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Abstract—The quantitative structure-activity relationship (QSAR) of octopaminergic 2-(arylimino)thiazolidines (AITs) and 2-
(arylimino)oxazolidines (AIOs) against the thoracic nerve cord of the American cockroach, Periplaneta americana L., was analysed
using reported physicochemical parameters and regression analysis. The more electron-donating, the less bulky at m-position, and
the more hydrophobic the substituent, the greater the activity. The plots of observed log V. values against calculated log V,,
values having substituents on the m-position deviated downwards from those of compounds having substituents at the o- and/or p-
positions. The more hydrophobic and the more electron-withdrawing the substituent, the greater the activity. AIO with a 2,3 4-
trichlorophenyl group (58) was more active than its thiazolidine derivative, 2-(2,3,4-trichlorophenylimino)thiazolidine (38) in terms
of V, iV Of 58 was 30% relative to octopamine (OA), whereas that of 38 has been 9% relative to OA, respectively.
Superimposition of energy-minimized OA and 58 revealed structural and conformational similarities that might account for the
high activity of 58. © 1997 Elsevier Science Ltd.

Introduction tative compounds listed in Tables 1, 3, 4, and 5 leading
In our recent work,'” an octopamine (OA)-agonist to equations (1), (3), (4), and (3), respectively.
activity was found in 2-(arylimino)thiazolidines (AITs), Log Vmax =0.677(£0.066) + 0.181(+0.057)
2-(aylimino)oxazolidines (AIQOs), and related com-
pounds against the adenylate cyclase prepared from X Z”+0-567(i0~200)0p

thoracic nerve cords of P. americana. 2-(2-Methyl-4-
chlorphenylimino)oxazolidine (AC-6) was a much
better acaricide than its thiazolidine and imidazolidine

where n = 41,r = 0.612, s = 0.267 and F = 11.395. In
Figure 1, the observed log V,,,, value is compared with

analogues.” However, information on the structural the value calculated from equation (1). The plots of
requirements of AIO compared with AIT for higher observed 1_08 Vinax yalues against calcul?lt'ed log‘Vmax
OA-agonist activity is still limited. Hence, this paper values having substituents on the m-position deviated

deals with the quantitative structure—activity relation-
ship (QSAR) of AIT and AIO using their log V,,, and
K, values as OA-agonist activity against the adenylate
cyclase prepared from thoracic nerve cords of P.
americana, followed by molecular modeling of these
superimposed OA agonists to elucidate mechanisms of
OA agonists-receptor interaction. K, is the concentra-
tion of OA agonist necessary for half-maximal activa-
tion of adenylate cyclase. V., means the relative
maximal efficacy and is expressed as a percentage
relative to the maximum enzyme activation caused by
optimal concentration (usually 1 mM) of OA.
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In order to quantitatively understand the dependence

of biological activ@ties ona §Ub5tiuent at phenyl of AIT Figure 1. Octopaminergic activity of AITs calculated by equation (1):
and AIOQ, regression analysis was applied to represen- O, o- and/or p-substituted derivatives; @, m-substituted derivatives.
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Table 1. Regression analysis of structure-OA agonist activity (V,,,) of AIT

&) "%:j

Compound log Vo

No. R Vs (%) Obsd Caled® Dev. Yu° o, Es™
1 H 84 + 044 0.92 0.72 0.20 0 0 0

2 3-Cl 35 +02° 0.54 0.72 -0.18 0.87 0 -0.97
3 3-NO, 1.9 + 0° 0.28 0.11 0.17 0.23 0 -2.52
4 4-F 5.6 +02° 0.75 0.79 —-0.04 0.12 0.06 0

5 4-CH, 75 +0.1¢ 0.88 0.78 0.10 0.50 -0.17 0

6 4-CN 83 + 0.6' 0.92 1.00 —0.08 -0.21 0.66 0

7 4-CH,CH,0 49 + 0.7° 0.69 0.74 —~0.05 0.48 -0.24 0

8 2.4-Cl, 17.8 = 0.1¢ 125 1.25 0 1.34 0.23 0

9 2,4-F, 40 + 0.1° 0.60 0.82 —0.22 022 0.06 0
10 2-Br,4-CH, 7.7 + 04 0.89 0.97 —0.08 1.12 -0.17 0
11 2-NO,,4-CH, 36 = 0.1° 0.56 0.74 —0.18 0.36 -0.17 0
12 2-NO,,4CH,0 45 + 0.2 0.65 0.55 0.10 -0.10 -0.27 0
13 2-CH,,4-Br 411 = 1.1° 1.61 1.24 0.37 1.32 0.32 0
14 2-CH,4-Cl 30.6 = 0.4¢ 1.49 1.19 0.30 1.16 0.23 0
15 2-CH,4-F 14.0 + 1.5 1.15 0.88 0.27 -0.11 0.06 0
16 2-CH, 4-1 238 = 0.3 1.38 1.30 0.08 0.01 0.18 0
17 2-CH,,4-NO, 16.1 = 0.8 121 1.31 —0.11 0.61 0.78 0
18 2,4-(CH,), 10.5 = 0.5 1.02 0.88 0.14 0.81 -0.17 0
19 2,4-(CH,0), 34 + 02 0.53 0.49 0.04 -0.31 —0.27 0
20 2-CH,CH,,4-Br 31.2 + 30 1.49 1.38 0.11 1.78 0.23 0
21 2,5-Cl, 7.8 + 0.5 0.89 0.87 0.02 1.36 0 -0.97
22 2-C1,5-CF, 46 + 02 0.66 0.58 0.08 1.70 0 —2.40
23 2,5-F, 11.9 = 0.6° 1.08 0.85 0.23 0.43 0 —0.46
24 2-CH,,5-Cl 10.8 = 0.7 1.03 1.08 —0.05 1.18 0 —0.97
25 2-CH,0,5-Cl 31«0 0.49 0.61 -0.12 0.52 0 -0.97
26 2,5-(CH,;0) 22+ 02 0.34 0.51 -0.17 -0.21 0 —-0.55
27 2-Cl,6-CH, 89 + 0.8 0.95 0.96 ~0.01 0.80 0 0
28 2,6-F, 3.6 + 0.4 0.56 0.78 -0.22 0.20 0 0
29 2,6-[CH(CH,),], 23.8 = 0.3 1.38 1.41 —0.03 2.30 0 0
30 -C1,4-CH, 34 = (f 0.53 0.78 —0.25 1.37 -0.17 -0.97
31 3-NO,,4-Cl 3.6 + 0.1° 0.56 0.48 0.08 1.08 0.23 -2.52
32 3-CF,4-Cl 72 + 02! 0.86 0.81 0.05 2.06 0.23 —240
33 3,4-(CH,0), 3.1 +01f 0.49 0.49 0 0.18 -0.27 —0.55
34 ,5-Cl, 77 + 0.7 0.89 0.98 -0.09 1.74 0 -0.97
35 3,5-(CH,), 3.7 + 0.1 0.57 0.71 —0.14 1.08 0 —1.24
36 3,5-(CF,), 8.7 + 0.6° 0.94 0.80 0.14 242 0 —2.40
37 3,5-(CH;0), 40 + 0.2° 0.60 0.66 ~0.06 0.28 0 —0.55
38 2,3,4-Cl, 85+ 03° 0.93 1.24 —0.31 221 0.23 -0.97
39 2,4,5-Cl, 13.6 + 0.9° 1.13 1.24 —0.11 221 2.23 -0.97
40 2,3,5,6-F, 114 + 1.3 1.06 0.86 0.20 0.86 0 —0.46
41 2,3,4,5,6-F, 54 + 04 0.73 0.92 —0.19 0.98 0.06 —0.46

®Calculated by equation (1).

®Cited from Ref 9.

‘Cited from Refs 10 and 11.
4¢{Obtained from data of Ref 1, 5, and 6, respectively.

Table 2. Squared correlation (+*) matrix for variables used in equation

(2)
o, Es"
Sor 0.045 0.157
G, 1.000 0.002

14

downwards from those of compounds having substitu-
ents at the o- and or p-positions. This m-effect, which
reduces the OA-agonist activity of compounds having
substituents at the m-position, was expressed by a
parameter Es™. The introduction of this parameter
improved the correlation of equation (1), leading to
equation (2).
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L0g Viar = 0.722(£0.042) + 0.301(+0.039)
x Y m+0.521(+0.126)0, (2)
+0.272(£0.035)Es™

where n =41, r = 0.872,s = 0.167 and F = 39.107. The
similarity of the coefficients between equations (1) and
(2) indicates the significance of the parameter Es™. The
intercorrelation of variables is shown in Table 2. The
positive c,, Es”, and }_m terms mean that the more
electron-withdrawing, the less bulky at m-position, and
the more hydrophobic the substituent, the greater the
activity. The derivative with 2-CH,, 4-CI (14) had higher
potency than 2,4-Cl,-AIT (8) as shown in Table 1.
Substituting a Cl atom for the Br atom in 14 increased
OA-agonist activity significantly, leading to 13. Sub-
stituting a methyl group of 13 for an ethyl group
decreased the potency, leading to 20. However,
substituting a F or I atom, CH,, or NO, group for the
Cl atom in 14 also decreased the potency, leading to 15—
18, respectively. In 2,6-disubstituted AITs, in which
phenyl and thiazolidine rings are held in a nonplanar
conformation by a nitrogen bridge and hindered from
free rotation around the C-N axis,® the isopropyl
derivative (29) was more potent than the F derivative
(28). Because of a limitation in the availability of certain
derivatives, the optimal size of alkyl 2,6-substitutions
has not yet been determined.

pK, = 2.730(£0.861) + 1.790(:0.629)log Vmax  (3)

where n = 6, r = 0.818, s = 0.282, and F = 8.100.
According to equation (3), the positive log V,,,, term
means that the larger V,,, value, the greater the activity.
2-CH,,4-CI-AIT (14) was more potent than 2,4-Cl,-AIT
(8) and 2-CH,,5-CI-AIT (24) in terms of K, (Table 3).
Substituting Br and I for Cl atom in 14 decreased the
octopaminergic-agonist activity in this order, leading to
the 2-CH,,4-Br (13) and 2-CH,,4-1 derivatives (16). In
2,6-disubstituted AlTs, isopropyl derivative (29) was

one of the most potent OA agonists in AIT. Hence,
greater enzyme activation appeared to result from 2-
alkyl,4-halogen or 2,6-dialkyl substitution.

QSAR of AIO

Log Vinax = 0.924(20.055) + 0.387(£0.050)
x Y m—0378(+0.077)> o

where n = 20, r = 0.899, s = 0.117, and F = 35.592.
Squared correlation (#*) matrix for variables of " and
> o used in equation (4) was 0.035. The positive Y =
and negative > o terms mean that the more hydro-
phobic and the more electron donating the substituent,
the greater the activity. Greater enzyme activation
appeared to result from an alkyl chain, since the diethyl
compound (55) was very potent and the Cl-substituted
derivative in the 2,6-positions of the phenyl ring was not
effective at all (Table 4). The asymmetrically substituted
2-CH,CH;, 6-CH(CH,), derivative (56) gave less
activity than the 2,6-(CH,CHj;), derivative (55) in terms
of V.. Substituting a Cl for a Br atom in 49 did not
significantly affect the octopaminergic-agonist activity,
leading to the 2-CH,;4-Cl derivative (50). Ethyl
derivative (47) was more active than I derivative (46).
Experiments with multisubstituted derivatives revealed
that the compound with 2,3,4-Cl, (58) was potent to
some extent, whereas 2,4,6-F,- (59) and 3,4,5-(CH;0),-
AIO (60) had no significant activity.

pK, = 7.347(10.309) — 1.499(+0.227)log Vemax ~ (5)

where n =6, r = 0.957, s = 0.115, and F = 43.600.
According to equation (5), the negative log V,, term
means that the larger the V[, value, the lower the
activity. Among the 24-disubstituted AlOs, the pre-
sence of alkyl groups at the o-position seemed
particularly important (Table 5). The derivative of
AIO with 2-CH,;CH,,6-CHj; (62) was more potent than

Table 3. Regression analysis of structure-OA agonist activity (K,) of AIT

R

)=

Compounds pk,
K}

No. R (M) Obsd Calcd” Dev. Log V...

8 2,4-Cl, 23.0 4.64 497 -0.33 1.25
13 2-CH,,4-Br 4.1 5.39 5.61 —0.22 1.61
14 2-CH,,4-Cl1 2.6 5.59 5.40 0.19 1.49
16 2-CH;,4-1 6.7 5.17 5.20 —-0.03 1.38
24 2-CH,,5-Cl 244 4.61 4.57 0.04 1.03
29 2,6-[CH(CH,),], 28 5.55 5.20 0.35 1.38

*Calculated with a Macintosh personal computer system, using KaleidaGraph (3.0.2]): maximal stimulation
activity values were subtracted with basal values and used as V.

®Calculated by equation (3).
‘Obtained from data of Table 1.
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Table 4. Regression analysis of structure-OA agonist activity (V,,,) of AIO

& "%:j

Compound Log V.
Vmax
No. R (%) Obsd Caled® Dev. o’ o
42 2-Br 99 + 0.8 1.00 1.08 —-0.08 0.62 0.23
43 2-Cl 87 + 0.5¢ 0.94 1.03 —0.09 0.49 0.23
44 2-CH,CH, 134 + 0.1° 1.13 1.28 —-0.15 0.77 -0.15
45 3-Cl 177 £ 1.2° 1.25 1.12 0.13 0.87 0.37
46 41 19.1 + 2.8 1.28 1.36 —-0.08 1.30 0.18
47 4-CH,CH, 27.0 + 3.4° 1.43 1.40 0.03 1.08 —0.15
48 2,3-Cl, 192 + 0.6° 1.28 1.22 0.06 1.36 0.60
49 2-CH,,4-Br 33.9 + 2.3¢ 1.53 141 0.12 1.32 0.06
50 2-CH,,4-Cl 323 £ 2.3 1.51 1.35 0.16 1.16 0.06
51 2,5-F, 112 + ¢° 1.05 0.94 0.11 0.43 0.40
52 2-CH,0,5-Cl 83 + 0.5 0.92 1.09 -0.17 0.52 0.10
53 2-CH,0,5-CH, 15.7 = 1.1¢ 1.20 1.13 0.07 0.19 ~0.34
54 2,6-Cl, 11.5 + 0.1¢ 1.06 1.13 —0.07 0.98 0.46
55 2,6-(CH,CH,), 579 + 1.8° 1.76 1.63 0.13 1.54 —0.30
56 2-CH,CH,,6-CH(CH,), 42.5 = 0.8° 1.63 1.78 -0.15 1.92 —0.30
57 3-NO,,4-Cl 81 + 0.2 0.91 0.99 —0.08 1.08 0.94
58 2,3,4-Cl, 30.0 = 0.1° 1.48 147 0.01 221 0.83
59 2,3,6-F, 13.9 + 1.1° 1.14 0.98 0.16 0.32 0.18
60 3,4,5-(CH,0), 9.7 +0.8° 0.99 1.06 -0.07 0.32 —0.03

“Calculated by equation (4).

"Cited from Ref. 9.

‘Cited from Refs 10 and 11.

4*Calculated from data of Refs 22 and 7, respectively.

2-CH,CH,,6-CH(CH,),-AlO and other AIOs reported respectively.’ V,,, values for 2-CH,CH,- (44), 2-
in this paper. CH,CH,,6-(CH,),CH-(56), and 2,3,4-Cl,-AIO (58) were
13%, 43%, and 30%, respectively, and those for

thiazolidines have been 3.3%, 3.6%, and 8.5%,

Discussion suggesting that AIOs are more potent than their

thiazolidine dervative AITS.
The K, values for 2-CH,,4-Br-AIO (49) and 2-CH,,4-Cl-

AIO (50) were 0.19 and 0.18 uM, respectively, and AlOs and their thiazolidine derivatives AITs possess a
those for thiazolidine have been 1.8 and 0.93 pM, phenyl group and a side chain which contains two

Table 5. Regression analysis of structure-OA agonist activity (K,) of AIO

& "%:j

Compound PK,
K
No. R (rM) Obsd Calcd® Dev. log V,.°
46 4-1 2.6 5.59 5.43 0.16 1.28
53 2-CH,0,5-CH, 2.8 5.55 7.02 -0.28 1.19
56 2-CH,CH,,6-CH(CH,), 12.6 4.90 4.90 0 1.63
58 2,3,4-Cl, 10.3 4.99 5.13 -0.14 1.48
61 2,4-(CH,0), 6.3 5.20 6.93 -~0.21 1.47
62 2-CH,CH,,6-CH, 1.7 5.77 5.83 —0.06 1.01

*Calculated with a Macintosh personal computer system, using KaleidaGraph (3.0.2J): maximal stimulation activity values were subtracted with
basal values and used as V..

®Calculated by equation (5).

‘Obtained from data of Table 4.
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Table 6. Structural comparison of molecules 58 and 38 with OA®

2125

58

38

Fitting potential
Steric overlay
Electrostatic match
Atom-type matching
Conformational energy

—689.90 (1106.39)
—624.73 (—609.88)
—2.41 (~3.45)
~127.98 (~100.61)
65.23 (1820.34)

~680.81 (2067.56)
—631.81 (—601.37)
—3.71 (-9.29)
~103.82 (~100.03)
58.52 (2778.24)

*Structural comparison of molecules was made using automated procedures of computer-assisted molecular fitting by PowerFit 1.0 from
MicroSimulations (Mahwah, NJ). PowerFit uses the well-validated Steric and Electrostatic Alignment (SEAL) fitting potential as the objective
fitting criteria.”* The nitrogen (*) and the first carbon (**) atoms in the phenyl ring of each molecule (Fig. 2) were overlaid: these features have
been postulated to be important for OA activity.”” With this potential, fitting is scored by the volume-based steric overlay, Columbus-type
electrostatic match, atom-type matching, and conformational energy. When N (*), p-Cl (***), and O (***) atom of AIO, AIT, and OA were defined
as distance constraints, figures are shown in the parentheses, because the QSAR results and the mentioned molecular modeling results claim the

importance of electrostatic property at p-substituents at benzene in AIT compounds (refer to Electrostatic potential calculation).

nitrogen atoms. The distance from the side-chain
nitrogen atom (*) to the a-atom (**) of phenyl group
of OA (Figure 2a) was calculated and compared with
the corresponding distance in AIOs and AITs. An
example of the oxazolidine 58 (Figure 2b) and its
thiazolidine 38 (Figure 2c) was built, energy-minimized
and reoriented to give a structure, in which the phenyl
and oxazolidine or thiazolidine rings are held in a
nonplanar conformation by an amino nitrogen bridge®
and could be superimposed with OA at low energy cost
(Figure 3a, Table 6). When the nitrogen (*) and the
first carbon (**) atoms in the phenyl ring of each
molecule are overlaid, the formamidine group of 58 can
occupy space similar to the ethylamine group of OA: 58
possesses the same nitrogen-to-phenyl distance (3.75 A)
as OA. Since the QSAR results and the mentioned
molecular modeling results claim the importance of
electrostatic property at p-substituents at benzene in
AIT compounds (ref. to electrostatic potential calcula-
tions), N (*), p-Cl (***) or O (***) atom of 58, 38 or

ki H
ek /
a)OA Ho CH-C—N.
| H2 Yy
OH
ci oy
*nk N*
b) 58 cl il N:< j
(o]
Ci Cl H

C) 38 Cl

S

Figure 2. The geometries of the energy-minimized molecules: (a) OA,
(b) 38, and (c) 58. The nitrogen (*) and the first carbon (**) atoms in
the phenyl ring of each molecule were overlaid or N (*), p-Cl (***),
and O (***) atom of AIO, AIT, and OA were defined as distance
constraints.

OA were defined as distance constraints, leading to
similar results (Figure 4a, Table 6).

Superimposition of energy-minimized OA and 58
revealed structural and conformational similarities that
might account for the high activity of 58. Thiazolidine
38 does not possess the same nitrogen-to-phenyl
distance as OA (see Figs 3b and 4b). When energy-

Figure 3. Superimposed computer-generated structure of (a) OA
(light) and 58 (dark); (b) OA (light) and 38 (dark), respectively. The
nitrogen (*) and the first carbon (**) atoms in the phenyl ring of each
molecule were overlaid. Hydrogen atoms have been omitted for
clarity.
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Figure 4. Superimposed computer-generated structure of: (a) OA (light) and 58 (dark); (b) OA (light) and 38 (dark). N (*), p-Cl (***),' and O
(***) atom of AIO, AIT, and OA were defined as distance constraints. Hydrogen atoms have been omitted for clarity.

minimized 38 and OA are superimposed, the nitrogen
atom of OA is overlaid with sulfur atom of 38 at low
energy cost, leading to the nitrogen-to-phenyl distance
in 38 being 3.09 A. This modeling agrees with the
results in QSAR, in which the plots of observed log V,,
values against calculated log V,,, values having sub-
stituents on the m-position deviated downwards from
those of compounds having substituents at the o- and/or
p-positions (Fig. 1). Substituents at m-position are not
favorable for OA agonist-receptor interaction due to
their steric hindrance against receptor. Thus, energy-
minimized 38 is not superimposed well with OA.
Structural and conformational similarities of 58 and
OA account for high activity of 58. Based on the
comparison of OA and known OA agonists, it was
proposed that new compounds could be synthesized
which possess similar structural features to OA and
known OA agonists. The data in this study suggest that
phenyl ring substitution requirements for AIT and AIO
dervatives active as OA agonists differ substantially
from each other.

OA is not likely to penetrate either the cuticle or central
nervous system of insects effectively, since it is fully
ionized at physiological pH. Derivatization of the polar
groups would be one possible solution to this problem
in trying to develop potential pest-control agents. The
above QSAR studies show that AITs and AIOs with
certain substituents can be potent agonists to OA
receptors associated with the activation of adenylate
cyclase. They may help to point the way towards
developing extremely potent and relatively specific
OA agonists which could be useful as insectistatics
rather than insecticidal agents with reduced toxicity for
vertebrates. In order to optimize the activities of these
compounds as OA agonists and pest-control agents,
more detailed experiments are in progress.

Experimental

Substituent parameters

QSAR was calculated with an NEC PC-9801VM
personal computer system using a program designed
for Hansch-Fujita’s QSAR analysis (Tanabe Pharmac.
Co., Ltd., Osaka, Japan). Values of pK,, the logs of the
reciprocals of K,, and log V.., values were used as OA
agonist activity index: the concentration of OA agonist
necessary for half-maximal activation of adenylate
cyclase (uM). The substituent parameters used for
AIT and AIO are shown in Tables 1, 3, 4, and 5. As the
hydrophobic parameter of substituent at the phenyl of
AIT and AIO, Y = values from substituted carbamates
were more significant than those from substituted
phenyl dimethylphosphate or phenoxyacetic acid deter-
mined by Kamoshita.” As the electronic and steric
parameters, o,, »_o, and Es™'"'"" were used, respec-
tively: n, the number of data points; r, the correlation
coefficient; s, the standard deviation; F, the value of the
F-test. The figures in parentheses are 95% confidence
intervals and all terms are justified more than 99% by a
t-test. The use of other parameters [e.g., a dummy
parameter D, which was given the value 2 for di-o-
substituted derivatives, 1 for mono-o-substituted deri-
vatives and zero for others, Taft’s ¢*'> and E_" the
Hancock steric parameter ES™ E°, EP'™' Swain-
Lupton-Hansch field and resonance effect constants F
and R,” STERIMOL L, B,, and B' Charton’s
electronic inductive and resonance constants o; and
Gp,'' G, G, "' and electronic inductive constant o, by
Taft and Lewis'®] instead of > =, ©,, Es™, and } o or the
addition of other parameters to equations (2), (3), (4),
and (5) did not improve the correlation. Values of o,
were used for o,
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Molecular modeling

Molecules were built using the Tektronix CAChe
WorkSystemTM package of programs (Oxford Mole-
cular Group, OR) on an Apple PowerMac 8100/100
(100 MB RAM, OS 7.5.1]). Molecular geometries in
cartesian coordinates of (R)-OA was obtained from
available X-ray crystallographic data (Cambridge data
base system) and used as one of the starting points for
subsequent calculations. Starting from the characteristic
average value angles of each structure, it was energy-
minimized using Molecular Mechanics (MM2) and
MOPAC (PM3) program (by connecting to a network
server IBM RS6000) included in the CAChe system
(version 3.8).

Energy-minimized molecules and electrostatic potential
maps were generated as described as follows: Firstly, a
thorough conformational search had been carried out
within the molecular mechanics technique (MM2 force
field) using initially the steepest decents minimization
methods followed by the conjugate gradient until the
gradient was below 0.0001 kcal/mol in no more than
5000 steps. Then the unique minima was fully optimized
with MOPAC (PM3 force field). Thus a non-linear least
squares (NLLSQ) gradient minimization route by
Bartel’s method was applied for gradient norm, while
with  Broyden-Fletcher—Goldfarb-Shanno  (BFGS)
method, the nearest minimum-energy geometry was
located for optimization. A full Mulliken population
was checked to analyse the final RHF wavefunction.
The PRECISE keyword was also used in order to
increase the geometric and electronic convergency
criteria. In some cases, the GEO-OK keyword was
used to prevent BFGS routine from unexpected
termination. Other settings were used as default and
no solvent was applied to the COSMO calculation. In
order to obtain the meaningful electron density plots,
all occupied molecular orbitals had been saved before
further tabulating. At last an electron density isosurface
map colored by electrostatic potential was accomm-
plished by tabulating at an isosurface value of 0.01 e/A°.
Between this step both isodensity and isopotential of
the frontier molecule orbital interaction were computed
using the multipole expansion option in a single
image.” The saved result file could be opened by a
visualizing 3-D tool, with the surface colors represent-
ing the magnitude of the electrostatic potential and the
shape of the surface reflects the steric term. The
magnitude decreases with the spectral ordering of the
colors by white, red, yellow, green, cyan, blue, and violet
charcoal.

Similarity comparison of molecules was made using
atom based rigid fit method offered by PowerFit 1.0
from MicroSimulations (Mahwah, NJ). PowerFit uses
the well-validated Steric and Electrostatic Alignment
(SEAL) fitting potential as the objective fitting criteria,
and it utilizes the ‘global search of best fit’ from
simulated annealing.”** With this potential, fitting is
scored by the volum-based steric overlay, Columbus-

type electrostatic match, atom-type matching, distance
constraints, and conformational energy.
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