5529 % 4 ME R K F 2R ( BARIFER) Vol.29 No.4
2014 4 12 H Journal of Hunan University of Science & Technology ( Natural Science Edition) Dec. 2014

doi:10. 13582/j. enki. 1672 - 9102.2014. 04. 020

/\¥_n$’]5(1¥&@&@a=1&1 B4 2 Iz 128 2R /Y
E/ﬂﬂﬂé

X 4k >
A, P RE

GBI RO BRSPS 5 D RE 740 TR T S0 2, M AOG 2300 Pl 4 3l oy M T A S B
AL Tog B, WIR I 411201)

B EAREAHEMRARINERZRBRE NS XA (LG) 4 & & & A (NLG) fu sk KA (Nu) Mo & . A X
MERET RELEMSHNRREE G AM RN K £ FRIR R R = R R4k, ETERBR R EHLE, A ¥
5 % Fk | B AR L3R B 78 4k PEICNLG ) An 2k H R AR £ 4k GVI(NLG) , 5E X 7| 5§ % & % B 89 K R & H 2 b GVI(Nu)/GVI
(LG) , LR F R A 5 % & 2 A AU s 49 pK, 2 % (pK, (Nu) - pK,(LG) ) 2 HI R AL ¥ & H |85 & 2 B A s AR 7 09 4
MBERFELRAMNE B X HLAWMER 4,0 LR 58X T3 éﬂ%ﬁﬂlﬁ}iﬁé’v loghy # % U &M B JAH A, 173 2] B0 47

WER. ZEARASEEE, WEE AR, N0 FEMEFMEE R E IR RN B3 RAR AT BN R AE.
KEWR AR B; FEIRRNER; T EEN - ERAEX
hE 4 %2 .0647 SCRRAREAD: A T EHS 1672 -9102(2014)04 — 0098 - 06

The quantitative influence of molecular structure on the
nucleophilic substitution reaction rate of carboxylic esters
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Abstract; The nucleophilic substitution reaction rate of carboxylic ester is influenced by the structures of
leaving group (LG), non - leaving group (NLG) of carboxylic ester and the nucleophile (Nu). A large number
of apparent second — order rate constants (k,) were colletcd and analyzed, which of nucleophilic substitution
reactions between structurally diverse carboxylic esters and a variety of nucleophiles. Based on the mechanism of
nucleophilic substitution reaction, the polarizability effect index PEI( NLG) and group volume index GVI(NLG)
of non — leaving group, the ratio of group volume index of nucleophile to that of the leaving group GVI(Nu)/GVI
(LG), the difference between pK, of the conjugate acid of nucleophile and that of leaving group (pK,(Nu) —
pK,(LG) ), were employed to characterize the structures of non — leaving group, leaving group and nucleophile.
logk, of 73 nucleophilic substitution reactions were correlated to the structural descriptors mentioned above, and
multiple linear regression model was established with good performances. The parameters used in the model were
simple and had clear physical meanings. This study provided a theoretical basis for quantitatively estimating the
nucleophilic substitution reaction rate of carboxylic esters from molecular structures.
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0.206/16 + 0.115/25 + 0.374/36 = 0.423; 5 %
FEH 3 — 2RI AL GVI(LG) = 0.206 + 2 x
0.262/4 + 0.206/9 + 0.262/9 + 0.262/16 +
0.206/16 + 0.115/25 + 0.374/25 = 0.438; %%
RA 3 - FIEMERER GVI(Nu) = 0.141 + 2 x
0.262/4 + 0.262/9 + 0.206/9 + 0.262/16 +
0.374/16 = 0.364.
1 FLRTF SR AR LRR(10 AT

J TR Vi J5 T s M Vi
H 0.056 CH 0.262
C 0.206 CH, 0.318
N 0. 141 CH, 0.374
0 0.115 NH 0.197
F 0.115 NH, 0.253
Cl 0.244 OH 0.171
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F=1636.25;n=73.
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logk y
No NLG LG Nu
Exp. Calc.
1 ph(4 -NO,) Oph(3 - COMe) piperidine -1.68 -1.68
2 ph(4 -NO,) Oph(3 -Cl) piperidine -1.28 -1.41
3 ph Oph(4 - COMe) piperidine -0.63 -0.49
4 ph Oph(4 - CHO) piperidine -0.07 -0.14
5 ph(4 —MeO) Oph(4 — COMe) piperidine -1.01 -0.90
6 ph(4 —MeO) Oph(4 - CHO) piperidine -0.48 -0.54
7 ph(4 -Cl) Oph{2,4 - (NO,), | glyeylglycine 0.37 0.07
8 ph(4 -Cl) Oph{2,4 - (NO,), | ethylamine 1.68 1.52
9 ph Oph{2,4 - (NO,), | trifluoroethylamine -1.75 -1.84
10 ph Oph{2,4 - (NO,), | glycine ethyl ester -0.37 -0.21
11 ph Oph{2,4 - (NO,), | glycylglycine 0.09 0.31
12 ph Oph{2,4 - (NO,), | glycine 1.10 1.31
13 ph Oph{2,4 - (NO,), | 1 — formyl piperazine 0.73 0.61
14 ph Oph{2.,4 - (NO, ), { piperazine 1.91 1.86
15 ph Oph{2,4 - (NO,),! piperidine 2.24 2.32
16 ph(4 - Me) Oph{2,4 - (NO,),| glycylglycine -0.22 -0.10
17 ph(4 -NO,) Oph(4 - NO,) 1 - formyl piperazine -1.69 -1.73
18 ph(4 - CN) Oph(4 -NO,) 1 — formyl piperazine -1.71 -1.75
19 ph(3 -Cl) Oph(4 -NO,) 1 — formyl piperazine -1.78 -1.80
20 ph(4 -Cl) Oph(4 - NO,) 1 — formyl piperazine -1.90 -1.67
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logk y
No. * NLG LG Nu

Exp. Cale.
21 ph(4 -Cl) Oph(4 -NO,) 1 — (2 - hydroxyethyl) piperazine -0.57 -0.53
22 ph Oph(4 - NO,) piperazine -0.07 -0.19
23 ph(3 —Me) Oph(4 - NO,) 1 — formyl piperazine -2.09 -2.07
24 ph(3 - Me) Oph(4 -NO,) 1 = (2 - hydroxyethyl ) piperazine -0.76  -0.93
25 ph(4 —Me) Oph(4 - NO,) 1 = (2 - hydroxyethyl ) piperazine -0.83 -0.71
26 ph(4 - MeO) Oph(4 - NO,) piperazine -0.46 -0.60
27 ph(4 - Me) Oph{2,4 - (NO,), { piperidine 2.00 1.90
28 ph(4 - MeO) Oph{2,4 - (NO,), | piperidine 1.75 1.91
29 ph Oph(4 - CHO) piperidine -0.07 -0.14
30 ph Oph(4 - CHO) morpholine -2.06 -1.80
31 ph Oph(4 - COOEt) piperidine -0.86 -0.60
32 (4 =NO,)ph(CH=CH) Oph{2,4 - (NO,),} piperidine 2.81 2.84
33 (4 -Cl)ph(CH=CH) Oph{2,4 - (NO,),} morpholine 1.43 1.21
34 ph(CH =CH) Oph{2,4 - (NO,), | morpholine 1.36 1.34
35 (4 —Me)ph(CH=CH) Oph{2,4 - (NO,),} morpholine 1.20 1.12
36 (4 - OMe)ph(CH =CH) Oph{2,4 - (NO,), | morpholine 1.03 1.11
37 ph(CH =CH) Oph{3.,4 - (NO,), { piperidine 2.19 2.09
38 ph(CH=CH) Oph(4 - NO,) piperidine 1.09 0.94
39 ph(CH =CH) Oph(4 - CHO) piperidine 0.61 0.55
40 ph(CH =CH) Oph(4 - CHO) morpholine -1.01 -1.12
41 ph(CH =CH) Oph(4 — COMe) piperidine 0.23 0.19
42 ph(CH =CH) Oph(4 - COMe) morpholine -1.53 -1.47
43 ph(CH=CH) Oph(4 - COOEt) piperidine 0.09 0.09
44 ph(CH=CH) Oph(4 - COOEt) morpholine -1.65 -1.58
45 ph(CH =CH) Oph(3 -Cl) piperidine -0.53 -0.43
46 ph(CH=CH) Oph(3 -Cl) morpholine -2.40 -2.10
47 ph(CH =CH) Oph(3 — COMe) piperidine -0.80 -0.70
48 ph Oph{2,4 - (NO, ), | pyridine -2.06 -2.26
49 ph Oph{2,4 - (NO,), | pyridine(3 - Me) -1.78  -1.81
50 ph Oph{2,4 - (NO,), | pyridine(4 — Me) -1.33 -1.55
51 ph Oph{2,4 - (NO,), | pyridine (3,4 — Me, ) ~1.14 ~1.19
52 ph(2 - Me -4 — MeO) Oph(4 -NO,) piperidine -0.70 -0.89
53 ph(2 - Me -4 — Me) Oph(4 - NO,) 1 — formylpiperazine -2.77 -2.59
54 ph(2 - Me -4 - Me) Oph(4 -NO,) 1 = (2 - hydroxyethyl ) piperazine -1.71 -1.45
55 ph(2 - Me) Oph(4 - NO,) morpholine -1.91 -2.15
56 ph(2 —Me) Oph(4 - NO, ) piperazine -0.96 -0.93
57 ph(2 —Me) Oph(4 -NO,) piperidine -0.30 —-0.48
58 ph(2 -Me-3-Cl) Oph(4 - NO, ) 1 — formylpiperazine -2.61 -2.54
59 ph(2 -Me -3 -Cl) Oph(4 - NO,) 1 = (2 - hydroxyethyl ) piperazine -1.49 -1.40
60 ph(2 -Me -3 -NO,) Oph(4 - NO,) 1 — formylpiperazine -2.53 -2.60
61 ph(2 -Me -3 -NO,) Oph(4 - NO,) 1 = (2 - hydroxyethyl ) piperazine -1.37 -1.45
62 ph(2 - Me) Oph(4 - CHO) piperidine -1.09 -0.88
63 ph(4 - Me) Oph{2,4 - (NO,),} CN- -0.30  -0.54
64 ph Oph{2,4 - (NO,), | CN- 0.09 -0.12
65 ph(4 -CN) Oph{2,4 - (NO,), | OH" 3.38 3.53
66 ph(4 -NO,) Oph{2,4 - (NO,), | OH~ 3.58 3.55
67 ph Oph(4 - CN) OH~ 0.90 1.12
68 ph Oph(4 - CO,Et) OH~ 0.49 0.79
69 ph Oph(3 - COMe) OH~ 0.26 0.14
70 ph Oph(4 -Cl) OH~ 0.13 0.09
71 ph Oph OH" -0.35 -0.29
72 ph Oph(4 - Me) OH~ -0.50 -0.52
73 ph Oph(4 — OMe) OH " -0.41 -0.53

TE:"No. 1 ~6 R HICHRI3];5 No.7 ~16 K HICHK[4] 5 No. 17 ~26 R ASCHR[S T3 No. 27 ~47 R HICHR[7];5 No. 48 ~51 K H SCHR[8

No.52 ~62 3k 5 3CHk[9]; No.63 ~73 K H XCHik[2].
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A3 BB e SRS

PEL GVI pK, PEL GVI pK,
No. No.
NLG NLG LG Nu LG Nu NLG NLG LG Nu LG Nu

1 2.590 0.420 0.438 0.347 9.19 11.02 38 2.400 0.411 0.420 0.347 7.14 11.02
2 2.590 0.420 0.421 0.347 9.02 11.02 39 2.400 0.411 0.422  0.347 7.66 11.02
3 2.570  0.412 0.430 0.347 8.05 11.02 40 2.400 0.411 0.422 0.352 7.66 8.65
4 2.570  0.412  0.422  0.347 7.66 11.02 41 2.400 0.411 0.430 0.347 8.05 11.02
5 2.601  0.423  0.430 0.347 8.05 11.02 42 2.400 0.411 0.430 0.352 8.05 8.65
6 2.601  0.423  0.422 0.347 7.66 11.02 43 2.400 0.411 0.406  0.347 8.5 11.02
7 2.591 0.418 0.436  0.343 4.11 8.31 44 2.400 0.411 0.406 0.352 8.5 8.65
8 2.591 0.418 0.436  0.318 4.11 10. 67 45 2.400 0.411  0.421 0.347 9.02 11.02
9 2.570  0.412  0.436  0.321 4.11 5.68 46 2.400 0.411 0.421 0.352 9.02 8.65
10 2.570  0.412 0.436  0.337 4.11 7.68 47 2.400 0.411 0.438 0.347 9.19 11.02
11 2.570  0.412  0.436  0.343 4.11 8.31 48 2.570  0.412  0.436  0.347 4.11 4.73
12 2.570  0.412  0.436  0.317 4.11 10. 06 49 2.570  0.412  0.436 0.364 4.11 5.09
13 2.570  0.412 0.436  0.393 4.11 7.98 50 2.570  0.412 0.436  0.358 4.11 5.53
14 2.570  0.412 0.436  0.383 4.11 9.85 51 2.570  0.412 0.436  0.375 4.11 5.78
15 2.570  0.412 0.436  0.347 4.11 11.02 52 2.616  0.451 0.420  0.347 7.14 11.02
16 2.603  0.423 0.436  0.343 4.11 8.31 53 2.618 0.451 0.420 0.393 7.14 7.98
17 2.590 0.420 0.420 0.393 7.14 7.98 54 2.618 0.451 0.420 0.405 7.14 9.38
18 2.595 0.420 0.420 0.393 7.14 7.98 55 2.585 0.439 0.420 0.352 7.14 8.65
19 2.605 0.421 0.420 0.393 7.14 7.98 56 2.585 0.439 0.420 0.383 7.14 9.85
20 2.591 0.418 0.420 0.393 7.14 7.98 57 2.585 0.439 0.420 0.347 7.14 11.02
21 2.591 0.418 0.420 0.405 7.14 9.38 58 2.620 0.448 0.420 0.393 7.14 7.98
22 2.570  0.412 0.420 0.383 7.14 9.85 59 2.620 0.448 0.420 0.405 7.14 9.38
23 2.623  0.429 0.420 0.393 7.14 7.98 60 2.617 0.451 0.420 0.393 7.14 7.98
24 2.623  0.429 0.420 0.405 7.14 9.38 61 2.617 0.451 0.420 0.405 7.14 9.38
25 2.603  0.423 0.420 0.405 7.14 9.38 62 2.585 0.439 0.422 0.347 7.66 11.02
26 2.601 0.423 0.420 0.383 7.14 9.85 63 2.603  0.423 0.436  0.241 4.11 9.21
27 2.603  0.423  0.436  0.347 4.11 11.02 64 2.570  0.412  0.436  0.241 4.11 9.21
28 2.601  0.423 0.436  0.347 4.11 11.02 65 2.595 0.420 0.436  0.171 4.11 15.70
29 2.570  0.412  0.422  0.347 7.66 11.02 66 2.590 0.420 0.436  0.171 4.11 15.70
30 2.570  0.412 0.422 0.352 7.66 8.65 67 2.570  0.412  0.420 0.171 7.95 15.70
31 2.570  0.412  0.406  0.347 8.50 11.02 68 2.570  0.412 0.406 0.171 8.50 15.70
32 2.410 0.416 0.436  0.347 4.11 11.02 69 2.570  0.412  0.438 0.171 9.19 15.70
33 2.409 0.415 0.436  0.352 4.11 8.65 70 2.570  0.412 0.418 0.171 9.38 15.70
34 2.400 0.411 0.436  0.352 4.11 8.65 71 2.570  0.412 0.412 0.171 9.95 15.70
35 2.416  0.417 0.436  0.352 4.11 8.65 72 2.570  0.412  0.423 0.171 10.19  15.70
36 2.416  0.418 0.436  0.352 4.11 8.65 73 2.570  0.412 0.423 0.171 10.20  15.70
37 2.400 0.411 0.432 0.347 5.42 11.02
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substituted phenyl X - substituted cinnamates and
STk benzoates : effect of modification of the nonleaving group
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