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ABSTRACT

To search a new porcine pheromonal odorant, the models of four type 2D-QSAR, HQSAR, CoMFA & CoMSIA)
were derived from quantitative structure-activity relationship (QSAR) between tetrahydrofuran-2-y! family compounds
and their observed binding affinity constants (Obs.p[Odls). The optimized COMFA model (predictability; r’(q")=0.886
& correlation coefficient: 1*nv=0.984) from ligand based approaches was confirmed as the best model among them.
The N'-allyl-N-(tetrahydrofuran-2-yhmethyl)oxalamide (P1), 2-(4-trimethylammoniummethylcyclohexyloxy)tetrahydro-
furane (P5) and 2-(3-trimethylammoniummethylcyclohexyloxy)tetrahydrofurane (P6) molecules predicted as porcine
pheromonal odorant by the COMFA model were showed relatively high binding affinity constant values (Pred.p[Odlso=
8~10) and very lower toxicity values against some sorts of toxicity.

(Key words : Porcine odorant binding protein (pOBP), Pig pheromonal odorants, Tetrahydrofuran-2-yl derivatives,

Ligand based approach, Toxpicity)
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Fig. 1. General structures of 2-R-tetrahydrofurane (A), 2-(R-oxy)te-

trahydrofurane (B), 2-(R-cyclohexyloxy)tetrahydrofurane (C) and 2-
(R-phenoxy)tetrahydrofurane (D) analogues as odorant.
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A H9A HZEE dAEDS B g Az
O‘Z@loi AREL A HA HZEe 11-/\]- steroid 7
e 5%l dig B4 72 FA AFE At
(Meyer T, 1991) 4—androsten—3,l7—dioneﬂr 5 o -andro-
sten-3 B-ol-17-one®] 2]-35Hd AAz Fxo YA
o] AlAe]l #A] FHZE(5 a-androst-16-en-3-one)T} T3
Hog o> fAEKSung &, 2004)& Eag = l%ich
1 ol%, €A FH2Ee] FEAQ lipocalin®] thE Bio
-docking#} Virtual screening (Sung &, 2008)°l 3}
BIs7|E sigith 9k ofve}, A 74 xAo=zR
E] #2] AA|g pOBP(porcine odorant binding protein)
o thate] SHE HAEAZA 2-(cyclohexyloxy)tetrahy-
drofuranes A9} 23 218844 (p[Od]s0) /\}01-4 E
23} ¥ HQSAR(Sung %, 2005), CoMFA(Sung 5, 2006-
a), CoMSIA(Sung %, 2006b) % 2D-QSAR(Park 2, 2007)
o RdRRE FFHA T2 2o FA(QSAR)
(Akamatsu, 2002)7} AEH d} glt}

B Ao 99 e QSAR EHE] 93 ligand
based approachesoﬂ 7123t9(Sung &, 2005; 2006a; 2006
b; Park 5, 2007) pOBPell & A M3 e] 7|d==
tetrahydrofurane-2-yl 7l¢] #1#] Az&d @A Ex&
dEstn 2 7k S4el st =it

IHE ol ditH
i [= = |

QSAR 2H3} o) %

A} E-2F2A tetrahydrofuran-2-yl Al(A-D) 58
(Fig. 1)2] A&7|(R)7} Hshgel] wat == §F2 24
21R¥ 2a FAg pOBP (zzKDa)oﬂ Hale] S44
g zls= )‘V‘(p[Od]so)(Dal Monte 5, 1993)°l 174%}&1
243} ¥ HQSAR(Sung 5, 2005), CoMFA (Sung 5,
2006a), 2D-QSAR(Park &, 2007) 2 CoMSIA(Sung &,
2006b) 5, 4%2) QAR LAE FESRT. @4 24
= %2 2938 Sybyl (Ver. 80) &I (Tripos Inc.)
%, optimizing QSAR tool& A}-83}%(method: random,

mﬁ {o m

cycle: 500 % best: 10) 2F 1,000 9I71e] FFEE 011%6}
ek °47l°ﬂ*1 AZB E}ﬁw’& SAIZkel 71 4%
CoMFA = Ao}fﬂ o & A S0t 2D-QSAR
(Park 5, 2007) Z=lel 2] 041 ° HA e o] TF

oy H#7I(R)Y HHAJRKSL; substituent lipole,
(SL)op:=1.418 & RB; rotatable bond account)=2 TSAR
Z2a(Ver. 33)22 AL (Accerlrys, 2000) &7
T2 I#SAS)(Ver. 9.1)S A3t} dSE AT 13
2 (Pred.plOd)so) S L 3ATH

S449 0%

4% HH3E QSAR REERE dSHo] HAH
& A% 238 Ag(Pred p[Odls)E YERE 4 Tx}
£9 EA%E Health DesignilellAl 7iEs TOPKAT
(HDI) Z2a3(Ver. 62)% ©]-&35t9] (Landis &, 1995)
Rat®] 2¢H4(FDA), Ames SQRolA, J5 7H2H4 (D),
A=A HOPT) 2 Rate] 47 548(LDs; glkg) & 5
7HA 5233k A58} (Prival, 2001) ZM‘ME} g
EA 7Y Aol =4 T b Ve ted 2
Z, FDA%t©] 0.3 o] o}“ a-obgdo] ¢la1 07T AW
tobido] gl Ao 7HE ?fh:}. Ames E¥o|4L 03
et i Frate] vR g Al = 40Pl
1914 03 olsl= Bd rhsAde] ¢la, 07 o]deld W
: 7}%*301 & H‘}% Ao gogt} wg A4 =4
SHLDs) S 22 FUEFH % o] Frke AMIE AR
t}. olEA dEHE S4E-2 QSAR (Hansh, 1969)9] 7]
8 W v‘i’—ﬁ(dlscrlmmant analysis) .2 o] Fo|A|m,
wapgele) oFtel Hy 87.5% A4S Yehlle A
2 2 (Livingstone, 1996) ¥ At}

_4

32 mlo ru’1 ,—Yl _I
01

Orr’

2
=

a}

QSAR ZHES| A

2D-QSAR, HQSAR, CoMFA 9 CoMSIA 5, 49 &
mlEJ,]. _14 Ezﬂﬁ Table 1oﬂ ooka],oﬂl;} Udl,]
A2 (A€ HQSAR(Q. 988)>C0MFA(0 984)> 9 CoMSIA
(0.964)=2D-QSAR(0.964) ] fﬂii ARy s °Ur 53]
HQSAR % CoMFA Edo| 7h4 E3th A . &
£ q))& HQSAR(0.916)>CoMFA(0.886)> & CoMSIA(0.856)
Tdlo] $AZ @ Aot L Ao ot 3,
B2 7HO0bs.p[Odls) T EEoll 23 o) Z5k(Pred p[Od]s0)
o] HF AolFg BlwE H, HQSAR(0.057)>CoMFA
(0.068)>CoMSIA (0.088)> % 2D-QSAR(0.097) =29}
o= e oAgE YERRIY 1ojr e Bdo] FA
of 7]&38lod HQSAR % CoMFA Fde] 7134 £& nd
olith. 1y AxA o2 HQSAR Edo) 23lo] o
B 23 A3t d5(Pred p[Od)se) akol CoMSIA 2o
% A SgET ‘7%0} A B4 T g A3
H CoMFA ¥ CoMSIA E%‘f&ol 28Uk

1Y 29 of 5

#H3l¥ CoMFA Z CoMSIA 590 934 o
tetrahydrofuran—Z—ylﬂ] 3= (A-D) g, 2 W
TFk(Pred plOd ]y 7] A2 2|8} Table 2 3

i}

w 032 o



Ligand Based Approachel & €] 224 Tetrahydrofuran-2-yl 7l g9} &

143

Table 1. Summary of statistical values of the optimized some QSAR models

Statistical & fraction 2D-QSAR? CoMFA” CoMSIAY HOQSAR?
Fields - S&I St -
Number of used compounds” 14 12 12 12
Space grid (A) - 1.0 15 -
Number of components 3 2 4 5
F value” 87.93 281.44 122.09 -
Pl - 0.886 0.856 0916
o 0964 0.984 0.964 0.988
Standard error estimate (ncv,? - 0.086 0.129 0.094
(SLY? -1.236(20.212) ; ; .
SLY 3.506(0.668) - - -
RB’ -0.834(x0.120) - - -
Intercept 5.244(20.555) - - -
Arts” 0.097 0.068 0.088 0.057

Notes: S=standard, I=indicator and St=steric,

length; 97, 4
2
r,

o] fosl3itt. ol&

& A3 A

7} AL & A% F3}Ee JeEh= ﬂako]oh:].
DHOV 3E FolM(Sung 5, 2005; 2006a;

P2

2006b; Park 5, 2007) #=¢ A%t

Joptimal value of SL; 1418,

.- . . . . £
‘number of training set compounds, Yfraction of explained versus unexplained variance, )

Msubstituent Tipole, “rotatable bond account,, "average residual of training set.
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Holy, T
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S =l ;-q;m] & B; SON(CH:)x(5.95), C; 2-POsH,(6.60) 93 P3~P8 332
% D; m- NHcyclopropyl(5.84) & A Solglon, o) 2 Az

I:I
1} o= %kw B; NHCONHCH3(6 06), C; 5-CH; =47
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Table 2. Binding affinity constants (Predf{Od.lso) of predicted compounds (A-D) by the optimized CoMFA model

3}o] Table 4°ﬂ st ol&
=2 Jds¥EH 4% 34 "V‘%kol A3 AR

o] W& ﬂﬁ%éiﬂ 8719l &
ZaAde Pl 2 e
oAl A=At Ames EHH oA

rE ;}slﬂg Els
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A e ddENed, 222 P1~Pel M=

A B C D
Order”

R Pred. R Pred. R Pred. R Pred.
1 NHC(=O)NHCH; 8.11 CH,N'(CHs); 10,54 3-CH.N'(CHa)s 10.71 2-CHN'(CHs)s 10.06
2 NANY 7.84 Ny’ 9.45 4-CTLN (CHa)s 10.37 4-CHN'(CHa)s 9.51
3 NH(C=0)OCH:CHj3 7.51 NHC(E=NH)NH- 8.79 6-CH,N'(CH)s 9.30 2-SOsH 8.42
4 C=O)CF; 7.51 SO.NHNH: 8.64 4-SO;H 9.01 3-50O;H 839
5 CH,C(=0)OCH;5 7.48 SO,NH; 8.53 1-CHN (CHs); 891 2-SO,NHNH, 8.19

¥ Magnitude order of predicted the odorant binding affinity constants,

YCH,NHC(=0)C(=0)NHCH,CH=CH,.
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Table 3. Binding affinity constants (Pred.plOd.]s) of predicted compounds (A-D) by the optimized CoMSIA model

A B C D
Order”

R Pred. R Pred. R Pred. R Pred.
1 N=O 6.24 POCL, 6.16 3-CH,NH;" 7.76 3-CH,NH; 7.76
2 N=C=0 6.24 N(CH:)2 6.16 4-CH,NH;' 7.61 4-CH,NH:' 7.61
3 C(=O)NH, 6.23 NHCONH; 6.16 4-CH,CH:NO, 647 4-CHCH:NO, 647
4 CH=CHCO:H 621 COCH; 6.13 3-5O,CFH 634 3-S0.CF.H 6.34
5 NHCO,CHCH; 621 N(CH,)CH=CH, 6.12 2-5F5 6.27 2-SFs 6.27

¥ Magnitude order of predicted the odorant binding affinity constants.
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Ao FE 98.4%(r'=0.984)2) &= pOBPY WH ARt
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10% viRtels zheket of mdlo] Ao wE of 90% +F
o] & Ziglo] «lid€rt.

3235 CoMFA ¥ CoMSIA Edd] 9ste oS
cyclohexyl 318]4} 3- 9 4-tri-methylammoniummethyl-
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Table 4. Predicted toxicities of predicted some compounds (A-D)” by the optimized CoMFA model

No. Types Sub.(R) FDA” AM? si¥ DPT? LDs”
Pl A NAN# 0.002 0976 0.000 0.002 18
jied A NHC(=0)OCH,CH; 0.181 1.000 0281 0202 15
P3 B CH:N'(CH3)s 0.000 1.000 0.998 0.027 171.1mg
P4 B N’ 0.000 0.968 0.991 0.000 1.7
P5 C 4-CHN'(CH;)s 0.000 0.000 0.998 0.000 3.2
P6 C 3-CHN'(CH3)s 0.000 0.000 0.999 0.000 3.0
P7 D 2-CH,N'(CH3)s 0.000 1.000 1.000 1.000 10
P8 D 4-CH,N'(CHs)s 0.000 1.000 1.000 1.000 10

2 Patent pending: Sung ef al., (2007), P Rodent carcinogenicity; non-carcinogen= FDA<(.3, carcinogen=FDA<0.7, ¥ Ames mutagenecity;
non-mutagen=AM<0.3, mutagen= AM>0.3, ¥ Rabbit skin irritancy; non-skin irritancy=SI<0.3, skin-irritancy=S1>0.7, © Devel opmental toxicity
potential, no potential for developmental toxicity; DPT>0.3, potential for developmental toxicity; DPT>0.7, 7 Rat oral LDsofg/kg), &
CHoNHC(=0)C(=0)NHCH,CH-CH.
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Fig. 2. Predicted Nl—allyl-Nz-(tetrahydrofuran—Z-yl)methyl)oxa.lalni-
de (P1), 2-(4-trimethylammoniummethylcyclohexyloxy)tetrahydrofu-
rane (P5) and 2-(3-trimethylammoniummethylcyclohexyloxy)tetrahy-
drofurane (P6) molecule as pig pheromonal odorant (A and C),
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