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3D-QSARs (3 dimensional quantitative structrue-activity relationships) on the inhibition activities of
3-substituted-5,5'-diphenylimidazolidine-2,4-dione derivatives (1-22) against FAAH (fatty acid amide
hydrolase) were studied quantitatively using CoMFA (comparative molecular field analysis) and
CoMSIA (comparative molecular similarity indice analysis) methods. The statistical results of the
CoMFA 1A and CoMSIA 2F model are better predictability and fitness. And also, the designed
X=1, Y=N, -substituent (P1: Pred.pls;=6.55), according to the contour maps with information of
the two models, showed the most inhibition activity against FAAH.
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fatty acid amide hydrolase (FAAH)
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X, Y =Various substituents (1~22)

Fig. 1. General structure of 3-substituted 5,5'-diphenylimidazolidine-
2,4-dione analogues as potent FAAH inhibitor.

9

M=
3D-QSAR/PLS A4t 71E EAEA 3-XFE 55
diphenylimidazolidine-2,4-dione %A (Fig. 1) &, X} Y-x|%
7] ¥g}ol| mE FAAHO theh A a8/ (obsply)y> A2
Z4319.0m 3D-QSAR E4(CoMFA % CoMSIAR- Sybyl
B} 2d® T2 J73(Tripos, Ver. 8.0y ARE3}Ath ¥Ate]
FEZQ As= Gisteiger-Hiickel chargeS 4]-83}9.0H» &
ko] AEL atom based fit (AFYY3} field fit (FF™ Z7A9
A o]Fo] AT}, Data set $13HE(n=22) %, training set 33}
2 170E o= 3D-QSAR FUS §Edlgon TRz
ZZH e AFELS test setC = AA ST 33-g F7WA
o AEH sitEEe] 3AMAA 724 EAd B3 A}
o} AE A7) AHAAE FEIAASPLS)ROOZ B4
dled #HZ2] CoMFA ¥ CoMSIA REEL fEdle EAS
A3}, 23, 2o AHo) 7123k optimized QSARS
Asle] 1A eSS dEst AN

du 3 nF

714 82121 3-x]3k% 5,5'-diphenylimidazolidine-2,4-dione -
=AFig. DEY X 2 Y-X$7] W5l & FAAH| thgt
AN (Obsplst F HAE Z0A 7P 453 BARS
Hol CoMFA 1A 24 2 CoMSIA 2F 2Y2 o S% 43k
(Predplsy) 22|32 IE3F dE&3ke] Zelzh(Dev) B 2217k
(Ave. ¥ PRESS)S Table 19 FE 3Nt #AZ53S 7IF2E
T w2 A B SIES X=H, Y=n-heptyl X%
A(T: pl=5.12019 2 714 & ANERS VeI e
X=Br, Y=n-octyl XZA(13: pls;=3.30)°]{T}.

CoMFA ® CoMSIA RdY, F AE 273 grdel ¥4
(1.0~3.0A) Z28]32Z CoMFA 3} CoMSIA 9| %ol mz}
Frd 2959 SAZNE Table 20 295351t} CoMFA X
dox= FFETE AFIA 28] CoMSIA Ed wHiZ AF
BTt} FERANNAN BAIRoz <53 Fdlo] frHon %
Ao = 25 50130t} &, CoMFA EdlFolM+= AF JEX
AdA §5H CoMFA 1A 2do] grid 1.0AA <&} A
Aol zH} A, (49)=0.593 ¥ r,=0.950°|t}. CoMSIA =
doE FF AEZRANA FE¥ CoMSIA 2F E20] grid
3.0A00M H& A&AF AP (P)=0.665 L 2, =0.941)
etk w7 BEe) A zlelrt 27| sEA|RE
(AP,=0.01), 7FF HZ ] Bd2 CoMFA 1A EYo|Uth.

Table 3ol 2] &AL AESH] 28k test setol] T
st #AZSg, AR 2 TR AolRE AR tE-Ee
735, Zpolgko] HZTE] 10% vIRke] 3E Ho|= Zdgke|UTh
%3 Table 49 29 2 training set?} test setol] s 2
ZZre vw3dk A3 Fosetd] 3FE A| disked CoMFA
1A 2do] PRESS=021 2 0.62 223 Ave.=0.08 2 0.28Z%
7V AR 3 ERIEZR o S4do] i dmgh Bdo|3i)

Table 1. Observed FAAH inhibition activities (Obs.) of 5,5'-diphenylimidazoli-dine-2,4-dione derivatives and predicted inhibition activities

(Pred.) by 3D-QSAR model for training set

Substituents CoMFA 1AY CoMSIA 2F
No. Obs.pls,

X Y Pred.” Dev.? Pred.” Dev.?

2 H n-C,H, 4.29 4.48 -0.19 4.40 -0.11
3 Cl n-C,Hy 4 .99 4.80 0.19 4.80 0.19
4 Br n-C,H, 471 4.72 -0.01 4.80 -0.09
5 H n-CsH,, 4.53 4.47 0.06 4,55 -0.02
7 H n-C,;H,s 5.12 5.04 0.08 5.14 -0.02
8 Cl n-C,H,s 431 4.59 -0.28 4.46 -0.15
9 Br 1-CH, - 4.56 4.50 0.06 4.45 0.1
12 Cl n-CgH - 3.62 3.49 0.13 3.54 0.08
13 Br n-CeH, 3.30 3.40 0.1 3.60 -0.30
14 Me n-CqH, 3.79 3.76 0.03 3.60 0.19
15 OMe n-C¢H;; 3.52 3.51 0.01 3.47 0.05
16 H n-C,oH,, 431 4.24 0.07 4.22 0.09
17 H n-C;.Hy 3.98 4,01 -0.03 4.07 -0.09
19 H ph 4.13 4.08 0.05 4.16 -0.03
20 H Benzyl 4.73 4.80 -0.07 4.83 -0.10
21 Cl Benzyl 5.00 4.96 0.04 4,90 0.10
22 H (CH,),ph 4.30 433 -0.03 422 0.08

“Optimized model, ®predicted values by the model, “difference of observed (Obs.pls,) values and predicted (Pred.pls,) values.
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Table 2. Summary of statistical parameters of 3D-QSAR models with two alignments

. PLS Analyses
Model No. Alignments o Grid (A)
Components > %, 9 F®
CQA 1AP AF aoE o 10 i 9593
CoMFA 2F FF - 1.0 0.511 0.875 .
CoMSIA 1A AF 0.3 3.0 5 0.529 0.908 0.195 21.765
CoMSIA 2F FF 0.3 3.0 5 0.665 0.940 0.157 30.060

Yattenuation factor, "cross-validated >, “non-cross-validated r, ¥standard error estimate, “fraction of explained versus unexplained variance., optimized

model.

Table 3. Observed inhibition activities (Obs.), predicted inhibition activities (Pred.) by the 3D-QSAR models and their deviation (Dev.) for

the test set

Substituents CoMFA 1A? CoMSIA 2F
No. Obs.pls,
X Y Pred. Deyv. Pred. Dev.
1 H n-C,H; 3.76 438 -0.62 421 -0.45
6 H n-C¢H,4 5.02 5.12 -0.10 4.47 0.05
10 H n-CgH,; 4.87 4,96 0.09 4.55 0.32
11 F n-CgH,, 4.89 4.45 0.44 3.56 1.33
18 H n-C¢H,, 3.88 4.04 -0.16 4.00 -0.12
DOptimized model.
Table 4. Summary of field contribution and PLS results of 3D-QSAR models
Field contribution (%) Training set Test set
Model No.
S Hy E HD PRESS Ave PRESS Ave.
CoMFA 2F 87.2 7.9 49 | ; 0.57 0.14 3.63 0.78
CoMSIA 1A - 69.5 23.0 7.5 0.39 0.12 3.05 0.71
CoMSIA 2F - 68.4 31.6 - 0.27 0.10 2.09 0.45

Notes: S; steric, E; electrostatic, Hy; hydrophobic, HD; H-bond donor field., PRESS; predictive residual sum of squares., Ave.; average residual.,

Yoptimized model.
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Fig. 2. Relationships between observed inhibition activities
(Obs.plsy) and predicted inhibition activities (Pred.plsy) by CoMFA
1A model (For training set; Pred.plsy=0.9540bs.pls+0.196, n=17,
s=0.115, F=315.026, r’=0.955 & q’=0.942).
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Fig. 4. CoMFA-HINT contour map for hydrophobic field (stdev*
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hydrophilicity while red color signifies contribution to hydrophobicity.
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Table 5. Predicted inhibitory activities (Pred.pls)) of designed
compounds by optimized 3D-QSAR models

No. Y CoMFA 1A” CoMSIA 2F Ave.?
P1 N, 5.22 7.87 6.55
P2  NH* 5.23 7.38 6.31
P3 CH,N*(Me), 5.54 6.89 6.22
P4  PF, 5.16 7.22 6.19
P5 POCI, 5.26 6.05 5.66
P6 CH,NH, 5.17 525 5.21

¥X=1, Yoptimized model, ® Averages value of two predicted values
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