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unoccupied molecular orbital, LUMO)J H T2 . X
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AR CR F RS, TR AE SR CF FL) IR

2.5 JET LT

Ji& - L4 (atomic  charge) & X 4 2244 2 H faf 43
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Vi (r) = Ve (r) + Ve (’>:;|r-

K Zy ZJEF A BB, Ry NIEFAZARE, p(r) A
HE . BT, #E A A,
Wy RE TSR AHEER, B2 AT
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U7 1.6 A AL B EUE, ESP(reg) Ny TGl ER
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TR R, W2 VR A S S 0 R R
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B BB IR 7 EORE, B EE BRI T LE AL B
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Cl Cc2 c3 C4 Cs
[e] (o}
1 ||2 3 3 2 ” 1 43 2 ”l
CegHs—C CeHs H,C—=HC——CH H3CHC=—=HC——CH
C6 c7 C8
[¢] [¢] [e]
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4
CgHsHC==HC——CH

H;,C—C CH,—CH

c9 C10

B3 DRSS — A5 SRR SRAZ RN s T RE 1 1)
10 FRBRIEAL )

R B RITER T BRI AW SRR A T 45 5
Mol.  Exp? FF  CFF

DD CDD LUMO

+
>
it

c 1x»2 N N NN v v
2 2> 1=3 A N N N N N
3 12 N N V N v v
c4 1»2 N N NN v v
cs 2»1=3 N N NN v v
Cc6 2>1=3 v x v v v
C7  1>3>2 v X v v x X
C8  1>3>42 N x N N x x
C9  1>3>24 N N N N x N
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@, XHEL 3 A 25 SRS R B TIN5 SR Y 5 S
SR —E. BEORET L PUIE B T AL D A S R R

G b, T 238 F M D V2 A TN B 2 0 1 1 S B AvE
AU R IR AR . U R BT 4 XU R 7
J7 T 2 AR AN, 5 LA AR 5 e 2R T
SRR —%.

2 BT R T S YISE R
N TN SE R, BT BESPL.6)GE A TP 40 7,
Rl 2 Wi ESP(1.6) 7 VA PN 25 B, XbiX 7 Fof
JiiE TN 2 AT L ROR I, 5 R R T LA vk L
T EEBN IR L6, H T EERT T
HLSAR K S T 7 R T 45 R e 2, X HE W7
BRI (1) MK s IRAE 5 T B, 1 AN A2 75 IR

R AL BB R I A fE T &R T s (2)
B OR SS A A H BAE AN A5 36 1 o 2 1T 3 0 TG v 4 M
LS FEFRES 5 M, W 4(b) 2K Z B (CS) HITE
B, B AL A BT 2R IR TRt Ak, 5 o 4y

F2 TR TR A R R A T R Y
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(=%

Cl
C2
C3
C4
C5
C6
(oY)
C8
c9
C10

a) a: NPA; b: Mulliken; c: Hirshfeld; d: ADCH; e: CHELPG; f:

ESPmax; g: ESP(reg)
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N
N
N
N
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x

X
X
X
X

B 4 7 () R PR (b) Vi3 48 A3 T A SO R (A
() ) B 20 A1 P (R 28 R RZ 1)

OB AR 1)1 &) JR 3 6 F 55 (ESP(reg)) K+ 18 )
NEAE pi, bR 5 TP ) R AT DLEE 4, {2 ESP(reg) Y
T &5 RAPRRAEEAR. X T C10 07, BB KHE
PR FI0 25 SRAR 22, L IR0 1) s S8 A7 s 35 5 Sl B 245 2R
AN—FL

42 FHERIMAEY

B 5 T ARSI 6 R &L E Y.
SEAZAR R AT AR i AR 05 & 284k & 9 Hh 1 0 R R 7,
e e S 2 5 R T A AR A B b AT SR I H T
X 2R T8 5 SR ORI . TR B T
e EY R ER RN, BT 4-X-EFER K ERE X
RRKFER TR, FEARFA G R B R T
PSR R 7, 5 B0 7o REUR I 2-
B EEET, W REEZBRER KB, 5 &R
AP S A% SN AE T R B =
AT

95— RINEX T I EIRD T B E AL
[T &5 R AIFER 3 . 75K 3 1) 6 Bl T ik, LUMO
Fl CDD J7iER UL, HAh ik # Il T 20—k
() T 5 15, 0 A S o 5RO R ¥ 24 TG vk v A
Wr i &R A DD TR NAL S, B 6 FREFRAD Y
T4 F R BORTSU I R ) S T, B R R
3 43 43 6 B T AR A AR X k. A RS A

el NO, el Br Br el
1 F l
6 2
5 3
4
NO, NO, F NO,
Al A2 A3 A4 A5 A6
BS T IEE — 028 2R 07 VRS I B A s TR e 7 1

6 M7 E I &)

R3 B RITENT I ERACE W SN R TN 25 R

Mol. Al A2 A3 A4 A5 A6

2 2=6>34>2=6>3 3=5>2 3=5>2
Xp =~ =5 =6

E 2>4 1>2

[=))

222 - 2 -
2222 2 2
2 22 2 2 20
2 22X X X%
2222 2 2
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(a) (b)

Bl6 SR AR bR () FOBUEHA 75 (b) O S-E T 1. 2R A
R CE PR P8 23 3 X L T4 e B SR U 38 AR ) I A S
e ((ZEIITAL)

B HIX A R R R A I S B R N N
LB IR T, (E R SRah o R, SR 2 AT
RN R T

E 4 BT E RKTER T ERICEV R
SR R FIIN 25 5. W] LR H, ESP(1.6)#1 Hirshfeld
H ff 6 B R, 3K P R 7 vk R R M TR S BT
T BB AT RS A% SR T R A 6 K. 5 R AR AL
G aE R, T A AR SR T R AROR
UIWIRIRAE S =8

4.3 WEwERTAEY

6 MREIE T A FILEIR 7 rh. e A1 AT AT
TR B TR, BRI, ke 5 HATAEY T B

R4 B RINENT I B IRACE SN B R TN 2 R

Mol. Al A2 A3 Ad A5 A6
NPA v v v v x v
Mulliken x v v N x N
Hirshfeld v v v \/ v v
ADCH v \ v N x X
CHELPG v x X x Y x
ESP™™ X X X X X v
ESP(1.6) v v v N v v
ESP(reg) x \ v N x v
OCHg NH, \N/

ac 5] JC
6\z\|\|\|\|\|
N N N N N N
Pl P2 P3 P4 P5 P6

B7 A TIREE — AN R R R Nk T BE I )
6 FhtnERTEY
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A RFNR P, SR A% AT DL BB E 7 R B s
MEBERTAEMIR) 2-0rE 4-07. PHIE AT AE P 35 K I N
T T A R VA R R RV VR R AT

XF T ke & AT A, B — 2RI T B
SR HIER 5 . WTLUE M, BRAES s, HoAth i
A EER T AHERR T T 2 7 I RO ST R R4
A R TR RN TE VR . A8 S bR B A R R0 T
H SO S5 TR O T SR AL (1) A8 S R B X
WAE AN e H ILTE IR A (0 S B s B, 4-FR R
WE (P2), AR of £ ) S E T K FI7E B 8(a). MK
HHRE B, AR R R OE 1 XA ILTE T BRE T
FEIE PR 4-00 B8 5T b, T3 5 AN AL A AN A2 sk
I6 25 IR SR A, S H 1) 4- RS I E (P2) 1) 57
W ST B AEMERE A1 2-A0 iR R T . (2) 48R
i E M X335 o A 78 T BT Bk R 7 b, SR
I FIBR AL s B AT e S 5 OB, a0l 8(b) B
) 4-ZHEMENE AR R SR E T . 2R, AR
5 (s S I, SR SO 17 4 AR ek Ok T
P75, IR AN R AT DA G ). 3 U B AR pR L
TEAT — AL IR B8 B IR AN A2 DR SR 000 2% st 1) Jse o
T

R 6 L T ST v Tk e KA

RS B ITER T E RTEEY SR R TN 25 R

Mol. P1 P2 P3 P4 P5 P6
Exp? 2=6>3 2=6>3 2=6>3 2=6>3 2=6>3 2=~6>3
=5 =5 =5 =5 =5 =5
FF N X Y v X X
CFF N RN v J \ \/
DD N R v \ R v
CDD v \ v N \ v
LUMO N \ R N \ N
setlse v v v v v v

(@) () Q'@
mwﬂaﬁfw

G ©
HY H

B 8 4-FILMENE ) Fl 4-G FE A IE (b) FAE F 26 B 2 E 1 1K
(M2 R )
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K6 EE T ITTVEXS T ENERT A B LA R A T 45 R

Mol. Pl P2 P3 P4 P5 P6
NPA \ \ «/ «/ v N
Mulliken \ x x d N N
Hirshfeld \ \ d N N N
ADCH v v \ \/ v v
CHELPG \ \ v v v v
ESpP™™* X X X X X X
ESP(1.6) S x x \ N \
ESP(reg) X X X \ \ \

VIR B AT 25 3. SR R AR B 45 R
AL, B Mulliken HEAGAE, AR 5 b+ AT 7775 H8
B H TR 43 R S AL S SEAZ S PR AR KD,
{H ESP™*, ESP(1.6)#1 ESP(reg)iX 3 3k T 34 i
T3 LF 56 A T R e, L R B R AR R P ik
) —Ff.

\}

5 B4k

TR A% s o7 3% P 7 L 5 B A B O R S B
B RSB T S FH 2R RS A TR 2,
R 3 KA, 22 AMF, HEATINER . L
AoHr, BATEE LR E8: (1) SFAHM 3 fik
Z, BERIESR. FERIMM e, BRARFAKRAE
AN TR) 33 F 7 9%, B IR F T ) 0 3R 1 7 v R A
LR AR ER RN A B A SR (2) TEHGER AR
TR BT () 7 30 vk, T 4 XU 3R 755 T 92 3% I e e
BN AT LTI 26 A% ) BNLAE f, 38 38 AT DAAE R
TR H A [E) AL 5 2 DA 6 Sz o7 i M (A K /D 1T 4 A
F R B A R GF B T RE J3, A Ik 552 15 448 00 IR
J5 ¥, 61 4 48 S R B O RE 18 R RS — & (3)
R 5 R RSORE ) TIUI 5 92 3 R TE v IE W 4R R B A
R TR SO AT (1) 8 b A i U8 T v T A 2
FA O 25 SR R I, fe R ) R FL R B2 Mulliken

P (1) TN 66 J 3B 22, DR R AR T30 2 7 1) S B vt
RN, B ERE S Mulliken . T EORHGE,
R4 CHELPG HEfif & 8 i 0L & 7 i AR AR 3% T i /.
AR, R b T RS B % At e A
W ELF, (HMGE R BF, CHELPG ML R IIFA
Uf. FEATAE IR T e 7, Hirshfeld Hfaf R 30 i
UF. (4) XFHEERME R EYRIE, 5%
SR JE 7 AT B A TE — AP b, i o T R AR
FTHI F FEL 35 TR AR R AE A BRSO — AR G 1 T
SR BT, SR RATR I, EFTELE F A
BB MR, B EE i3 B K A H B
TEATAA] [ NEAE s BT, SEBR R KRG, AU E 2
SHTCFTE BT 1.6 A MCRER A RIEE, BAREH
TR 25 RAEMEBE b SR A EAE. (5) LA KA,
CDD 2 fi¢ AT 5 (1) TN 85N pit (1) SRRV M /N (1)
. R, FEACER S BR A, 2 U# B CDD 5k
TR A6 B 0 B AT

BRI T ER R T RNY A S KB
TFEERRRAE, AR 2, 0% R 0 B 45
PERHRLNE TN SN il P S A s 2 1, {H 2
T 2w R R, KRG VE 2 07 v A T
R ) A VA = R O V=N U S VAT 5
[RIE, X6F AR SCRT i A &R, 2% 1 PR 25 mT A
N ARST R EL ). SRR S LR LR, AT R
e R A7 BHL [ 52 A AS T 2200 . 3K gk S SR L B 1
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Comparative study on the methods for predicting the reactive site of
nucleophilic reaction
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Abstract: Predicting the reactivity of nucleophilic reaction at different sites has important theoretical and practical
significance. There are many prediction methods so far that solely based on the electronic structure of reactants have
been proposed. In this paper, detailed comparative analyses on the reliability of 14 methods are carried out and three
series of molecules, carbonyl compounds, aromatic hydrocarbons and pyridine derivatives are exploited as test
systems. It is found out that the methods reflecting local electronic softness, such as condensed dual descriptor, have
satisfactory prediction ability; while the ones reflecting electrostatic effect, such as atomic charge analysis and
electrostatic potential analysis, have evidently worse overall performance. For all systems of interest, condensed dual
descriptor and Hirshfeld charge display the most robust predictive capacity.

Keywords: nucleophilic reaction, molecular surface, Fukui function, dual descriptor, electrostatic potential, atomic
charge, orbital composition, relative electrophilicity
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