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Are calculated log P values for some guanine derivatives by
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Abstract

The log P values of m-octanol/water for some guanine derivatives, acyclovir, deoxyaciclovir and their acetyl
congeners, were calculated by some commercially available computer programs for log P calculation. These values
were compared with those obtained by the conventional shake-flask method. It was established that the calculations
of log P values for examined guanine derivatives by these computation programs do not give reliable results. © 1999

Elsevier Science B.V. All rights reserved.
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1. Introduction

Besides the classical determination of n-oc-
tanol/water partition coefficient (P) by the shake-
flask method, other approaches can be used: filter
probes, the generator column method, different
reversed-phase high-performance liquid chro-
matography (HPLC) retention parameters and
others (Dearden and Bresnen, 1988). In addition
to determining P by direct measurement, it can be
predicted by using one of several estimation tech-
niques (Hansch and Leo, 1979; Rekker and
Mannhold, 1992). The estimation of log P for
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complex structures may have a restricted impor-
tance because, so far, none of the available meth-
ods can include all the effects of molecular
conformation, proximity and hydrogen bonds
into the calculation procedure.

There are many different commercially avail-
able computer programs which have simplified
such computations. They are arranged into three
major groups: programs based on fragmental
methods, those based on atomic contributions
and those based on molecular (conformation de-
pendent) properties.

Different reports are available in the literature
where the authors compared experimentally deter-
mined log P values with those estimated by differ-
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ent computer programs. It was shown that log P
values, calculated by the CLOGP program
(Biobyte) for some phenyl B-D-glucopyranosides
(Kim and Martin, 1986), steroids (Alvarez Nunez
and Yalkowsky, 1997) and for some large and
flexible peptidomimetics (a series of renin in-
hibitors) (Karajiannis and van de Waterbeemd,
1994) were underestimated, i.e. they were lower
than the measured ones. It is important to notice
that in these studies (Kim and Martin, 1986;
Alvarez Nunez and Yalkowsky, 1997), measured
log P values were taken from the literature (it can
be thus questionable whether these values are
reliable n-octanol/water partition coefficients) or
determined by reverse-phase HPLC (RP-HPLC)
(Karajiannis and van de Waterbeemd, 1994). It
was also established (Karajiannis and van de Wa-
terbeemd, 1994) that PROLOGP program (Compu
Drug Chemistry) usually overestimates the
lipophilicity of the studied peptidomimetics and
that for all molecules investigated, the cLOGP and
PROLOGP programs give neither identical nor cor-
relating log P values. Besides, log P values of a
series of 23 propafenone-type multidrug resistance
modulators were estimated using different soft-
ware packages, i.e. MOLGEN (CHERS, Slovak
Republic), sYBYL Version 6.2 (Tripos, Germany),
PROLOGP of the PALLAS system (CompuDrug
Chemistry) (Prets et al., 1996). For many com-
pounds, large differences (even two log units)
between calculated log P values, computed by
these programs, were observed. The best correla-
tion between lipophilicity indices obtained by
HPLC and log P values calculated by computer
programs was established for MOLGEN (r = 0.990)
and SYBYL (r=0.980) software packages.
Mannhold et al. (1990) compared experimentally
determined log P values (by shake flask method)
with calculated ones, i.e. £f-values (Rekker and
Mannhold, 1992) and cLoGP (Hansch and Leo,
1979), for four groups of drugs (15 antiarrhyth-
mics, 11 B-blockers, 13 phenothiazines and nine
benzamides), and rather large differences (even
larger than one log unit) between experimental
and calculated log P values were observed. The
results also showed that both calculative proce-
dures (Xf-values and cLOGP ) exhibit similar qual-
ities in calculating log P. Additionally, Mannhold

and Dross (1996) have checked the predictive
power of 14 calculation procedures for molecular
lipophilicity using the database of 138 test com-
pounds (which comprises 90 simple organic struc-
tures and 48 chemically heterogeneous drug
molecules). Their analysis demonstrated a signifi-
cantly higher quality of the fragmental methods
as compared with the programs based on atomic
contributions and on molecular properties. They
also concluded that the predictive power of the
calculation procedures is significantly better for
the simple organic molecules than for chemically
heterogeneous drug structures.

The aim of this work was to compare log P
values for some guanine derivatives, calculated by
different computer programs, with those deter-
mined by the experiment and to establish whether
these values are trustworthy.

2. Materials and methods

The antivirus guanine derivatives examined in
this study were acyclovir (ACV; 9-(2-hydrox-
yethoxymethyl)guanine) and  deoxyacyclovir
(DCV; 2-amino-9-(2-hydroxyethoxymethyl)-9H-
purine) with  their O-acetyl (OAcACYV,
OAcDCYV), N-acetyl (NAcCACV, NAcDCV) and
N,O-diacetyl (diAcACV, diAcDCV) congeners
and were synthesised at the National Institute of
Chemistry, Ljubljana, Slovenia (Stimac and
Kobe, 1990). The structures of ACV and DCV
are given in Fig. 1. The log P values of these
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Fig. 1. Structural formulae of (a) keto form of ACV and (b)
DCV.



Table 1

Experimental and calculated log P values by different programs (HYPERCHEM, PACO. CLOGP, KOWWIN, MICROQSAR and PROLOGP: ATOMIC, ATOMICS, CDR and combined)

log P log P log P log P log P log P log P log P log P log P log P M1- log P log P log P log P log P log P log P log P
expr HY- HY- PACO PACO CLOGP CLOGP KOWWIN KOWWINEN MICROQ CROQ ATOMIC ATOMIC ATOMIC5 ATOMICS CDR CDR com- com-
PERCH PERCH keto enol keto enol keto oL keto enol keto enol keto enol keto enol bined bined
keto enol keto enol
ACV —1.56 —098 —041 —035 —176 —230 —0.69 —1.70 —1.60 —1.48 —0.79 —1.98 —2.08 —231 —0.96 —147 —205 -—208 —125
NAcACV —-130 —-068 —0.12 -—-077 —-237 —-214 054 —1.75 —1.64 —1.65 —0.96 —1.50 —1.86 —2.74 —0.98 -1.79 =312 =249 —155
OAcACV ~ —1.08 —085 —029 +048 —093 —1.40 021  —0.69 —0.60 —1.45 —0.76 —1.39 —1.49 —1.92 —0.57 —-0.57 —115 —156 —0.72
diAcACV ~ —0.83 —0.55 +40.01 +0.07 —154 —125 036 —0.75 —0.64 —1.62 —0.93 —0.91 —1.26 —235 —0.60 —-0.89 —-222 —-19 —1.03
DCV —1.08 —0.83 —0.38 —1.32 —1.52 —0.39 —1.74 —0.97 —1.53 —1.12
NAcDCV ~ —1.33 —0.53 —0.99 —1.18 —1.56 —0.56 —1.51 —1.00 —2.59 —1.42
OAcDCV —0.61 —0.70 +0.45 —043 —0.52 —0.36 —1.15 —0.58 —0.63 —0.59
diAcDCV ~ —1.05 —0.40 —0.16 —0.28 —0.56 —0.53 —0.92 —0.61 —1.69 —0.90
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Table 2

The Pearson correlation coefficients obtained by the least-squares linear regression method for experimentally determined log P

values and those calculated®

HYPERCH PACO CLOGP KOWWIN  MICROQ ATOMIC ATOMICS5 CDR Combined
Keto® 0.339 0.696 0.736* 0.806* 0.343 0.740%* 0.428 0.636 0.602
Enol® —0.110 0.648 0.425 0.788* 0.373 0.749%* 0.759%* 0.628 0.751%*

2 Some correlation equations are also included (i.e. PACO, KOWWIN and combined for keto and enol forms).
®log Pyrco = 1.161 +1.237 log P,,.; 108 Pyowwin = 0.500+ 1.476 log P,,.; 1og P, pinea = —0.084+1.295 log Peyp-

exp?

Xp?

€log Ppryco = 1.25442.004 log P.yp; 10g Pyowwine = 0.490+1.420 log Py, 10g Peompineda = —0.147+0.837 log Py,

* The correlation is significant at the 0.05 level.

substances were determined previously by the
shake flask method (Kristl and Vesnaver, 1995).
In this study, we used some commercially avail-
able computer programs for log P computations,
i.e. HYPERCHEM Release 5.0 (HyperChem, 1996)
which uses atomic parameters; PACO, Version 2.9
(PACO, 1990) where the calculation principles are
based on an additivity scheme; cLOGP (Hansch
and Leo, 1979) based on Hansch’s fragmental
approach; KOwWwIN Version 1.60 (Meylan and
Howard, 1995) which applies atom/fragment con-
tributions; MICROQSAR Version 2.0 using the
Ghose and Crippen method with atomic physico-
chemical parameters (Ghose and Crippen, 1986);
and PROLOGP module of the Pallas system (Pallas,
1995) which offers different methods: the CDR
database is based on unrevised Rekker’s hydro-
phobic fragmental constants, the ATOMIC data-
base contains the atomic fragments according to
Broto et al. (1984) and the AToMIC5 database
including the atomic fragments from Ghose et al.
(Viswanadhan et al., 1989) are used for calcula-
tion. The module PROLOGP offers also the possi-
bility to calculate a combined log P value,
whereby the default values are set to
108 Peombinea =0.73310g Prromics +0.26710g Pepg-

3. Results and discussion

Experimentally determined and calculated val-
ues for log P are given in Table 1. One can
observe rather large discrepancies between calcu-
lated and experimentally determined values in al-
most all cases; a large scatter can be observed in

Fig. 2. In some cases (i.e. CLOGP, ATOMICY),
experimentally determined log P values for ACV
derivatives lie between the calculated log P values
for keto and enol forms, but in other calculations
(i.e. KOWWIN, ATOMIC, etc.) this is not the case.
This supports the idea that keto—enol tau-
tomerism cannot play the major role in log P
calculations; it is more the matter of log P com-
putational programs.

The Pearson correlation coefficients (Table 2)
obtained by the least-squares linear regression
method for experimentally determined log P val-
ues and the calculated ones are relatively low and,
in general, show very weak correlation. A similar
observation can be made when one considers the
slope and the intercept of the correlation equa-
tions given in Table 2. There are only a few
correlation coefficients which exhibit significant
correlation at the 0.05 level (there is no significant
correlation at the 0.01 level): CLOGP, KOWWIN
and AToMIC for keto forms; KOWWIN, ATOMIC,
ATOMICS and combined for enol forms.

The differences between calculated and mea-
sured log P values (A), given in Table 3, show that
log P values calculated by HYPERCHEM, PACO,
CLOGP (enol) and MICROQSAR are generally over-
estimated, on the other hand cLOGP (keto),
ATOMIC, CDR and combined give underestimated
values, while ATOMICS gives mixed values (for
ACYV keto derivatives, the log P values are under-
estimated, and for Acv enol and Dcv derivatives,
they are overestimated). Mixed values are calcu-
lated also by KOwwIN, which in fact exhibits the
smallest differences between calculated and exper-
imentally determined log P values (A,, is the low-
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Fig. 2. The dependence of log P calculated by different programs on log P, is given. The solid line represents the values where log P, = log P, while the
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Table 3

The differences between calculated and experimentally determined data (A = log P, —log P,,,) with averages of their absolute values (n = 38), are given®
Aivperen Aivesren Bpaco Avrco Aciocr  Acioar  Axowwn  Akowwn  Awicroosar  Awicroosar  Batomic  Aatomic  Aatomics Aatomics  Acpr Acpr Acombined  Dcombined
keto enol keto enol keto enol keto enol keto enol keto enol keto enol keto enol keto enol

ACV +0.58 +1.15 +1.21 —-020 —0.74 +087 —0.14 —0.04 +0.08 +0.77 —0.42 —0.52 —0.75 +0.60 +0.09 —-049 —0.52 +0.31

NACACV  +0.62 +1.18 +0.53 —1.07 —084 +0.76 —045 —0.34 —0.35 +0.34 —0.20 —0.56 —1.44 +0.32 —049 —-182 —1.19 —0.25

OAcACV  +0.23 +0.79 +1.56 +0.15 —-032 +1.29 +0.39 +0.48 —0.37 +0.32 —0.31 —0.41 —0.84 +0.51 +0.51 —0.07 —048 +0.36

diAcACV  +0.28 +0.84 +090 —071 —042 4119 4008 +019  —0.79 —0.10 —0.08 —043 —1.52 +0.23 —006 —139 —113 —0.20

DCV +0.25 +0.70 —0.24 —0.44 +0.69 —0.66 +0.11 —045 —0.04

NAcDCV  +0.80 +0.34 +0.15 —0.23 +0.77 —0.18 +0.33 —1.26 —0.09

OAcDCV  —0.09 +1.06 +0.18 +0.09 +0.25 —0.54 +0.03 —0.02 +0.02

diAcDCV  +0.65 +0.89 +0.77 +0.49 +0.52 +0.13 +0.44 —0.64 +0.15

Ay 0.4 0.99 0.90 0.53 0.46 0.68 0.29 0.29 0.48 0.47 0.32 0.43 0.68 0.32 0.4 0.77 0.45 0.28
DI
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est and none of differences between log P,,, and
log P, is higher than 0.5). Additionally, in
KOWWIN computations there are also the highest
values for Pearson coefficients (Table 2).

The differences between calculated and experi-
mentally determined data (A) are in many cases
even larger than 1; only in the case of HYPER-
CHEM (keto), croGP (keto), KOWWIN, MI-
CROQSAR, ATOMIC, ATOMICS (enol) and
combined (enol) all the calculated differences are
smaller than 1. There is also a considerably large
amount of differences in the range 0.5 <A < 1 for
almost all computational programs; the excep-
tions are only KOWWIN and combined (enol). If
one takes into account more rigorous conditions
(some authors have reported that log P values
determined for the same compound are acceptable
if the differences among them are lower than 0.3
log unit, i.e. Dearden and Bresnen, 1988; Rekker
and Mannhold, 1992) than among 80 log P com-
putations for keto only 29 values are acceptable
(Fig. 2).

Careful comparison of log P values for ACV
and its derivatives with those for DCV and its
derivatives shows that log P differences between
the parent molecule (i.e. ACV or DCV) and its
acetylated derivatives, calculated by any particu-
lar method, are irrespective of keto—enol tau-
tomerism almost the same. This indicates that the
methods used apply different methodologies, al-
though all are based on the same principle of the
additivity; every particular method itself uses a
similar group contribution (i.e. the contribution
of O-acetylation or N-acetylation is, in the case of
ACYV and DCYV, the same).

It is evident that for the examined eight rela-
tively complicated test substances, rather unreli-
able values were calculated by these
computational programs. On the basis of the re-
sults obtained, one cannot conclude whether the
computations based on fragmental methods or on
atomic contributions give more reliable log P esti-
mations. However, regarding the Pearson correla-
tion coefficients (Table 2) and the differences
between calculated and experimentally determined
values (Table 3), the best calculation of log P
values are obtained by KOwWWIN. These findings
are in agreement with Mannhold and Dross

(1996), where the best overall results showed
KOWWIN computations. Relatively good results
are also obtained by ATOMIC, combined and
cLoGP (keto), while log P values obtained by
MICROQSAR exhibit relatively low A,,, but the
Pearson correlation coefficient is very low.

4. Conclusions

Overall one can conclude that the calculations
of log P values for complex molecules such as
tested guanine derivatives by different computer
programs do not give reliable results. These re-
sults support our previous findings that tested
guanine derivatives exhibit rather unexpected hy-
drolipophilic properties; neither the calculation of
log P by Rekker’s approach nor the determina-
tion of hydrolipophilic properties with HPLC
gives reliable results (Kristl and Pecar, 1997). This
also indicates that the validity of calculated log P
values should be established, i.e. by comparing
the observed and calculated values for structurally
similar compounds, before using them in different
QSAR studies.
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