Table VII—One-Way Analysis of Variance for Each Week

Hours F Probability®
0.5 0.6561 0.5944
1.0 0.2979 0.8263
1.5 0.3271 0.8058
2.0 0.7519 0.5421
3.0 0.5732 0.6434
4.0 0.2914 0.8308
6.0 1.074 0.3967
8.0 1.147 0.3697 .

12.0 1.145 0.3707

¢ No significance.

Table VIII—Significant Differences in Drug Elimination at
Selected Times Using the Tukey Procedure

Brands Brands Brands Brands Brands Brands

Hours AandB DandA DandC BandA BandC AandC

0.5 x4 x@ %9 %0

1.0 *a

1.5 *4

2.0 x4

3.0

4.0 %0

a x = significant at the 0.05 level.

0.5, 1, 1.5, 2, and 4 hr and from Brands B and C at 0.5 hr. This result could
be expected since only 0.5 min was required for 25% of Brands B and C
to be dissolved whereas 30 min was required for 25% of Brand A to be
dissolved.
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Abstract 00 Linear free energy relationships were derived for several
monosubstituted purines. The derived equations relate the pKa to the
Hammett constants o, and . A general linear free energy relationship
was derived that permits calculation of the pKa of polysubstituted pur-
ines. The results suggest that correlation of biological data with standard
parameters is feasible.
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Purine analogs (I-XLV) comprise an important class
of potential anticancer agents. Synthetic, unnatural pur-
ines can be administered exogenously and utilized by the
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intact animal to meet its requirements for nucleotides.
These analogs then may produce disturbances that disrupt
purine biosynthesis and interconversion or be incorporated
directly into RNA and DNA, eventually producing cell
death (1). These considerations led to the synthesis (2) and
testing of thousands of purine derivatives for their anti-
cancer properties, but only two purine analogs, mercap-
topurine (6-MP) and its guanine analog (6-TG), have
found general clinical use in the treatment of human

cancer (3). .
N N \
@Eﬁg

H
XLV
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Table I—Physicochemical Parameters

Substituent T Om op F R MR
H 0 0 0 0 0 0.103
CH; 0.56 -0.07 -0.17 —-0.04 -0.13 0.565
CeHs 1.96 0.06 —0.01 0.08 —0.08 2.536
CF; 0.88 0.43 0.54 0.38 0.19 0.502
CN -0.57 0.56 0.66 0.51 0.19 0.633
CH,OH -1.03 0 0 0 0 0.719
CHO —0.65 0.35 0.42 0.31 0.13 0.688
CO0~ —4.36 -0.10 0 -0.15 0.13 0.605
CO(NHCHy) -1.27 0.35 0.36 0.34 0.05 1.457
F 0.14 0.34 0.06 0.43 -0.34 0.092
Cl 0.71 0.37 0.23 041 -0.15 0.602
OCHj;3 —0.02 0.12 -0.27 0.26 —0.51 0.787
OC,H; 0.38 0.10 -0.24 0.22 -0.44 1.247
SCH3; 0.61 0.15 0 0.20 —0.18 1.382
SC.H; 1.07 0.18 0.03 0.23 -0.18 1.842
SO.CHj -1.63 0.60 0.72 0.54 0.22 1.349
SOz —4.76 0.05 0.09 0.03 0.07 —
NH, -1.23 -0.16 —0.66 0.02 —-0.68 0.542
NHCH; —-0.47 -0.30 -0.84 -0.11 -0.74 1.033
N(CHjy), 0.18 -0.15 -0.83 0.10 -0.92 1.555
+*N(CHj)s —5.96 0.88 0.82 0.89 0 —
NHOH -1.34 -0.04 —0.34 0.06 —-0.40 0.722
NHCONH, -1.30 —0.03 -0.24 0.04 -0.28 1.372
NHCOOC.Hj3 0.17 0.07 -0.15 0.14 —0.28 2.118

BACKGROUND given. Perrin (11) reported the prediction of the pKa values of three

No detailed quantitative structure-activity study of the action of the
purines against cancer has been published (4), perhaps due to the diffi-
culty of establishing a suitable set of physicochemical parameters. In
quantitative structure—activity relationship studies, the usual approach
is to achieve correlations with parameters that were determined in con-
ventional aromatic (5) (e.g., benzoic acid) or aliphatic (6) systems. Thus,
the basic set of parameters consists of hydrophobic constants (log P or
w), electronic parameters (o, 0p, ¥, ), and volume parameters such
as Taft’s steric parameter (E;) (6) and molar refractivity (MR) (4). In
treating alicyclic or heterocyclic systems, it is assumed that the Hammett
approach can be extended to any rigid system that prevents direct steric
interactions (7).

With purine analogs, the situation with respect to hydrophobic and
electronic parameters is more complex since positions 2, 6, and 8 are not
equivalent and behave differently toward chemicals (2) and enzymes (8).
Thus, substituents at positions 2 and 6 are attached to a six-membered,
w-electron-deficient pyrimidine ring, while those at position 8 are located
on a 7-electron-excessive imidazole moiety (9). Theoretically, new sets
of physicochemical parameters should be determined for each of the three
nucleus positions of purine. This task is not impossible but is a major
undertaking.

Tomasik et al. (10) examined the application of linear free energy re-
lationships to nitrogen heterocyclic systems, including purines. They
reported the correlation of a small set of pKa values of monosubstituted
purines in terms of o,,. The reason this parameter was selected is un-
known, and the arbitrary elimination of data points was not explained.
In addition, the customary statistical criteria (e.g., F statistics) were not

aminopurines from a Hammett equation for pyridines.

Hammett electronic constants are determined by measuring the pKa
values of the appropriately substituted benzoic acids (5). In the present
study, this procedure was reversed so that correlations were derived that
relate the pKa values of monosubstituted purines to a set of well-estab-
lished substituent constants. General equations then were derived that
permit the prediction of the pKa values of polysubstituted purines. The
predicted pKa values from these equations then were compared with
experimental values. The results demonstrate the feasibility of deriving
quantitative structure-activity relationships for the biological activity
of purines.

EXPERIMENTAL

The parameters employed are given in Table I and were taken from
the recent literature (12). The pKa values were collected from several
sources (13) and are listed with the references in Table II. The MR values
were scaled to one-tenth of the original values (14).

Reported pKa values for purines vary extensively. Thus, for adenine
(6-aminopurine, XXXIII), reported values for anion formation range
from 9.30 (15) to 9.96 (16). Also, some pKa values were measured in
aqueous organic solvents (13), which suppress ionization and may cause
the pKa values to differ by as much as 0.5 unit (17).

In this study, purines with substituents capable of (thio)lactim-
(thio)lactam tautomerization were excluded. The reason was that for the
prototropy: RNH—C=X = RN=C—XH (X = §,0), there are no “true”
parameters for the X-H or C=X substituents, and it was felt that use
of normal aromatic values for SH and OH was not justified. This ap-

Table II--Observed and Predicted pKa Values of Monosubstituted Purines

Substituent at Position pKa®
Compound 2 6 8 Obs. Calc.? |ApKal Reference¢
I H H H 8.93 9.43(1), 8.85(3) 0.50, 0.08 22
2.52 2.82(2), 1.86(4) 0.30, 0.66
B43(5), 871 (7 50, 0.
2.61 (6), 2.69 (8) 0.09, 0.17
11 CH3 — —_ 9.10 9.65(1), 9.04(7) 055, 0.06 23
ND¢ 3.19(2), 3.05(8) - -
1 — CH; — 9.02 9.19 (3), 9.06 (7) 0.16,0.03 24-26
2.60 2.34 (4), 3.05(8) 0.26, 0.45
v — — CHj 937 80 (5), 9.10(7 0.57,0.27 24-26
2.85 3.08 (6), 3.16(8) 0.23,0.31
\Y CeHs — — 9.60 335(1), 873(7) 0.35,0.87 23
ND 2.50 (2), — - —
VI — — CeHs 8.09 8.12 (5), 8.37(7) 0.03, 0.28 24
2.68 2.63 (6), 2.71(8) 0.05, 0.03
vII —_ CH; — 735 T75(3), 780 (7) 0.40,0.25 25, 26
ND 0.31(4), 0.44 (8) —_—
VIII — — CF3 5.10 6.17 (5), 6.30(7) 1.07,1.20 25, 26
1.00 1.09 (6), 1.19(8) 0.09, 0.19
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Table II—Continued

Substituent at Position pKa®
Compound 2 6 8 Obs. Calc.” |]ApKal| Reference®
IX — CN — 6.88 7.50(3), 7.35(7) 0.62, 0.47 25, 26
0.30 —0.03 (4), —0.23 (8) 0.33, 0.53
X — —_ CH;OH 879 843 (5), B71(7) , 0. 27
2.62 2.61(8), 2.69(8) 0.01, 0.07
XI — CHO — 830 7985 (3), T85(7) .81, 0. 28
—t 0.65(4), 0.86 (8) ——
X1I — —_ COOH 9.37 8.96 (5), 9.27(7) 0.41, 0.10 29
2.91 2.81(6), 2.69(8) 0.30, 0.22
X111 — CO(NHCHs3) — 830 812(3), TI7 (D 0.78,0.93 25, 26
1.00 0.83 (4), 0.86(8) 0.17,0.14
X1V F — — 817 840(1), 859 (7 073,042 30
ND 1.02(2), 0.91(8) —_ -
XV Cl —_ — 8.21 8.30 (1), 8.27(7) 0.09, 0.06 31
0.69 0.86 (2), 0.75(8) 0.17, 0.06 31
XVI — Cl — 788 B38(3), 824(7) 0.50,0.36 31
0.45 1.20 (4), 0.76 (8) 0.75, 0.31
XVII — — Cl 6,02 643 (5), 664(7) 0.47,0.62 31
L.77 1.96 (6), 2.05(8) 0.19, 0.28
XVIII OCH; — — 3520 9.07 (1), 9.23(7) 0.13,0.03 24
2.44 2.18 (2), 2.06 (8) 0.26, 0.38
XIX — OCHj, — 516 940 (3), 9.27 (1) 0.24,0.11 24
2.21 2.63 (4), 2.06 (8) 0.42,0.15
XX — —_ OCH; 773 T80 (5), BO4(7) ,0.31 32
3.14 3.36 (6), 3.43(8) 0.22, 0.29
XXI OC.H; — _— 9.47 913(7), 917(7) , 0. 33
2.46 2.29 (2), 2.16 (8) 0.17,0.30
XXII — OCyH; — 952 934(3), 9.20(7) . 33
2,13 2.54 (4), 2.16(8) 0.41, 0.03
XXIII SCH; — — 80T 898 (1), BTI(7) , 0. 24
1.91 2.02 (2), 1.90 (8) 0.11, 0.01
XXIV — SCH;3 — 875 BB5(3), 871(7) , 0. 32,34
1.63 1.86 (4), 1.90(8) 0.23, 0.22
XXV — - SCHj; 787 T85(5), T87(7) .02, 0. 24, 32
2.95 2.61 (6), 2.69(8) 0.34,0.26
XXVI SCoHjs — — 9.19 889(1), 865(7) 0.30,0.54 35
ND 1.87(2), 1.74(8) _ -
XXVII — SC.H; — 8.86 8.79(3), 8.65(7) 0.07,0.21 35
1.72 1.77 (4), L.75(8) 0.05, 0.03
XXVIII —_ — SCoH; T2 745(5), 770(D) 35
3.04 2.52 (6), 2.60(8) 0. 52, 0
XXIX — — S0,CH; 437 528 (5), 5.35(7 0.41,0 _8 36
0.42 0.59 (6), 0.69 (8) 0.17,0.27
XXX — SOz;H — 856 867(3), 853(7) 0.11,0.03 37
1.13 1.60 (4), 2.43(8) 0.47, 1.30
XXX1 — — SOz;H 6.93 817(5), 843(7) m, 150 37
2.22 2.35(6), 2.44 (8) 0.13,0.22
XXXII NH; — — 333 332(1), 9.98(7T) 0.01,0.05 24-26
3.80 3.66 (2), 3.52(8) 0.14, 0.28
XXXIII — NH, — 9.96 10.19(3), 10.07(7) 0.23,0.11 16
4.22 3.756 (4), 3.52(8) 0.47,0.70
XXXIV —_— — NH, 9.36 928 (5), 9.60(7) .08, 0. 24
4.68 4.46 (6), 4.51(8) 0.22,0.17
XXXV NHCH;3 — — 10.32 10:35 (1), 1032 (7) .03, 0. 38
4.01 4.40 (2), 4.25(8) 0.39, 0.24
XXXVI — NHCH; — 3599 1056 '(3), 1044 (7) 057,046 24, 39
4.18 4.26 (4), 4.25(8) 0.08, 0.07
XXXVII — — NHCH; 9.56 10.01 (5), 10.39 (7) 0.45,0.83 24
4.78 4.96 (6), 5.01(8) 0.18,0.23
XXXVII N(CHj)p — — 10.22 989 (1), 10.30 (7) .33, 0. 24
4.02 3.61(2), 3.42(8) 0.41, 0.55
XXXIX — N(CH3). — 10.50 10.54 (3), 10.42(7) 0.04, 0.08 24, 30, 39
3.87 4.23(4), 3.47(8) 0.36, 0.40
XL —_ — N(CHj3). 973 9.22 (5), 9.55(7) 051,0.18 24
4.80 4.93 (6), 4.98(8) 0.13,0.18
XLI — +N(CHjy)a — 6.85 718(3), 7.0Z(7) 033,017 40
ND —0.49 (4), —1.90 (8) —_
XLII — — *N(CHj)s 4.88 3.81(5), 3.79(7) 1.07,1.09 40
ND 0.31(8), 0.42(8) —_ -
XLII — NHOH —_ 9.83 9.54 (3), 9.41(7) 0.29, 0.42 25, 26
3.80 2.83{4), 2.89(8) 0.97, 0.91
XLIV — NHCONH; — 395 934(3), 920(7) .61, 0. 25, 26
2.35 2.54 (4), 2.84(8) 0.19, 0.49
XLV — NHCQOC:H; — 963 915(3), 9.02(7) 0.48,0.61 25, 26
2.40 2.29 (4), 2.32 (8) 0.11,0.08

¢ Underlined values refer to cations. ® The equation number is in parentheses. ¢ The references refer to the source of the observed values. ¢ No data available. ¢ Unstable

in acid (cf., footnote 1 in text).

proach may narrow the conclusions since many purines possess these
substituents. In the case of mercaptopurine and its guanine analog, it was
shown that one active form is the 6-methylthio derivative obtained by
in vivo S-methylation (3). Although these methylthio compounds are

incapable of thiolactam-thiolactim tautomerization, they are active
themselves and were included in this study.

Aminopurines exist mainly in the NH; form rather than as the imino
(NH=) tautomer (18). For this reason, use of established parameters for
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Table III—Equations Correlating pKa Values of Purines with Physicochemical Constants

Equation n r s Fi.° Equation n r s Fy,¢
2-Monosubstituted purines (anions) 8-Monosubstituted purines (cations)
1. pKa = 9.43(+0.22) 12 0.891 0.328 38.40 6. pKa = 2.61(%0.14) 15 0.982 0.246 353.11
- 3.05(:*_:1.10)6,,, — 2.80(£0.32)0p,
2-Monosubstituted purines (cations)
2. pKa = 2.82(+0.27) 0.308 94.25 Combined equation (anions)
- 5.28(+1.33)0m _ 7. pKa = 8.71(£0.17) 45 0931 0535 89.07
6-Monosubstituted purines (anions) — 1.92(+0.79)0p(2)
3. pKa = 8.85(+0.22) 19 0.910 0.447 81.79 ~ 2.06(+0.54)0(6)
- 2-04(1“:0-47)6}) ) — 5.59(+0.86) 0ms)
6-Monosubstituted purines (cations)
4. pKa = 1.86(+0.27) 16 0.930 0.477 88.88 Combined equation (cations)
— 2.86(+0.65)0, 8. pKa = 2.69(+£0.14) 37 0.950 0.414 100.74
8-Monosubstituted purines {anions) — 5.23(+1.48) 01 (2)
5. pKa = 8.43(+0.37) 0.935 0.634 97.68 — 5.21(+0.96) 61m(6)
- 5.26(x1.14) 0y, — 2.77(20.51) 0 (s)
e p <0.001.
Table IV—Correlation Matrix for Equations 1-6 2
= for Position- o for Position ap for Position F for Position R for Position MR for Position
Parameter 2 6 8 2 6 8 2 6 8 2 6 8 2 6 8 2 6 8
T 1.0
Om 0.22 0.12 0.08 1.0
0.55 0.01 0.03
op 038 005 010 0.75 0.87 0.80 1.0
044 000 0.11 082 084 0.78
F 07 012 005 08 093 091 036 064 053 1.0
049 006 005 08 088 08 047 052 040
7 038 004 007 032 049 020 082 O0B3 073 004 023 007 1.0
025 004 037 050 051 036 088 088 0.82 0.15 018 0.06
MR 043 000 006 001 003 007 000 000 OO 001 OI0 OI1 000 006 001 1.0
011 023 073 002 000 000 014 002 000 001 003 002 027 008 002
@ Underlined values refer to cations.
Table V—Development of Equations 7 and 8
Intercept p(2) Op(6) Om(8) r s Fi. p Equation
Equation 7
8.46 -2.25 — — 0.329 1.352 Fia4=522 <0.05 a
8.57 — -2.08 —_ 0.440 1.286 F144=10.30 <0.005 b
8.86 — — —5.78 0.776 0.903 F144=6515 <0.001 c
8.83 — —-2.04 —-5.74 0.888 0.666 F143% = 36.93 <0.001 d
8.71 -1.92 —2.06 —5.59 0.931 0.535 Fy 00 = 2421 <0.001 e
Equation 8
2.60 -5.19 — — 0.388 1.180 Fis6 = 6.22 <0.025 a
2.76 —_ -5.32 — 0.614 1.011 Fy36 =21.23 <0.001 b
2.50 — — —-2.85 0.625 1.000 Fi36 = 22.44 <0.001 [
2.87 — -5.18 —-2.78 0.865 0.652 Fi35° = 48.44 <0.001 d
2.69 -5.23 -5.21 -2.17 0.950 0.414 F1a4b = 51.25 <0.001 e

a This F value is obtained by comparison with Eq. c. ® This F value is obtained by comparison with Eq. d.

the amino group was justified. Purine-6-carboxaldehyde was not included
in the cation equations since this compound is sensitive to acids and may
decompose during pKa determination?.

In the pKa correlations, all pKa values found in the literature were
included without any attempt to eliminate “outliers,” i.e., to reject sus-
pect values. The broader scope of the conclusions more than justified the
somewhat lower correlation coefficients that were obtained as a conse-
quence.

RESULTS AND DISCUSSION

The data in Tables I and II were used to develop Egs. 1-6 (Table III).
The observed and predicted pKa values are given in Table II with the
cation values being underlined. The correlation matrix for Eqs. 1-6 is
given in Table IV.

The negative coefficient of the electronic terms in Eqgs. 1-6 reflects the
well-known relationship that electron-withdrawing groups at positions
2, 6, and 8 of purines increase the acidity. The absence of steric or hy-
drophobic terms indicates that ionization of these compounds is due
mainly to electronic effects.

1 A. Giner-Sorolla, Sloan-Kettering Institute for Cancer Research, Rye, N.Y.,
personal communication.
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Analysis of Eq. 3 reveals that 14 of the 19 compounds undergo anion
formation only at the imidazole moiety (I, I1, VII, IX, XI, XVI, XIX,
XXII, XXIV, XXVII, XXXIII, XXXVI, XXXIX, and XLI) and that
five derivatives (XIII, XXX, and XLIII-XLV) may undergo ionization
elsewhere. If the correlation is restricted to compounds that undergo
anion formation exclusively at the imidazole ring, the equation im-
proves:

pKa = 8.70(£0.22) — 2.04(+0.44) ¢,
r=0946 s=038 Fy13=101.26

(Eq. 3a)

n=14 (p <0.001)

Although Eq. 3a has better statistics, Eq. 3 is preferred because of its
broader applicability.

Equations 5 and 7 have rather large standard deviations, which may
reflect some uncertainties in the pKa measurements.

Because the correlations appeared to be statistically sound for the pKa
values of monosubstituted purines, it seemed desirable to combine all
of the data into one equation so that the pKa values of the disubstituted
and trisubstituted purines could be computed. The procedure used was
as follows. Monosubstituted purines were assigned the appropriate
substituent constant at the substituted position only, and zeros were
assigned to the other positions. With the six parameters (7, o, 0p, F,
R, and MR) for the three purine positions, 18 variables are obtained. By



Table VI—Observed and Predicted pKa Values of Disubstituted and Trisubstituted Purines #

Substituent at Position pKa® -
Compound 2 6 8 Obs. Calc. |ApKa] Reference®
1 CHg CH; CH, 9.90 9.78 0.12 41
4.49% 3.89 0.60
I CHj CHj 0C,H; 874 583 0.00 42
471 4,08 0.63
111 CHj NHCH; — ND? (16.78) — 39
5.08 4.62 0.46
v F NH, — 358 905 0.37 30
ND (1.74) —
v F N(CHg), — 9.97 10.30 0.33 30
ND (1.69) —
VI ’ Cl Cl — 7.06 ki) 0.73 31
—1.16 —1.18 0.02
Vil Cl Cl Cl 396 572 176 31
-3.10 -~1.81 1.29
VIIL NH: — CgHs 9.20 964 044 35
3.98 3.56 0.43
IX NH, NH. — 1077 1134 0.57 24-26, 39
5.09 4.36 0.73
X NH; NH, NH; 10,79 12.23 144 24
6.23 6.18 0.05
XI NH, CF3 — 887 B87 0.00 25, 26
1.85 1.28 0.57
XII NH: — CFs 6.14 57 143 36
2.59 2.03 0.56
XIII NHa CF; CFs 302 L 144 25, 26
0.30 -0.21 0.51
XI1v NH; NH, CF; 755 893 138 25, 26
3.68 2.86 0.82
XV NH, — SCH3 848 914 0.66 36
4.40 3.52 0.88
XVI NH, — SO0,CHj 5.61 6.62 101 36
2.08 1.53 0.55
XVII N(CH3)s CH; —_ 10.32 1065 0.33 35
4.14 3.83 0.31
XVIII N(CHa)2 CoHs — 1073 1061 012 35
4.42 3.83 0.59
XIX N(CH3)2 CHs CH; 10.83 1108 033 35
4.92 4.31 0.81
XX N(CHg)o CH,3 CqHj5 1TIT 11.05 0.06 35
5.05 425 0.80
XXI N(CHa)2 CyHs CHj3 ND (17.00) — 35
4.90 4.31 0.59
XXII SCH; — CH; 5.58 310 048 4
2.83 2.37 0.46
XXII SCHj3 C.Hj; — 335 3.02 033 35
2.50 2.27 0.23
XXIV SCH; - CHs 378 310 065 35
2.80 2.32 0.48
XXV SCH; CH; CHj; 970 945 41,43
3.04 2.74 0.30
XXVI SCH3 CH; C.Hs 945 0.30 35
3.08 2.68 0.40
XXVII SCH; C.H; CHj 941 017 35
3.05 2.74 0.31
XXVIII SCH; CH; CF; LY 6.65 0.98 43
1.25 0.77 0.48
XXIiX SCH3 — SCHg 773 T87 014 36
2,18 1.90 0.29
XXX SCH;, CH; SCH;j4 794 822 028 41
2.74 2.27 . 047
XXXI SC.Hjs CHj3 — 943 9.00 043 35
2.67 211 0.56
XXXII SC,Hs - CHs 3350 : 046 35
2.71 2.22 0.49
XXXII SCoHj5 —_ CHjs 962 9.04 0.58 35
2.81 2.16 065

@ Calculated from Eqs. 7 and 8. ® Underlined values refer to cations. ¢ The references refer to the source of the observed values. ¢ No data available.

employing all combinations of these parameters, it is possible to generate
262,143 equations. However, this number of equations can be reduced
by generating only equations that are chemically and statistically
meaningful. In this instance, only about seven equations have one to seven
independent variables. In this study, a stepwise regression procedure (19)
generated the desired equations having the best statistics in a minimum
of computer time. Equations 7 and 8 are the best combined pKa corre-
lations of the purines; their development is given in Table V.

Equation 7 indicates that the main contribution to the anionic pKa
is from the o, variable at position 8, i.e., at the imidazole moiety where
most anion formation occurs.

According to Eq. 8, the main contribution to the cationic pKa is from
substituents at positions 2 and 6, i.e., on the pyrimidine ring. This finding
does not imply that cation formation necessarily takes place at the py-
rimidine moiety. The purine skeleton possesses four heterocyclic nitrogen
atoms, each of which is prone to protonation, and little is known about
the exact site of protonation of most of these compounds. Furthermore,
exocyclic groups such as NHR, SR, and OR may be protonated to some
extent.

The observed and predicted pKa values for monosubstituted purines
calculated from Eqgs. 7 and 8 are given in Table II. It is not surprising that
Eq. 7 describes the electronic effects at position 2 in terms of ¢, while
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Eq. 1 employs g,,. Table IV shows a strong intercorrelation between o,
and g, (arc cos 0.75 = 41°) (20). Similarly, in Eq. 8, o, replaces o, of Eq.
4 in the treatment of electronic effects at position 6 (arc cos 0.84 = 33°).
Another interesting fact derived from the correlation matrix is cohsid-
erable autocorrelation of =, especially at position 2, with o, and 05. A
similar phenomenon was observed for some benzene derivatives (21).

The pKa values of 33 disubstituted and trisubstituted purines were
calculated from Eqs. 7 and 8 and compared with measured values re-
ported in the literature (Table VI). The agreement between observed and
predicted values is reasonable considering the variation in experimental
methods.

Studies are in progress on the correlation of the antitumor potency and
toxicity of polysubstituted purines with the structural parameters de-
scribed in this paper.

REFERENCES

(1) W. H. Cole, “Chemotherapy of Cancer,” Lea & Febiger, Phila-
delphia, Pa., 1970, chap. 1. ‘
(2) J. H. Lister, “Purines,” Wiley-Interscience, New York, N.Y., 1971,
p. 9.
(3) “The Pharmacological Basis of Therapeutics,” 5th ed., L. S.
Goodman and A. Gilman, Eds., Macmillan, New York, N.Y,, 1975, p.
1279.
(4) C. Hansch, Farmaco, Ed. Sci., 34, 89 (1979).
(5) L. P. Hammett, J. Am. Chem. Soc., 59, 96 (1937).
(6) R. W. Taft, in “Steric Effects in Organic Chemistry,” M. S.
Newman, Ed., Wiley, New York, N.Y., 1956, chap. 13.
(7) O. Exner, in “Advances in Linear Free Energy Relationships,”
N. B. Chapman and J. Shorter, Eds., Plenum, New York, N.Y., 1972, p.
42,
(8) J. A. Montgomery, Handb. Exp. Pharmakol., 38, 76 (1974).
(9) Z. Neiman, Experientia, 31,996 (1975).
(10) P. Tomasik, R. Zalewski, and J. Chodzinski, Chem. Zvesti, 33,
105 (1979).
(11) D. D. Perrin, J. Chem. Soc., 1965, 5590.
(12) C. Hansch and A. Leo, “Substituent Constants for Correlation
Analysis in Chemistry and Biology,” Wiley, New York, N.Y., 1979.
(13) W. H. Cole, “Chemotherapy of Cancer,” Lea & Febiger, Phila-
delphia, Pa., 1970, chap. 13 and references cited therein.
(14) C. Silipo and C. Hansch, Mol. Pharmacol., 10, 954 (1974).
(15) M. A. Guichelaar and J. Reedijk, Rec. Trav. Chim. Pays-Bas, 97,
295 (1978).
(16) S.Lewin and N. W. Tann, J. Chem. Soc., 1962, 1466.
(17) A. Albert and E. P. Serjeant, “The Determination of Ionization
Constants,” 2nd ed., Chapman and Hall, London, England, 1971, p.
39.

(18) W. H. Cole, “Chemotherapy of Cancer,” Lea & Febiger, Phila-
dlephia, Pa., 1970, p. 8.

(19) A.J.Barr,J. H. Goodnight, J. P. Sall, and J. T. Helwig, “Statistical
Analysis System,” SAS Circle, Cary, N.C., 1979.

(20) C. Hansch, A. Leo, S. H. Unger, K. H. Kim, D. Nikitani, and E.
J. Lien, J. Med. Chem., 16, 1207 (1973).

(21) T. Fujita, J. Iwasa, and C. Hansch, J. Am. Chem. Soc., 86,5157
(1964).

(22) A.Bendich, P. J. Russell, and J. J. Fox, ibid., 76, 6073 (1954).

(23) F. Bergmann, A. Kalmus, H. Unger-Waron, and H. Kwietny-
Govrin, J. Chem. Soc., 1963, 3729.

(24) A. Albert and D. J. Brown, ibid., 1954, 2061.

(25) A. Giner-Sorolla and A. Bendich, J. Am. Chem. Soc., 80, 5744
(1958).

(26) Ibid., 80, 3932 (1958).

(27) A. Albert, J. Chem. Soc., 1955, 2690.

(28) A. Giner-Sorolla, I. Zimmerman, and A. Bendich, J. Am. Chem.
Soc., 81, 2515 (1959).

(29) A. Albert, J. Chem. Soc., 1960, 4705.

(30) J. A. Montgomery and K. Hewson, J. Am. Chem. Soc., 82, 463
(1960). .

(31) G. B. Barlin and N. B. Chapman, J. Chem. Soc., 1965, 3017.

(32) D.dJ. Brown and S. F. Mason, ibid., 1965, 682.

(33) G.B. Barlin, ibid. B, 1967, 954.

(34) A. Albert, ibid. C, 1969, 2379.

(35) R.Badger, D. J. Brown, and J. H. Lister, ibid. Perkin Trans. I,
1974, 152,

(36) A. Albert, tbid. B, 1966, 438 (1966).

{37) D. J. Brown and J. A. Hoskins, Aust. J. Chem., 25, 2641
(1972).

(38) D.J. Brown and N. W, Jacobsen, /. Chem. Soc., 1965, 3770.

(39) B. M. Lynch, R. K. Robins, and C. C. Cheng, ibid., 1958, 2973.

(40) G. B. Barlin arid A. C. Young, ibid. B, 1971, 821.

(41) D. J. Brown, R. L. Jones, A. M. Angyal, and G. W. Grigg, ibid.
Perkin Trans. I, 1972, 1819.

(42) D.J. Brown and R, K. Lynn, ibid. Perkin Trans. I, 1974, 349.

(43) M. D. Fenn and J. H. Lister, ibid. Perkin Trans. I, 1975, 485.

ACKNOWLEDGMENTS

The authors thank Dr. A. Giner-Sorolla, Sloan-Kettering Institute for
Cancer Research, Rye, N.Y., and Dr. D. J. Brown, Australian National
University, Canberra, Australia, for helpful comments regarding the pKa
values of purines and Dr. C. Hansch for suggestions regarding 7 and its
interrelations with othet variables. Z. Neiman thanks the Fogarty In-
ternational Center, National Institutes of Health, for a fellowship and
Dr. J. S. Driscoll for his hospitality.

Clofibrate Microcapsules 1I: Effect of Wall

Thickness on Release Characteristics

P. L. MADAN

Received July 24, 1980, from the College of Pharmacy and Allied Health Professions, St. John’s University, Jamaica, NY 11439.

for publication September 25, 1980.

Accepted

Abstract O The effect of wall thickness on the release characteristics
of clofibrate from microcapsules prepared in gelatin-sodium sulfate was
investigated. The wall thickness, calculated by recovering the wall ma-
terial from the microcapsules and using the relationship between two
concentric spheres, was related to the surface area of the droplets being
encapsulated. Thinner walled microcapsules gave faster release and
showed greater deviation from zero-order kinetics but followed the square
root of time plots. Microcapsules having thicker walls approximated
zero-order release but deviated from the square root of time plots. A

theoretical model was developed to explain the release characteristics
of the microcapsules. A linear correlation was found between the wall
thickness and the in vitro tsg release time.

Keyphrases 0 Clofibrate—microcapsules, effect of wall thickness on
release characteristics O Microcapsules—clofibrate, effect of wall
thickness on release characteristics @ Hypocholesterolemic agents—
clofibrate, effect of microcapsule wall thickness on release characteris-
tics

A recent investigation (1) reported the microencapsu-
lation of clofibrate USP, a liquid hypocholesterolemic
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agent. Prepared by simple coacervation in gelatin-sodium
sulfate, the microcapsules were recovered as discrete
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