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Aliphatic Compounds-The Role of Thermodynamic factors
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ABSTRACT : The predictive screening of various molecular descriptors for predicting carcinogenic, mutagenic,
teratogenic and alkylation activity of chlorinated disinfection byproducts (DBPs) has been investigated for the
application of quantitative structure-activity relationships (QSAR). The toxicity index for 29 compounds were
computed by the PASS program and active values were employed in this study. Studies show that different
descriptors account for the model equation of each genotoxic endpoint, and that thermodynamic descriptors sig-
nificantly played a major role on prediction of endpoints of chlorinated aliphatic compounds.
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< FAES] T4 L Bk AR AEH ke
Az} QAR wlelet. oljdt EElEsty FAR RS2
hydrophobicity, topology, electronic properties ™ steric
effects°] 2127 QSAR model A9 Faph] AH=EE
dl&she ofe] AT o} 7 FralldTE 7ol we] 22e)aL
¢l oH(Barratt, 1995; Polloth and Mangelsdorf, 1997;
Klopman and Rosenkranz, 1994).
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modell 4= hydrophobicity(logP), stericMW), and electronic
(LUMO, total energy, heat of formation)?] ¥AEIAE
o] Z23)9tH(Damborsky, 1996). =3 G4A |ulE3gt
E2| uhgAIe} BA SR S0 ARTAZE ok A
o] AMA|=EgicH(Vethaar er al, 1996). 2=} 1052 94
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Information Systems, Inc)5 AMESld 725 11 9+
PASS3Z2 13} (Institute of Biomedical Chemistry, Russian
Academy of Medical Sciences)ol] <dZ 3l HESHA
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Institute Inc.) EAZ 2 7288 o]83le] stepwise 3)7]8A4E
3ot

o4

ATz

12HQ] 232w elA o8 EARAAE Ak
QSARSIZS sl ont v ABIEA Fhe] vehg o,
E3] teratogenicity?] Zto| boiling pointglell J&E3 = 7
o] ¥AHTHKim et al., 2001). ool we}t UAH P 4o
Q] EARAAEE A7Isle] AAR AdRA 3kl St
HEAE Yol $3led 7)E0] S3W Sl Kappa shape
index(2nd-order), 3-D Wiener number, enthalpy of fusion
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Embryotoxicity, Carcinogenicity, Teratogenicity % Alkylation

E 1. QSAR Tl AMSE EAEHR)

X1 : LogP (logKow)
X2 : HF-energy (Hartree-Fock method)
X3 : valence connectivity index (2nd-order)
X4 : surface area
X5 : dipole moment
X6 : HOMO energy
X7 : LUMO energy
X8 : solubility
X9 : BP (boiling point)
X10 : VP (vapor pressure)
X11 : Number of Cl
X12 : MW (molecular weight)
X13 : Kappa shape index (2nd-order)
X14 : 3-D Wiener number
X15 : enthalpy of fusion (KJ/mole)
X16 : MR (Molar Refractivity)
X17 : heat of vaporization (103cal/mol)
X18 : MVE (molar vaporization energy)
X19 : Heat capacity (JmoleK)
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1. Embryotoxicity
Embryotoxicity (logX) =1.803 + 0.019 (Number of CI)
(0.0001) (0.056)
R2=0.1287
2. Carcinogenicity (logX)
Carcinogenicity (logX) = 1.722 —0.00002 (HF-energy)
(0.0001) (0.013)
- 0.6793 (solubility) + 0.0023(BP) + 0.0001(VP)
(0.052) (0.104) (0.005)
- 0.0042(MW) — 0.058(Kappa shape index 2) + 0.014(MVE)
(0.0018) (0.014) (0.010)
R? = 0.6355
3. Mutagenicity (logX)
Mutagenicity (logX) = 0.948 —0.00002 (HF-energy)

(0.0002) (0.084)
+ 0.0049 (surface area) + 0.00011 (VP)
(0.028) (0.006)

- 0.0051 (MW) + 0.0206 (MVE)
(0.0007) (0.0006)
R? =0.5359
4. Teratogenicity (logX)
Teratogenicity (logX) = 2.090 +0.000038 (HF-energy)

(0.0001) (0.0053)
+0.0023 (BP) + 0.1067 (number of CI) - 0.0274 (MR)
(0.065) (0.001) (0.0060)

R? = 0.5581

5. Alkylation (logX)
Alkylation(logX) = —3.376 — 7.843 (HOMO) + 3.846 (LUMO)

(0.004) (0.006) (0.0804)
+0.271 (enthalpy of fusion) — 0.056 (MVE)
(0.0002) (0.0137)

R*=0.5551
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293 ql BAEFAES Embryotoxicitydl| A 583}
2] okgkev}t v Mutagenicity, Teratogenicity %
Alkylatione| M dsHl ofuiRizke] TFH L2 o] 45
gom 1E Qlsted AAAS ghol W Zrb=gle.
Embryotoxicityo] A= 945 (number of Clyell 2j3}] 54
o] AA=]9] 2™, Carcinogenicityoll*1= HF-energy, solubility,
boiling point(bp), vapor pressure, MW, Kappa shape

Y1 Y2 Y3 Y4 YS

X1 0.19145 -0.02539 -0.04941 0.34126 -0.01179
X2 -0.09211 -0.28432 -0.18979 022617 -0.0670

X3 0.18485 -0.06523 -0.18659 040459  0.03153
X4 025471 0.13796 0.13926 033675  0.22650
X5 -0.16127 -0.19009 -0.09786  0.06318  0.00599
X6 0.08257 026301 0.24617 -0.33580 -0.20975
X7 -0.03110 -0.02304 0.19384 -0.02298 0.14160
X8 0.02895 0.02063 0.01739 009745  0.05549
X9 0.30201 024863  0.17418 034737  0.32903
X10 0.03562 0.07392 0.08410 0.02614 -0.20471
X11  0.35878  0.19558 0.00337 049220 0.17232
X12 030616 013921 -0.01524 045660  0.19894
X13 -0.15910 0.05860 0.21438 -0.25000  0.43761
X14 -0.15927 -0.10982 0.17028 -0.18404  0.12065
X15 020551 025946 025288 0.16352 047721
X16 024705 021295 0.16400 020724  0.21339
X17 027521 026659 0.19248 030610 0.37213
X18  0.34548 038373 0.29148  0.23338  0.30969
X19 0.16797 021186 0.28015 0.02093  0.20317

index(2nd-order) 2.8]31 MVE(molar vaporization energy)
2] A 2 od93bHel FHALZ ATl Teratogenicity2]
£4)-2- HF-energy, BP, number of Cl 2221 §JA]Zq] =
7N¥H42Q] molar refractivity > Z5€] AFHAL-S- 2HE- 4= 9l
t}. €232 alkylationll A= HOMO 2 LUMOeIYA],
enthalpy of fusion ¥ molar vaporization energygtel %
459
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(3) alkeneZ}§HE-S A3t alkaneHe: ©]-83F QSARAT
dME oS o E AAASE 45 & ok 72
(Kim ez al., 2001))] v}Fo] FAo M alkeneS A9
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