Vol. 28 BEFEALFEFR No. 4
2007 44 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 696 ~ 699

LMK MERESFW-EE
XENEEZEPR

FNRAR I KR,
QL7 KA 540 T 2B, B5R 250100)

WE A% EZ Rk B3LYP X9 Ak M2 HiE R FA5M 3T TSI, IETBENT#T T
FEHMRBOCRITE. BN T SRR S F WG TG PR, LA AE RN IRE TS 0y, Qo
DL R AB AR B ( Dipole) S IEFHSC R AR,

KA KKBUAER,; @b BENZRITEE; ERWEOCHR

FESES 0641 XERIRIREG A XEHS 0251-0790(2007)04-0696-04

B- P BEM ST A 2K — R I PR T DY 40 S e i 5 AR e ) 225, (H el TR 2y,
HE B Z T 25 Rk, VP2 R R AL IR R B- MBS R R RE ) Z 2. T
M 25 bk, ARG W T 5 8B X AT AL AR R AT A Y. Kb kU 53 T A T s R
W0 < 3 (L A BR TR HAT 25 %, HLal 10 i 8 A I8 A i SR AR, O I PR A a3
Z. XF B-NBR B R A -TEHOCR AR C A HGE 7. FEXHROCR RS,
TACH AR R RS, o> TR LRI BRSO A 20 A SF AL AL AR O B E 4R AT, i T
QSAR AW IR R R Z I A, T BT T EORE 3 S it — R 2 Hl 2 46 11k
FOREIT AT, SR, L i T T IS B i 4 R A A A AT S

ARICHEEZ RT3, TR T 9 Mk AHTA R T = 4R 2450, #3438 T K APTE R 7 T IO 4G
M. TEMCEERE b 8% 30 M i dre /N 301 % 9 Sk AR BT Az ZNH I ] 7 A= B- P Tk g e ) fd 4
SO AR A G S A A SR AT T OE 2R (QSAR) BIFSE, 198 T kR HTAE R
BRI PER AR DA AT IR T 25 T AR BE ) A kA et R AL e 2%

1 EBRHARAE

HREHPEA R R R TTIE PM3 X9 RSk IR BUAE R 04 450 (3R 1) AT 0120 1) = 445
Fathdk, Fe i RBE R M %, RIT U3 2 R B3LYP/3-21G " J7 ikt EiR g5 M R kA7 i fk. 18
B3LYP/6-31G “ /K- L iEAT T RE & B 73R H AR EEBLIE (NBO ) T3, 3Bk kP E R 7 L&A
T EHAREME(Q) . 43 F M4 HE ( Dipole) | i i 953 T HIEBE (Eono ), B A 5 ¥ F#LiE g
(E o) FTALFES L ARSI T Gaussian 98 #2710

FH MIC, FAEPUAE R IR TG M. MICs, APt E AR B R, HAE BN RAE YA R I aE
FIEE DU R AT, SCRR[ 10 ~ 12 13RIE 1 MIC,, BB A — @ iR 2%, A SCR I MIC,, B
R SCHR 10 4GB 1 9 Pl Sk AT AR ZEXTF 0T 77 A5 B- PN I e 1 114 fii 42 o 3 411 ERT P 470 B 0 12

K Materials studio P H I8 AL B 00T, X B2 Ak 253045 31 (10 BE 2 A4 1 S 50 T R
BURESR , 5380 T —dERN SR, FEREAE E R, 0 R4S 2 10 Bes 8 HA 5 m 1)
AIERRREE , AR SCOCR A T s/ N e ib o it (kAR 2l R F eS8 6 5 AR
AU TR T T 2 ) ) G R AT AT, DR T D e/ N ek v SR FH R v A et LB R Ry 3 43 0

Wi H 391 : 2006-08-07.
BATH . FRARPAIS (HEHES . 20373034) FIHE TR Sk 588
R ANRIN: BRIk (1947 A, B, #82, WA, FENFEE A5, E-mail; fde@ sdu. edu. cn



No. 4 IGME, KT ERAEAEZTTEM-ERERANTEZ R 697

Table 1 Structures of 9 kinds of cephalosporin derivatives and numbering system *

Compd. R, R, R; Compd. R, R, R,
?H" H _ NH.
1 _CH‘S_I/KT’ —OCH;  NCCH,SCH,— 6 —C= H S/L\HN OC(CH:):COOH
: | | [ Il
N—/N — — OH
HsC CH;
. _N H-N S I
N~ —ONa 2 ] NOCH: N
: 0 N C— i | I u
C.Hs— N—C—N—C—
/ H
CH: H.N
H-N S [ 2 H H
. N, ] NOCH: N AN 2 2
3 —CH, 0COCH, H Y 1) s _CH:S_”/ RH] —0CH, /CH_C_S_C_
N C— N—N HOOC
S N= H H-N S
—CH.S ~C—CH; 2 —CH.—N’ 2 NOCH;
4 1 5 H | N—C 9 | H Y T
N—/N N=— C N C—
5 —CH,0c0NH,  —ocH, | || H.
2 2 3 C—
S

Tul s
H |,
Ry—C—N— —r
B si N~ .
O// 5 R|

COOH

Br, WS A T A AR S B SRRE T AR AR T A AR A e A i L R XU, i I A 33k A
R R G -G PR AR
2 HHEER5ITIR

TR RI A 5L 28, BER AR T BT 81 138 2. O T EAT LR, K RIR &8T5 ik
PM3 TR T R R AE R SR T4 2. thak 2 al L, RN 12 Iris B ) 2548 J LA S22 0D FARR,
173 IE REGA 7 HL A 22 IR, TIFE QSAR BFFE T R RS HUA IR ISl 2. TSR 51~ H far 55
SRS SRR, I BE LS | G AR R (T Rk .

Table 2 Atomic charges of B-Lactam ring, structures and energies of cephalosporin derivatives

Method Compd. Ren? Re—c/ Enono”  Erumo” AE/eV Pipole/ Qs Q¢ Qo Onxs Qr, Qg
nm nm eV e debye

DFT 1 0.1412  0.1577 -6.03 -1.79 -4.24 7.67 0.719 0.387 -0.546 -0.468 -0.240 -0.0214
2 0.1427  0.1580 -5.58 -1.79 -3.80 3.61 0.723 -0.139 -0.544 -0.473 0.275 -0.0126
3 0.1437  0.1577 -5.61 -1.82  -3.78 5.48 0.722 -0.137 -0.535 -0.480 0.275 -0.0098
4 0.1424  0.1580 -6.19 -1.81 -4.38 5.09 0.719 -0.143 -0.532 -0.468 0.279 -0.0475
5 0.1417  0.1579 -6.08 -1.46 -4.62 1.48 0.722 0.387 -0.543 -0.480 -0.243 -0.0228
[3 0.1426  0.1588 -5.25 -2.76 2.49  12.45 0.729 -0.144 -0.516 -0.467 0.276 -0.0303
7 0.1427  0.1579 -6.09 -1.97 -4.11 4.98 0.722 -0.139 -0.548 -0.473 0.275 -0.0174
8 0.1419  0.1577 -6.16 -1.90 -4.26 7.34 0.723  0.387 -0.538 -0.477 0.239 -0.0196
9 0.1437  0.1586 -4.91 -1.53 3.38 10. 86 0.728 -0.144 -0.508 -0.468 0.270 -0.0183

PM3 1 0.1469  0.1575 -9.45 -1.22  -8.23 1.31 0.303 0.109 -0.247 -0.013 -0.038 -0.002
2 0.1475  0.1551 -9.33 -1.13 -8.20 1.75 0.304 -0.170 -0.270 -0.019 0.196 -0.053
3 0.1474  0.1551 -9.37 -0.96 -8.41 2.45 0.304 -0.171 -0.271 -0.020 0.196 -0.053
4 0.1470  0.1552 -9.46 -1.50 -7.96 0.22 0.300 -0.180 -0.269 -0.008 0.203 -0.005
5 0.1465 0.1576 -9.46  -0.69 -8.77 1.17 0.302 0.111 -0.266 -0.012 -0.042 0.043
6 0.1477  0.1556 -8.78 -2.19 -6.59 1.93 0.305 -0.183 -0.233 0.015 0.187 -0.047
7 0.1476  0.1550 -9.29 -1.15 -8.14 2.75 0.304 -0.151 -0.276 -0.022 0.1967 0.034
8 0.1468 0.1576 -9.40 -1.19 -8.21 1.22 0.305 0.111 -0.255 -0.012 -0.040 -0.012
9 0.1471  0.1559 -8.51 -0.78 -7.73 2.06 0.304 -0.185 -0.244 0.023 0.184 -0.062
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Table 3 Results of genetic fuction approximation

Compd. Best variable-aggregate R?>  (CV)R?||Compd. Best variable-aggregate R* (CV)R?
2 Qc Dipole 0.948 0.874 5 Qs Q¢ Dipole @y, C—N 0.998 0.979
2 Qcr Qcs 0.889 0.810 5 Qs Qg Dipole Ory  Eyono 0.998 0.968
3 Qcs Qcs Dipole 0.994 0.932 6 Qs Qg Dipole Qry Eyoyo C—C 0.998 0.943
3 AE O Dipole 0.970 0.883 6 Qs Q¢ Dipole @y C—N C—C 0.998 0.975
4 Qs (5 Dipole Or; 0.997 0.978 7 Qs Q¢ Dipole AE  Eyono Eryno C—N 0.999 0.774
4 Qs Q¢ Dipole C—C 0.996 0.977 7 Qe Qc;  Dipole Qg Ons AE 0“2 0.999 0.406
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Table 4 Predict residual and experiment data of —I1gMIC,,

Compd. Experiment Predicted  Residual || Compd. Experiment Predicted Residual || Compd. Experiment Predicted  Residual

1 0. 0000 -0.0329  0.0329 4 -2.7092 -2.5623 -0.1469 7 -2.1072  -2.2622  0.1550
2 —2.4082 -2.3421 -0.0660 5 -0.6021 -0.5794 -0.0226 8 0.3010 0.3130 -0.0120
3 -2.1072 -2.1990 0.0918 6 -0.6021 -0.5572 -0.0449 9 -0.9031 -0.9157 0.0126
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DFT Study and Quantitative Structure-activity Relationship
for Cephalosporin Derivatives

SUN Qin-Chao, FENG Da-Cheng*
(College of Chemistry and Chemical Engineering, Shandong University, Jinan 250100, China)

Abstract The molecular structures of nine kinds of cephalosporin derivatives were optimized by using density
functional theory (DFT)B3LYP method of quantum chemistry, and the quantitative structure-activity relation-
ship of these cephalosporin derivatives was systematically studied. The structure-activity model of cephalospo-
rin derivatives was found: Q. , Q , dipole had positive correlation on the activities of cephalosporin deriva-
tives.

Keywords Cephalosporin derivative; Quantum chemistry; Density functional method; Quantitave Structure-
activity relationship ( QSAR) (Ed.: D, I)



