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Abstract: Atomic electronegativity interaction vector (AEIV) and atomic hybridization state index (AHSID)
were used for establishing the quantitative structure-spectroscopy relationship (QSSR) model of ¥ C NMR
chemical shifts of isodon diterpenoid compounds. Multiple linear regression (MLLR) and computational
neural network (CNN) were used to create the models, and the estimation stability and generalization
ability of the models were strictly analyzed by both internal and external validations. The established MLLR
and CNN models were correlated with experimental values and the correlation coefficients of model
estimation, leave-one-out (LOQO) cross-validation (CV), and predicted values of external samples were
Rowm = 0.9724, Rcy = 0.9723, Qo = 0.9738 (MLR); Rewm = 0.9957, Q.. = 0.9956 (CNN),
respectively. The results indicated that CNN gave significantly better prediction of >C NMR chemical shifts
for isodon diterpenoids than MLR. Satisfactory results showed that AEIV and AHSI were obviously good
for modeling *C NMR chemical shifts of isodon diterpenoid compounds.

Key words: diterpenoids of isodon species; quantitative structure-spectrum relationship; *C NMR chemical

shift; atomic electronegativity interaction vector; atomic hybridization state index

5 & Y221 50645 0 5
; GEL MG AL 5195 BT C NMR
BRIt IR (NMR) $6 R fE{L 4 W25 1 s e . (L2 MO Bt 06 28 3K e 1 L o 0 4 107 C
B M. W BLEBR R A R TE fE NMR fL mv,wwgﬁww,aﬁ%%wﬁ
O BT A B A W . T NMR  W%H . YRR BB . 0 C NMR b2 fr

2006 —05—24 Y FN W Fi . 2006—07—05 W& ek i . Received date: 2006 —05—24.
BREAN: WER., S—EE. S (1975, B. HLH Corresponding author: ZHANG Shengwan. E — mail: zswan

@sxu. edu. cn

k.
) . Foundation item: supported by Industry Innovation Foundation of
BEEBHE: W T SO H 4 (2006031204) 5 1 PH 4 Shanxi Province (2006031204) and the Graduate Student Innovation

R AERF & WH . Foundation of Shanxi Province.



* 976 - 1k T

F [

% 58 &

BE 2540 i A2 1k A R AL IR K IR . A R R R
(Isodon) ¥ & J& I #F (Labiatae) -%' ¥ . ¥}
(Ocimoideae) , FIZREZE, HYRFEIEE F5, B
AR IS MALE . PRI R . BUMR . RS
B TP RT 5 S5 A, W48 ol P i J0 3% A 2% A A AR A A
RN RSO F 4S5 F K. RIS R F 28
J % H bR J5 71 T RCR B 57 1 J5 5 i M T R i
CAETV) S i 3R 25 1 Bk J50 5 J9r Ak Ak 27 130038 355
fiEs JFAIA R 7226 R S48 80 (AHSD #3851
FACIRZS . LA ST B SRAE AN W] A BIL ) 55 i 4R D
T A AL o R B R B BRSO E B A i
(QSSR) #AY. X 350 DA K@Y itk &
Prep 7000 A T EAT B (P C NMR) B,
TE RSB A A 36 4 A v s R PN BB B A R B Ik
(1R I Xof i A 455 1 R 0 M B E AT R A 43 B ARG R
BIAs 74 Nl s ).

1 RERF*

L1 EFEitERXE

AP RT. AU E Y701 b R R R Sk
LA LR Z BIR 2 R B m . Horp J5lg B Ak 1Y
Fi A A R B LA K B B 9 2 IR S0 AL 22 2 %
R . P TERUAL & 4 A [ S5 A0 S Ak e
JEL T 19 A 2 8 I a0 25 3 0 5 TR £ PR 3R

ER SRR ES AV i S eI S N E i)
X BT Z AR LA, &
T W J T X S B T R I . DR R A S Y
O TERATTE . BT 0T S IR T A
PR AE AR, LR TE o0 25 PR D1 S L B A 2 B
Bio mTor 1A SR T AL SR LA RN
BT Al A 5% o A 5 T 4% B 5 D11 v
P SR B B B AR OGO BB AN A Ak 2
(9 B 53 H S ST B TR AR MR . A SCR
JEFHEER AR (AEIV) FAER 719X — 5
BEREAE .

SRR (PSS iR LR RIR R/ el ) e
e U R AR B B T 7028 BRREA LY
TR R TN 5 28, HRE 1. T
TER KRR B TR — 16 E T2 B R A
Hofb 2 2R I H/E . HBA AN R A 2 R 5 i 5t 1
X AR T B I RCR A R AR . AR
X

all(j)
DM:EJﬁ—ugkgw )

J€kGFL T

Kbk AT RB; OFHRE T o T
JBTH R MBI T GFDs y HIE T
XL RN S B DA S A 6 M A R A 3 A
J 55 A AR RN s 2R P SRR A S M bR B2 L 3]
QAR Y AH X LM . 3. 44/2.55 = 1,349 d; &
R AR TR DEFZ R, 2T
3l I - R B R T R T A R AR
PR AN AR BN G B SR /ME . R T R D B Al 2
EHERF NS T itk Btk R B ) B R /N B C—C B B 10 AH
XK 1, WC—0, C=C, C=0n XK
S8R de—o = 0.143 nm/0.154 nm = 0.927,
de—c=0.134 nm/0. 154 nm=0. 870, d=0.122
nm/0. 154 nm=0.792, 2% H vu. ves Ons Voo
vx FTN A5 TS R Bl S 18 A T

*x1 AHNLEYHRELRFEREYS
Table 1 Division of atomic type of atoms

in organic compounds

Type of atoms Families of periodic table Atoms
1 1A H
2 IVA C
3 VA N, P
4 VIA 0. S, Se
5 VIIA F, Cl, Br, 1

L2 RFHFRUKRETEH

R I B 2 AR AR A R H AR A= A B 1Y 5
m, 5] AJR T2 IR S8 % (atomic hybridization
state index, AHSD™, FF 45T H & (24 1k

RE. HEITER
AHSI = Vo4 (2/n)%8,0. +17/5, (2
K v EBIEFNIZE G o MR R T2

FEFE: 0o M BEHFEG o, N o
R 8. 3% 2 B T A A i1 A [ 2 A 2R R
) AHST f& .

x2 BREBHMEFARRZLREH ABSIE

Table 2 AHSI of different hybridization state

of carbon and oxygen atom

Hybridization state of atom AHSI
Cops 1. 2500
Copz 1. 6667
Co 2. 5000
Ogps 1. 8371
Ou 3. 6742
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Fig. 1 Plot of estimated values of 5600 samples
in training set as well as predicted
values of 1400 samples in test set

versus observed values (MLR model)
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Fig. 2 Plot of estimated values of 5600 samples
in training set as well as predicted
values of 1400 samples in test set versus

observed values (CNN model)
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Table 3 Statistical data of fitting result by models

Training Test
Models g Rem Rev Qext

set set

SD  SDcv

MLR 5600 1400 0.9724 0.9723
CNN 5600 1400 0. 9957 —

0.9738 11.18 11.20
0.9956 4.69 —

Note: R.um—cumulative multiple correlation coefficient of
training set; Rcy—cumulative cross-validated R.um of training set;
Qcxi—external Q of test set; SD—standard deviation of training set;
SDcy —cross-validated standard deviation of training set.
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