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Relationship (QSAR), Sweet/Bitter Classification, Charge Distribution, HOMO-LUMO
Energy
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Table 1. Log P and STERIMOL parameters for Perillartine derivatives

Mol.l sweet?/bitter logP L W Wu Wr wd
1 1 258 852 313 285 342 199
4 1 087 510 313 191 294 190
8 1 228 869 319 284 342 199
28 1 110 936 314 294 341 198
29 1 140 936 314 326 356 210
34 1 148 6.06 309 208 301 171
37 1 110 887 330 263 3.07 252
42 1 148 629 309 263 307 252
43 1 078 710 309 191 341 191
a4 1 080 901 309 220 341 202
45 1 110 901 308 252 343 253
14 0 010 0.67 333 411 356 210
15 0 010 936 304 376 362 222
16 0 092 937 314 356 356 210
22 0 -0.72 551 305 253 341 197
23 0 072 615 316 267 301 172
25 0 034 605 325 262 343 203
33 0 0.72 1067 351 4.08 363 222
48 0 140 7.98 312 342 59 2.00
49 0 080 768 309 232 584 196
50 0 110 7.68 309 243 589 257
51 0 1.90 588 272 295 392 385

1: Details of for Perillartine derivatives and STERIMOL parameters are depicted in Fig-

uresl, 2.

2: Sweet and bitter are 1 and O, respectively.
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Figure 1. Sweet/bitter structures of Perillartine derivatives
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Figure 2. Details of STERIMOL parame-
terg 1, 2] and numbering of atoms
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Table 2. Results of learning by three layer perceptron (6,1,2)
with Log P and STERIMOL parameters

sweet bitter
No. Item 1 2 No. Item 1 2
1 1 0997514 0.002486 12 14 0.003820 0.996180
2 4 0995524 0.004475 13 15 0.003811 0.996189
3 9 0997499 0.002501 14 16 0.003624 0.996376
4 28 0.996097 0.003903 15 22 0.003691 0.996309
5 29 0993824 0.006176 16 23 0.004068 0.995932
6 34 0997448 0.002552 17 25 0.009133 0.990867
7 37 0995920 0.004080 18 33 0.006746 0.993254
8 42 0990937 0.009062 19 48 0.003799 0.996202
9 43 0996683 0.003317 20 49 0.005344 0.994656
10 44 0997175 0.002825 21 50 0.004260 0.995740
11 45 0.995995 0.004004 22 51 0.007765 0.992235

Input datal] Table 1
Out put data:1, O for sweet and 0, 1 for bitter

Table 3. Weight of network in the three layer perceptron (6,1,2)
with Log P and STERIMOL parameters

layerl(row) and layer2(column) layer2(column) and 3(row)
log P L Wi Wu Wr  Wd 1 2
1 16.37 763 -1.76 -10.35 -9.39 -6.38 11.62 -11.62

FR* 784 00174 0.059 60.1 495 914

*: Fishers ratio [1] (x1073)

Table 4. Weight of network in the three layer perceptron (2,1,2)
with Log P and STERIMOL parameters
layerl(row) and 2(column) layer 2(column) and 3(row)
log P Wr 1 2
1 -30.23 74.82 -19.94 19.94
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Table 5. Weight of network in the three layer perceptron (3,4,2)
with Log P and STERIMOL parameters
layerl(row) and 2(column) layer 2(column) and 3(row)

logP  Wu Wr 1 2
1 1081 -1.96 -24.90 7.31 -7.31
2 1053 -0.80 -27.22 8.23 -8.23
3 2271 -3.37 -17.90 7.54 -7.54
4 433 071 -29.97 8.84 -8.84

Table 6. Log P, Formal charge, HOMO, LUMO energy,
and HOMO-LUMO Gap of Perillartine derivatives

LogP Formal Charge orbital energy
01 N2 C3 Cc4 C5 C6 C7 HOMO LUMO Gap
No. Item 1 2 3 4 5 6 7 8 9 10 11

1 1 258 -0.26 -0.06 -0.10 -0.08 -0.14 -0.13 -0.12 -9.17 021 938
2 4 087 -026 -0.06 -0.10 -008 -0.14 -0.19 -0.18 -9.19 019 938
3 8 228 -0.26 -0.06 -0.10 -0.07 -0.14 -0.13 -0.12 -9.14 024 9.38
4 28 110 -026 -006 -010 -008 -0.13 -0.13 -0.12 -9.16 0.22 9.38
5 29 140 -026 -0.06 -0.10 -0.08 -0.13 -0.13 -0.12 -9.12 026 9.38
6 34 148 -026 -006 -0.10 -0.08 -0.14 -0.13 -0.12 -9.16 023 9.39
7 37 110 -025 -0.06 -0.10 -0.06 -0.11 -0.12 -0.12 -871 -040 831
8 42 148 -026 -006 -010 -0.07 -0.11 -0.15 -0.12 -8.66 -0.24 842
9 43 078 -026 -006 -010 -008 -0.10 -015 -0.12 -852 -0.24 828

10 4 080 -026 -006 -010 -0.07 -0.13 -0.09 -0.09 -9.05 012 917
11 45 110 -026 -006 -010 -0.07 -014 -012 -0.12 -9.16 021 938
12 14 -010 -026 -006 -010 -0.09 -0.13 -014 -012 -9.26 013 939
13 15 -010 -026 -0.06 -010 -0.07 -0.14 -013 -0.12 -9.28 012 939
14 16 -092 -026 -006 -0.09 -0.07 -012 -0.12 -0.12 -8.95 041 936
15 22 -072 -025 -005 -010 -006 -018 000 -0.16 -9.38 -0.01 937
66 23 -072 -025 -006 -010 -011 -0.13 -0.17 001 -938 -0.00 9.38
17 25 034 -025 -005 -011 -007 -014 -025 -012 -855 -0.01 855
18 33 072 -026 -006 -009 -0.07 -012 -012 -015 -8.89 047 936
19 48 140 -026 -006 -010 -0.07 -014 -013 -0.12 -9.18 023 941
20 49 08 -026 -006 -0.10 -0.07 -0.15 -013 -0.12 -9.16 025 941
21 50 110 -026 -006 -0.10 -0.08 -0.13 -0.11 -0.08 -8.97 017 914
2 51 190 -026 -006 -0.09 -008 -013 -0.06 -0.05 -9.19 015 934

Data of sweet/bitter are not shown in this table because these are the same asin Table 1.
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Table 7. Results of learning by three layer perceptron (6,1,2)
with Log P, formal charge, and etc.

sweet bitter
No. Item 1 2 No. Item 1 2
1 1 0998462 0.001538 12 14 0.006965 0.993035
2 4 0998271 0.001729 13 15 0.002789 0.997211
3 8 0998461 0.001539 14 16 0.002788 0.997212
4 28 0.990624 0.009376 15 22 0.002788 0.997212
5 29 0997931 0.002069 16 23 0.002788 0.997212
6 34 0998155 0.001845 17 25 0.002789 0.997211
7 37 0998462 0.001538 18 33 0.002788 0.997212
8 42 0998462 0.001538 19 48 0.013562 0.986438
9 43 0998462 0.001538 20 49 0.002794 0.997206
10 44 0992449 0.007551 21 50 0.004430 0.995570
11 45 0991941 0.008059 22 51 0.002789 0.997211

Input datal] Table 6
Output data:1, O for sweet and O, 1for bitter
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Table 8. Weight of network in the three layer perceptron (11,1,2)

with Log P and Formal charge etc.
Weight matrix between layer1(row) and layer2(column)
LogP Formal Charge orbital energy

01 N2 C3 c4 C5 C6 C7 HOMO LUMO Gap
1 6156 -890 1521 -49.97 -39.83 4939 4483 -3886 -930 -34.69 -14.40
Weight matrix between layer 2(column) and 3(row)

1 2

1 1235 -12.35
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Table 9. Weight of network in the three layer perceptron (10,3,2)

with Formal charge and etc.
Weight matrix between layer1(row) and layer2(column)
Formal Charge orbital energy

01 N2 C3 c4 C5 C6 C7 HOMO LUMO Gap
1 -21.73 0.16 -46.64 -1599 2641 2512 124 9.96 -14.38 -11.87
2 -2984 -1819 -5348 -1589 3099 17.00 -480 38.33 9.92 -9.75
3 -56.14 887 -127.08 -2830 1143 19.72 32.38 2.79 15.07 26.03
Weight matrix between layer 2(row) and 3(column)

1 2
1 1694 -16.94
2 1143 -11.43
3 1156 -11.56

3 0og

OO000Db0o000 STERMOLOOOODOOOOO0O0OOO0OO0O0o0obOOoOogoooboDDbOo
goboogobobuoboooboboobbboooooboooobbooooboboooon
gobooub mooboooboboobobboobobobooobooobboobooo
gbboogbbbogoooboouoogbooogbouoboooouoobbobbobbbo
00000000000 DO0000O0O0DODO0DO00DO0DODOOO00UOoDOo0Ooooo
Oo0O0Oo00O00DOO0ODO00DOoOO00obDO00CobOO0O0oDOoOobOOooOoboCoDbDODOdORsSherOO
gooooboaod

guougbgbubuobdbobooobubbooboogoobboobboobobo
LogPO WrO OOOoooobooboobobbobobobooboouoobobboobo

STERIMOLO O O0ODOOCOOODOOLogPO OO OOODOOOOOODOODOODODOO
OooooooobO HOMOO LuMOoO OO OoOoDbOO HOMO-LUMOGepO OO ODOOOd
gbobougobbooabobbooobobbobbbobbbbbooobbuooobo
gobobbobobboooobbboobbuooooobuooouoboooobobooa
OoboobooooboboobooboooboobooboobooSTErRIMOLOD ODDOOO Wrd O

124 J. Chem. Software, Vol. 6, No. 3 (2000)



ooooooboooboobobboooobo Mmoo oo bDobooooooboo
gbobogbbobbooobooobooobuoouoobbbobooooobobobobobobo
Oooodo HOMO, LuMOUO D OO oood HOMO-LUMO GepUOU DO OO oooogon
gobobbbobuougbobobbobogobbobouogooboobbobbobobodg
LogPO OO OO0ODOOO0OOODOOOODOOOLODOO0OU0UOO0UUOUOUUODObLDOOObLbDbOD

gboogbodogbobodgbobbooobbobuooobobuooooboboobobboboon
gboboooobbboobobobbooonoobbobooa

oo

[1] 0000,00000,00000000 G-00000000000000—, 0000
(1995), p.143.

Takahashi, Y., Miyashita, Y., Tanaka, Y., Abe, H., Sasaki, S., J. Med. Chem,, 25, 1245 (1982).
[2l DDO00,00000,0000,000000000, 20,59 (1998).
[3] Verloop, A., Hoogenstraaten, W., Tipker, J., Drug Design, 7, 165 (1976).
[4] Iwamura, H., J. Med. Chem., 23, 308 (1980).
[5] Iwamura, H., J. Med. Chem,, 24, 572 (1981).

[6] lwamura, H., Fujita, T., Koyama, S., Koshimizu, K., Kumazawa, Z., Phytochemistry, 19, 1309
(1980).

[7] Kowalski, B.R., Bender, C.F., Anal. Chem., 44, 1405 (1972).
[8] Jurs, PC., Kowlski, B.R., Isenhour, T.L., Anal. Chem., 41, 21 (1959).
[9] Stuper, A.J, durs, P.C., J. Am. Chem. Soc., 97, 182 (1975).
[10 0000,0000,0000,0000, J.Chem. Software, 2, 76 (1994).
[11] OO000,0000,0000,000,0000,0000,J.Chem. Software, 3, 1 (1996).

[12] 0000,00000,0000,0000,0000,0000, J. Chem. Software, 4, 19
(1998).

[13] Isu, Y., Nagashima, U., Aoyama, T., Hosoya, H., J. Chem. Info. Comp. ci., 36, 286 (1996).
[14] Aoyama, T., Ichikawa, H., Chem. Pharm. Bull., 39, 1222 (1991).

[15] Deware, M. J. S., Zoebitsch, E. G., Healy, E. F, Stewart, J. J. P, J. Am. Chem. Soc., 107, 3902
(1985).
MOPAC93.00, Stewart, J. J. P, Fujitsu Ltd., Tokyo, Japan, 1993. Available from Quantum
Chemistry Program Exchange, University of Indiana, Bloomington, IN, USA.

http://cssjweb.chem.eng.himeji-tech.ac.jp/jcs/content.html 125



Development of a Neural Network Simulator for

Structure-Activity Correlation of Molecules: Neco (4)
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The relationships between molecular structure and taste quality: sweet or bitter, or several per-
illartine derivatives were examined using a perceptron type neural network simulator for structure-
activity correlation of molecules: Neco with reconstruction of weight matrix method. The recon-
struction of weight matrix method was used to optimize the number of neurons in hidden layer.

In the case of using six parameters. hydroforbic(log P) and the STERIMOL (L, WI, Wu, Wr,
and Wd) parameters as inputs, the number of neurons in hidden layer is minimized to one by
the reconstruction learning method. Even in this case, there is no misclassified compound. The
prediction rate by leave-one-out procedure was also 100%. The most important three parameters
were the same as predicted by Fisher ratio.

The number of input parameters was minimized by holding the number of neurons in hidden
layer to one. Two parameters, namely Log P and Wr were found to describe the sweet/bitter
activity of perillartine derivatives.

Instead of STERIMOL parameters, atomic charges of common molecular skeleton, HOMO
and LUMO energies, and HOMO-LUMO energy difference were selected as input data
MOPAC93/AM 1 was used to evaluate these parameters. The optimum number of neuronsin the
hidden layer was also one. Atomic charges and LUMO energy are also important for sweet/bitter
classification. This suggests that electronic structure around common molecular skeleton and
electron elimination reaction are essential to sweet/ bitter activity of perillartine derivatives.

Keywords: Perillartine derivatives, Neural Network, Quantitative Structure Activity Relationship
(QSAR), Sweet/Bitter Classification, Charge Distribution, HOMO-LUMO Energy
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