radical and chromanoxyl radicals measured 
separately allow the determination of the ratio of radical con- 
centrations at the equilibrium. The equilibrium constant, Kabs, 
is then calculated from this ratio and concentrations of parent 
compounds in the solution. 

’ On leave from ‘Boris Kidric” Institute of Nuclear Sciences, Beograd, 
Yugoslavia. 

TABLE I: Determination of Eguilibrium Constant for Electron 
Transfer Reaction, at pH 13.0 and 20 OC 

(uric acid)2-. + Chr-0- + (uric acid)’- + Chr-0. 
[(uric [Trolox C as 

acid)’-], Chr-0-1, 
mmol dm-’ mmol dm-3 A430Q kappr’ s-’ Kabib 

7.65 0 0.007 
0 6.2 0.027 
7.06 0.426 0.017 7 300 28 
6.20 1.05 0.022 11 000 26 
4.29 2.44 0.0255 21 500 30 
3.1 1 3.87 0.027 31 700 
2.08 4.43 0.027 35 300 

“The data on absorbances at 430 nm and measured rates represent 
the average of three experimentally determined values. Calculated 
according to Kabs = {[(uric acid)3-] [Chr-O.])/([Chr-O-] [(uric acid)’-]}. 

The measured pseudo-first-order rates, kapp, of buildup of 
chromanoxyl radicals a t  different ratios of concentrations of uric 
acid and Trolox C may be used for determination of forward, kf, 
and reverse, k,, rate constants of the electron transfer equilibrium. 
The slope of the plot of koM/[uric acid] vs. [Trolox C]/[uric acid] 
equals kf,’ whereas the intercept equals k,. It can be seen from 
Table I and the values shown in Figure 1 that the equilibrium 
constant, Khn, calculated from the measured forward and reverse 
rates agrees reasonably well with the average equilibrium constant 
derived from absorbances of radicals at equilibrium. 

Results and Discussion 
One-electron redox reactions of purine and pyrimidine deriv- 

atives were determined in their aqueous solutions at pH 13.0. 
Hence, all compounds studied were in deprotonated ionic forms. 
This simplified the redox reactions by making them a simple 
electron exchange. Initial one-electron oxidations of the purines 
and pyrimidines were carried out using bromide radical anion 
(Br2--), a strong oxidizing agent with E = 1.7 V.6 The bromide 
radical anion was generated in N,O-saturated solutions containing 
0.1 mol dm-3 KBr: 

-OH + Br- - (BrOH)-. (1) 

(BrOH)-. BP + OH- (2a) 

Br. + Br- + Br2-. (2b) 
with k l  = 1.1 X 1Olo dm3 mol-’ s-l,’ K2a = 320 mol dmY3, and 
KZb = 1.1 X los mol-’ dm3.* Under these conditions B r p  radicals 

(1) Steenken, S.;  Neta, P. J .  Phys. Chem. 1982, 86, 3661. 
(2) Jovanovic, S .  V.; Simic, M. G. Life Chem. Rep. 1985, 3, 124. 
(3) Nygaard, 0. F.; Simic, M. G., Eds. “Radioprotectors and 

(4) Simic, M. G.; Hunter, E. P. L. In ref 3, p 449. 
( 5 )  Baxendale, J. H.; Bevan, P. L. T.; Stott, D. A. Trans. Faraday SOC. 

( 6 )  Woodruff, W. H.; Margerum, D. W. Inorg. Chem. 1973, 12, 962. 
(7) Zehavi, D.; Rabani, J. J Phys. Chem. 1972, 76, 312. 

Anticarcinogens”; Academic Press: New York, 1983. 

1968, 86, 3661. 
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Figure 1. Redox equilibrium for uric acid and Trolox C radicals gen- 
erated by Br2-. in aqueous solutions at pH 13. Conditions: N20-satu- 
rated solutions, 0.1 mol dm-' KBr, dose/pulse = 5 Gy, 20 OC, Xmonitoring 

= 430 nm. (top) Trace A: absorption of uric acid radical alone; 7.65 
mmol dm-' uric acid. Trace B: absorption of chromanoxyl radical; 6.2 
mmol dm-3 Trolox C .  Trace C: equilibrium absorption of chromanoxyl 
and uric acid radicals, resulting from electron transfer from Trolox C to 
uric acid radical; 6.2 mmol dm-3 uric acid; 1.05 mmol dm-) Trolox C .  
(bottom) A plot of the dependence of measured rate of buildup of 
chromanoxyl radical on the ratio of concentrations of solutes. 

TABLE II: Reactivities of Various Purine and Pyrimidine Derivatives 
with Bromide Radical Anion (Br,.), at pH 13.0 and 20 'C 

k(Br2-. + S ) , b  
solute (S) PK.' dm3 mol-' s-' 

1-methyluracil (1) 9.7 2.2 x 106 

uracil (2) 9.5 2 x l O B C  
thymine (4) 9.94 2 x 108' 
barbituric acid (8) 4.0, 12.5 1.1 x 109 
isobarbituric acid (7) 8.1 1, 11.5 1.3 x 109 
1-methylcytosine (5) 2 x 106 
cytosine (6) 4.6, 12.16 2 x 108' 

adenine (1 1) 4.15, 9.8 4.6 x 107 
adenosine 3.3, 12.5 4.5 x 106 

3-methyluracil (3) 9.85 2.8 X lo8 

hypoxanthine (10) 1.91, 8.96, 12.18 2.6 X lo8 

guanine (14) 3.3, 9.2, 12.3 2.5 X lo8 
guanosine (12) 1.9, 9.25, 12.33 2.5 X lo8 
xanthine (15) 7.53, 11.63 8.8 X lo8 
uric acid (16) 5.4, 5.54, 12.73 1.5 x 109 

'From ref 15-17. bEstimated to be accurate to &lo%. cThe same 
as in ref 9. 

were formed in less than 0.1 ps, and in the absence of any other 
solutes they decayed on a millisecond time scale (as monitored 
a t  X = 360 nm and c = 1.2 X lo4 dm3 mol-' ~ m - ' ) . ~  In the 
presence of purine or pyrimidine derivatives in concentrations of 
0.05-5 mmol dm-3, the decay was on a microsecond time scale. 
This increase in decay rate is a consequence of one-electron ox- 
idations of purines and pyrimidines, as follows 

(3) Br,-. + S" + S("-l)-. + 2Br- 
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where S denotes purine or Dyrimidine derivative and n the number 
of negative charges in the molecule. The pseudo-first-order rates 
derived from the decay of B r p  radicals allow the determination 
of the second-order rates, which are summarized in Table 11. 

The reactivity of Br2-- radicals with various purine and pyri- 
midine derivatives may vary by as much as 3 orders of magnitude, 
Le. from 1 X lo6 to 1 X lo9 dm3 mol-' s-'. The l-methyl-sub- 
stituted pyrimidines, which may serve as the most appropriate 
models for pyrimidine bases in DNA, enter equilibrium with B r p  
radicals 

k 
Bry. + 1-MePyr- 2 1-MePyr. + 2Br- (4) kr 

with kf = 2 X lo6 dm3 mol-' s-I. In alkaline solutions, due to the 
fast second-order decay of Brz-- radicals (2k - 4 X lo9 dm3 mol-' 
s-l), only an approximate equilibrium constant and redox potential 
difference can be obtained, Le., K - 20-50; AE - 0.05-0.1 V. 

Kinetic and redox properties of uracil and N-methyl-substituted 
uracils were compared. Uracil in its enol form B (Scheme I) can 
be readily oxidized by the bromide radical. The resulting me- 
someric forms of the uracial radical are shown in Scheme 11. 
3-Methyluracil behaves similarly to uracil and has similar me- 
someric forms. 1-Methyluracil radical is devoid of forms 111 and 
IV which reflects in its lower reactivity with Brz--. 

The bromide radical was found to oxidize cytosine, thymine, 
and uracil a t  similar rates ( k  = 2 X lo8 dm3 mol-' SKI, same as 
in ref 9). The hydroxy derivatives of uracil, isobarbituric and 
barbituric acid, react with B r p  an order of magnitude faster, a t  
nearly diffusion-controlled rates k - 1 X lo9 dm3 mol-' s-). The 
higher reactivity of isobarbituric and barbituric acid is due to an 
increased electron-donating ability of the deprotonated hydroxy 
group at  positions C5 and C6, respectively. 

The rates of oxidations of the investigated purine derivatives 
were found to be in the range of k = 4 X lo7 to 1.5 X lo9 dm3 
mol-' s-l. The variation in oxidizability of purine derivatives may 
also be attributed to differences in the substitution of electron- 
donating groups as well as to different electron-donating abilities 
of amino and hydroxy groups. For example, monohydroxy (hy- 
poxanthine)- or amino-substituted (adenine) forms of purines are 
less readily oxidized than dihydroxy (xanthine) and aminohydroxy 
(guanine) derivatives, whereas uric acid, a 2,4,8-trihydroxypurine, 
reacts with Br2-. a t  nearly diffusion-controlled rate. 

Optical spectra of transients produced in Brz-- mediated oxi- 
dation of purine or pyrimidine derivatives at pH 13.0 and 20 OC 
are presented in Figure 2. The spectra were utilized for kinetic 

(8) Schwarz, H. A.; Dodson, R. W. J .  Phys. Chem. 1984, 88, 3643. (9) Willson, R. L. Eiochem. SOC. Trans. 1974, 2, 1082. 
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TABLE 111: One-Electron Redox Reactions of Various Purine and Pyrimidine Derivatives in Aqueous Solutions at pH 13.0 and 20 "Cf 

A. + d- 2 A- + D. 
k, 

electron acceptor," 

p-methoxyphenol uric acid 2.1 x 108 5.5 x 105 n.m. 382 0.15 

xanthine p-methoxyphenol 2.7 X IO8 1.6 x 105 n.m. 1700 0.19 
hypoxanthine tryptophan 9.1 X lo8  1.5 X IO6 950 610 0.17 

guanine 8.1 x 108 2.2 x 106 n.m. 370 0.15 
guanine xanthine 1.4 X lo6 5 x 105 n.m. 3 0.03 

guanosine tryptophan 2.4 x 107 2 x 105 500 120 0.15 

barbituric acid guanine 4.9 x 107 1.5 x 105 600 320 0.16 
hypoxanthine 8.6 X l o5  1.4 x 105 4 6 0.04 

adenosine uracil 7 x 105 9.9 x 106 0.06 0.07 -0.07 
thymine hypoxanthine 2.5 X IO6 6 X l os  8 4 0.04 

guanine 7.5 x 108 8.8 X I O 5  600 852 0.17 
cytosine hypoxanthine 1 x 107 2.8 x 105 42 36 0.09 

adenine 2.2 x 106 1.3 X IO6 6 2 0.04 
uracil hypoxanthine 5.9 x 108 3.4 x 106 n.m. 174 0.13 

adenine 8.4 x 107 2.7 X l o 6  70 31 0.10 
barbituric acid 8.7 X IO8 6 X lo6 280 145 0.14 

1 -methylcytosine 2 x  106 n.m. - 20 -0.08 

radical A. from electron donor, solute D- kl,* dm" mol-I k,,b s-' KabC K k t c  A E , ~  v 

uric acid Trolox C 7.7 x 106 5.5 x 105 28 14 0.08 

tryptophan 2.2 x 106 7.2 x 105 20 30 0.08 

adenine guanine 3.2 x 107 3 x 105 150 110 0.12 

B P  1 methyluracil 2.2 x 106 n.m. - 50 -0.1 

"Generated in one-electron oxidation of substrates (reaction 4). bEstimated to be accurate to & I O %  for the reactions proceeding in favorable 
Difference direction, f 2 0 %  for the others. cApparent equilibrium constants obtained from kinetic data and absorbances of radicals at equilibrium. 

in one-electron redox potentials, calculated from formula'. eGenerated in reactions 1 and 2. /Ionic strength p = 0.2 mol dm-). 

measurements and specification of the generated radicals. 
Absorbances of purine radicals were generally higher than those 

of pyrimidine radicals, except for isobarbiturate and barbiturate 
radicals. This could be attributed to the higher aromaticity of 
purine radicals, which is also invoked by the similarity of the 
spectra in Figure 2 with the spectra of the well-known indolyl1° 
and phenoxy' type radicals. The spectra of monosubstituted purine 
radicals exhibited two maxima in the 300-600-nm region. A 
higher absorption band at  340 nm and a lower band at  higher 
wavelengths showed great similarity to the spectra of indolyl 
radicals. An additional absorption band at  -400 nm of radicals 
from disubstituted derivatives could be assigned to phenoxy1 type 
radicals contribution, as observed for aminophenoxyll' and hy- 
droxyindoly12 radicals. The substitution of the purine ring at 
position N9, as in guanosine, should inhibit the resonance sta- 
bilization of purine radicals through the imidazole part of the 
purine ring. Consequently, the spectrum of radicals derived from 
guanosine resembles more the spectra of pyrimidine radicals, e.g. 
cytosine (see Figure 2). 

Optical absorption spectra of the radicals derived from thymine, 
cytosine, and uracil exhibit two maxima, one at  about 390 nm 
and another at a higher wavelength (not shown in Figure 2). These 
spectra were similar to the spectra of transients generated by the 
SO4-. radical.12J3 It was suggestedI2 that these spectra could 
be ascribed to pyrimidine radical anions (Scheme 11). The spectra 
of radicals derived from 1 - and 3-methyl-substituted pyrimidines 
resemble the spectra of neutral uracil radicals obtained by SO4-. 
reaction with uracil a t  pH 8 and 12 as expected (see previous 
discussion on uracil radicals). Isobarbiturate radicals exhibit only 
one maximum at X = 360 nm and e = 3600 & 400 dm3 mol-' cm-I, 
similar to the spectrum previously reported.' The spectrum of 
barbiturate radicals is red-shifted, with the maximum at  590 nm. 

One-Electron Redox Reactions of Purines and Pyrimidines. 
One-electron transfer reactions of purines and pyrimidines can 
be studied conveniently by using the procedure outlined in ref 1. 
Providing that the redox equilibrium 

A- + D- * A- + D- (5) 

(10) Posener, M. L.; Adams, G .  E.; Wardman, P.; Cundall, R. B. J .  Chem. 

(1 1) Bisby, R. H.; Cundall, R. B.; Tabassum, N. rife Chem. Rep., in press. 
(12) Fujita, S.; Steenken, S. J.  Am. Chem. SOC. 1981, 103, 2540. 
(13) Hazra, D. K.; Steenken, S. J .  Am. Chem. SOC. 1983, 105, 4380. 

SOC., Faraday Trans. 1 1976, 72, 2231. 

TABLE I V  One-Electron Redox Potentials of Various Purine and 
Pyrimidine Derivatives at pH 13.0 vs. NHE 

derivative 
1 methylcytosine 
1-methyluracil 
uracil 
adenosine 
cytosine 
thymine 
barbituric acid 

Eli,? V derivative E1i3r'' V - 1.63 adenine 0.75 
1.6 hypoxanthine 0.74 
0.88 guanosine 0.71 
0.81 guanine 0.63 
0.81 xanthine 0.59 
0.79 uric acid 0.26 
0.78 isobarbituric acid 0.13b 

"Estimated to be accurate to f0 .02  V, except for l-methyl- 
pyrimidines (see Results and Discussion). *From ref 1. 

is achieved in the rate-determining step, the one-electron redox 
potential of either half-cell reactions 

A. -k e- - A- 

D. + e- - D- 

(6a) 

(6b) 

can be determined from the formula' 

AE'13 = 0.059 log K5 (7)  

where Ell3 denotes one-electron redox potential difference between 
half-cells (6a) and (6b) a t  pH 13.0 and K5 is the apparent 
equilibrium constant of reaction 5. If the redox potential of one 
of the half-cell reactions is known, the determination of the redox 
potential of the other half-cell is straightforward. We used p -  
methoxyphenol (El13 = 0.4 V),l Trolox C (El13 = 0.19 V),l and 
tryptophan (Ell3 = 0.57 V ) 2  as primary references. The approach 
to equilibrium in redox reactions of purines and pyrimidines was 
evaluated by using both kinetic treatment and absorbance readings, 
similar to the one described in ref 1, as detailed in the Experimental 
Section. The results are summarized in Tables I11 and IV. 

The effect of substitution at  C5 of uracil on the redox potential 
is comparable to that of parasubstitution of pheno1s.l 5- 
Methyluracil (thymine) has a 0.1 V lower oxidation potential than 
uracil, whereas in the case of 5-hydroxyuracil (isobarbituric acid) 
the difference is as much as 0.75 V .  This decrease in redox 
potential is in agreement with the resonance stabilization of uracil 
radical anions, since the substitution of electron-donating groups 
at  positions of high unpaired electron density would, generally, 
decrease the redox potential of the compound. Hence, in the case 
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Figure 2. Transient absorption spectra and molar absorbances of free radicals obtained on one-electron oxidation of various purine and pyrimidine 
derivatives by Brz-.. Radicals were generated in aqueous solutions containing 1 mmol dm-) of substrates and 0.1 mol d w 3  KBr, at pH 13.0 and 20 
O C .  The numbers correspond to those in Table 11. Spectra of radicals obtained from tryptophan (9) and 4-hydroxyindole (13) are presented for 
comparison. 

of 6-hydroxyuracil (barbituric acid), the decrease in redox potential 
is only 0.1 3 V, because the electron-donating -0- group is in the 
meta position to -0- groups of uracil. Furthermore, there is only 
a minor effect of the replacement of hydroxy group of uracil 
(2,4-dihydroxypyrimidine) for an amino group as in cytosine 
(2-hydroxy-4-aminopyrimidine) on the redox potential. In fact, 
the redox potential of uracil is slightly higher than that of cytosine, 
while the opposite is found for purines (see Table IV). It is 
suggested that this lack of effect of different electron-donating 
abilities of amino and hydroxy groups might be attributed to low 
unpaired electron density a t  positions C2 and C4, as compared 
to positions N1, N3, and C5 of uracil radicals, in agreement with 
ESR  measurement^.'^ 

Oxidation potentials of purine derivatives were found '0 be more 
sensitive to substitution than those of pyrimidine derivatives. As 
discussed previously for the optical spectra of the purine radicals, 
the substitution effects could be rationalized on the basis of highly 
delocalized structures of purine radicals. The substitution at  
position N9 was found to increase the redox potential of a parent 

(14) Sevilla, M. D.; Suryanarayana, D.; Morehouse, K. M. J .  Phys. Chem. 

(15) Kortum, G.;  Vogel, W.; Andrussow, K. 'Dissociation Constants of 

(16) Perrin, D. D. 'Dissociation Constants of Organic Bases in Aqueous 

(17) Dean, J. A,, Ed. "Lange's Handbook of Chemistry"; McGraw-Hill: 

1981, 85, 1027. 

Organic Acids in Aqueous Solutions"; Butterworths: London, 1961. 

Solutions"; Butterworths: London, 1965, 

New York, 1985. 

compound (from 0.62 V for guanine to 0.72 V vs. N H E  for 
guanosine). This increase in redox potential is probably a con- 
sequence of the inhibition of resonance stabilization of the gua- 
nosine radicals through the *-electrons of the imidazole ring. 
Hence, both the spectra and the redox properties of guanosine 
radicals could be envisaged as those of substituted cytosine radicals, 
which is indeed observed (see Figure 2 and Table IV). On the 
other hand, a gradual decrease in the redox potential of purine 
derivatives was found when electron-donating groups were sub- 
stituted at  positions C2, C5, and C8. This is best illustrated by 
an approximately 0.25-V decrease in the redox potential following 
hydroxy substitution in the hypoxanthine-xanthineuric acid series. 
Consequently, it may be suggested that there is considerable 
unpaired spin density at positions C2, C5, and C8 of a purine ring 
of the radicals. This is further supported by the difference in the 
redox potentials of amino- and hydroxypurines which follows the 
difference in their electron-donating abilities. However, the 
difference between the redox potentials of amino- and hydroxy- 
purines is only -0.05 V, much less than between amino- and 
hydroxyphenols (see ref 1). Hence, it might be suggested that 
purine radicals, similarly to pyrimidine analogues, would have 
higher spin density at positions N1, C3, N5, N7, and N9. 

Conclusion 
One-electron oxidation potentials of various purines and py- 

rimidines were found to be in the range of 0.13 to - 1.63 V vs. 
NHE at pH 13.0. Substitution of pyrimidines at the N1 position 
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results in a marked increase in the redox potential, e.g. from 0.8 1 
V for cytosine to - 1.63 V vs. NHE for I-methylcytosine. a 
similar, but smaller, effect is observed when purine derivatives 
were substituted at the N9 position. From the data presented in 
Table IV it may be concluded that purines are the more likely 
targets of oxidative damage to DNA. In an event that a pyri- 
midine base was somehow oxidized, it would be rapidly repaired 
by its purine counterpair by transfer of an electron. Since there 
is a redox potential difference between adenine and guanine of 
0.1 V, it may be suggested that a “positive hole” sink in DNA 
would be guanine, in agreement with previous ESR measure- 
m e n t ~ . ‘ ~ , ’ ~  

Registry No. 1, 615-77-0; 2, 66-22-8; 3, 608-34-4; 4, 65-71-4; 5, 

12, 118-00-3; 14, 73-40-5; 15, 69-89-6; 16, 69-93-2; p-MeOC,H,OH, 
150-76-5; Br-., 12595-70-9; adenosine, 58-61 -7; trolox C, 56305-04-5; 
L-tryptophan, 73-22-3. 

1122-47-0; 6, 71-30-7; 7, 496-76-4; 8, 67-52-7; 10, 68-94-0; 11, 73-24-5; 

(IS) Huttermann, J.; Voit, K.; Oloff, H.; Kohelein, W.; Graslund, A,; 
Rupprecht, A. Faraday Discuss. Chem. SOC. 1984, 78, 135. 

(19) Boon, P. J.; Callis, P. M.; Symons, M. C. R.; Wren, B. W. J .  Chem. 
SOC., Perkin Trans. 2 1984, 1393. 
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Studies on Diamagnetic Susceptibility of Biologically Active Heterocycles. 1. 
Diamagnetic Susceptibility of Phenothiazines 

R. R. Gupta* and Rakesh Kumar 

Department of Chemistry, University of Rajasthan, Jaipur-302004, India (Received: July 1 ,  1985) 

Diamagnetic susceptibilities for a number of phenothiazines are reported. A theoretical method to estimate the diamagnetic 
susceptibility of these biologically active heterocycles is presented. Phenothiazines have been considered to be composed 
of two units: one consisting of a benzene nucleus containing amino and thio groups at ortho positions to the substituents 
and the other consisting of a benzene ring with substituents. The diamagnetic contributions of these two units have been 
obtained from the diamagnetic susceptibilities of substituted c-aminobenzenethiols and benzenes and have been used in estimating 
the diamagnetic susceptibilities of phenothiazines. It has provided excellent theoretical results. Such an excellent agreement 
between measured and estimated values is due to the fact that the interactions between substituents which affect the diamagnetism 
have been duly accounted for in such calculations. 

Recently we have reported some interesting findings on the 
diamagnetic susceptibilities of aliphatic c~mpounds l -~  and con- 
sidered it worthwhile to investigate the diamagnetic susceptibilities 
of biologically active heterocycles. Phenothiazines form an in- 
teresting series of biologically active heterocycles and find several 
applications as medicinal agents (anticancer  agent^,^-^ antipsy- 
chotics,8-10 antihistaminic,]’ antiinflammatoryI2). Significant 
research work has been carried out by mass ~pectrometry’~-’~ and 
photoelectron spectroscopy” to throw light on their biological 

(1) R. R. Gupta, M. Kumar, and R. Kumar, J.  Am. Chem. SOC., 106, 1888 

(2) R. R. Gupta, R. Swaroop, M. Kumar, and Kishan, J .  Am. Chem. SOC., 
(1984). 

106, 4378 (1984). 
(3 )  R. R. Gupta, M. Kumar, and Kishan, J. Chem. Phys., 79, 3410 (1983). 
(41 R. Ganaeathi and D. Grobowski, Cancer Res., 43, 364 (1983). 
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