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Property Method Scale - -
Regression equation R S n
This work JPauling IP = —185.2321 + 83.3606 yvem) — 3.5104GMPEIL 0.9936 0.08 21
Bratsch JPauling IP = 402.5567 — 172.3293 ygom) + 1.5742GMPEI 0.9945 0.08 21
P Sanderson JSanderson IP =919.5975 — 345.8489 yso) + 1.3854GMPEI 0.9938 0.08 21
M-Bratsch JPauling IP = —623.6133 + 277.8862 ympm) — 3.3101GMPEIL 0.9959 0.07 21
M-Sanderson sanderson IP = -1556.9357 + 595.6606 ymsm) — 3.2944GMPEL 0.9960 0.07 21
This work JPauling IP =9.0828 + 1.7517 yyemy — 1.6799ZPEI — 0.4505P 0.9895 0.17 52
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M-Sanderson Zsanderson 1P = 6.4460 + 2.4448 yvsov) — 1.5969%PEI — 0.4007P 0.9899 0.16 52
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PA ¥ Sanderson sanderson PA =2822.2159 — 897.8271ANs + 58.4207ZPEI — 139.2493Ex(sp?) 0.9976 4.62 64
M-Bratsch JPauling PA = 2172.8226 — 84.4983ANy + 57.6107ZPEI — 92.6716Ex(sp°) 0.9979 4.36 64
M-Sanderson Xsanderson PA =2267.0065 — 70.7629ANys + 57.25395PEI — 97.0784Ex(sp”) 0.9981 4.13 64
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#£5 1ESEHEEMR PEI M APEI {f

M 28) R %N, e F A A 0 PRI A 6 KIS A 3
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effect index, fi]’5 1% PEI). PEI [{) 1+ 5 B A5 — & I FRiE
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Y Ko 2 —ANEEL B a030) 2t
1) o (APEI) — Il F] 5 ik i L 50 5 LA A A 2

N PEI N; APEI N PEI N; APEI
1 1.0000 1 1.0000 11 1.2551 11 0.0024
2 1.1405 2 0.1405 12 1.2571 12 0.0020
3 1.1887 3 0.0481 13 1.2587 13 0.0017
4 1.2122 4 0.0235 14 1.2602 14 0.0014
5 1.2260 5 0.0138 15 1.2614 15 0.0012
6 1.2350 6 0.0090 16 1.2625 16 0.0011
7 1.2414 7 0.0064 17 1.2634 17 0.0009
8 1.2461 8 0.0047 18 1.2642 18 0.0008
9 1.2498 9 0.0037 19 1.2650 19 0.0007
10 1.2527 10 0.0029 20 1.2657 20 0.0007
®o6 LR TINE e E
Atom H C N (6] F Cl Br I Si S P
o 0.6668 1.76 1.10 0.802 0.557 2.18 3.05 5.34 5.38 2.90 3.63

a) Ff7: 1072 em?, SR H SCHR[79)
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RERFE: (G 20134F H43% HTH

T HEERIE H-(CH,),~ M3k PR AL RN $54 PEIR {1

n PEIr n PEIr n PEIr n PEIr
1 2.0411 6 2.4998 11 2.5531 16 2.5738
2 2.2910 7 2.5163 12 2.5586 17 2.5766
3 2.3906 8 2.5288 13 2.5633 18 2.5790
4 2.4439 9 2.5387 14 2.5673 19 2.5811
5 2.4771 10 2.5466 15 2.5708 20 2.5831
REMIAIN KA, R PEL &R MM S FIEA BRI, HL R )M GH IR, ©
5O, BABK e RGN H6 5L PEL B RS2 45500 A S
PEI, =) a,(APEI) (31) ASAHBR
%7 BT — 2 BB PEIL 1. RXH—#5RX +H' (33)
ekl PEL, 45 PEL A7/RUFMIZAE R, Wi CUARTE:
S SOGRT IS, BT PEL 00 S, RX+H" —H5RXH’ (34)

[ B 42 s 2 B9 5 X B B R BT BR - e 3
GO, A beAE PEL LLEO A iixt 3 & 215%
ZRIET B, WIZICR AT PEIx A RE LLEAN R 2 1 1
ALK/
PEAZAE S 56 05 TR G e S Al A 280 A
SR, SCHRIS 11 204 3 SR U5 R (32) R Al B e A
(K955 3 250 AT A R
(Z-Six _ZSI'«X))Z

1P, y, = 13.6x p (32)

o TP, L MIAREERS RX 45— HLBSRE, Z 0 X 5L
TR WER TR, S 1 X IR R 5 A
St AEFEHMIIURIAN HAL. th Sy, 7750 L
F ¥ S 00 AR A AN, 5 9L ) 3 1 W
BV L PRV K. TSGR A
BUA A 55— e 8 A (0, AT T B A 7 1 W 1
BRI .

4.4 ARAR S

HT T AR AR N X 1E L A7 H A 2T DS B R E AR
L e xS e G rEREAT R R, (R RE
AP REAR AL I AN TRRAR. 25 7 Ak T4 s 1
A E N O R R A R e KA O B TV A
A A B AR AR SN S HOA e 2 R4 ) 7 1 45 4 -
PEREAH G AL, 1 I AR A 2 2 JO T ) — S8 o
LT

44.1 AHALE YIS IR
AP B AR AT B 25 o1 B 32 i1 ) 1 )

NATVAE L5 W2 B — N T RIS, W1
ROH, JCi8 S AHMR Mk & AR, #5 [FURY: 1 5t
g9l FF: +-BuOH > i-PrOH > EtOH > MeOH. iXFiHi
G L AR P RON GV AE A B R (14K R AR AE
LR ), DRI Ay A7 205 o) 1 R s 1) 5% i 1
WA, REAE B AR AN A BEAE A BRI A R,
Je S 82 Bl RX A AR B 5 B kT AN B
PR3 X IR 40 i Aar (2 A 250 AT RXH R A8 8
PECEARON). 734 0T LA H Gk 3 i s B R 47, X
AL 20T RX R, SEORmE A 5 e
B R ML N S8R0k, R AL RN KA T
RXH R E, BN RX Mk tE. 1 RXH S AHRRPE
[F) B e T U A5 20 N R 2 v A L 3R, W
RHMERA 27 X Ll 2 AR T RXH &%
JRF, RN, R IMRALRON K, FF RXTIIER
8, FIT RXH &2 s, =%
I MR AR N A KT R SR R RO Y, BT LR |
A3 BN ROH AR BRYE ARV B E B A AR A )oK
NI

n, kT R I e« IR Ik 5 Ak 0 1R SRR B
R R SR JLAN SR FE.

%f+ ROH #1 ROR'":

PA (kJ mol™) =379.392 — 827.096¢0 + 82.512 ¥ PEI
(35)
K r=0.9962, s =2.787, n = 18. X} T EHifiz:
PA (kJ mol™) = 718.499 — 205.506gy + 59.832 ¥ PEI
(36)
K r=0.9942, s =2.902, n = 35. ¥NETE BRI
ek, SR T FLGT), Rk T LU LR
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IE
[
i3

A TR RN E REE 0Bk Fig

4

AT RE R AL AP AR AT 2 A DA AL
PA (kJ mol™) = 2383.5547 —1060.3351¢,,
+59.42473PEI - 117.0142E, (sp*) (37)
R r=09978, s = 4398, n = 64. M T ERENE
WS, WX G8)FTR, Taft*™H (3947 K
CTS 2R by 1 &5 2R
XOH—XO +H* ('S H)  AG,q(XOH) (kJ mol™) (38)
AGio(XOH) =384.5+23.40,—73.40r—72.80r  (39)
X #=0.999, s = 0.8, n = 25. X390, op Moy 2>
AL X AN 25 0N S B S L,

4.4.2 Brigs IR RN 2 i AR I G HL S AR
G FRE DR TFERY TIEE I
T RE RS B RE, RN TR TS
TR HENAEERAEMAE. LD FIEE FEs
ToET, AR A2 2 0 T B ACEON 5 m, 1
B2 F AN K BER) T 4> 7 d s, R 14y
TR TSR
T B RX(X = X%, OH, NH,, SH,
CHO, CN, COOH %5)fJ L 5 8 TP (e V) i st 1
R-X—>R-X"+e (40)
RX MR ESHE T (X Ay I HLAT gx A5 1Y) PEL 2EAT
SE ARG, il
RI %1: IP = 11.994 + 12.788¢; — 0.9438PEI (41)
AP r=0.9988, s = 0.0085,n = 9.
RCHO %%
IP = 15.387 + 14.125¢g0 — 0.9698PEI (42)
K r=0.9985, s =0.013, n = 7. W FFle . BE . BE.
i T2 R Pk 55 22 b A6 S W TAE — A 5 R N HEAT OB,
W EESFHN, O, S T4 F I H G bk 4o ), RJ
IP = 4.4851+3.0727X% +7.1702q, —1.39493PEI (43)
X r = 09904, s = 0.1303, n = 32. i, #IL
REEIE RZ(Z AT LA — AR TR AT LLE —ANE ) 1)
i — HL B HE TP gy (eV) T LUF — AN 20k 47355150

\c —c/ —° .
/1 2\

\
s
B8 Mk as

810

ci—

[Pz, (eV) = IPpez) + 1.4544AX,, — 1.6435A ¥ PEI(Ri)
(44)
X B TP ez 2 U FHBE MeZ 1 HE S E, AXeq 72 RZ
MeZ )53 T-HL 5 EZ 25, AY PEI(Ri)&fi b R L5 F
Me [ALRON FrE 2 7. H @)% — e IR b
B R AT IR R A L, HoR A ik 2z A
0.065 eV.
XTIV (45)RX TSR FIfE E 3R A2
46",
R-X+e —>R-X" (45)
E =a+bPEI (46)
Le e oy IR L RE S A e e 1) FL g AN (R,
EAR ME A T H B R AR — AN R b, X R 2
FAGF (0 LA P35 WAL 5%, GMPET SR ke
A% TS B S R AEAE C=C B E(n&l 8), PRI R
C=C X8t e Bt A 808 (1) JUAT~F 3 {H GMPEIRit
17 IRHET,
X TR
IP (eV) = 19.497 — 6.9851GMPEI (47)
A r=0.9865,5=0.119 eV, n =21, F = 688.28.
PO R A
IP (eV) = 10.956 — 0.8667GMPEIn (48)
1 r=0.9666, s =0.106 eV, n = 29, F = 383.55. 7] I,
e S RIS e 1) L 0 e T2 B R T 40 1 R AR A SRV
Z R T EREZ NIRRT, T HE
FEWEAS 5 J5 7 gy s R 2B W s s R e e
R AT TR, e E R R R A R (B
9), SRJG U TINS5, 456 0 v 1 31T
srrHAE, 19382 XA AR e E TR, LA
L(14).
TR, AR E X, B2 s A
HHL 2 RE o A7 0y T 3 1l R PR RN O T AR AR RN 15
. JF HAx 5 A R ae g, ik
'l MOPAC AMI1 F1 DFT(B3LYP)Jj i 545 %4
B AN 3 AT FH 5 A O AR F e 1 N 2
T C 45588 EL ™,

+ / \+ a/
C, > c,—C,

N ~



RERFE: (G 20134F H43% HTH

..ﬁ L L)
F F
W ey He s e s
cl 2 cl 2
U. (1]

(a) (b)

B9 /47 CHBrCIF FIHE RER. (a) H—HERETRER
BT HENEIRT L (b) SB—HE R AR R 4
PEEM R

E 2
(131@6 j xn, =4.636201+0.0036165 AEA

+0.001364> " AEI

-427x10° () AEA) Y o

—4.02x10° () AED Y o

-0.00093> o (49)
A r=0.99985, s = 0.000462, F = 13854.46, n = 27.
R BA 2R THFoE A RE, BLAE IR 7 I T
YIRe s, o PR, @)t A8 2 x4
LN 2L C 85 B RE Ec 55 92560 I 5 {8 1 406
¥R 2E HAT 0.052 eV, 5EATESEI R 72 T N

443 ASUG Sk

WS, e 55 1 Hl 0 R 5 e 366 () AR A 200 F
B R R, L AN K I L B e/, 2
HLERER. AREIX—K R, X R-R; [ C~C; AN
R—H; 1) C—H %, FI B A 0N $8 5055 il b 42 A 25
(RERRE, it bR R RAAE AR, ] DL H 45 2 R AR
R R Ix C—C B C—H BB .

X C—C B BB MRS CM,:

{PEI(Ri) 1 }
CM. = (50)
fim 1 PEI(R )

HARFHERR Xcc A Xoec f& € Xice < Xpee s y C-G
A HE Bt BDE(C~C)ln N L.
BDE(C~C;) (kJ mol™") = 376.160 — 162.718 X,
-0.100S, (51)
A b r=0.9988, s=1.79,n =7, F=833.73. i} §; =
(V;Vi)%, FT B L AR R0 6 C~C; % BDE IR V,
V4l C A G T A, B CF0 G BT I $e i Jit

THINHL
XT C-H B BE R CMp
{PEI(R,. ) 1}
CM,,,, = (52)
’ 1 0

FEBE CMum, WIRRIERR 2 Xiop BT Xy $80E Xy <
X, M C~H B RE BDE(C-H) H F AR s.
BDE(CH) (kJ mol™") = 244.560 — 311.043X,ciy  (53)
K r=09806, s =2.43, n =8, F=150.38. R(51)H
(53) 1] LA U b TiE e 4 o C—C F0 C-H B IR Bk B, £E
2] LAX 43 [ — ke 43 1 h A [R] C-C FiT C-H B 1¥ 41
TR e 22 ).
MEEIR IR A HA 5 C-C, C-H #1115 &,
AT DU B B PRI R EAR 5 HA BE R K
HA=dN. .+d,) Xiec+d;,) S,
+d,Ne_y +ds ) Xien (54)
fihn, XF 45 Bk s ae e R 1A o 26 1S 31 20
(55).
HA (kJ mol™) =410.338 N_+47.946 > "X,
-0.0729 > 8, +210.575 N,
-330.841) X, (55)
A r=0.999999, 5 =2.64, n =45, F =5106213. %ike
PR A A ey TR A T AP Bl 32 R e (1) AR5 I A o
KHE, WK(56).
HFG® (kJ mol™") =47.512 N .+ 51.367 ) X,
-0.0785) 5, —179.626 N,
-319.885 )" X,y (56)
A F r=0.9980, s = 2.62, n = 46, F = 2032.55. %Itk
AR 415 H5OR B 32 R O 1 R AR AR A R A 2 RX
P A B AL S AR B R PN . RS RX 5
PR, AR X, P S 1
DHR: BERE R I THR H(R), B X otk H(X), BL
MR 5 X MEAEHK TR oR)o(X), B
AH(RX) = HR) + H(X) + o(R)((X) (57)
Cao 1 Gao %V & & hida A= U AL 5 Inik, 2
H PA(58) A7 FRL A b Jes 1) A ke
AHRX)=a) X, cc +bNe o+ Xy
+dNg y+e) S, +fHX)
+ gPEI(R) x yx+ kyx (58)
Ll X = F, Cl, Br, I, OH, SH, NO,, CN, NH,, CHO #
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i
B

R G A UREE RN & 7B ik i

4

COOH “5Z P o AR RX, 3L 114 MU AW
AHAR RS HEAT DGR, 433
AH(RX]) = =39.5001 > X, + 33.5508 N._.
~0.0789 > X, —25.7087 N._y,
+0.1557 )" S, + 0.9976H(X)
—27.6642 PEI(R) x zx
+31.5043 yx (59)
X r=0.9999, s = 2.87 kJ mol™, n = 114, F = 61576.
Blr, EEH O B AR RX T 1 5 KA Y
(X = OH, SH, NH,, Br, Cl, I, NO,, CN, CHO, COOH,
CH,;, CH=CH,, C=CH, Ph, COCH;, COOCH,), #&i!
] ¥ 14D 5 R (60) 0 A1k 55 HL AR Ik
AH(RX) — h[X] = —20.5682N¢ + 0.9607IPL(X)
x PEI(R) — 68.5445APEI(R) (60)
X r = 09989, s = 3.51 kIl mol™, n = 220, F =
149914.82. L AIXTAHUREE X0 5% 28 Bloks 11 vk,
IPI(X) A A0 E AR ] #4546 80, APEI(R)JE 32 fif b 3 55 H %
St PRI A 80N FE R 2.

AN, ) S FE AR AL RN, §8 B 9 S 50 AT
AR (139 A 5 5 FNT 256 1) FAH DG AR B 15 2
B 1 &5 RS 221

WAL RN A B R A P ) — AN E BN, 2
B GEE RX ) C-X B RE AN 5. S i Wl s 43 )
— MM EFEABRILS: R-X( 4 R = Me, Et, i-Pr, -Bu)
gy C-X BB i (BDE) AT AN (R AR A i 4.
B ke R-H (1) C-H % 25 fif i 4 Me-H > Et-H >
i-Pr-H > t-Bu-H, [fili¥ R-OH ' C-O [{] BDE IXJ¥ A
Me-OH < Et-OH < i-Pr—-OH < -Bu—OH, W i 14
. N ARTR IR S R T AN A 38
o LRI B A AR R 10
NG F WAL, i LIRS 28— ke,
JRBINR, R-X HEE B i Re vl A T = A H R R
C-X [EHBERE, 1,3 B2+ N s r- 5 AR AR,
Horp oy W -5 PR eSS R IR AL 8N 2 4L

FX BEA F Py (138 73 FELAr Ox IR [(arg — oy )Ox
For, HHESH TGRS R-X BEREAR L.
BDER - X) = a+bAn ., X '¢

+cBDE(Me — X) + d(at, — )0y (61)
LT REO L) AR, WHLA4) R-X(X = H, CN, F, Cl,
Br, I, OH, NH,, fll OMe)t] C—X # fit BDE(R—X)iE1 T4/
KA 2N TTHE(62).

BDE(R - X) = 0.2560 - 0.6149An,_ ., X ¢
P

X

+0.9976BDE(Me — X)

—64.3672(at, — a1y )0y (62)
AF r=0.9995, s =0.61 (4.184 kI mol™), n = 33, F =
9534.91. JiFE(62)8 4 it ke T R-X i BDE AN [F]
WA, I HEA REFMHGe ). Ll f 5 ik
{8 2 1) AR HER 22 4 0.61 (4.184 kJ mol™), V& 1E S5
R ZEVE .

4.4.4  AEFELL Rz b i
K58 1R 11 PR 0 R B Y () 2 5
P EREA % V)RR, MR, MEn T I
REm B C=C BUEE b e 38 M Ak 50N 1) LA 7 39 4E
GMPEIr #E47 S IBE R,y ik, ol 2 U0 S s de
5y i HO s P52 GMPEIR#E il
—lg(kon) = 12.1349 — 1.34349GMPEIxn
+0.211971(GMPEIn)? (63)
K r=0.9742, s = 0.0548, n = 27, F = 223.8424. %}
TE IR IE(E 10) 58 KN oE % g &y, , W
FH o B P ity Bk DR 1 T 3 R AR AR RN 48 2 PEI(L) FI
PEI(S) KK, anxl(64)Pr7m.
Ig ky, = —13.6141 + 5.7811PEI(L) + 0.5457PEI(S) (64)

K r=0.9991, s =0.0971, n = 6, F = 820.94. L4102
P, Y- RIRIEE-X-TA R F IR BE (X -C6H4COO-
CeHy-Y) I A SV I g 1 R 3 AT BURSE X

D= A D= j>— P j>q

Bl 10 KBS IR NIRRT 4t
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RERFE: (G 20134F H43% HTH

f) Hammett % % ox, Y-CeH4OH 1 pK, AIHUCHE X, Y
) PEL. JHIX JLAN B HON Ighy HE ST 2 TR PE Rl R
T RIFIFHCH R

lgkn=9.4991 +0.9277 ox — 1.1826pK, — 11.2093PEI (65)
K r=0.9966, s = 0.15, n = 18, F = 675.44. /3
H, Y-CeH,OH 1) pK, % 1gky 152 M K, T HUARAE X
) Hammett 5 £ ox 525/, BUAKE X, Y [ PEI 1)
WL ox 1) 6 5. WU A LA BRI AR A R Y
HH TG (1) 2 AR S I T 11 T AR AR A (L ) B
W%,

o ¥ 1 W AL A ) 1 <C=07 XU 55 55 A% W
AN R R Y TR Sl A S EREE C IR A
() fL A 0%, SR AR AU ORI e L BT 3% 3 141 A
A RN, 2 HOR A I AR RN, 2 500 0 A G, f
OB, i B AR BRI AR, R R4 T
EIFE W C=0 M C Ji+ BRI Qc, KEE
NaHSO; %t R'R*C=0 Jf% K WK keoo, 135

kcoo = 747.2749 — 405.20600c¢ (66)
A r=09954, s =2.7,n = 4, F = 214. )\ & f 7
ATLUE Y, FEAL 2 I N i R 3B e N b () A4 R e
5 5L AR AR SO AR DG RIS LT, Ak 3508 m T
TR I B0 IV 26 1Y) A8 A RIAEE.

TR R A £ 1 DR 1
WL T4 T KB 2 52 2K 70 1 i (K AR
A, FE A s Z B AW o T I AR
ML A3 TR N A HLD 7 AR A
SEONE, - AT 532 WA LA P 70 g A AR €335 % B .

W R R RE I S RX O K, e kAR
LN B WA (T (A E

SCHR[104] PG /K 540 HBI SR 2 5 be ik (1 K fg
71,

44.5

H,0 H,0 H,0

I

H,O «— R X | <«—H,0
AN
H,0
H,0 H,0 H,O XKD

xS
Bl 11 RX 775K TR R

HBI = N(PEI « /PEI « y) (67)
Horp N RIRGERE I IR T2 B, PEI « v 8 A BE b
IR AR N Fi5 28, PEI « y ok SCRE S HE IR AR 8N FE 4L
Bn, R0 ARTE ROH (/K ## )% S (mol dm™) 55 3L
Ay T et HBI 56 2 A
~1gS = —2.4142 + 0.5983HBI (68)
P r = 09960, s = 0.08932, n = 39. X} J° ROH,
R'OR?, R'COOR?, R'COR? 25 4% K47 HLWIAE IE ¥ /7K
R L R B (gP) S T iE R A 1Y) HBL 34 mT K7 A
TR A:
IgP=a + bY HBI (69)
Vot o FH I R A [) B e T T AT LA & 0 1) K
VAR P 1 g S(ERAE IE 2 K T 20 e R 50 1gP)F —A
J5 FESRHE RO,
—1g$=0.2116+0.16135SBL — 1.535(AMPEI) — 3.079Doy
(70)
A r=0.994, s = 0.167, n = 60.
1gP =—0.0681 +0.1335SBL — 1.241(AMPEI) — 1.401Doy
(71)
A r=0.992, 5 =0.124, n = 54. Hth SBL 5> 1
T2 F BB R, AMPEL ) SCBE4 75 BLEE 4> 710 0
TN AEEL L 7E, Doy IR FEMIRRAZ R, 707
A AN EUE A 1, el e IR R I B R
0. ZJTVEIE T DLy 3] 22 BRI SR 1105 19010 g AR g 107)
IR Ak 5
LSS RX (X = OH, NH,, SH, C, Br, DIf)’S,
AT OR B IS [R], 52 BIBEHE R IR RN (1) 5 1,
SCHR[108T5E T — %41 RX AWM o ik 5 5
B[] Rtexp, FHRHI T SidE PEIE NS 52 —, 198)%
AR TTRE(T2).
InRty, = —0.901570EVM — 2.639060PEI
+3.074454w + 4.921195ANy
—1.706380 (72)
AP r=0.9948, s = 0.0991, n = 37, F = 775.1337.
K| A A OO B B PEL AR IS AN [H] () 9 F S5 4 2
B, T R AL SO L OR RN e B T
I ES RS ARIEST N
MNiZfg i, BAR PELAE RN B AR e 42 1k e AH
KPR N, SR e R 2 R R X 2 H e
HL &P T BEAR DGR IR T A 2, [HFHE— PR
WL,
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i
4

R G A UREE RN & 7B ik i

4

5 WEBRREZH oo

75 PR UL H RN 1 5 e EH Hammett™!
fettt, B Hammett W20 Ko, o, 5%, ISR
Z N M Z BB S TR T RS R EIRE T
G DL RGF, EAE B AL s A A TIOR3
(PRI A R AN K B D, 20 28 80 AR HT f5, AT
R, B IR RROE R R N AR
Hammett % BOCBA K@ &, #5534 20100 45 R
DM, AL FORT IARE PR 3R, e s oS
TS, FRZ A B @ > T A
T 9 30280 1 () F 5 AR, o4 B B UM I T
IR, AU AT S AT ) A1 2 I AT ] i 2 4 2 I8 AT 2 oy
IR, #isE T R SVBARIE R 1 e 25 4858 v % 4L
IR T BRI 20 1 — 2R S N AT LA & 5
ARG 1) 5 BEATL K.

BE— DR A S PAEREDS . B RS
AP THREI R T4, Sta KIVEN] 2
FEAT DK, BEZS TR 207 (R T L AUTE T 3 O
F SR AAAE ST, WORES TP (LK
12). DA =ARZ TS, BOREE T 199 4 T AT 22 531
T2, RGP IO AR R Bog, HIEL
DAL AT B R ARRES B A CIL H 2L

EE N AR U Y N w1 R VRV § VA P N R
=R @O REMBAERE, @ AmFERA
HWH, O WIASHAIEF B SHOZRH H g
REF Hammett 7 £ 0, o, 5, 5B @A ) LAY

.
GJJ ’

X .« e
€>—CH2 +H

LUMO

vovo ——

LUMO ——

HOMO «H—

(b)
K 12

814

RATH BRI B e B N B oy, T IXR
BB N CAATARGT (x> 1> 1 B
R OSBRI 2L

5.1  BRSHUREE T B
Cao ™'\ Ny, 4 TR AR e 1 fE Al DL i
HAR I WO SRR € B8 T, BRI % F 2% (PhH) A
FRIE(PhY) K- L AR 3 A (A eV, 1 em™ =
1.23981 x 107" e V) 2548, RFRIUIE Y SR A&
B AE RN, RO O A BUREE  £, LA
oo . Bl
af;t; = EUV(Y) - EUV(H) (73)
Hrp Egvan Euvey) 73 90 8 AR 1) 22 AR
WL B R W HSC K A (K717 ) R RE B 0110, R A Iy
(PhOH) 8] Amax 23 91K 203.5 nm A1 210 nm'™*, Hp
6.09(eV)Fl 5.90(eV). I, F&5E 13 oA S IR L
BAE N
08 =5.90 - 6.09 = —0.19 (74)

AL AR A8 B AR R 155 A IR A e 1 v B A1 11
o, REIEARE D, ARSI as 5, %t
PEIAR TR 205 X 2RAE A W (Y -STs) 45 AR RE it 52 5]
BRI AR N, JEA BT L2, ik, AR
LA (Y-ST)HIZE 245 (H-ST) 28 AL 6 1 fi 11 22
B, W15 B LUK SIRAVE A 22 fU o5 — AR BN I
WRESWAEE R L og v-sm)-

(75)

ex _
Occy-st = Euvey-sty — Euvest

X
€>—coo-+w+

LUMO ——

HOMO %

(@)
©
LUMO

HOMO ﬂ-t—

O
LUMO 417
HOMO —1—

(©

T FAEATFPRZS N T A DL (2) FESWRPESED; (b) A RS (A RIS ED; (o) BARGRESHD



RERFE: (G 20134F H43% HTH

WHREW], o Tl ogey.sy MELHISCER. filln, LLEEH]
OMe, Me, H, CI, CN, F fll COOMe ] oo 5 e AT
Ocery.st THHEATIRIR, 1321
O =226 GE)E(Y»ST) (76)
At r=0.9913, s =0.0397, n =7, F = 340.63. ¥4 5 F¢
(T5)F(T6) 2 Ak, w4533 2 5L B ol 1H.
BT, Cao™ LA 3.4'- —HUR 2K ZIRAT AN R
WARIAL &), REUE 2 3-fi BB, Ao 4-f7 FE 11
IMEA R A Y, D2 IX el A 1) R AR

RS RPN o, M ot HEUE

AR, ARG R SCHR[125]148 Y 4.47- U
LT W5 AR 1% e = e T R, X
B Ah A5 )5 A OBRO S 1E R AT AR LG, SRR
M7 R RAT BN A R IE ) o8, FERERTA 5 A ]
o7 3 141 1R 38 A5 RS 5 20 I o,y AN 0 2E
17Ky, 3% 8 HItH— L I o5, P 08, (H.

Bl 13 XA AR H) Hammett % # o, 5 RS
AT H oo MM R REL WELUEH, of
ML T o, —2F S8, WU IEX 7 PR S
P B AE FHAS ] 106 43 1 FE S B (R A .

No. Substituent oo " Coe No. Substituent Coem " fopu R
1 NH, —-0.88 20 Cl 0.02 -0.22
2 OH -0.19 21 Br -0.03 -0.33
3 SH -0.82 22 I -0.56
4 CHO -1.09 23 CN 0.56 -0.70
5 NEt, -1.31 24 MeCO -1.13
6 H 0.00 0.00 25 SiMe; -0.13
7 NO; -1.17 26 t-Bu -0.17
8 CH=CH, -1.13 27 MeSO, -0.43
9 NHEt —-1.06 28 MeSO -0.60
10 CCH —-1.05 29 Me -0.03 -0.17
11 SO;NH, -0.39 30 COOMe -0.69
12 COOH -0.70 31 OCOMe —-0.08
13 CF=CF, -0.92 32 SMe -1.40
14 C(Me)=CH, -0.98 33 CF; 0.09 -0.12
15 CH(OH)CH,COOPr -0.17 34 c-Propanyl -0.34
16 CH(OH)CH,CCH -0.15 35 CONH, -0.61
17 Et -0.13 36 Ph -0.86
18 OMe 0.10 -0.50 37 NMe, -1.81
19 F 0.02 0.06 38 PhO 0.00 -1.52

a) K 113CHRI124]; b) Et 11 oy, 2K F13CHR1126], PhO 11 o,

1.00;
0.80} 0
0.60F
0.40F Q)
0.20} O

<= 0.00f @)

-0.20¢
-0.40}
~0.60} e
-080 (O
-1.00

ook 217, e R BN o, KA STHR121]

B 13 AL o % Hammett % 4o, 7E 18]

-2.00 -1.50 -1.00

-0.50 0.00 0.50
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5.2 BRBIREER L ol W

Cao "R H] oge 2 BN 2 B AR R 58 M I e
(W 5 (B TREAT s AR AT, TR LA T 2
SRS K e B 48N 2 4 R A5 4
WA i R A S, 15 B S5 R LR S IR 2
K oge AR E e bif

5.2.1 AL IR L AR AR B AT R

Chen!"%f 1,4~ IR XPhY %4MK I AE &
Umax (cm™) 55 oot WEAT E ARG HT, 7931

Unmax = 48828.75 + 7541.04 5 oéx.

+3209.85 o5 (XY) (77)

X r = 09805, s = 672.27, n = 80, F = 956.05.
Yoo =oa(X)+oa(Y); oo(XY)=0ce(X) oo (Y),
FORIEH X ANY (AR ELAE T .

Chen' £ %J Lb T AWM M 0,,, o,
o, LR ATEEEHNT o) ol BX MBS
Umax HIAHSCME, G5 RRW], DABOR SIIEH HL o
ARSI, M oo X p-IAORFAL S (0 58 e
WG EAT s ARG, TR 73 ARG fry 45 S0,

TR LT AR W AE R A G
TIROIFEY), SLHEELL 1,4- T HURIR T K,
AR FE X6 TE SR AR fi B (K 5 M W 2. Chen 0145 ik
—RH 4> TH 4N XPh(CH=CHPh),Y (n = 0, 1, 2)I¥]
[ R&Y, IFIE EAT I RE B Onge, I A8 4R
BB A DI O — FHHEAT € ALK AT, 153
R B R AN FE B O (1 FH S IE 7 FE:

5.2.2

Unmax = 8827.27 + 0.0686 D~ 0ct. * U e
—0.0117 (= 1)"oe(XY) -0,

max, parent
+0.7246 0, oo (78)

A r = 09937, 5 = 506.22, n = 101, F = 2559.63.
v A X, Y B0 HECF R EHA G FRAMBUR K

ma,parent
WK RIREE. SSIUESE, JrFR(78) A RAF I e
Cao™M & T 61 Fl 3,4'- B K ZIHAT D
(B 14), R AR AR A ) IR 2R 44
#17E%)(p-XPhCH=CHPhY-p 1 m-XPhCH=CHPhY-p)
(P2 e B A OG, 93177 RE(79). B 15 2
BEAMRMTRE B Unax VISR S50 AE A L.

Q/@Y

X
X =MeO, Y = NMe,, MeO, Me, H, Cl, CF,, CN

X =Me, Y = NMe,, MeO, Me, F, H, CI, CF,, CN

X =F, Y = NMe,, MeO, Me, F, H, Cl, CF,, Et, CN
X =Cl, Y = NMe,, MeO, Me, F, H, Cl, CF5, CN

X =Br, Y = MeO, Me, F, H, Cl, CF,, CN

X = CF3, Y = NMe,, MeO, Me, F, H, Cl, CF,, CN
X=CN, Y = MeO, Me, F, H, Cl, CF5, CN

X =PhO, Y = MeO, Me, F, H, CI, CF,, CN

Bl 14 3.4~ U IR LI EDI 7 1 iR

v, = 32465.48+2233.558(c"

X
CC(m/p

)(X) + UEE(,,)(Y))
+1806.1256%%,,,,, (X)- 05, (Y) (79)

A r=0.9864, s =213.80, n = 86, F = 1498.14.

w

w

o

o

o
T

Vrmax (calcd) (em™)
w
{
o
o
[=}
T

31000 33000 35000

Vimax (€XP) (cm™")

B 15 3.4- UK LA 4,4- ZHAR 2K LI (0) FANBMBE B O VAR SEIAAAE P
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g5 75 R (TO) TR E T3, Caol M55 44 T
18 A 3,3 HUR IR LA AR, JFIE EATH SR
AR LB A 2R (T T S AT 2R AN
BEAE O, P ST BB A, S5 AT RAEL S T A B
Y0 P2 22 AT 0.86 nm, PR (LSS IR ZEVE I LA

5.2.3 44 ZHURGER OB 52 AR W A B A AH 5%

BB Y 7 B, 4.4 IR AR ORI
p-XPhCH=NPhY-p Y 4.4'- “HUR 2K LG M7 4EY
p-XPhCH=CHPhY-p EFAHAL, AHFT & 1P 2K 3
DABK A C=N BEAE g M S 3% 40 fle, X AL A3 BEAA 231
HARBEARNE. BT, BORHE XA Y 0 EIRPEAL
WP RE S W AE AE 2 5. Chen™ Y & i — R 41
p-XPhCH=NPhY-p fTAME 16), FHlle eATH 2
AN BE

SERA RIS KRR, 5 IR R AT
WA, 5 4,4 " BURECR SOR R A e
AT 5 v a6 20 ) P 25 18 IR RE 2580 A ) 2 2 W 1 2
FIPRASSENF I, BeAh, MR E] T IH X,
Y A AE SCRH BAE . AR R ORI T R -

OUmax = 32119.79 — 718.516,(X) + 1197.185,(Y)

- 1017.23A0,” + 1632.49 > " ot

—229.53(Ac5)’ (30)
Lt r= 09876, s =358.46, n = 72, F = 523.89. Aopz =
[6,(X) = o,(N)]%; (Acen) =[oa(X) oo (Y, FrN

solvent-free
X CHO+H,N Y ——»
N Y
x_< >_// : : :

X =Me,N, Y = Me,N, MeO, Me, H, F, Cl, CF,, CN
X =MeO, Y = Me,N, MeO, Me, H, F, CI, CF,, CN
X =Me, Y = Me,N, MeO, Me, H, F, Cl, CF,, CN

X =H, Y = Me,N, MeO, Me, H, F, Cl, CF,, CN
X=F, Y = Me,N, MeO, Me, H, F, Cl, CF5, CN
X=Cl, Y = Me,N, MeO, Me, H, F, Cl, CF,, CN

X = CF,, Y = Me,N, MeO, Me, H, F, Cl, CF,, CN

X = CN, Y = Me,N, MeO, Me, H, F, Cl, CF,, CN
X = NO,, Y = Me,N, MeO, Me, H, F, Cl, CF,, CN

B 16  4.4- " HURECR ORI & Rk 28

S X, Y Z A28 A AR . Chen™ A5 4E T 58
(80) 1) Tl i

TR SRR SR AR R R P AR

T FEBO) KM, 44- “HW AR K LEATEY
p-XPhCH=CHPhY-p B ZL[\#ri%4E CH=CH (4% Kk
CH=N ##JE m 44- ~ AR AT XKL &0
p-XPhCH=NPhY-p LAJ&, #2620 2% i IO HE 0 1)
LS NE S HORUBUR 25 2 50 & 048 AR e 5 1
. R, B 44- W K ZETEY
p-XPhCH=CHPhY-p & T4~ [A] 1 BE (1) 7 77 o 90l o 1
SRAMRBCRE I, IR bV R R RO 1) R
X, BOR AR MO R %%, B R By
X% AT T IR, AT R 25 MR 4.4'-
TR LIRS OLE 17), WE TR EY)
EW ke, Clk. =MLt CHMEESE 10 2R
TR e AR SO 1% (1 B K, LA 3 242 AN S0 5
Pt A3 A R 700 o 1 s AT DG T PR LR 9.

PGV BN, A T g 700 o S TR A O
RE A O e — N R AR, 49 3088 — e A SC T /R

5.24

U =32440.19+2027.815)  ocr.
+1358.5510,, —56.48271g P (81)
HH r=0.9920, s = 128.61, n = 242, F = 4917.70.
Oy AEHEH X, Y ) Hammett 302 Y, Bl o, =
Opo X Opyys P AEFIAEAK/E ST K 70 e R 4,
BRI

CHO

+ (Et0),POCH,PhY-p Eéo%»

@/@

X =Me, Y =Me,N, MeO, Et, Me, H, F, CI, CN
X=H,Y=Me,N, MeO, Et, H, F, CI, CN

X =F, Y =Me,N, MeO, Et, Cl,CN

X =Cl, Y =MeyN, MeO, Et, CI, CN

B 17 ol 44 ZHUR R ORI £ it 2
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4

R 44 R CFELIFAESFEFIT ) v, KB S0l M oy, HgE RIS B

o ’ ex ’
Uy =@ +b ZO’CC+CO'XY

W r s F n
a b' c'

CeHpp 32284.33 1917.317 1414.417 0.9973 92.20 2050.57 25

Et,O 32434.96 1987.815 1292.186 0.9960 116.19 1374.67 25

CHCl; 32137.20 2068.629 1461.726 0.9973 99.77 2035.87 25

CH;CN 32504.47 2136914 1578.166 0.9945 147.45 995.99 25

C,HsOH 32397.20 2001.540 1354.227 0.9965 109.46 1581.48 25

a) JUH 14 FHRE, 3R 9 LA LR ACRBEATIIA 23 #r

MHFTEG SRR, PRSP H AL of #59:R
BT oy AT ORGSR TR TR IR, fE
Bl g ORI ML W S A e H AT,
B BOEBAT NS BOR 2 F &, IR A B
O S WA HOL R Z, 520 2% 2 20
BN S3Ah, AR R IR AR AR A A B
WHOE A WATRL, BUnAE e o7 S B Rt e o i 4
R RIS UL, A RrIR AT

6 LRGN

AHAAE T, T AR IR =Pk Jy 0%
Prelg 5K 77+ Baeyer 3K JJ A1 Pitzer 5K JJ. Prelg 5K J1 /& i
R ARFR ) i Bk A 5% 1 — &2 1 7= A= (R AR Bk T
71; Baeyer 5K J1 2 tHEE A AR TE 7 AL 5K JJ; Pitzer 5K )
Tt o B e P AR AL TR AL Dl i BIR STAR SN,
P TR SO L, RS X )7 4E T
AT A2,

BE— DRI TR IR, SLARBEN I A7 A B DU -
53 110 BN HP O B I A AR R AT IR, 3 26 5 ] 25 X
FRE T S W= AR BRRE L, 45 RAE s v
eI NTE S (1013 A N i/ Py VA LN 0y § AR

6.1 SRR M FR I

BB 450 o 9, 30 T DA 56 R
R, SRR BT LAZE SRR b7, T BAZE e
O 7. 2 R i 8 10 1 6753 7 1 S
L7 7E 2 S, AR T_E R P77 R 3 R A 2
L LR ) B A PP

1993 4F Lagerstedt ™ tFFRARIK b & 1) 530 T 5
BRI IR S 7 5 R Sk T % 5 1 1 37 i £
ME. B SRR R SEBOBSE RS AL L 18 T,

818

14

'j ]

/: o

Bl 18 il BOB LI 1 S5

SRAZ A B E Bony DU R WY e B, B Ok
BRI — T, 76BN B 52 2 () BHAS K —2%, 55
HEBCHIME R /N —2E | Lagerstedt™ LLJ5 F4(82) & 7n ik 7]
MNERS @ THIEBUE () S RE T

I=>27(d,—r,—ry) (82)

K j NIRRT S, M rwad Bl j IR FRR
JutEAe AR, d WO R 1 3] T b SR R iR R
O I TR PR A THI A 58 % 3k )k 80 e B 1k #h U7 F5(83)
i &
C, =k, exp(—k,1,) (83)
C; v AR N IEBEEFR AL, ki, ky A SHL, 5 BRI
RAA K. BBzl ) 5 Bt b5 J5 1 A 2 o |l
MR REPE 2 2 18k 2, BGULFEE WS /=
Y0 LR S I R ) SL AR M. Lagerstedt™!
FHAZ 7 10F 234 FPER 55 8 Foh 27 A% 4 570 140 I e e 1 3
AT, 55 SEEG I e 45 A — 2
B S P A7 OO, S R A 3R ) O AN AN SR
BT — AN bR g, BRSPS A Bt i 2k
5 A7 (. Cherkasov 2123 245) g, LA 15T
AR I W35 I s T e I H A g S T R T T B b
MRRF 8 R IR, A th F X (84) ik fi e 2 14T (1) S A4

5
Ry =-30 lg[l —24—*‘;J (84)

XM n ZREAPTE E T BE, Ry ZITHE, 1
e e P i N e DA SR SN E R 3 SN ST



RERFE: (G 20134F H43% HTH

FIREL, AN, W 1g(-nBiTx. T K2 O
A1 (RS, 1 4e?) (HAR /D, AT Cherkasov 452*iY

¥ (84 e R 20(85), B R %R Rs IEH.

n R2

" i
RS _Z 2
i=1 I;

ao'™ AN R A PR ERE, I BT
F) (R Ak 22 (o) v LA Pl e A R PR AR ALK )
S B By RC R E ARAA ORIk AR 1)
SEARZIONROR . DRI R AR AR Ve LU SR
TR R 328 J AT s I3 v PR 57 R R Y, B B D,
ynR3
Vie Z ol
A, n IR TFEH, R N i\,
FEFERIEE | AR 2 N0 RC BB 2 AL AR
2, 3(86)nT LAk T+ =K.
Ve = " R_j
A
NAEF 5L, Caol PER IR S 354248 Re(0.772 x
108 cm) A1 C-C 8 K 1 (0.772 x 2 x 10 ecm)fE NS
FHAE, T PR (ISR T Vre M-

(85)

(86)

(87)

(88)

N1
RC :kl;L_f

XHLIK L2 BB 0 AN S5 21 B A0 (R 4 B
TS BER B H . 88K, Fikkar

R R I N T Y /L) K, e B

AP SLAREN FEEL TSEI (TSEI 2 topological steric
effect index [¥11#j 5, TSEI = Vrc/ky).

TSEI= L

i=1 &4

ML/ LS N AR TR, HATSEL %
TN, 7R 10 SRR L 1 H L AR RN 5 2L TSEL
FUEE i AN R T R 35 FEATSEL

MEARKE ) Sn2 SRR XS 3R (K] 19) i) LA H,
IR B — AN R T R 3 A SRR, LR VR
SRR X kA 19 BRI B 2 27 IR
JE%U\ 2 ANAREE 3 ANE 5 AR N i SR8 .

ao P M ST AR JUA (B R E &, HES 1 AR
%%&’Fﬁt 3 AR FBERE S, HATSET fH AR 2 3
512 6.5 1%, WM, Eih &5 A1) TSEL I A 200 &

(89)

210 HiEkHE H-(CH,),~ TSEL F155 § AN J5 1 (14 ATSEI®

n TSEI ATSEI n TSEI ATSEI
1 1.0000 1.0000 11 1.1983 0.0008
2 1.1250 0.1250 12 1.1989 0.0006
3 1.1620 0.0370 13 1.1993 0.0005
4 1.1777 0.0156 14 1.1997 0.0004
5 1.1857 0.0080 15 1.2000 0.0003
6 1.1903 0.0046 16 1.2002 0.0002
7 1.1932 0.0029 17 1.2004 0.0002
8 1.1952 0.0020 18 1.2006 0.0002
9 1.1965 0.0014 19 1.2007 0.0001
10 1.1975 0.0010 20 1.2009 0.0001

/* .c—cl g . G

& /@

53 LELSs IS
S S 1 0.05 0.01 10°°

B 19 JEPISTARKN AT SN2 S R S (Ko A2 AH N 52 4 R

819



R G A UREE RN & 7B ik i

i, FE[F Me, Et £l i-Pr (] TSEI 43511 J& 1.0000,
1.1250 F1 1.2500, {2 #-Bu [ TSEI As& 1.3750(H}
1.0000 + 0.1250 x 3)ifi 4 1.8125(R[ 1.0000 + 0.1250 x
6.5).

ST AR R T, WS SATSEL 75 2% H 57 1
AES A AR R 22 B (P AR B, B
(Rix /R’
(li,X /lcfc )3
K Lx AT “5 027 B2 X B R
IR 2 AL lec 2 C-C BEKJE. WA, &4 TF X
L) TSEIx F 7 #2911 1H -

ATSEL, = (90)

n n R 3
TSEI, = ) ATSEL = ZL—; 1)
i=1

i=1 i,rel
:/H\:EF‘ Ri,rel = Ri,X/RC’ Li,rel = li,X/lC—C~ Xjﬂ:%% Ri,rel = 1’
W) Ly ey W AEIESE C-C BEEH , X YOO DL 5 A
(89).

6.2 A FPSLARRN HE B

PP SRRV AR H TSEL 635 T IR 374K Bt i
RN, AT A R E R Y RO R .
SRAE R — 731 F Ir e 43 1) 1 1 3 141 B g b Bl )
B A1 (¥) TSEI R /N il DA 35 1A 2 8] S0 RO R

Gamale ol (T TR ¢
AR R AN 2R R 1 1A 0 (18] 20) 3= UM
FHUREE A7 B AR 8 fldn 2,2'-47 b (EAR
FEARFEOR, )2 30 A AN R IR B B K1) = 1 A 6.
Cao ™LA 7 MPURECZRAL A 10 e v T BE 1S (PES)
S 2 52 () AR VPO AR X TSET {E (4 %1 LA
2, 2N AR S SO EOAE A O A, 15 31
Gpps(deg) = 43.4843 + 11.1359TSEI, + 23.3798TSEI,
92)
X r=09912, s =243, n =7, F = 112.5. TSEI, f
TSEL, 43 5l i B8 43 - AN [ 2R BA A 1) 4 4
IRV R HL.
555y 272 v SR EUARRIE 2R v AN R B 1) i

6.2.1

R R
D
B 20 HURIBR AP P EIR  — 1f f on i1

820

1 O (de)!" R SG, 1531
Gt = 0.8511 + 25.1112TESI, + 18.7279TSEL, (93)
A r=0.9845, s =2.10,n = 78, F = 1182. Z ALK
() 1 ff1 0" Y 5 3L A () TSET AR 2K
0 =-21.1727 + 19.0189TSEI, + 13.9526TSEI,
+ 19.1977TSEL + 6.9503TSEI; (94)
KX r=09801,5=3.41,n=27, F=134.2.
UEAb, Cao™ i JT] TSEI S HUM B S5 A% In i S
(R SEARGEFENE L b AUBE IR Sn2 S W I e BEAT 5 TEAH K,
SRR, RN, e AN S B AT LS,
W] TSEL A 30 2 4b.

6.2.2  BAURIRRNGE IR I AL S
FEIR BRI 1) C=C XU I%E 42 1 525 [ BRI R0
ANy ARA e SRV U N VA NP e S S N LY S
SEPE, BRI AR k. Caol MR H LA R (95)
Fon C=C Bt L P S AR
Sz —exp (TSEI, x TSEL) (95)
Hrf TSEL x TSEL %35 C'=C* it HEAHIE M 4+
IR R ) e e R AT R? (R4 0 ST AA %N 1 % (TSEI)
TR AL, MR HK, HTSEIMEE 0. &4 H
ESHON IR UG OG, 13 R4
X T L
AH(1) = —218.336Nc_c — 36.2934 ¥ X, ¢
+251.9295Nc gy + 307.2846 ¥ X\ cn
+0.1322 Y S, + 62.9468X,
+3.0208(X 1. X Sz/E)
+390.826X /(X Xicc+ X Xicn) (96)
AP r=0.9991, s =2.36 kJ mol™, n = 53, F = 2963.42.
X TS R
AH(g) = —178.387Nc_c — 62.7084 ¥ X, ¢
+218.5834Nc_y + 268.76736 ¥ X cn
+0.1671 Y S; + 44.3141X,
+3.1653(X 1 XSzr)
+281.6269X, /(¥ Xicc+ X Xicw)  (97)
K r=0.9990, s = 2.26 kJ mol™, n = 48, F = 2445 41.
SCHR[135138 8 T 1 Cherkasov®* 1) 3744 it #i;
ZH RsMEARE TSEL FICHE O, 2593 TSEI [
Rs' T AH OGP LF.
Gao P E— Kt Se ¥ R BIBEHEE A, HE e
JEFAIE TS A RS, 45 0 i, B, pedk 78 5
T AHC AT T



RERFE: (G 20134F H43% HTH

AH® =531.63 Ne_c + 5.0453 ¥ X cc
+237.5888Nc_p + 24.2703 ¥ Xicn
—1.259875 + 67.9484 Y X, (98)
AXHF r = 1.0000, s = 2.80 k] mol™", n = 48, F =
13099799.

F J I ORI B I 1 2B RS TBOCAE — A B 4R,
LG — e BEAHOCT R, RIFES B R4 AL, W
TR M 22. XKW, Sy nLMEN C=C BAR
ST ARRLN (130 FH S 44

AH® = 88.9571 — 10.4755Nc_c— 17.6354 ¥ X cc

+25.663Ncy + 61.0378 ¥ X cn
+2.32588,5— 32.7109 ¥ X, . (99)
R r=09974, s =3.74 kI mol™", n = 82, F = 2380.

BeAh, FE e 3 2R A B A itk OR B 11 AH 5%

T, Sy 2 BB A 3 BT w1,

6.2.3 BRI A YRR
A D UK e 85 1A (18 23) IR L pK, 5 24

R EARHE ST A B WY AT . S TR IS B
JIREHEAT KUK, 198 RUF4R.

24000

20000+

16000+

12000}

AH caicq (KJ/mol)

8000

4000 s s ) :
4000 8000 12000 16000 20000 24000

AHC oy, (KJ/mol)

B 21 J5RRO8) TS A B e R R 1 R S n LS
BAHIEE

HC.1cq (KJ/mol)

Y]

-350 -250 -150 -50 50
AH . (kJImol)

Bl 22 J7FE(99) UH AR e RN R 231 B AR R s
RAHIEA

R! R’
R3 / R3 /
N N
N —H
N/ H+ N
R* \ R* \
R2 R?

1 2

Bl23  HUACBRIEES AR IR IR s

pK, =58.10—4.2085,,,, +1.659TSEI  (100)
K r=0.9700, s = 0.28, n = 12, F = 71.28. Scoys 72K
23 LA 111 C2-H ) 'H NMR (462447 #. TSEI
S IR RISR AT 6 (0 P Ak v e $. W% yE
AL AW LT L3RI LG 4,507 HUAR L B B
C2-H Wi, SEARBEMRN AL B3, X i — 2%
S, SCHER[13715 N BE B 82 1E K- (1/Ny), BI TSEIL =
Y [(1/N,)TESI(R)]. Frf N, /256 i NI IE RTE C2
P35 H, T 13- R IE Ny = 15 4,50 AR
N, =2.

WZENLFE Scon BT RECH S, BB H JF7
TE AT 2390 C2-H B VE(BKMERH 251 1 1K) pK, 18/,
TSEL FiTH 1 R ECA IF, 38738 B0 ST AR BE RN, 9k
/N C2-H (IR (BRI 25 1 11 pK, 3G hn). C2-H (1)
'H NMR k2407 Son I DIHR A 89.02%, TSEI 151
BN 5.07%. XKW, kMRl e+ C2-H MRIEN
FEREZE H 7 1 BAr, iR AR B
R TR D MR AR /N . LS B A& — AN BE 2
ME R, W2 — 2, WA I A4 Bf
W NI, Al SR I BH B8 C2-H HIFRYE pK, &
it 125 SE B AE K.

FIFH 260052 C2-H £ 'H NMR {b22 008, 454
T ORI E] TSEL 24, K H X (100) ] S5 1L
HY 1 R pK,. E@ 7 FE100)2 )5, Wit
R R R, BE] 40 ZMUED 1 M dcom VLK
PR CRI A BT 5AE). K Scom AU (1) TSEL AR 2
(100), THE (BTN 2P pK, {5 SCHRIR- T 10 5256
SR A, S SRR T R A A
MR B

6.2.4 LrkeSEEEE A HIEA R R A
SR, AFpikesr 7 C-H BE PR A
MR, BRAE A —Fe ke 1A AR b, U3k 1)
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bl
4B

R G A UREE RN & 7B ik i

C—H S8 P2 AR A U950 g, AR )L T,
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Abstract: This paper summarizes significant progresses of quantifying organic substituent effects in recent 20 years.
The main content including: (1) The principle of electronegativity equalization was widely accepted, and used to
calculate the intramolecular charge distribution and inductive effect of groups. A valence electrons equilization
method was proposed to compute the molecular electronegativity on the basis of geometric mean method, harmonic
mean method, and weighted mean method. This new calculation method further extended the application of the
principle of electronegativity equalization. (2) A scale method was established for experimentally determining the
electrophilic and nucleophilic ability of reagents, in which benzhydryliumions and quinone methides were taken as
the reference compounds, and the research field was extended to the gas phase conditions, organometallic reaction
and radicals system. Moreover, the nucleophilicity parameters N and electrophilicity parameters £ for a series of
reagents were obtained. The definition and quantitative expression of electrophilicity index w and nucleophilicity
index w were proposed theoretically, and the correlation between the parameters from experimental determination
and the indexes from theoretical calculation was also deeply investigated. (3) The polarizability effect parameter was
initially calculated by empirical method and further developed by quantum chemistry method. Recently, the
polarizability effect index of alkyl (PEI) and groups (PEIx) were proposed by statistical method, and got wide
applications in explaining and estimating gas-phase acidity and basicity, ionization energy, enthalpy of formation,
bond energy, reaction rate, water solubility and chromatographic retention for organic compounds. (4) The
excited-state substituent constant o, which was obtained directly from the UV absorption energy data of
substituted benzenes, is different from the polar constants in molecular ground state and the radical spin-
delocalization effects constants in molecular radical state. The proposed constant oy correlated well with the UV

absorption energy of many kinds of organic compounds, such as 1,4-disubstituted benzenes, substituted stilbenes,
and disubstituted N-benzylidenebenzenamine. (5) The presence of the steric shielding effect distinguished three
traditional steric effects. The stereoselectivity index C; was proposed to quantify the stereoselectivity in addition
reaction of carbonyl with nucleophilic reagent. The shielding parameter Rs' was defined to quantitatively express the
specific surface of the reaction center screened by a group. Further, the topological steric effect index (TSEI) of a
group based on the relative specific volume of reaction center screened by the atoms of substituents was proposed.
These parameters have good applications in estimating the intramolecular dihedral angles, stereoselectivity of
reaction, enthalpies of formation of alkene and alkylbenzene, acidity of substitutedimidazolium ionic liquid, and the
reaction rate of alkane and hydroxyl free radical. In addition, some suggestions and prospects for further studies on
quantifying the organic substituent effects were presented in this paper.

Keywords: substituent effect, electronic effect, steric effect, molecular equalized electronegativity, electrophilicity
index, nucleophilicity index, polarizability effect parameter, excited-state substituent constant, steric shielding effect
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