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Ten pairs of pyridazinone regioisomers were prepared, and their lipophilicity was described by the
logarithm of the octanol/water partition coefficient (log P) determined experimentally and calculated
with prediction methods. The 4- and 5-(substituted amino)-3(2H)-pyridazinone regioisomers were
synthesized by nucleophilic substitution of one of the chloro atoms of 4,5-dichloro-2-methyl-3(2H)-
pyridazinone or its 6-nitro derivative. Structures of new compounds were proven by spectroscopic
methods. The experimental log P values were obtained by a shake flask method in octanol and a
Sorensen buffer (pH 7.4) solvent system. A consequent difference was found in the lipophilicity of
regioisomers. For each isomer pair, the log P value of the 4-isomer was significantly (average by
0.75 log unit) higher than that of the 5-isomer. Some quantum chemical calculations as well as X-ray
analysis of two pairs of regioisomers were also carried out to gain insight into the structural differences
of regioisomers. The log P values were calculated by the fragmental approach KOWWIN and a QSPR
analysis (3DNET). The a priori KOWWIN gave poor agreement, but with the programs KOWWIN
with EVA (experimental value adjusted) and 3DNET, the results were generally in agreement with
experiment.

KEYWORDS: Aminopyridazinone regioisomers; nucleophilic substitution; octanol/water partitioning; log
P; log P calculators; X-ray

INTRODUCTION the agricultural and sanitation fields have been primarily
considered for application.

Interestingly, in almost all of the above series of pyridazi-
nones, significant differences in the biological activities of
regioisomeric 4- and 5-amino compounds have been detected.
For these different biological activities, the difference in
hydrophobicity of the regioisomers may be expected to be at
least partially responsible. Therefore, we thought that a com-
parison of the logarithm of the octanol/water partition coef-
ficients (i.e., logP values) of the regioisomers might provide
useful information. Indeed, our preliminary study on two pairs
of regioisomersZc,gand3c,g,Scheme 1) revealed that Idg
values of the 4-amino isomers were significantly highey, (

3(2H)-Pyridazinones substituted with an amino group at the
5-position represent an important and thoroughly investigated
class of pesticides. Some representatives of this class of
compounds have been marketed and used in pradtce (

We have also discovered several aminopyridazinones with
remarkable biological activities; for example, antiarrhythrjc (
nootropic (memory-improving) (3), and, more recently, anti-
fungal @) effects have been observed. The most active
compounds of the antifungal series of pyridazinones were found
to exhibit antagonistic effects against a broad spectrum of
pathogenic fungii includingsaccharomyces cerevisiae. Most
probal_)ly,.the antlfqngal activity of these compounds is re!e}ted supporting the idea that there might be some correlation between
to the inhibitory action againgtl,3-glucan synthase and chitin - o -

. . _the antifungal activity and lo® of regioisomers.
synthase enzymes that catalyze the synthesis of the major . -
The literature showed that, apart from our preliminary work

polymers of the fungal cell wall. Further in vitro and in vivo
. . . . _and the excellent well-known study of Testa et al. on the
studies are now in progress to exploit these valuable properties; - .
influence of stereochemical factors on the B®f diastereo-

mers, no relevant study has been done on the lipophilicity of
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Scheme 1

a : X=H, R=Bn,  R'=H
b : X=H, R=Bn,  R'=CH,
HNRR" c @ X=H, R=Bn,  R'=CH,CH,OH
- d : X=NO, R=CH, R'=H
EtOH. reflux e : X=NO; R=CH,, R'=CH,
: f © X=NO; R'=CHs;, R'=CH,CH;OH
g : X=NO; R=Bn,  R'=CH,CH,OH
h : X=NO, R=Bn,  R'=CH,CH,CH,OH
1a: X=H
b : X=NO2

Bn=benzyl

3a-h

or for compounds with more polar groups, the structural effects used for chromatography are always given in a volume/volume ratio.

appeared to be quite complex. Solvents were purified by distillation and/or standard procedures. All
The logP values can also be estimated by calculatiohs ( reagents were purchased from Aldrich (Sigma-Aldrich Kft) and used

10). Computation of logP has nowadays an increasing &S received. Octanol used for the shake flask method was purchased

- - . Iso from Aldrich (HPLC grade).
importance in drug discovery. Unfortunately, the methods & . o .
available have not proven to be uniformly reliable. For instance 4,5-Dichloro-2-methyl-3(BY)-pyridazinone {a) and 4,5-dichloro-

. . ' 2-methyl-6-nitro-3(2H)-pyridazinone (1b) were synthesized according
in the case of a diverse set of 9392 compounds, thelegjues to known procedures (18,6). The 4- or 5-chloro atom of compound

were _Calculated according to 13 meth(_)d_s and compared to the16\,b could easily be substituted by an amino group (cf. fefsand
experimental values. The absolute deviations between observedg). compound2a—h and3a—h (Scheme 1) were prepared in this
and calculated values varied from 0.36 to 0.98 on average, muchway by nucleophilic substitution reactions of compourgsand 1b
higher than the acceptabl£0.4 log range (11). Our other  with methylamine, dimethylamine, benzylaminemethylbenzylamine,
experiences with six log calculators were also quite disap- N-benzylaminoethanol, ard-benzylaminopropanol as described below.
pointing when we tested their performances on two pairs of Of these compoundga,b and3a,b (17), 2g,h and 3g,h (18), and3f
pyridazinone regioisomers (2cand 3c,g, Scheme 1). There  (19) were already described.

were only two methods, the fragmental-based KOWWIN with When compoundc or 3c was refluxed in ethanol in the presence
EVA (experimental value adjusted) option and the 3DNET of cyclohexene and palladium on carbon catalyst, besides the deben-
analysis, which reproduced at least the trend of experimental2Y/3ed chloro derivativest (34%) or 6 (68%), respectively, the
lipophilicity of the isomers. dehalogenated compoun8g4%) or 7 (27%) were also formed, and

. . . they could be isolated as minor producglieme 2).
As an extension of this work, we now report on the synthesis Preparation of Compounds. General Procedure for Preparation

and experimental lo@ determination of 10 pairs of aminopy-  of N-Benzylamino Deriatives 2a—c, 2g,h, 3a—c, and3g,h (Scheme
ridazinones containing various bulky substituents either at 1), To a solution of 4,5-dichloro-2-methyl-3®-pyridazinone (1a) or
position 4 or at position 5 to confirm the tendency observed 4,5-dichloro-2-methyl-6-nitro-32)-pyridazinone {b) (15 mM) in dry
previously for the difference of lipophilicity of 4- and 5-ami-  ethanol (60 mL) was added the appropriate amino compound&@5
nopyridazinone regioisomers. We also thought that in this way mM), and the mixture was heated under reflux fer&h (monitored
we could get a closer insight into the important effects of by TLC). The reaction mixture was evaporated to dryness in vacuo.
structural features on lipophilicity. We report the results of Then water was added to the residue, and the mixture was acidified

calculations obtained by KOWWIN and 3DNET in order to with aqueous 2 M hydrochloric acid. The solution was extracted with
illustrate their reliability ethyl acetate, and the combined organic phase was dried over anhydrous

magnesium sulfate. The solvent was evaporated in vacuo, and the 4-
and 5-benzylamino regioisomers were separated by crystallization
MATERIALS AND METHODS (cryst) and/or column chromatography (col chrom) in pure forms.

All melting points were determined on a Blichi 530 melting point ~ Compounds2a(mp 97-98°C), 3a(mp 184—185C), 2b (oil), and
apparatus and are uncorrected; the values are given in degrees3b (oil) have already been reported; for spectroscopic data, sé4 ref
centigrade. The IR spectra were recorded on a Perkin-Elmer 1600 FTIR  Compound2c: white crystals (col chrom, chloroform/ethyl acetate
instrument in potassium bromide pellets. Th& NMR spectra were 1:1; R = 0.38; yield=16%); mp 82—83C; IR (v) 3442, 2903, 1639,
recorded at room temperature in the solvent indicated, usingHhe 1570, 1522, 1447, 1403, 1352, 1314, 1227, 1147, 1048, 935; ¢k
signal of the solvent as the lock and tetramethylsilane as the internal NMR (deuteriochloroformy 3.43 (t, 2H, OCH, J = 4.8 Hz), 3.66 (t,
standard. Chemical shifts are given in parts per million. Brucker AM 2H, NCH,), 3.74 (s, 3H, NCH), 4.56 (s, 2H, benzyl B;), 7.22—7.28
at 200 MHz was used. The assignments'® NMR spectra were (m, 5H, benzyl aromatic protons), 7.65 (s, 1H, 6-HJC NMR
supported by DEPT-135 spectra. Coupling constadtsle given in (deuteriochloroform) 40.4 (NCH), 53.6 (NCHy), 54.3 (benzylCHy),
hertz. For logP determinations, The concentration of the compounds 59.5 (OCH), 127.4 (C-4), 128.0 (C-2 C-6"), 128.4 (C-5),128.5 (C-
was determined spectrophotometrically on a Hewlett-Packard 8452A 3', C-5'), 137.9 (C-3, 138.1 (C-6), 144.8 (C-4), 160.9 (C-3). Anal.
spectrophotometer. The shake flask method was carried out as describealcd for GsH16CIN3O,: C, 57.24; H, 5.49; N, 14.34. Found: C, 57.15,
previously (L2—14). The elementary analyses were performed on a H, 5.52, N, 14.22.

Carlo Erba model 1012 elemental analyzer. For column chromatogra- Compound3c: white crystals (cryst, ethyl acetat® = 0.14
phy, Kieselgel 60 (Aldrich, 0.0630.2 mm silica gel) was used; TLC  chloroform/ethyl acetate 1:1; yieldt 20%); mp 121°C; IR (v) 3427,
analysis utilized silica gel 6025 (Merck) plates. Solvent mixtures 2927, 1625, 1496, 1329, 1141, 1049, 728 ¢nH NMR (deuterio-
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Scheme 22

2 Reaction conditions: (i) Pd/C, cyclohexane, EtOH, reflux.

chloroform)o 3.46 (s, 1H, ®), 3.61 (t, 2H, NG, J = 5.4 Hz), 3.66
(s, 3H, NTHg), 3.84 (t, 2H, OCl,), 4.73 (s, 2H, benzyl B,), 7.21—
7.33 (m, 5H, benzyl aromatic protons), 7.72 (s, 1H, 6-H¢ NMR
(deuteriochloroformy 40.3 (NCH;), 52.9 (NCH,), 55.0 (benzyCH,),
60.4 (OCH), 114.7 (C-4), 127.2 (C2C-6'), 127.6 (C-), 128.8 (C-
3', C-5'), 131.8 (C-6), 136.7 (C)1 147.7 (C-5), 158.8 (C-3). Anal.
Calcd for G4H16CIN3Oy: C, 57.24; H, 5.49; N, 14.34. Found: C, 57.25,
H, 5.45, N, 14.36.

Compounds2g (oil), 3g (mp 139—140°C), 2h (ail), and 3h (mp

Anwair et al.

H
N\/\OH

(NHCH), 41.7 [NCHa)2], 122.7 (C-4), 143.0 and 145.1 (C-5, C-6),
158.3 (C-3). Anal. Calcd for £4sCIN4Os: C, 36.14; H, 3.89; N, 24.09.
Found: C, 36.23, H, 4.01, N, 24.14.

Preparation of 4- and 5-N-2-Hydroxyethyl-N-methylamino Dai
tives (2f and 3f) (Scheme 1) (19)To an ice-cooled solution of 4,5-
dichloro-2-methyl-6-nitro-3(2ipyridazinone (1b) (4.5 mM) in dry
ethanol (20 mL) was added dropwisel®-fnethylamino)ethanol (13.3
mM). The reaction mixture was allowed to warm to room temperature
and was stirred at room temperature for 2 h. The solvent was evaporated

75—76°C) have already been reported; for spectroscopic data, see refin vacuo. The residue was taken up in water (20 mL), and the solution

18.

General Procedure for Preparation of 4- and 5-N-Methylamino and
4- and 5-N,N-Dimethylamino Derivative®d,eand 3d,e (Scheme 1).
4,5-Dichloro-2-methyl-6-nitro-3(4)-pyridazinone {b) (4.5 mM) was
dissolved in 33% alcoholic methylamine solution or in 25% alcoholic

was acidified with aqueous 2 M hydrochloric acid and extracted with
chloroform (3x 20 mL). The combined organic phase was dried over
anhydrous magnesium sulfate. The solvent was evaporated in vacuo,
and the 4- and 5-regioisomers thus formed were separated by column
chromatography with a 1:16 mixture of ethyl acetate/chloroform as

dimethylamine solution (30 mL), respectively, and the solution was e€luent to give the regioisomers in pure forms.

stirred for 18 h at room temperature. The reaction mixture was

Compound2f: yellow oil (Ri = 0.15 ethyl acetate/chloroform 1:16;

evaporated to dryness in vacuo. The 4- and 5-amino regioisomers thusyield = 26%); IR () 3422, 2923, 1651, 1539, 1426, 1363, 1276, 1213,
formed were separated by column chromatography using chloroform 1076, 1019 cm®; *H NMR (deuteriochloroformp 3.19 [s, 3H, N(4)-

as eluent to give the regioisomers in pure forms.

Compoundd: yellow crystals R = 0.63 toluene/methanol 8:2; yield
= 26%); mp 175-176°C; IR (v) 3500, 3286, 2926, 1639, 1607, 1550,
1497, 1345 cmt; *H NMR (deuteriochloroformy 3.44 (d, 3H, NHCH;

J = 5.8 Hz), 3.74 (s, 3H, NCh, 6.42 (d, 1H, NH);)C NMR

(deuteriochloroformy 31.9 (NHCH3), 40.2 (NCH3), 96.3 (C-4), 142.2
(C-5, C-6), 155.3 (C-3). Anal. Calcd for¢B;CIN4,Os: C, 32.96; H,
3.23; N, 25.63. Found: C, 33.24, H, 3.23, N, 25.52.

Compound3d: yellow crystals R = 0.38 toluene/methanol 8:2;
yield = 7%); mp 189—190CC; IR (v) 3500, 3308, 2924, 1648, 1602,
1542, 1463, 1398, 1285 c *H NMR (deuteriochloroform) 3.28
(d, 3H, NHCH; J = 5.6 Hz), 3.84 (s, 3H, NHj3), 6.62 (d, 1H, NH);
13C NMR (deuteriochloroform) 32.8 (NHCH), 41.3 (NCH), 109.9
(C-4), 140.8 (C-5, C-6), 158.1 (C-3). Anal. Calcd fogHGCIN4O3:

C, 32.96; H, 3.23; N, 25.63. Found: C, 33.05, H, 3.31, N, 25.67.

Compounde yellow crystals R = 0.77 toluene/methanol 8:2; yield
= 41%); mp 7172 °C; IR (v) 3424, 2924, 1656, 1536, 1429, 1365
cm 1 'H NMR (deuteriochloroform) 3.24 [s, 6H, NCHs)2], 3.71 (s,
3H, NCH); 3C NMR (deuteriochloroform)d 40.3 (NCH), 43.0
[N(CH3),], 107.1 (C-4), 146.4 (C-5, C-6), 157.7 (C-3). Anal. Calcd
for C;HoCIN4Os: C, 36.14; H, 3.89; N, 24.09. Found: C, 36.33, H,
3.97, N, 24.51.

Compound3e: yellow crystals & = 0.63 toluene/methanol 8:2;
yield = 29%); mp 109—110C; IR (v) 3500, 2926, 1656, 1593, 1541,
1509, 1392 cm!; H NMR (deuteriochloroform)d 2.96 [s, 6H,
N(CHs)2], 3.79 (s, 3H, NGi3); 13C NMR (deuteriochloroformy 40.65

CHg, 3.47 (t, 1H, OH), 3.69 (t, 2H, NCK J = 5.4 Hz), 3.74 (s, 3H,
NCHj), 3.84 (t, 2H, OCH); *C NMR (deuteriochloroformy 40.1 and
40.8 (2x NCHg), 54.6 (NCH), 59.1 (OCH), 110.9 (C-4), 147.1 (C-
5), 149.3 (C-6), 158.6 (C-3). Anal. Calcd fogld::CIN,O4: C, 36.58;
H, 4.22; N, 21.33. Found: C, 36.79; H, 4.24; N, 21.73.

Compound3f (mp 98-99 °C) was already reported; for spectroscopic
data, see ret9.

General Procedure for Preparation of Compoundis7 (Scheme
2). To a solution of 4- or 9N-benzylN-2-hydroxyethylamino derivative
(2c and3c) (3.4 mM) in dry ethanol (30 mL) were added 10% Pd/C
catalyst (0.3 g) and cyclohexene (3 mL). The suspension was heated
under reflux for 2 h. The reaction mixture was filtered, and the filtrate
was evaporated in vacuo. The white crude product was purified by
column chromatography using a 4:1 mixture of toluene/methanol as
eluent to give two productd,and5 starting from2c and6 and7 starting
from 3c.

Compound4: white crystalsi = 0.48 toluene/methanol 8:2; yield
= 68%); mp 76-71°C; IR (v) 3360, 2886, 1618, 1541, 1458, 1411,
1351, 1261, 1132, 1043 crh *H NMR (deuteriochloroform) 3.25
(t, 1H, OH, J= 5.2 Hz), 3.71 (s, 3H, NH3), 3.78-3.96 (m, 4H, N,
and OCH), 6.22 (s, 1H, M), 7.50 (s, 1H, 6-H)X3C NMR (deuterio-
chloroform)d 40.2 (NCHy), 46.1 (NCH,), 62.1 (QCHy), 107.2 (C-5),
139.5 (C-6), 139.8 (C-4), 156.6 (C-3). Anal. Calcd foiHzoCIN3O,:
C, 41.29; H, 4.95; N, 20.64. Found: C, 41.23; H, 4.97; N, 20.55.

Compoundb: white crystalsi = 0.35 toluene/methanol 8:2; yield
= 4%); mp 68-69 °C; IR (v) 3386, 2946, 1599, 1557, 1497, 1452,
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1373, 1234, 1065, 882 crfj 'H NMR (deuteriochloroformy 3.32 (q,
2H, NCH,, J = 5.6 Hz), 3.76 (s, 3H, NB3), 3.80—4.00 (m, 3H, OH
and OCH), 6.02 (d, 1H, 5-H), 6.53 (s, 1H, ), 7.58 (d, 1H, 6-HJ

= 5.2 Hz);'3C NMR (deuteriochloroformy 40.2 (NCH3), 45.3 (NCHy),
60.2 (OCH), 97.6 (C-5), 138.8 (C-6), 144.2 (C-4), 157.1 (C-3). Anal.
Calcd for GH11N3O2: C, 49.70; H, 6.55; N, 24.84. Found: C, 49.64;
H, 6.39; N, 24.84.

Compounds: white crystalsR = 0.16 toluene/methanol 8:2; yield
= 34%); mp 133-134°C; IR (v) 3284, 2926, 1611, 1522, 1445, 1402,
1317, 1270, 1062 cnt; *H NMR (deuteriochloroform) 3.39 (t, 2H,
NCH,), 3.51 (qua, 2H, O8y), 3.57 (s, 3H, NEl3), 4.86 (t, 1H OH,J
= 5.4 Hz), 6.49 (s, 1H, N, J = 6.2 Hz), 7.87 (s, 1H, 6-H)}3C NMR
(deuteriochloroform) 39.5 (NCHs), 44.5 (NCH,), 60.5 (CCH>), 104.2
(C-4), 126.7 (C-6), 144.9 (C-5), 156.7 (C-3). Anal. Calcd foHG-
CINzOx: C, 41.29; H, 4.95; N, 20.64. Found: C, 41.05; H, 4.92; N, 20.42.

Compound?: white crystalsR = 0.12 toluene/methanol 8:2; yield
= 27%); mp 143-144°C; IR (v) 3252, 2935, 1630, 1535, 1459, 1335,
1289, 1073 cm'; *H NMR (deuteriochloroformy 3.05 (ga, 2H, NEl,),
3.52 (qua, 2H, OCH), 3.45 (s, 3H, NCH), 4.81 (t, 1H OHJ =5.4
Hz), 5.48 (d, 1H, 4-H), 6.94 (t, 1H, N, J = 5.2 Hz), 7.49 (d, 1H,
6-H, J = 6.2 Hz);**C NMR (deuteriochloroform 38.1 (NCH), 44.4
(NCH,), 58.7 (OCH), 94.0 (C-4), 130.8 (C-6), 149.2 (C-5), 160.9 (C-
3). Anal. Calcd for GH11N3O,: C, 49.70; H, 6.55; N, 24.84. Found:
C, 49.20; H, 6.52; N, 24.74.

Crystal Structures of 2c, 3c and 2e, 3eSingle crystals ofc, 3c
and 2e, 3e were mounted on glass fibers and transferred to the
diffractometer (Rigaku RAXIS-IIc imaging plate detector, Rigaku RU-
200HB X-ray generator, graphite monochromated Mw kadiation)
for data collection. All data were collected at 293 K. Crystal data are
shown below with estimated standard deviation in the final digits in
parentheses2c: CiyH16CIN3O,, M = 293.75, orthorhombic, space
group Pbcna = 1.6195(6) nmp = 0.7074(3) nmgc = 2.4167(8) nm,

V =2.769(2) nM, Z= 8, D, = 1.409 g cm?, u (Mo—Ka) = 0.281
mm~1, 1756 unique reflections3c: CiH16CIN3O,, M = 293.75,
triclinic, space group P-1Ja = 0.9082(3) nmp = 0.9577(9) nmg =
0.8994(9) nmoa = 116.98(4)°,f = 99.98(9)°,y = 82.47(9)°,V =
0.685 (1) nm, Z=2,D, = 1.414 g cm}, u (Mo—Ka) = 0.284 mn1?,
1295 unique reflection®e: GHoCIN4O3, M = 232.63, monoclinic,
space group P@ = 0.4027(5) nmp = 0.879(1) nm,c = 1.386 (2)
nm, 8 = 95.8(1)°,V = 0.488(1) nm, Z = 2, D, = 1.583 g cm%, u
(Mo—Ka) = 0.385 mm?, 1045 unique reflection8e: GHgCIN4Os,
M = 232.63, monoclinic, space group C2&= 1.139(7) nmb =
0.994(6) nmc = 1.717(3) nmp = 97.4(4)°,V = 1.93(2) nm, Z= 8,
D, = 1.602 g cm?, 4 (Mo—Ka) = 0.390 mnr?, 1986 unique
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(pH 7.4) mutually saturated with each other at room temperature. The
two partitioning phases (w vs 0) were used in ratios of 50:1 (compounds
2b,c, 3b,c, and2e, 2g,h, 3g,h), 25:1 (compound?a, 3a), 10:2
(compound3f), 10:1 (compoun@f, 3d,e), 5:2 (compouné), and 1:1
(compoundgd, 4, 5, 7). The starting amounts of the compounds were
in the range of 220 mg dissolved in Sérensen buffer (5220 mL),
which was made from an aqueous 0.067 MHNRO,(-2H,0) and from

an aqueous solution of 0.067 M KPO,. In the experiments the tubes
were shaken mechanically in a shaking water batt fo at 25°C and

then centrifuged for 10 min at 2000 rpm. The concentration of the
compounds in the buffer was determined spectrophotometrically in
4—12 parallel measurements at the following wavelengths: 276 nm
(compound3d), 284 nm (compound), 291 nm (compoun8a), 294

nm (compounde), 296 nm (compoundé—6), 298 nm (compounds
3h), 301 nm (compoun@a), 304 nm (compound2d, 3g), 306 nm
(compound3f), 318 nm (compoun8b), 320 nm (compoundsc), 337

nm (compoundb), 338 nm (compound&c), 340 nm (compoundef),

344 nm (compoundgg), and 348 nm (compoun@h).

Computational Methods. PM3 and DFT calculationsvere carried
out by using the Spartan program package [Spartan SGI version 5.1.1,
Wavefunction Inc., 1998, on a Silicon GraphicENDY R4400)
computer]. For calculation of Bird's indices2q) the optimized
structures obtained at the PM3 level were used for full-geometry
optimization with the LSDA/pBP86/DN/DFT model (21).

KOWWIN calculationsvere performed in two ways by using the
KOWWIN program (version 1.54, Syracuse Research Corp., Syracuse,
NY, 1997). [For an application, see: Meylan, W. M.; Howard, P. H.
Atom/fragment contribution method for estimating octanol—water
partition coefficient.J. Pharm. Sci.1995, 84, 83-92.] A priori
calculations were done by using the molecular structures or by operating
with the EVA option, and predictions are made by considering the
experimental log® value of one member of the series.

3DNET Calculations (3DNET 4W, Version Beta 1.1.14, Vichem
Chemie GmbH, Budapest, Hungary, 200/Bor an application, see:
Kdvesdi, I.; Dominguez-Rodriguez, M. F.; Orfi, L.; Naray-Szabo, G.;
Varro, A.; Papp, G. J.; Matyus, P. Application of neural networks in
structure—activity relationship$/ed. Res. Re1999,19, 249—269.]

In the present study, geometric optimization for all 20 molecules was
carried out by the MM2 program as implemented in HyperChem
(HyperChem Professional, version 7.0 for Windows, Hypercube Inc.,
2002) to obtain 3D structures. Then, for all molecules, 1437 structural
descriptors were calculated with the Dragon program (version 2.1, by
R. Todeschini, V. Consonni, and M. Pavan, 2002; available for
download at http://www.disat.unimib.it/chm/). Of the descriptors, 1119

reflections. For all data sets data processing was carried out using thenonconstant ones were used in the subsequent computations. Next,
software supplied with the diffractometer. Structure solutions with direct contingency filtering with the XY linear correlation coefficieRt with
methods were carried out with the teXsan Crystal Structure Analysis the threshold of 0.4 yielded 423 descriptors for the subsequent variable
Package (Molecular Structure Co., Houston, TX, 1992). The refinements subset selection. This large number of well-correlating descriptors

were carried out using the SHELXL-93 program (Sheldrick, G. M.
University of Gottingen, Germany, 1993) with full matrix least-squares
method onF2. All non-hydrogen atoms were refined anisotropically.

indicated the possible existence of a good linear model. Therefore, a
partial least-squares (PLS) analysis and quantitative strucaatéevity
relationships (QSAR) model was built for the present study. In the

Hydrogen atoms were generated on the basis of geometric evidenceEuclidean space of the 423 descriptors 6 uniformly distributed molecules
and their positions were refined by the riding model. Hydrogen atoms were selected for external validation. With the remaining 14 molecules,
of the OH groups were generated to form the best hydrogen bonds.a repeated evaluation ensemble method was used, in which 64 random

For 2c two disordered OH hydrogen atoms were generated with
occupancies of 0.5. Fin& indices for2c areR = 0.1001 andR, =
0.2283 (all reflections) an& = 0.0740 andR, = 0.2020 [I > 20(1)];
those for3careR = 0.0689 andR, = 0.1699 (all reflections) ani =
0.0566 andR, = 0.1571 [I > 20(])]. Final R indices for2e areR =
0.0992 andr, = 0.2448 (all reflections) an® = 0.0636 andRr, =
0.1508 [I > 20(1)]; those for3eareR = 0.1235 andR, = 0.2736 (all
reflections) andRk = 0.0674 andr, = 0.1963 [I> 20(1)]. The maximal

selections of 7 molecules from 14 were generated. In each of these
selections, 7 molecules were used to calculate the PLS model with a
given number of components for a given subset of variables; the model
was evaluated by the performance on the remaining set of 7 molecules.
This process was repeated for all 64 random selections.

The ensemble average of the standard error of predictions over these
64 randomly selected evaluation sets was next chosen to be optimized
during the variable subset selection. For each subset of variables, the

residual peak and hole in the final difference electron density map are number of PLS components was optimized to give the lowest ensemble-

257 and—382 e nm? for 2¢, 267 and—287 e nm? for 3¢, 182 and
—191 e nm? for 2e, and 270 and-380 e nm? for 3e.

averaged standard error of predictions.
We used a genetic algorithm for the administrator of the variable

Full lists of atomic coordinates, bond lengths, angles, and thermal subset selection, in which the negative of the ensemble-averaged
parameters have been deposited at the Cambridge Crystallographic Datatandard error of predictions was taken as the fitness value of a given

Centre under deposition codex] 205847, 8c) 205848, 2e) 205849,
and (3e) 205850.
Experimental Determination of Partition Coefficient by Shake

model. One hundred and thirty-nine generations of 16 models with 16
offspring resulted in the best model with 9 descriptors and 4 PLS
components. This model was the best fitted one of the last 24

Flask Method. The solvents used were octanol and Sérensen buffer generations when the algorithm stopped. The final external validation
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Table 1. Measured and Predictated log P and Calculated Dipole Moment (x) Values of Compounds without and with a Nitro Group (2a—c, 3a—c,
and 4-6 and 2d-h and 3d-h, Respectively)

|09 Pcalcd
compd log Pexp KOWWIN A KOWWIN-EVA A 3DNET A u (D) calcd
2a 2.85 1.55 -1.30 2.78 -0.07 1.54
3a 1.87 0.80 -1.07 1.902 0.03 1.99 0.12 4.39
2b 3.02 1.76 -1.26 2.86% -0.16 2.94 -0.08 0.89
3b 2.10 1.01 -1.09 2112 0.01 2.08 -0.02 431
2c 231 0.79 -1.52 241° 0.01 2.59 0.28 1.80f
3c 1.66 0.04 -1.62 1.68¢ 0.02 3.31f
4 0.66 -1.13 -1.79 0.49° -0.17 0.48 -0.18 1.86
6 -0.35 -1.88 -1.53 -0.26" 0.09 0.00¢ -0.35 331
5 —-0.34 -1.62 -1.28 0.00P 0.34 0.17¢ 0.51 1.86
7 -0.53 -2.37 -1.84 -0.75 -0.22 -0.57 -0.04 5.10
2d 171 -0.36 -2.07 1.40¢ -0.31 3.84
3d 0.76 -111 -1.87 0.96¢ 0.20 0.83 0.07 1.97
2e 1.88 -0.14 —-2.02 1.92¢ 0.04 2.02 0.14 3.84f
3e 1.25 -0.22 -1.47 1.17¢ -0.08 119 -0.06 3.37f
2f 1.16 -1.12 —-2.28 0.95¢ -0.21 1.22¢ 0.06 4.58
3f 0.24 -1.87 -2.11 0.20¢ —0.04 0.41 0.17 4.27
29 2.73 0.58 -2.15 2.644 -0.09 2.69 -0.04 453
39 1.89 -0.17 —-2.06 1.83 -0.06 2.28
2h 2.86 1.08 -1.78 3.13¢ 0.27 2.65 -0.21 2.95
3h 2.46 0.33 -2.13 2.38d -0.08 2.28¢ -0.18 1.33

a2a as reference. ° 3c as reference. © 2d as reference. 9 3g as reference. € Result of the external validation. f Dipole moments calculated by using X-ray geometries are
1.67 (2c), 3.78 (3c), 5.11 (2e), and 1.66 (3e).

Table 2. Substituent Effect on the 3(2H)-Pyridazinone Ring Table 3. Lipophilicity Difference of 3(2H)-Pyridazinone Regioisomers
71x@ = log Prx — log Pry A log P = log Ps-isomer — 109 Ps—isomer
substituent TTx i, (22) compounds compared pairs of regioisomers Alog P
—CH,OH -0.72 -1.03 2cvs 2b 2avs 3a 0.98
3cvs3b 2bvs 3b 0.92
2fvs 2e 2cvs 3c 0.65
3fvs 3e 2d vs 3d 0.95
2evs 3e 0.63
—CH3 0.27 0.50 2evs 2d 2f vs 3f 0.92
3evs 3d 2gvs 39 0.84
2bvs 2a 2hvs 3h 0.40
3bvs 3a 4vs 6 101
-NO, 033 -0.28 2gvs 2¢ Svs7 0.19
3gvs3c
~Che 035 00 gﬂ z: gg the standard shake flask method in an octamter system.
The log P values were also calculated by two computer
=l 0.59 0.71 gzz; programs, KOWWIN, based on the AFC Idg prediction
method, and the 3DNET program using a neural network
—CeHs 1.61 1.96 2g vs 2f method.
3gvs 3f Experimental log P Values. The logPexp values (Table 1)
—CH,—CeHs 1.83 2cvs 4 spanned a 3-order of magnitude wide lipophilicity range. In this
3cvs 6 series of compounds, the least lipophilic molecule was com-
pound? (log P = —0.53) and the most lipophilic one wa®
@ty is a hydrophobic substituent constant. (log P = 3.02). Overall, the effect of substituents of the

pyridazinone ring on lipophilicity followed the expected trend,
of this model with the 6 molecules not used in the model generation and it could be understood by taking the standakalues into
process yielded an excelle@® = 0.915 value, and the standard error  consideration 22). The averager values {tx) of substituents
of these predictions was as low as 0.292. After this procedure, a robustgn the pyridazinone ring are listed ifable 2. mx is the
and deman_ding bootstrap type statistical testwas performed to evaluatenydrophobic substituent constant (by Hansch, Fuijita) defined
the predictive power of the model. In this process, the set of 20 ¢ e jinophilicity contribution of substituent X to lipophilicity
molecules was randomly divided to a training set and a prediction set, of the molecule when replacing H by X.

each containing 10 molecules, and this was repeated 1024 times. The The 4 T | had a higher i hilicity th
9 descriptor/4 component PLS model was generated for each training e 4-amino isomers always had a higher lipophilicity than

set, and theQ? and the standard error of predictions were calculated the corresponding 5-amino isomer with an avarage difference
for the corresponding prediction sets. of 0.75 log unit Table 3). This finding is in agreement with

our previous results (5) and confirms that not only the type but
also the position of a substituent plays a significant role in the
lipophilicity of the pyridazinone derivatives.

The lipophilicities of 20 pyridazinone derivatives were Structural Features of Regioisomers.The partition coef-
expressed by lofep Values determined experimentally with  ficient of a molecule is dependent on the electronic and steric

RESULTS AND DISCUSSION
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C14

Figure 1. Elementary cells and ORTEP drawings with humbering of compounds 2c and 3c.

interactions within the structure. We focused first on the
electronic properties, in particular, on the dipole moments of or Cl4
the 4- and 5-amino regioisomers. The dipole moment provides cr2
information on electronic distribution, and thereby it may also HsC._ S2A cs N._ €75
be related to the lipophilicity of compounds. Dipole moments N1 | N4
were calculated by the semiempirical PM3 method as imple- | Ny
mented in the Spartan package for both optimized and X-ray c4
structures (Figures land 2; Tables 4—6 of the Supporting n3 NO2 o2
Information), and the values are listedTiable 1 [x (D) calcd,
without and with superscrigt respectively]. Interestingly, in
the first set of compounds possessing a hydrogen at the
6-position, dipole moments of 5-amino derivatives with lower
log P values were found to be higher than those of the
corresponding 4-amino compounds (cf. isomeric pairdzofc
vs 3a—c,4 vs 6, and5 vs 7). However, for the set of 6-nitro o]
derivatives, the 4-amino compounds with higher Pgalues H c3
exhibited higher dipole moments than those of the 5-amino
isomers (cf.2d—h vs 3d—h). It is important to note that the N
negative pole of the dipole is the carbonyl group in the first set NT S TSN
oo . . Ci
of compounds (X= H), whereas it is the nitro group in the NO, | c11
second set (%= NO,). Therefore, within this class of pyridazi- N1
nones (which includes both sets of compounds), there exists 3e J
no direct correlation between dipole.moments. qnd lipophilicity. Figure 2. ORTEP drawings with numbering of compounds 2e and 3e.
Next, X-ray structures of two pairs of regioisométs, 3c
and 2e, 3e (Figures 1 and 2, respectively) were carefully  Supporting Information), and H-bonding properties were con-
compared. The bond lengths (Tables 4—6, see Supportingsidered. The X-ray structures € and3creveal that the amine
Information), bond orders calculated with crystal and optimized nitrogen atom (N10, for ORTEP numbering déigure 1) is
geometries (Calc I, and Calc. Il, respectively, in Table 7, see conjugated to the 3(2)-pyridazinone moiety in both structures;
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the angle of the 3@)-pyridazinone ring and the N:dC11— predictions are made by correcting to the experimentalHog
C18 plane is far from zero [52.9(2and 46.9(3)%or 2c and value of one member of the series. On the basis of structural
3c, respectively]. The degree of conjugation is higher2ioas relationships, the lofexpy vValue of one of the compounds,

the bond connecting the amino group to thetB(pyridazinone 3c, 2d, or 3g was used as starting parameter; then theRog

ring is shorter and the configuration around N10 is closer to values of other compounds were calculated (Rgcg. The
planar [distances of N10 from the plane of three adjacent carbonresults Table 1, KOWWIN-EVA) were found to be dependent
atoms is 0.0054(4) and 0.0263(3) nm f&r, and3c, respec- on the reference compound selected; nevertheless, these values
tively]. The steric crowding around N10 might result in higher were acceptable in terms of overall precision (the prediction
p-character of its lone electron pair. Due to the opposite direction was within the range of0.13 with the minimum of 0.01 and

of conjugation in2c vs 3c, in the former compound, the €3 the maximum of 0.34 deviation).

C4 bond is significantly longer, whereas the-656 bond is Taking 2a as reference, the average error of prediction was
significantly shorter. +0.06 with minimum 0.01 and maximum 0.16 log unit

The corresponding torsion angles of the two regioisomeric deviations in the set of compoundzb, 3a,b (Table 1,
compoundg£2c, 3c are similar except for the ones defining the KOWWIN-EVA with superscripta). These acceptable results
position of the benzyl group{136.1(4)°for C4—N10—-C11— may be due to the fact that compoun@b and 3a,b are
C12 and —123.2(2)° for N10—C11—-C12—-C13 of2c; and structurally closely related tea. All of these structures have a
—63.2(4y for C5—N10—C11-C12 and 145.2(3)for N10— benzylamino group, and none of them has a nitro or hydroxy-
C11—-C12—-C13 ofc], resulting in different overall shapes of alkyl group.
the molecules with 42.03(1)and 86.1(1)°for 2c and 3c, When3c was selected as reference structure for compounds
respectively, as the plane angles of the two aromatic moieties.2c, 4, 5, 6, and7, the average error of the prediction wk6.17
The hydroxyl group ir2cis also able to form an intramolecular  with minimum 0.01 and maximum 0.34 log unit deviations
hydrogen bond with the carbonyl oxygen in addition to the (Table 1, KOWWIN-EVA with superscriptb). The higher
intermolecular one, whereas f@c there were detected only  deviation may be related to structural differences between the
intermolecular hydrogen bridges. Nevertheless, conformationsreference and test molecules: only the reference compdand
of the hydroxyethylene chains are very similar in both com- and, within the series tested, compou2apossess a benzyl
pounds. group.

The X-ray structures o2e and 3e are shown inFigure 2, When compoun@d was selected as reference structure, the
and the bond lengths and angles of the pyridazinone moiety program performed particularly well. The average error of
are listed in Tables 5 and 6 of the Supporting Information (for prediction wast0.12, with minimum 0.04 and maximum 0.21
ORTEP numbering seBigure 2). The amine nitrogen atom  |og unit deviations for compound®ef and 3d—f (Table 1,

(i.e., N4 in2eand N10 in3e) was also found to be conjugated KOWWIN-EVA with superscriptc), as a consequence of the
to the 3(2H)-pyridazinone ring in both structures. The degree structurally close relationship between reference and predicted
of conjugation is much higher fd2e, presumably due to the  structures.

electron-withdrawing effect of the nitro group. Accordingly, in with 3g taken as reference compound, the average error of
compoundZe, the C1—C6 bond is longer, whereas the-C% predicition was+0.15 with minimum 0.08 and maximum 0.27
bond is shorter than the corresponding bond8én log unit deviations for molecule®g,h and 3h (Table 1,

The steric interactions were considered. The higher lipophi- KOWWIN-EVA with superscriptd).
licity of 4-amino regioisomers, particularly with a sterically ~ These results, together with our previous experiments with
demandingN-substituent, can be understood by taking the this program, indicate that the KOWWIN-EVA program with
solvation into consideration. Increasing bulkiness around the 3 carefully selected reference structure is able to reproduce

pyridazinone carbonyl group, which may be the mostimportant experimental logP values of structurally closely related
interaction site for the polar solvent (water) molecules during compounds.

partition, yvould_ _d_ecrease water solubility and, accordingly,  3pNET ProgramThe 3DNETprogram incorporates a neural
increase lipophilicity. network analysis. The method is based on mathematical and

Considering all of the above data, it seems that values of statistical rules, and it is fully automated; as a consequence,
single structural parameters such as bond lengths or bond ordershere is no option for user intervention after the initial settings.
are not necessarily translated into the differences oPloglues. In a recent study, it performed well on a large set of
However, different intra- and intermolecular hydrogen bonding compounds: logP values were obtained with acceptable
capacities as well as different solvation behavior of regioisomers gccuracy (10). The details of these calculations are described
appear to contribute to the observed trend of lipophilicity. under Materials and Methods.

Calculated log P Values. The log P values were also The best model of these calculations had acceptable param-
determined by calculations (Idgaca Table 1). Two methods  eters. The averag®? had a value of 0.857 for the predictions,
were applied on the basis of our previous promising experiences.and the value of average standard error of estimates was as low

KOWWIN Program.The KOWWIN program was used in  as 0.332. The standard deviations of these statistical parameters
two operative ways. The a priori calculations were done by using were 0.182 and 0.092, respectively. For the final model, nine
the molecular structures. The I&gvalues thus obtained differed  strucutral descriptors could be identified. Their relative scores
very much (in several cases? log unit errors were detected) of importance computed on the full set of molecules are listed
from the experimentally determined log data (Table 1, in Table 8 of the Supporting Informatior2g). One of the
KOWWIN). Evidently, the program was able to reproduce significant structural features found in this way to contribute to
neither the numerical values nor the trend of experimental log lipophilicity of regioisomers was the aromatic ratio. It is
P values of the regioisomers. This finding illustrates how interesting to note that aromaticity of the regioisomers was found
unreliable the prediction of IoB data of new chemical structures to differ by Bird's indices, too (for compound®d and 3d
can be. The KOWWIN program contains itself a solution to calculated values based on DFT-optimized geometries were 66
eliminate this deficiency. By operating with the EVA option, and 59, respectively).
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In conclusion, lipophilicity of 4- and 5-amino-3(D-py- 3h
ridazinones differs significantly; generally, the 4-amino deriva-
tives have been found to possess higherRoglues. It seems 4
that hydrogen-bonding capacity and/or aromaticity are among
the most relevant structural parameters that play important rolesg
in the determination of lo® values of this class of compounds. 6
Moreover, the generally higher biological activity of the
4-aminopyridazinone regioisomers may be related to their
significantly higher lipophilicity.

The calculated lo@ values obtained by KOWWIN-EVA and
3DNET computational methods were in good agreement with
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5-(N-benzylN-3-hydroxypropylamino)-4-chloro-2-meth-
yl-5-nitro-3(2H)-pyridazinone
5-chloro-4-(\-hydroxyethylamino)-2-methyl-32)-py-
ridazinone
4-(N-hydroxyethylamino)-2-methyl-3{2)-pyridazinone
4-chloro-5-(-hydroxyethylamino)-2-methyl-3€2)-py-
ridazinone
5-(N-hydroxyethylamino)-2-methyl-32)-pyridazinone

the experimental values. Nevertheless, our experiences withACKNOWLEDGMENT

these programs suggest that a careful selection of the reference

structure and the number of compounds included in the training We are indebted to APuhr for microanalyses and N. BUs for
set, respectively, may be of critical importance to reproduce preparative assistance.

experimental results.

Supporting Information Available:
bond angles, and bond orders2uf, 3c and2e, 3e and relative
scores of nine descriptors. This material is available free of
charge via the Internet at http://pubs.acs.org.

ABBREVIATIONS USED

Log P, logarithm of partition coefficient; IR, infrared
spectroscopy; FTIR, infrared spectroscopy with Fourier trans-
formation; NMR, nuclear magnetic resonance spectroscopy;
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la 4,5-dichloro-2-methyl-3(2H)-pyridazinone ©)

1b  4,5-dichloro-2-methyl-6-nitro-3(2H)-pyridazinone

2a  4-(N-benzylamino)-5-chloro-2-methyl-3(B-pyridazi-
none “

2b  4-(N-benzylN-methylamino)-5-chloro-2-methyl-3(B-
pyridazinone

2c  4-(N-benzyl-N2-hydroxyethylamino)-5-chloro-2-methyl-
3(2H)-pyridazinone ®)

2d  5-chloro-2-methyl-4-(methylamino)-6-nitro-342-pyridazi-
none

2e  5-chloro-4-(dimethylamino)-2-methyl-6-nitro-3-py- (6)
ridazinone

2f  5-chloro-4--2-hydroxyethylN-methylamino)-2-methyl-
6-nitro-3(2H)-pyridazinone @)

2g  4-(N-benzyl-N2-hydroxyethylamino)-5-chloro-2-methyl-
6-nitro-3(2H)-pyridazinone

2h  4-(N-benzylN-3-hydroxypropylamino)-5-chloro-2-meth-
yl-6-nitro-3(2H)-pyridazinone

3a  5-(N-benzylamino)-4-chloro-2-methyl-3kB-pyridazi-
none

3b  5-(N-benzylN-methylamino)-4-chloro-2-methyl-3B- (8)
pyridazinone

3c  5-(N-benzyl-N2-hydroxyethylamino)-4-chloro-2-methyl-
3(2H)-pyridazinone

3d  4-chloro-2-methyl-5-(methylamino)-6-nitro-342-pyridazi-
none 9

3e  4-chloro-5-(dimethylamino)-2-methyl-6-nitro-3@2-py-
ridazinone

3f 4-ch|qro-5-N-2-hydr.oxy(.ethylN-methylamino)-z-methyl- (10)
6-nitro-3(2H)-pyridazinone

39 5-(N-benzyl-N2-hydroxyethylamino)-4-chloro-2-methyl-

6-nitro-3(2H)-pyridazinone

(1) Kappe, T. Synthesis and chemistry of pyridazines functionalized

in position 3 and 5 with heteroatomk.Heterocycl. Cheni.998,

35, 1111-1122.

Matyus, P.; Czako, K.; Varga, |.; Jednakovics, A.; Papp Behr,
A.; Bodi, I.; Rabloczky, G.; Varro, A.; Jaszlits, L., Miklos, A.;
Lévay, L.; Schmidt, G.; Fekete, M.; Kurthy, M.; Szemeredi, K.;
Zara, E. New 3(2H)-pyridazinone derivatives as antiarrhythmic
agents. GB Patent 2262526hem. Abstr1994,120, 77284.
Matyus, P. 3(Bl)-Pyridazinones: Some recent aspects of syn-
thetic and medicinal chemistry. Heterocycl. Cheni998,35,
1075—1089.

Karolyhazy, L.; Freile, M.; Anwair, M. N. S.; Beke, Gy.;
Giannini, F.; Castelli, M. V.; Sortino, M.; Ribas, J. C.; Zacchino,
S.; Métyus, P.; Enriz, R. D. Synthesis,vitro/in vivo antifungal
evaluation and structureactivity relationship study of 3¢2)-
pyridazinonesArzneim.—Forsch2003, in press.

Kérolyhazy, L.; Szab6, D.; Anwair, M. A. S.; Borosy, A. P,;
Takacs-Novak, K.; Matyus, P. Lipophilicity of regioisomers: A
case study on 3()-pyridazinonesJ. Mol. Struct. (THEOCHEM)
2002,578, 89-91.

Tsai, R.-S.; Carrupt, P.-A.; Testa, B.; El Tayar, N.; Grunewald,
G. L.; Casy, A. F. Influence of stereochemical factors on the
partition coefficient of diastereomers in a biphasic octan-1-ol/
water systemJ. Chem. Res. (M}993, 1910—1920.

Van de Waterbeemd, H.; Mannhold, R. Lipophilicity descriptors
for structure-property correlation studies: Overview of experi-
mental and theoretical methods and a benchmark of logP
calculations. InLipophilicity in Drug Action and Toxicology
Pliska, V., Testa, B., Van de Waterbeemd, H., EdsM#&thods
and Principles in Medicinal ChemistriMannhold, R., Kubinyi,

H., Timmerman, H., Eds.; VCH: Weinheim, Germany, 1996;
Vol. 4, Chapter 23, pp 401—415.

Leo, A. The future of logP calculation. lrpophilicity in Drug
Action and Toxicology; Pliska, V., Testa, B., Van de Water-
beemd, H., Eds.; InMethods and Principles in Medicinal
Chemistry; Mannhold, R., Kubinyi, H., Timmerman, H., Eds.;
VCH: Weinheim, Germany, 1996; Vol. 4, Chapter 9, pp 57
171.

Van de Waterbeemd, H. Hydrophobicity of organic com-
pounds: How to calculate it by personal computerBboksoft
Series; Darvas, F., Ed.; Compudrug International: Vienna,
Austria, 1986; Vol. 1.

Erés, D.; Kévesdi, |.; @i, L.; Takacs-Novak, K.; Acsady, Gy.;
Kéri, Gy. Reliability of logP predictions based on calculated
molecular descriptors: A critical revie@Zurr. Med. Chem2002

9, 1819-1829.



5270 J. Agric. Food Chem., Vol. 51, No. 18, 2003

(11) Duban, M. E.; Bures, M. G.; DeLazzer, J.; Martin, Y. C. Virtual
screening of molecular properties: A comparison of log P
calculators. InPharmacokinetic Optimization in Drug Re-
search: Biological, Physicochemical and Computational Strate-
gies; Testa, B., Van de Waterbeemd, H., Folkers, G., Guy, R.,
Eds.; Wiley: New York, 2001; pp 485—497.

(12) Dearden, J. C.; Bresnen, G. M. The measurement of partition
coefficients.Quant. Struct.—Act. Relal988,7, 133—144.

(13) Takacs-Novék, K.; J6zan, M.; Hermecz, |.; Szasz, Gy. Lipophi-
licity of antibacterial fluoroquinolonesnt. J. Pharm.1992,79,
89—-96.

(14) Takacs-Novak, K.; Jb6zan, M.; Szasz, Gy. Lipophilicity of
amphoteric molecules expressed by the true partition coefficient.
Int. J. Pharm.1995,113, 47-55.

(15) Mowry, D. T. Mucochloric acid. Il. Reactions of the aldehyde
group.J. Am. Chem. S0d.953,75, 1909—-1912.

(16) Tomio, T.; Azuma, H.; Hattori, R. 3-Methyl-4,5-dihalo-6-nitro-
3(2H)-pyridazinone. Jpn. Patent 1300, 19€Tem Abstr. 1967,

66, 65497z.

(17) Matyus, P.; Czako, K.; Behr, AVarga, |.; Podanyi, B.; von
Arnim, M.; Varkonyi, P. Kinetic and theoretic aspects of
regiochemistry in the reactions 4,5-dihalo-8)2pyridazinones
with benzylaminesHeterocyclesl 993,36, 785—798.

(18) Hias, O.; Karolyhazy, L.; Stajer, G.; Kip, F.; Czakd, K.;
Harmat, V.; Barabas, O.; Keserd, K.; Matyus, P. Theoretical and

Anwair et al.

experimental studies on ring closure reactions of 4(5)-chloro-
5(4)-hydroxyalkylamino-6-nitro-3(2H)-pyridazinones. Mol.
Struct. (THEOCHEMR001,545, 75-96.

(19) Matsuo, T.; Tsukamoto, Y.; Takagi, T.; Sato, M. Synthesis and
biological activity of pyridazinooxazineChem. Pharm. Bull.
1982,30, 832—842.

(20) Bird, C. W. A new aromaticity index and its application to five-
membered ring heterocyclegetrahedrorl 985,41, 1409-1414.

(21) Hehre, W. J.; Lou, LA Guide to Density Functional Calculations
in Spartan; Wawefunction Inc.: Irvine, CA, 1997.

(22) Lipophilicity in Drug Action and ToxicologyPliska, V., Testa,

B., Van de Waterbeemd, H., Eds.;Methods and Principles in
Medicinal Chemistry; Mannhold, R., Kubinyi, H., Timmerman,
H., Eds.; VCH: Weinheim, Germany, 1996; Vol. 4.

(23) Todeschini, R.; Consonni, V. Handbook of molecular descriptors.
In Methods and Principles in Medicinal Chemistiiannhold,

R., Kubinyi, H., Timmerman, H., Eds.; VCH: Weinheim,
Germany, 2000; Vol. 11.

Received for review April 17, 2003. Revised manuscript received June
25, 2003. Accepted July 8, 2003. Financial support of this work by the
National Research Foundation (T-31910) is acknowledged.

JF0343938



