001 F7A
#2a£E 44

FHRAFFR (KA FE)
Joumal of Chongging University{ Natural Science Edition}

VYol.24 No.4
Jul.2001

SCEH S 1000 - 582x(2001)04 ~ 0154 ~ 05

HMG - CoA R R MAHM T HEZ L EBBRARER

& E,+ W, FER,8 B5Y,T

TY, &4 KS

(1 B EEATER,EE  400044;
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 E.RBESTH(CoMFA) ST fa i b — R 3 (PLS)E 1+ £ 5 HMG - CoA & BRERIE
BAEMB L AEAT SHTTERME,. A4 T FH R8T A4 AT, 249 Hansch -5

EFHFER MERAFETEERFLER,

RO 35 AL FHAK R LA T AT 5T kR

G ESEER14.2

ML 574 7 BE S A3 Ao 5 R 3 B 1k 0. WU 2
Ll MmEER, B AT ELE FREEER L.
EL R BT (49 809 ) MR R o AP A £ T 30 BR 2R
(F NAEEN. HIBHEER IRy T£5,
HfREEH--FREEI-8BH -3 - FER _RREEA
(HMG - CoA) & B, Menalonate S, i%+F R I 5 ¥ HMG
- CoA T EES Mk, LBt A HIFT & HMG - CoA [HE
F L B FOh B - D R A 5 TS IATEH .

Acetyl-CoA -+ — HMG-CoA
U HMG-CoA reductase
Mevalonate

1
1

Tnpcntenyl pyrophosphate——s[sopentenyl adenine

i
Dolichole—+Farnesyl pyrophosphate ——Coenzyme A
4

i
4
Cholesterol

1 IBERREFEELREARESR
(A BEE, HE+E5)

Hertt R LTSt Ha+ i, BEEaH R,
HEBBHY. MRAMH HMG - Cod FEFH I I
FHNE-TEERE. HEMA T —EHH HMG
—CoA FRPHEA LI~ MWHEER) - C,E- “H£H -
8 - Bt - F,H- T #i#(8 - B({{ BFDNA) FIFH ¥ 3
. EE M LB 5 T35 CoMFA) B (& /D 3R [ER

« WREER 2001 -03-26

(PLS) I K7 Z 4 EE MR FH (3D - QSAR) B4,
REBRTER,

1 RS

FRB L8 TH (CoMFA) T BB X E D.E.
Cramer TI #42" IRILA - HFMEENEE TR
MEFA 3D - QAR 2 HiH R VLA B 25 ¥R 1t
TARAY, ZEWEHA SRS, GMFAAR™
EMREERER EEMLNER, QN EEERS
E4iEtE R HAEL. 7 Cramer Bkt THERT
BT 5o R, EE N - R T KR MR B
W' R B LY R TER, WREF, HIE
FBINT (DA FRABM=FSRLIE FROEREK
FHE) 4, & T S L LS IR T ( probe atom) 3T
WEERGE. ACHRF « 1R SP RIERET
(SP° - C* )fE#HEr. (2) AT fEFABE/ER 3D -
QSAR S5tk FAFR LI PLS B, (3) #i71§ PLS
BRI ALY & A [T R, ( MLR - like) ATHRERY,
HETBMABELS LSRE, NTIELEEYHN =8
L PERAF LM,

1.1 =gaEHEEERRR

(1) BMEFAE —BATAFRSR:

E = Z,Z¢4nr, (1)
ot e hsmfie, Bl e = 1.602177 Bx107°C{EL ),

ELAH:EXHFAES(96-901-5-4) HEFEFEETHNEHIRS 199 -38) BEERSEHMES(198-03-28) B &

B XERE H5REER XA (Y0506 - 326)5E N0 B

BB WM FITM(1979 - ), HWEERITA BEERRFABE,
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(e A EH, HESH
€0 = 8.854187817x10 °F/m, 1986 W HMH), r, AFIR
FRZEERS, Z,, Z; ARFHHEBH MM T
EVE, MERESLARE A . LA E
E, = ZZ&dregr, = 2.3070956 x 10%2Z,/r, []]
(2b)
E, = 2.3070956 x I0®NAZ Z /1, =
6.0221376 x 107 % 2.3070956 x 0% Z.Z,/r, =
1.3893548 % 107 2.2, /r,  [I/mol]l  (2¢)
E. = 33184170 x 107 2, Z /1, Cal/mol (2¢)
o, A R )

E, = 331.84170Z,2,¢r,  (KCal/mol] (2d)
EHIRFRF (H) ARy + 1, NE e 18 5 f el
HEREH (o) AEFER-ERFZS (e = o).

E = BL8LON "z, (2¢)

(b)) MEEHHEEEL(e = re,).
E, = 3181703 " 27 (2f)
() A AR S E AR AR T

E = k(I.OIr'j - 3.0."1’3} = J'i(l.(]r;]2 - Z.Or;ﬁ)
{3)
ik e & MBI R, -, IERT L MR A,
R PHAFLVTARF N, B 2T AHF H.
ToriposS .2 A EFH IR T | RZHEM, MATLIT
e R

All wame

E = 37T Gk YT+ )] -

2.00(ri + ¥r, 16 [Kcal/mol] (3a)
Wehb k& A, .r, RIETFi,j & van der Waals 2
[ Ao A3 CoMFA BYRH R T2 A SPPC, M«

E, = NUUT0.1078) 2 [(L.7 + )i ]? -

200017+ 7)r, 1°t [keal/mol] {3b)
() FUKHEEFA SFHESFKkERFIR TR
§%' £ = MLP{ molecular lipohilicity potential) :

E, = MLP = 37101+ d) (4)
Ab £ ARTFHAKERE. 4 WEF) SEHET
C(sp') MIPE B[ A ] Chose 8™ yE U PR TRE M
TT ARG N0 R TR/ KRS PRIE
logP A] i R FEAEER 8, S AEH & . o] &b
ZH(PLS) E A £ H. DR EHH R ER(4) F
EEH 4., BEFH LS TH logP HAERDFH=

HeF KM R EEERE S 1 HINT # GRID 7735, k4
AN~ 8
1.2 FERtS52 5

(1) S5 Ha 8R4k : Feak i BB IR i B AR 25 4, L)
FHREFLEBEFHSEEWE (active comformation)
Hrtegmhet, sRdbamPER G - G A
XM_HAE ¢ o2 R oy U—FRBERTE, KGLE
R/ DRI R R B R E S R IL B
MR RGE) B b A T E S RIS
MOPAC AMI 5€H. (2) EA TR EHERN 2 THE
GHBBENTERER. K2 FHEGCRA
GUMMOS B3 ROT/MOVE f5%, 1° &4 T LA ¢, &bt iTE
L Cy RIS 2 BURBERIE T IR LA C SERZI €y ~
(B8 SHME S EC JE# x - v FHE bR
B ST C, — (B gl Rs:, Kb ¢, [RFAE
TR T HE A THESHEREEMAEE. (3) F
R HE S Bl AR AL : CoMFA B #T YR FER 1 RATHEAT + 1
B9 SP’ #&fk C.EEABIThAE T 2 ik B e FIg K 4
AAERX 3 Fhig, 38— A M = R TR AT .
HbgaMHEIEREUABEC) ~EHE, B
Milliken H i {H g MOPAC AMI & 1™ 8 F & Fvtk
SHEEEEAERT £ Okeal/mol H S WL H +
30keal/mol,

1.3 b sEIEPLS)!

/B I (PLS) & W 3CHR™ (1) BUBFRHEAL
$b38 S 8 E 4Rk (autoscalling) ZhF, {#(a) (HIHEA
AR R 0:(b) ZRBIBIITE —E 1 (o) FEIEMY
EHRT, FERN LAKRERN:

Xpe =2y ~xy(i=1~n,k=1~4d) (52

1 2
S oAmom) = S (e - )

Sialm - =)t (i=1~n,k=1-~g)sh)

v, = (3, - ¥Ma, i = | ~ n) (5¢)
AP n AR, d HEHRERTERE, ¢ IRT R
.o, WOTFHEE(EME 4 = n - 1)o(2) WA
HIE (PLS modelling) : T A FEREETEL T
B (m > n) BRAZ M Hansch 35 (MLR) ¥R E
HARAFHNLEHREFEZ - BRE N5
(PLS) #E17 U5 FH

X = E::Iqtup‘, +e {6)
y= S bt + f (7)

lﬂ.’.iﬂ: terPa ;{Jﬁ"ﬁf(lﬂenl) ﬁgsba j&iﬁ%ﬁn
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1.4 RH$ES58F

7 i 53 ff A CoMFA #2 5 Jy B %7 CoMFA -~ HUTUT,
WA F R HRE ST . HP ) EREFN
0S = VAX/VMS, i55 7 VAX/FORTRAN; (2)PLS fBff
EFA 0S = VAX/VMS, BT Hy VAX/FORTRAN; fE &
TEFFf1 MS - DOS,IE & H BASICA 5 VAX/FORTRAN,

2 BdEIRIR S48

plCy, T, B WE 2,391 F2& 1. Kb X B, 7]
SHH0R T - 5 - B(Tert), 1 - HEEPIM . 5. % B
TR, ER 2.4 - TEAEE 2 - HAEKR 3 . HERE
HOWE - ZEUM 521 - AR 5 - F,
Do FAEPORE 532 Z PO 5 R 3,
L C8 R, L C8 - (B(4R) Ashns:, FRERE
(LR, WS B BRSS9, et 2 L MOPAC AMI 52
Ho

2.1 B

# HMG - CoA i R EEPH #EM) R H B #F3E #E 1

*1

HMG - Coa i/RBEEMFF{E

el HAR & Substituem X YO VN YoOP VNP - Epol [IC - 50 &% Activity pIC50
] 3a 1 — Me - Tet; 3¢0.023  102.47 0.00 93.73 8.74 1.70  0.037/43 7.43
2 40 Tet £8.58 0.00 79.81 8.74 1.31 0.33 6.43
3 59 iPr 90.70 11,00 82.23 8.43 1.38 0.20/23 6.70
4 Ph 96.95 11,99 86,42 2,80 3.0 5.48
5 2,4 - diCl - Ph 103.49 34.48 91.41 42.65 140.0 3.85
6 2-Me-FPh 429 18,58 91.18 31.05 9.6 5.02
7 3-Me-Fh 9991 22.82 £8.312  34.51 25.0 4.060
8 6 CN 65.44 (.00 64.54 1.00 0.36 8.0 5.10
9 58 Me 63 .45 0.00 62.52 1.00 0.39 7.1/71.9 5.15
10 421 - Et - Tet 08.48 16.87 89.66 25.&4 t.1 5.95
11 441 - iPr- Tet 103.85 25.31 95.00 M.15 14.0413, 485
12 3b2 - Me - Tet 87.73 4.58 78.87 23.41 3.0 4.52
13 432 -Et- Tet 90.34 2579 81.50 4.58 200.0 3.70
14 H 49.77 0.00 0.05 4.59
15 Et £0.00 0.00 6.39
16 Bt 98.15 6.11 6.30
17 CHF2 71.08 0.00 0.58 5.1
18 CF3 74.01 0.00 0.72 5.8
19 531 > ph,ph:0.19 0.19
20 1> 4F.H; > 250 > 250
p | 1> H,4F:210 210
22 54 Di[2F4MPh] 0.58
23 Di[ 4F3MPh] 0.16
24 46 2Pi - Tet > 300
25 471-MEM 3.7
26 482 - MEM 240
27 492 - Bt > 300
28 50 2[2M4FPh] 0.029
29 51 Ph,2 - 4FPh 0.044
30 52 4FPh,Ph 0.051
2.2 CoMFA #ifZE R 2.3 Bk

W R BN ES e RS Fi5. L SP 244k o+
D EFEFEHTER 74k B8 HKETEHE
(Es,E; Ep = MLP) , E =45 P W BRHAT AT,
AT B F0AE o (B PR B e P L35 2. 8RR A Modell ,
MBEAN=ZRSFHEEEEA N, = 567, 588
AF L B =ESE MERERTF) TEEES
Em =3 x567 = 1601 T % B raf 4% 13 #ik
EM(EMEERECR n = 13) ] REH AR F RO g
THAER(m = 160l % n = 13),

BB N TERR(n < m), H—BTER
$52 M Hansch J7 %% £ 02k £ B 15 (MLR) ¥R E
R AR B T B n E B4 T 03 (PCR) , R
/N FREIF(PLS) Al R EEEERY (EERA PLS A
REREEHTEESHN, ETFEZE A CoMFA
FEMNEEHR IS

3 EARSW®w
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3.1 CoMFA & PLS fhiigh Rt

P CoMFA X PLS %% 1 B 13/18 # HMG — CoA
it RS AR I AL BFDNA {68 4iEtE# 1 £ 4 QSAR
i AR EAHERY Re FISIRIE WAL BE A
B mRE R, R A S S ERI R
AR T X EW B R IE X T HE B E e,
A THEMNWRAEEE, PR S 1.5
FH EE—"(leave — one — out) B3 T B3 { cross —
validation) 773" ST HMIET . R M HBIMABE XX R
R MIASEA = 3EU0RRE (MRE I AN
) o LA A T M 1R 35 PRESS 740 4+ ¥ A fEE 0RAn
A= 30BN ACEFRA A = 34 Modell %0,

F2 CoMFARBFLER A ER

FmE(A) Fﬁ.rﬁrﬁlﬁ{,&)eﬁﬁ&{ ¥
x ¥ x dr e
10, +6)[-8, +8] [-6. + 6] 2.0 567

£3 CoMFARBMMBSKIERXAEN

EE A 1 2 3 4 5 6
R £ 0.751 0.835 0.515 0.970 0.986 0.995
TIMEEERE & - 0.2410.335 0.455 0.429 0.435 0.34

WA A0 E e, L CoMFA & PLS 4038 SRR R
FES.EILEENRE A. B.; TiiiE R e L k55
KA REFENEAFESUNRL(A = 1 - 6),
24 = 105 0E, AHEXH.
3.4 =REESREW
H—EEEEYE - BT - FUK=ZEEP2IHE
EHEASYIE ., (3L CoMFA J PLS 478, 53|25 B
REGEIMLE/RE A.B.C; MMERILEARTE
EAIHE(A =1 ~6), J A =30 HMNEESHRR,
HXRABRAR = 0.456) ERFMAXRTERY
AR EHRKASHNE . AN A = 1R AAE AT
* .
F5 CoMFA BB NARIIKE
CoMFA B HA¥HA
—HE 1 2 3 4 5 6
aESEERE R 0.7%0 0.88 094 0.975 0.9%9 0.995
R 0060 ~0.217 0,365 0.303 0.4%9 0.373
IEERHXE R 0.6 0.8 0.9% 0.9 0.992 0.995
Re ~0.067 0.473 0.629 0.641 0.65 0.663
wE ks R 0.6 0.%7 088 098 0.973 0.985
Rp - 0.2 0.232 - 0.083- 0.511- 0.5 0.664

{(pF - PhY; CH~- CZ = CH~ (CH = CH} - CHOH - {CH, ), -
{CHOME - CH, —~ CODH
Hed X AR SR -5 - B, 1 - PR
5% BEE FEE 4. SEERE - PHER 3_GFRE
BOEE, - ZEMeE -5 -3, -HENs s H2-F
FEmms -5 K2 ZEMmeE -5 K%
#4 CoMFARBMBEAREW
HA¥ 1 2 3 4 5 6
3 R, 0.747 0.876 0.986 0.987 0.994 0.999
R, 0.343 0.417 0.539 0.579 0.667 0.675
TRim R, 0.688 0.819 0.592 0.938 0.960 0.970
Re - 0,320~ 0.554 0.442 0.573- 0.561 0.613
Bk R 0.366 0.691 0.866 0.893 0.930 0.967
Ry — 0.38% 0.0420.449 0.644 0.219 - 0.673

3.2 ARERW

R R BT BKEARN =S — AR
ZEw R 2 RS THREBRT B AR, 245
Ll CoMFA Jr PLS #0 ¥, HER A FE 4, (W WMiRE
PRESS WEL 225 {0 MR ) R BUEE IE AH % R B b4 4
Bl omisgin, i AMELELR(R) W FARAFRF
Tk : (o) SR PREMAERL X B (R BT
HEinmm; (b)) BELARY B HAAEEE XA
A ik, B RE R T REL (o) Bi/KEE S RS A
= 1,2,6 I ME IAERTHIEH A = 40, BX(R
= 0.644),
3.3 WHEERSHREH

SRERNE - BT - BIK=ZEEFITERRE

F6 CoMFABRBM=ERAMN
CoMFA $ HA¥A
ZHE 1 2 3 4 5 6
# /K Ro 0.751 0.835 0.915 0.970 0.986 0.995
KIS Re - 0.1240.335 0.456 0.420 0.435 0.34
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Multidimensional Multivariate Quantitative Structure — Activity
Relationships of HMG-CoA Reductase Inhibitors

WANG Yuan-giang' . YE Nan', Li S. Zhiliang', MIYASHITA Y, SASAKI &

(1.College of Chemistry and Chemical Engineering, Chongging University, Chongging 400044, China;
2. College of Molecular Engineering, National University of Technology, Toyohashi 440, Changsha 410082, Jupan)

Abstract: Multidimensional multivariate quantitative structure — activity relationships ( MD/MY QSAR) are moddeled for
thirteen HMG-CoA reductase inhibitors using partial least squares regression (PLS) and comparative molecular field analysis
( CoMFA) modified by introducing molecular lipophilicity potential (MLP) as a new hydrophobic field. Under condition that
the number {m ) of variables is much greater than the number {n) of samples, m > > n, many techniques such as the
classical Hansch multiple linear regression ( MLR) method, are not suitable; whereas the developed methods based on the
combination of the modified CoMFA and latent PLS modelling suitable and applicatable, which privides quite good results for
calibration and prediction.

Key words; multidimensional multivariate quantitative structure — Activity relationships; HMG-CoA reductase inhibitors;
multidimensional multivariate molecular modelling lead optimization partial Least squares( PLS) modified comparative molecular
field analysis { COMFA) molecular lipophilicity potential {MLP) hydrophobic interaction,
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