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Fig. 1 The molecular skeleton of 3-methylbutanol
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Sacs = (an +3Xac) + 3 Xay +3Xan+2Xay Fac) XAPEI= (0. 666 793+ 3 X
1.75)+(8X0.666 793+1.76) X0.140 526=6.943 708 1

Saci = Zacs = (3 Xay Ftac) T 2XacFan) XAPEI=(3X0.666 793+1.75)+(2X
1.7640. 666 793)X0. 140 526=4. 348 717 7

®1 C,H,OFRFHERM y, (Pauling 47 ) FEFRLE o
Tablel The values of the electronegativity Ao (Pauling scale) and atomic

polarizability « for the carbon, hydrogen, and oxygen atoms!*

Atom H C 0
xp 2. 20 2.55 3. 44
«/107 % cm? 0.666 793 1.76 0.802

x2 MHEALEFNAENET(EA)NPORFRUEBEHIEE

Table 2 APEI values of the N;th atoms(group) from the central atom

[25,26]

N; APEI N; APE] N; APEI

1 1. 000 000 2 0.140 526 3 0.048 132
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Fig. 2 Plot of the predicted **C NMR chemical shifts Fig. 3 Plot of the residuals vs. the experimental *C
dc vs. the experimental ¢ for the 747 carbon atoms chemical shifts for the 747 carbon atoms

SCHRC12 ]G X 37 AN 7 — JCRERY 187 AR R FE AT 40 . HEN T 4 BNy 5
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Table 3 The comparison of calculated results of *C NMR chemical shifts and their

experimental values in some aliphatic Alcohols, as well as the model parameters

Compounds Not  Q F Saa QiSar Ny NY NV Seab Sexp© Ad d
C1—OH 1 —0.16 0.3408 2.8961 —0.4634 0 0 0 49.50 50.05 0.55
1O 1 0.19 —0.6042 4.2704 0.8114 3 0 0 59.12 57.79 —1.33
2 —1.05 —0.1995 4.0605 —4.2635 2 0 0 16.64 18.13 1.49
1 0.19 —0.5377 4.4240 0.8406 2 0 O 64.32 64.25 —0.07
(3—C2—C1—OH 2 —0.70 0.6020 5.4348 —3.8043 5 0 25.29  25.89 0. 60
3 —1.05 0.7350 4.1951 —4.4049 2 0 1 10.76 10.28 —0.48
OH 1 —1.05 —0.1995 4.2141 —4.4248 1 0 0 23.33 25.29 1.96
(;1_(‘32_(;1 2 0.54 —2.2842 5.6447 3.0481 6 0 0 6507 64.04 —1.03
1 —1.05 —0.5670 4.2141 —4.4248 1 3 0 22,91 22.83 —0.08
OH 2 0.54 —2.0952 5.7983 3.1311 5 0 0 69.47 69.28 —0.19
Cl—C3—Co—C1 3 —0.70 0.3570 5.5884 —3.9119 4 0 0 32.52 32.07 —0.45
4 —1.05 0.7350 4.1951 —4.4049 2 3 1 9.01 10.01 1.00
C3—CI—Cl—OH 1 0.19 —0.4712 4.5776 0.8697 1 0 0 69.51 69.47 —0.04
2 —0.35  0.6685 6.8091 —2.3832 8 0 30.27 30.84 0.57
cs 3 —1.05 0.3675 4.3487 —4.5662 1 0 1 18.79 18.99 0.20
C1
| 1 —1.05 —0.9345 4.3677 —4.5861 0 0 0 32.69 31.23 —1.46
C1—C2—C1
| 0.89 —4.6992 7.0190 6.2469 9 0 0 67.35 69.05 1.70
OH
1 —1.05 —0.1995 4.2141 —4.4248 1 2 0 22,16 23.38 1.22
OH 2 0.54 —2.0952 5.7983 3.1311 5 3 0 67.71 67.69 —0.02
\ 3 —0.70 0.1120 5.7420 —4.0194 3 0 0 39.74 41.59 1.85
C5—C4—C—C2—C1 4 —0.70 1.2250 5.5694 —3.89086 5 3 1 18.48 19.03  0.55
5 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.11 —0.17
OH 1 —1.05 0.7350 4.1951 —4.4049 2 2 1  9.59 10.10 0.51
\ 2 —0.70  0.3570 5.5884 —3.9119 4 3 0 30.76 29.70 —1.06
Cl—C2—C—C2—Cl 3 0.54 —1.9062 5.9519 3.2140 4 0 0 73.87 7450  0.63
(|33 1 0.19 —0.4047 4.7312 0.8989 0 0 0 74.71 73.16 —1.55
3—C2—C1—OH 2 0.00  0.0000 8.1834 0.0000 11 0 0 31.59 32.62 1.03
ég 3 —1.05 0.0000 4.5023 —4.7275 0 0 1 26.81 26.11 —0.70
1 0.19 —0.5377 4.4240 0.8406 2 2 0 63.15 62.80 —0.35
2 —0.70  0.3570 5.5884 —3.9119 4 2 0 31.34 32.79 1.45
3 —0.70 0.9800 5.7230 —4.0061 4 3 1 25.70 25.59 —0.11
C6—C5—C4—C3—C2—C1
4 —0.70  0.9800 5.7230 —4.0061 4 2 0 30.39 31.80 1. 41
5 —0.70 1.2250 5.5694 —3.8986 2 0 23.17 22.75 —0.42
6 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14.07 0.37
1 —1.05 0.7350 4.1951 —4.4049 2 2 1  9.59 9.93 0.34
2 —0.70 03570 5.5884 —3.9119 4 2 0 31.34 30.23 —1.11
OH 3 0.54 —1.9062 5.9519 3.2140 4 3 0 72.11 73.00 0. 89
(jliczi(‘jgi(‘4i(j5iC6 4 —0.70 0.112 0 5.7420 —4.0194 3 3 0 37.99 39.25 1. 26
5 —0.70 1.2250 5.5694 —3.8986 5 2 1 19.06 18.94 —0.12
6 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.18 —0.10
1 —1.05 0.7350 4.1951 —4.4049 5 0 11.94 11.29 —0.65
2 —1.05 0.3675 4.3487 —4.5662 1 5 0 19.97 19.18 —0.79
C2 3 —0.70 0.9800 5.7230 —4.0061 4 2 0 30.39 29.68 —0.71
Cl_C;g_Jf,1_C5_C6_()H 4 —0.35 0.8575 7.0973 —2.4841 7 0 1 32.47 31.20 —1.27
5 —0.70 0.1120 5.7420 —4.0194 3 3 0 37.99 39.53 1.54
6 0.19 —0.5377 4.4240 0.8406 2 5 0 61.39 60.94 —0.45
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Continuation of the Table 3
Compounds Q F Sax QiSar N¢y NY NV Seab Bexp© A8 d
1 0.19 —0.4712 4.5776 0.8697 1 2 0 68.34 68.23 —0.11
2 —0.35 0.5460 6.9627 —2.4369 7 3 0 34.94  35.63 0.69
C6 3 —0.70 0.7350 5.8766 —4.1137 3 0 1 34.69 35.63 0.94
Crf@iczf&fuf(m 4 —0.70 1.2250 5.5694 —3.8986 5 5 0 21.41 20.19 —1.22
5 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.38 0.10
6 —1.05 0.3675 4.3487 —4.5662 1 2 1 17.62 16.65 —0.97
1 —1.05 0.7350 4.1951 —4.4049 2 1 1 10.18 10.37 0.19
(‘)H 2 —0.70  0.3570 5.5884 —3.9119 4 6 0 29.00 27.00 —2.00
C5—C4—C3—C2—C1 3 0.54 —1.7172 6.1055 3.2970 3 0 0 78.26 78.20 —0.06
(|: 4 —0.35 0.5460 6.9627 —2.4369 7 3 0 34.94 33.22 —1.72
5 —1.05 0.3675 4.3487 —4.5662 1 2 1 17.62 17.24 —0.38
1 —1.05 —0.9345 4.3677 —4.5861 0 2 0 31.52 29.20 —2.32
(‘7’1 2 0.89 —4.3877 7.1726 6.3836 8 3 0 69.20 70.98 1.78
C5—C4—C3—C2—C1 3 —0.70 —0.1330 5.8956 —4.1269 2 0 0 46.97 46.46 —0.51
(‘)H 4 —0.70 1.2250 5.5694 —3.8986 5 6 1 16.72 17.67 0.95
5 —1.05 0.7350 4.1951 —4.4049 2 0 0 14.87 14.68 —0.19
1 —1.05 —0.5670 4.2141 —4.4248 1 9 0 19.39 17.89 —1.50
L‘”‘ (‘)H 2 0.54 —1.7172 6.1055 3.2970 3 0 0 78.26 75.58 —2.68
C4—C3—C2—C1 3 0.00  0.0000 8.3370 0.0000 10 0 0 37.22 34.92 —2.30
(‘:/1 4 —1.05 0.0000 4.5023 —4.7275 0 3 1 25.06 25.47 0.41
5 —1.05 0.3675 4.3487 —4.5662 1 6 1 15.28 12.66 —2.62
OH 1 —1.05 —0.5670 4.2141 —4.4248 1 6 0 21.15 19.93 —1.22
| 2 0.54 —1.9062 5.9519 3.2140 4 0 0 73.87 72.69 —1.18
C4—C3—C2—Cl1
| 3 —0.35  0.5460 6.9627 —2.4369 7 0 0 36.70 35.08 —1.62
C 4 —1.05 0.3675 4.3487 —4.5662 1 3 1 17.03 18.06 1.03
1 —1.05 —0.5670 4.2141 —4.4248 1 5 0 21.74 20.25 —1.49
C6 2 0.54 —1.9062 5.9519 3.2140 4 3 0 72.11 71.31 —0.80
\ 3 —0.35 0.4235 7.1163 —2.4907 6 0 0 43.13 41.80 —1.33
C5—C4—C3—C2—C1
‘ 4 —0.70 0.9800 5.7230 —4.0061 4 3 1 25.70 25.36 —0.34
OH 5 —1.05 0.7350 4.1951 —4.4049 2 4 0 12.53 11.79 —0.74
6 —1.05 0.3675 4.3487 —4.5662 1 6 1 15.28 14.03 —1.25
1 —1.05 0.7350 4.1951 —4.4049 2 2 1  9.59 9.95 0. 36
2 —0.70 0.3570 5.5884 —3.9119 4 2 0 31.34 30.20 —1.14
T 5l (321 3 0.54 —1.906 2 5.9519 3.2140 4 2 0 72.70 73.24 0.54
| 4 —0.70 0.1120 5.7420 —4.0194 3 6 0 36.23 36.75 0.52
OH 5 —0.70 0.9800 5.7230 —4.0061 4 2 1 26.29 28.01 1.72
6 —0.70 1.2250 5.5694 —3.8986 5 1 0 23.75 22.91 —0.84
7 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14.12 0.42
1 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.14 —o0.14
OH 2 —0.70 0.7350 5.5694 —3.8986 5 2 1 20.84 18.90 —1.94
c1—(:2—(:3—(‘:/1—(:3—(‘,2—(:1 3 —0.70 0.1120 5.7420 —4.0194 3 2 0 38.57 39.84 1.27
1 0.54 —1.906 2 5.9519 3.2140 4 6 0 70.35 71.45 1.10
1 —1.05 —0.1995 4.2141 —4.4248 1 5 0 20.40 20.20 —O0.20
2 0.54 —1.9062 5.9519 3.2140 4 2 0 72,70 71.50 —1.20
(‘37 3 —0.35 0.4235 7.1163 —2.4907 6 3 0 41.37 39.80 —1.57
C6—C5—C4—C3—C2—OH 4 —0.70 0.7350 5.8766 —4.1137 3 3 1  32.93  35.20 2.27
él 5 —0.70 1.2250 5.5694 —3.8986 5 4 0 22.00 20.60 —1.40
6 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.50 0. 22
7 —1.05 0.3675 4.3487 —4.5662 1 5 1 15.86 14.90 —0.96
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Compounds No2 Q F Sax QiSar Ny NY Ny deal® Oexp© A0 d
1 0.19 —0.4712 4.5776 0.8697 1 5 0 66.59 66.73 0.14
2 —0.35 0.4235 7.1163 —2.4907 6 3 0 41.37 40.61 —0.76
‘u 3 —0.35 0.7350 7.2509 —2.5378 6 0 1 38.89 36.64 —2.25
C5—C4—C3—C2—C1—C1 4 —0.70 0.9800 5.7230 —4.0061 4 5 0 28.64 27.73 —0.91
(“6 5 —1.05 0.7350 4.1951 —4.4049 2 4 0 12.53 11.94 —0.59
6 —1.05 0.3675 4.3487 —4.5662 1 8 0 18.21 16.48 —1.73
7 —1.05 0.3675 4.3487 —4.5662 1 5 1 15.86 13.84 —2.02
1 —1.05 —0.5670 4.2141 —4.4248 1 2 0 23.49 23.47 —0.02
OH 2 0.54 —2.0952 5.7983 3.1311 5 1 0 68.88 68.41 —0.47
oot (\‘3 - 3 —0.70 0.3570 5.7420 —4.0194 3 6 0 35.34 37.25 1.91
5 CA— (3
| 4 —0.70  0.7350 5.8766 —4.1137 3 3 1 32.93 35.02 2.09
C6 5 —0.35 0.9800 6.9437 —2.4303 8 1 0 29.56 28.17 —1.39
6 —1.05 0.3675 4.3487 —4.5662 1 2 0 21.72 22.62 0.90
(‘)H 1 —1.05 0.3675 4.3487 —4.5662 1 1 1 18.20 16.98 —1.22
C1—C2—C3—C2—C1 2 —0.35 0.5460 6.9627 —2.4369 7 6 0 33.19 30.64 —2.55
C (‘; 3 0.54 —1.5282 6.2592 3.3800 2 0 0 82.66 81.33 —1.33
1 —1.07  0.7490 4.2550 —4.5529 2 0 0 14.84 15.10 0.26
Cs 2 —0.70 1.2250 5.5694 —3.8986 5 8 0 19.65 17.20 —2.45
o3 & Cb—OH 3 —0.70  0.4900 6.0303 —4.2212 2 0 1 41.91 41.50 —0.41
’ ‘ 4 0.00  0.0000 8.3370 0.0000 10 3 0 35.46 35.20 —0.26
G5 5 —1.05 0.0000 4.5023 —4.7275 0 2 1 25.64 24.00 —1.64
6 0.19 —0.4047 4.7312 0.8989 0 2 0 73.54 71.80 —1.74
1 —1.05 0.7350 4.1951 —4.4049 2 4 0 12.53 12.00 —0.53
2 —0.70  0.9800 5.7230 —4.0061 4 2 1 26.29 25.00 —1.29
(‘)H 3 —0.35 0.4235 7.1163 —2.4907 6 3 0 41.37 40.60 —0.77
C6—C5—C4—C3—C2—C1 4 0.54 —1.7172 6.1055 3.2970 3 3 0 76.51 77.30 0.79
&7 5 —0.70 0.3570 5.3411 —3.7388 4 5 0 27.18 27.40 0.22
6 —1.05 0.7350 4.1542 —4.3619 2 1 1  9.69 10.60 0.91
7 —1.05 0.3675 4.3487 —4.5662 1 5 1 15.86 14.90 —0.96
1 —1.05 0.7350 4.1951 —4.4049 2 0 1 10.76 11.63 0.87
("5 2 —0.70 0.3570 5.5884 —3.9119 4 9 0 27.25 24.44 —2.81
C1—C2—C3—C4—C5 3 0.54 —1.5282 6.2592 3.3800 2 0 0 82.66 81.81 —0.85
(‘)H és 4 0.00  0.0000 8.3370 0.0000 10 3 0 35.46 35.06 —0.40
5 —1.05 0.0000 4.5023 —4.7275 0 2 1 25.64 25.82 0.18
1 —1.05 0.3675 4.3487 —4.5662 1 2 1 17.62 17.18 —0.44
OH 2 —0.35 0.5460 6.9627 —2.4369 7 2 0 35.53 33.63 —1.90
bl ég R 3 0.54 —1.7172 6.1055 3.2970 3 3 0 76.51 76.54 0.03
) ‘ 4 —0.70 0.1120 5.7420 —4.0194 3 6 0 36.23 36.51 0.28
C 5 —0.70  1.2250 5.5694 —3.8986 5 1 1 19.65 19.31 —0.34
6 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.17 —0.11
1 0.19 —0.5377 4.4240 0.8406 2 5 0 61.39 60.98 —0.41
2 —0.70 0.1120 5.7420 —4.0194 3 2 0 3857 39.98 1.41
o7 3 —0.35 0.8575 7.0973 —2.4841 7 3 1 30.71 29.37 —1.34
| 4 —0.70 0.7350 5.8766 —4.1137 3 2 0 37.62 39.56 1.94
C6—Co—CI—C5—C2—Cl—OH 5 —0.70 1.2250 5.5694 —3.8986 5 5 0 21.41 19.63 —1.78
6 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.35 0.07
7 —1.05 0.3675 4.3487 —4.5662 1 4 0 20.55 20.09 —0.46
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Continuation of the Table 3
Compounds No2 Q F Sax QiSer N NI NOL o Sca® Oexp© AS 4
1 —1.05 0.7350 4.1951 —4.4049 2 5 0 11.94 11.25 —0.69
2 —0.70  0.9800 5.8766 —4.1137 4 1 0 32.47 30.22 —2.25
OH o7 3 —0.35 0.8575 7.0973 —2.4841 7 3 1 30.71 31.16 0.45
| | 4 —0.70 —0.1330 5.8956 —4.1269 2 3 0 45.21 46.68 1.47
C6—Co—C—C3—C2—Cl 5 0.54 —2.0952 5.7983 3.1311 5 5 0 66.54 65.89 —0.65
6 —1.05 —0.5670 4.2141 —4.4248 1 1 0 24.08 24.34 0.26
7 —1.05 0.3675 4.3487 —4.5662 1 4 0 20.55 19.05 —1.50
1 —1.05 0.7350 4.1951 —4.4049 2 4 0 12,53 11.09 —1.44
2 —0.70  0.9800 5.4757 —3.8330 4 2 1 23.88 23.43 —0.45
3 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14.12 0.42
C3—C4—C5—C6—C7—C8—O0OH 4 —0.70 1.2250 5.5694 —3.8986 5 1 0 23.75 23.19 —0.56
észl 5 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.24 0.02
6 —0.70 0.7350 5.8766 —4.1137 3 6 1 31.17 30.23 —0.94
7 —0.35  0.4900 7.1163 —2.4907 6 2 0 41.72 42,07 0.35
8 0.19 —0.4712 4.5776 0.8697 1 5 0 66.59 65.15 —1.44
1 —1.05 0.3675 4.3487 —4.5662 1 0 0 22.89 24.37 1.48
c5 2 —0.35 0.9800 6.9437 —2.4303 8 8 0 25.46 24.09 —1.37
Ol 3 C6—OH 3 —0.70  0.2450 6.1839 —4.3287 1 0 1 49.14 47.70 —1.44
[ 4 0.00  0.0000 8.3370 0.0000 10 6 0 33.70 35.77 2.07
Cl G5 5 —1.05 0.0000 4.5023 —4.7275 0 1 1 26.23 25.46 —0.77
6 0.19 —0.4047 4.7312 0.8989 0 1 0 74.12 72.42 —1.70
1 —1.05 0.3675 4.3487 —4.5662 1 1 0 22.31 22.96 0.65
2 —0.35 0.9800 6.9437 —2.4303 8 4 0 27.80 25.47 —2.33
(93— CA—CT—OH 3 —0.70  0.4900 6.0303 —4.2212 2 3 40.16  39.60 —0.56
| 4 —0.35 0.4235 7.1163 —2.4907 6 6 0 39.62  40.28 0.66
C Co—C6 5 —0.70 0.9800 5.7230 —4.0061 4 1 1 26.88 26.39 —0.49
6 —1.05 0.7350 4.1951 —4.4049 2 4 0 12,53 10.93 —1.60
7 0.19 —0.5377 4.5776 0.8697 1 4 0 67.41 65.28 —2.13
1 —1.05 0.0000 4.5023 —4.7275 0 1 0 30.33 29.96 —0.37
cl 2 0.00  0.0000 8.3180 0.0000 11 5 0 29.35 30.88 1.53
(:1—('12—(:3—01—(:6—()H 3 —0.70 0.2450 6.1839 —4.3287 1 0 1 49.14 47.24 —1.90
[ 4 —0.35 0.5460 6.9627 —2.4369 7 9 0 31.43 32.26 0.83
C1 G5 5 —1.05 0.3675 4.3487 —4.5662 1 0 1 18.79 19.58 0.79
6 0.19 —0.4712 4.5776 0.8697 1 0 0 69.51 69.29 —0.22
1 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.07 —o0.21
C6 2 —0.70 1.2250 5.5694 —3.8986 5 0 1 20.23 20.15 —0.08
(31—(‘,2—(‘,3—()1—(‘)5—(16 3 —0.70  0.1120 5.7420 —4.0194 3 9 0 34.47 33.72 —0.75
‘ 4 0.54 —1.5282 6.1655 3.3294 2 3 0 80.76 79.68 —1.08
OH C6 5 0.00  0.0000 8.3370 0.0000 10 2 0 36.05 34.84 —1.21
6 —1.05 0.0000 4.5023 —4.7275 0 2 1 25.64 25.67 0.03
1 —1.05 0.7350 4.1951 —4.4049 2 1 1 10.18 10.70 0.52
2 —0.70 0.3570 5.5884 —3.9119 4 5 0 29.59 27.40 —2.19
cs 3 0.54 —1.7172 6.0119 3.2464 3 2 0 76.95 77.50 0.55
C7—C6—C5—(“/1—CS—C2—C1 4 —0.35 0.4235 7.1163 —2.4907 6 6 0 39.62 38.60 —1.02
| 5 —0.70 0.7350 5.8766 —4.1137 3 2 1 33.52  35.90 2.38
OH 6 —0.70 1.2250 5.5694 —3.8986 5 4 0 22.00 20.60 —1.40
7 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.40 0.12
8§ —1.05 0.3675 4.3487 —4.5662 1 4 1 16.45 15.50 —0.95
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Compounds Ny Q F Sax QiSax ‘\"f,[ NL N(Y)H Seal Sexp®© A6 d
1 0.54 —2.0952 5.7983 3.1311 5 1 0 68.8 68.51 —0.37
2 —0.70  0.1120 5.7420 —4.0194 3 5 0 36.81  36.92 0.11
3 —0.70 0.7350 5.8766 —4.1137 3 6 1 31.17 32.63 1.46
C7 €8 4 —0.35 0.8575 7.0973 —2.4841 7 1 0 35.98 34.56 —1.42
C6ic5ié4icgicziéli()l{ 5 —0.70 0.9800 5.7230 —4.0061 4 2 0 30.39 29.48 —0.91
6 —1.05 0.7350 4.1951 —4.4049 2 5 0 11.94 11.37 —0.57
7 —1.05 0.3675 4.3487 —4.5662 1 5 0 19.97 19.22 —0.75
8§ —1.05 —0.5670 4.2141 —4.4248 1 2 0 23.49  23.49 0.00
1 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.20 —0.08
2 —0.70 1.2250 5.5694 —3.8986 5 1 1 19.65 19.50 —0.15
OH 3 —0.70 0.1120 5.7420 —4.0194 3 5 0 36.81 37.00 0.19
\ 1 0.54 —1.7172 6.1055 3.2970 3 6 0 74.75 75.40 0.65
C1—C2—C3—C4—C5—C6—C7
| 5 —0.35 0.4235 7.1163 —2.4907 6 2 0 41.96 41.00 —0.96
C8 6 —0.70 0.9800 5.7230 —4.0061 4 2 1 26.29 26.20 —0.09
7 —1.05 0.7350 4.1951 —4.4049 2 4 0 12.53 11.90 —0.63
8§ —1.05 0.3675 4.3487 —4.5662 1 5 1 15.86 14.80 —1.06
1 —1.05 0.3675 4.3487 —4.5662 1 2 1 17.62 17.22 —0.40
2 —0.35 0.5460 6.9627 —2.4369 7 2 0 35.53 33.64 —1.89
3 0.54 —1.7172 6.1055 3.2970 3 2 0 77.09 76.80 —0.29
OH C 4 —0.70 0.1120 5.7420 —4.0194 3 8 0 35.06 34.31 —0.75
C8—C7—C6—C5 C4i(‘:3i(|j2iCl 5 —0.70 0.9800 5.7230 —4.0061 4 4 1 25.12 25.89 0.77
6 —0.70 0.9800 5.7230 —4.0061 4 1 0 30.98 32.14 1.16
7 —0.70 1.2250 5.5694 —3.8986 5 2 0 23.17 22.78 —0.39
8§ —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14.09 0.39
OH 1 0.19 —0.3021 4.4430 0.8442 1 0 0 68.38 67.75 —0.63
| 2 0.54 —1.6146 5.5700 3.0078 5 0 0 67.37 68.28 0.91
Cs—C2—C1—OH 3 —1.05 —0.5670 4.2141 —4.4248 1 0 1 20.56 18.78 —1.78
1 0.19 —0.5377 4.4240 0.8406 2 0 1 60.21 61.76 1.55
OH—C1—C2—C1—OH
2 —0.70 —0.2660 5.4538 —3.8176 4 0 0 33.47 34.13  0.66
1 0.54 —2.0952 5.7983 3.1311 5 0 1 65.36 66.72 1.36
C4 2 —0.70 —0.5110 5.6074 —3.9252 3 0 0 40.69 40.54 —0.15
()H—C.’S—C2—(‘?l—()l—l 3 0.19 —0.5377 4.424 0 0.8410 6 2 3 1 58.46 60. 37 1.91
4 —1.05 —0.5670 4.2141 —4.4248 1 2 0 23.49 23.52 0.03
1 0.19 —0.5377 4.4240 0.8406 2 2 0 63.15 62.55 —0.60
OH—C1—C2—C2—C1—OH
2 —0.70  0.3570 5.5884 —3.9119 4 0 1 28.41 29.84 1.43
Cz2 C2 1 0.54 —1.4256 5.8173 3.1413 4 0 0 71.91 70.98 —0.93
()H—(‘j]—(‘f]—()H 2 —1.05 —0.5670 4.2141 —4.4248 1 3 1 18.80 16.96 —1.84
3 1 0.19 —0.4712 4.5776 0.8697 1 0 1 65.41 66.29 0.88
\ 2 —0.35 —0.1330 6.8281 —2.3898 7 0 0 3816 37.41 —0.75
HO—C1—C2—C1—OH 3 —1.05 0.3675 4.3487 —4.5662 1 0 2 14.68 13.32 —1.36
1 0.19 —0.3021 4.4430 0.8442 1 2 0 67.21 66.76 —0.45
HO 2 0.54 —1.4256 5.8173 3.1413 4 3 0 70.15 72.15 2.00
| 3 —0.70 0.1120 5.7420 —4.0194 3 0 1 35.64 35.26 —0.38
C—C—C3—C2—CI—OH 4 —0.70 1.2250 5.5694 —3.8986 5 2 1 19.06 18.85 —o0.21
5 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.10 —0.18
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Compounds No2 Q F Sax QiSar Ny NY Ny deal® Oexp© A0 d
1 0.19 —0.5377 4.4240 0.8406 2 1 0 63.73 62.42 —1.31
OH 2 —0.70 0.357 0 5.5884 —3.9119 4 3 1 26. 65 29.01 2.36
| 3 —0.70 0.1120 5.7420 —4.0194 3 0 1 35. 64 36.09 0.45
e o
Co—C—C3—C2—C1—0H 4 0.54 —2.0952 5.6109 3.0299 5 2 0 68.00 67.64 —0.36
5 —1.05 —0.5670 4.2141 —4.4248 1 2 0 23.49 23.35 —0.14
1 019 —0.4712 4.5776 0.8697 1 2 0 6834 67,81 —0.53
C5—C4—(3—C2 2 —0.35 0.546 0 6.9627 —2.4369 7 0 1 32.60 33.69 1.09
‘ 3 —0.70 0.1120 5.7420 —4.0194 3 0 1 35. 64 37.16 1.52
C1—OH 4 0.19 —0.5377 4.4240 0.8406 2 5 0 61.39 60.52 —0.87
5 —1.05 0.3675 4.348 7 —4.5662 1 2 1 17.62 17.15  —0.47
on  oH 1 —1.05 —0.5670 4.2141 —4,4248 1 1 0 2408 23,45 —0.63

S
"

| 2 0.54 —2.0952 5.7046 3.080 5 63.46  64.89 1.43

|
C—C—C—C2—Cl 3 —0.70 —0.7560 5.7610 —4.0327 2 0 1 43.82 46.32  2.50

(‘?3 1 0.19 —0.4047 4.7312 0.8989 0 0 1 70.60 70.43 —0.17
HO—C1—C2—C1—OH 2 0.00 0.0000 80150 0.0000 10 0 0 35.57 36.53 0.96
i‘g 3 —1.05 0.0000 4.5023 —4.7275 0 0 2 22.71 21.39 —1.32
1 0.19 —0.5377 4.4240 0.8406 2 2 0 63.15 62.61 —0.54
HO—(C1—C2—(C3—C3—C2—C1—OH 2 —0.70  0.3570 5.5884 —3.9119 4 2 0 31.34 32.62 1.28
3 —0.70 0.9800 5.7230 —4.0061 4 2 1 26.29 25.54 —0.75
1 0.19 —0.3021 4.4430 0.8442 1 2 0 67.21 66.79 —0.42
2 0.54 —1.4256 5.8173 3.1413 4 2 0 70.74 72.49 1.75
C6—C5—C4—C3—C2—C1—OH 3 —0.70 0.1120 5.7420 —4.0194 3 3 1 33.88 32.94 —0.94
(‘)H 4 —0.70  0.9800 5.7230 —4.0061 4 2 1 26.29 27.87 1.58
5 —0.70 1.2250 5.5694 —3.8986 5 1 0 23.75 22.77 —0.98
6 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 13.98 0.28
C1 1 0.19 —0.3021 4.4430 0.8442 1 9 0 63.11 63.28 0.17
| 2 0.54 —1.0476 6.1845 3.3396 2 0 0 80.80 79.85 —0.95
(4—@3—%2—(,1—()}1 3 0.00  0.0000 8.3370 0.0000 10 0 1 33.11 33.65 0.54
C4 OH 4 —1.05 0.0000 4.5023 —4.7275 0 2 1 25.64 25.98 0. 34
OH OH
| 1 —1.05 —0.9345 4.3677 —4.5861 0 6 1 25.07 24.87 —0.20

C1—C2—C2—C1
| 2 0.89 —2.9726 7.3452 6.5373 6 0 0O 75.41 75.16 —0.25

1 Cl
1 0.19 —0.4712 4.5776 0.8697 1 5 1 62.48 63.97 1.49
2 —0.35 —0.0105 7.1353 —2.4974 5 2 0 48.52 46.20 —2.32
OH 3 0.54 —1.7172 6.1055 3.2970 3 6 0 7475 74.92  0.17
| 4 —0.70 0.1120 57420 —4.0194 3 4 0 37.40 37.81 0.4l
(‘6*(15*04*03*(“2*(11*(’H 5 —0.70 1.2250 5.5694 —3.8986 5 1 1 190.65 19.03 —0.62
C7—C8 6 —1.05 0.7350 4.1951 —4.4049 2 1 0 14.28 14.16 —0.12
7 —0.70  0.9800 5.7230 —4.0061 4 2 2 22,19 21.49 —0.70
8§ —1.05 0.7350 4.1951 —4.4049 2 3 0 13.11 12.37 —0.74
1 0.19 —0.4047 4.7312 0.8989 0 1 1 70.02 73.30  3.28
c C6 2 0.00 0.0000 8.3560 0.0000 9 6 O 38.64 39.12  0.48
| \ 3 0.54 —1.3392 6.4128 3.4629 1 0 1 82.95 83.14 0.19
C5—C4—C3—C2—C1—OH
4 —0.35 0.5460 6.9627 —2.4369 7 8 0 32.02 29.18 —2.84
OH C 5 —1.05 0.3675 4.3487 —4.5662 1 0 1 18.79 19.74 0.95
6 —1.05 0.3675 4.3487 —4.5662 1 0 0 22.89 23.34  0.45
(I)H (‘)H 1 —1.05 —0.9345 4.3677 —4.5861 0 2 0 31.52 29.41 —2.11
C1—C2—C3—C3—C2—C1 2 0.89 —4.3877 7.1726 6.3836 8§ 0 0 70.95 70.51 —0.d4
(Ll él 3 —0.70 —0.1330 5.8956 —4.1269 2 6 1 39.35 37.78 —1.57

a. Focused carbon atom, b. Calculated by eqn(8), c. Taken from ref [20, 217, d. A= dexp — dcal
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Table 4 The predicted and experimental values of *C NMR chemical shifts for 69

carbon atoms in 5 external alcohols

Compounds Not  Q F Saa QiSar Ny NY NV Seab Sexp© Ad d
1 0.19 —0.5377 4.4240 0.8406 2 2 0 63.15 62.85 —0.30
2 —0.70  0.3570 5.5884 —3.9119 4 2 0 31.34 32.86 1.52
3 —0.70  0.9800 5.7230 —4.0061 4 2 1 26.29 25.91 —0.38
4 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.59 0.37
5 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.79 0.57
6 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.79 0.57
7 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.79 0.57
C19—C9—C8—C7—C6—C5—C4—C3—C2—C1—0OH
ot § —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.79 0.57
9 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.79 0.57
10 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.79 0.57
11 —0.70  0.9800 5.7230 —4.0061 4 5 0 28.64 29.47 0.83
12 —0.70  0.9800 5.7230 —4.0061 4 2 0 30.39 32.03 1.64
13 —0.70  1.2250 5.5694 —3.8986 5 2 0 23.17 22.77 —0.40
14 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14,13 0.43
1 —1.05 —0.5670 4.2141 —4.,4248 1 0 23.49  23.47 —0.02
2 0.54 —2.0952 5.7983 3.1311 5 2 0 6830 6813 —0.17
3 —0.70  0.1120 5.7420 —4.0194 3 2 0 38.57 39.47 0.90
4 —0.70  0.9800 5.7230 —4.0061 4 5 1 24.53 25.86 1.33
5 —0.70  0.9800 5.7230 —4.0061 4 3 0 29.81 29.73 —0.08
6 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.73 0.51
OH 7  —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.73 0.51
(‘jl0,(~9,(;8,(;7,(;6,(;5,(;,1,(;3,(‘72,(71 § —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.73 0.51
C11—C12—C13—Cl14 9 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.73 0.51
10 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.73 0.51
11 —0.70  0.9800 5.7230 —4.0061 4 5 0 28.64 29.43 0.79
12 —0.70  0.9800 5.7230 —4.0061 4 2 0 30.39 31.99 1.60
13 —0.70  1.2250 5.5694 —3.8986 5 2 0 23.17 22.75 —0.42
14 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14,13 0.43
1 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14.07 0.37
2 —0.70  1.2250 5.5694 —3.8986 5 2 0 23.17 22.69 —0.48
3 —0.70  0.9800 5.7230 —4.0061 4 2 0 30.39 31.90 1.51
4 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.74 0.52
5 —0.70  0.9800 5.7230 —4.0061 4 4 1 25,12 25.71 0.59
6 —0.70 0.1120 5.7420 —4.0194 3 4 0 37.40 37.58 0.18
C12—C13—Cl4 OH 7 0.54 —1.9062 5.9519 3.2140 4 4 0 71.52 72.04 0.52
t:ll—(‘1(H297(287677667(?57(?47(‘?3 § —0.70 0.1120 5.7420 —4.0194 3 4 0 37.40 37.58 0.18
C1—C2 9 —0.70 0.9800 5.7230 —4.0061 4 4 1 25,12 25.71 0.59
10 —0.70  0.9800 5.7230 —4.0061 4 3 0 29.81 29.44 —0.37
11 —0.70  0.9800 5.7230 —4.0061 4 5 0 28.64 29.35 0.71
12 —0.70  0.9800 5.7230 —4.0061 4 2 0 30.39 31.90 1.51
13 —0.70  1.2250 5.5694 —3.8986 5 2 0 23.17 22.69 —0.48
14 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14,07 0.37
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Continuation of the Table 4

Compounds No# Q F Sax QiSar N4y NYL NV Sea® Oexp© Add

1 —1.05 0.3675 4.3487 —4.5662 1 1 0 22.31 22.60 0. 29

2 —0.35  0.9800 6.9437 —2.4303 8 2 1 24.87 24.64 —0.23

3 —0.70 —0.1330 5.8956 —4.1269 2 2 0 45.80 46.78 0.98

4 0.54 —1.9062 5.9519 3.2140 4 7 0 69.77 70.43 0.66

5 —0.70 0.1120 5.7420 —4.0194 3 5 0 36.81 35.16 —1.65

“‘13 6 —0.70 0.7350 5.8766 —4.1137 3 7 1 30.59 29.01 —1.58

Ciz c 7 —0.35 0.7350 7.2509 —2.5378 6 3 0 41.24 38.91 —2.33
(‘97(‘87(“77(‘67(‘57(‘47(‘374‘27(‘1 8§ —0.70 0.7350 5.8766 —4.1137 3 8 0 34.11 32.87 —1.24
(‘m,m (‘)H 9 —0.70 0.9800 5.7230 —4.0061 4 4 0 29.22 28.93 —0.29
10 —0.70 1.2250 5.5694 —3.8986 5 1 0 23.75 23.16 —0.59

11 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14.18 0.48

12 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 25.90 —3.32

13 —1.05 0.7350 4.1951 —4.4049 2 4 0 12,53 10.89 —1.64

1 0.19 —0.3021 4.4430 0.8442 1 2 0 67.21 66.75 —0.46

2 0.54 —1.4256 5.8173 3.1413 4 2 0 70.74 72.42 1.68

3 —0.70  0.1120 5.7420 —4.0194 3 2 1 34.47 33.21 —1.26

4 —0.70 0.9800 5.7230 —4.0061 4 4 1 25.12 25.73 0.61

5 —0.70 0.9800 5.7230 —4.0061 4 3 0 29.81 29.74 —0.07

6 —0.70 0.9800 5.7230 —4.0061 4 4 0 29.22 29.74 0.52

(I)H 7 —0.70 0.9800 5.7230 —4.0061 4 4 0 29.22 29.74  0.52
CO—C8—CT—C6—C5—C4—C3—C2—CI—OH g —0, 70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.74 0.52
C10—C11—C12—C13—C14 9 —0.70 0.9800 5.7230 —4.0061 4 4 0 29.22 29.74 0.52
10 —0.70  0.9800 5.7230 —4.0061 4 4 0 29.22 29.74 0.52

11 —0.70 0.9800 5.7230 —4.0061 4 5 0 28.64 29.42 0.78

12 —0.70  0.9800 5.7230 —4.0061 4 2 0 30.39 31.97 1.58

13 —0.70  0.9800 5.5694 —3.8986 5 2 0 24.06 22.73 —1.33

14 —1.05 0.7350 4.1951 —4.4049 2 2 0 13.70 14.11 0.41

a. Focused carbon atom, b. Predicted by eqn(8), c. Taken from ref [20], d. The error between predicted and experimental 13C NMR

chemical shifts of 5 external alcohols
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Fig. 4 Plot of the predicted *C NMR chemical shifts
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dc vs. the experimental dc for the 69 carbon atoms
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Influence of Substituent Effects on the *C NMR
Chemical Shifts of Aliphatic Alcohols

YI Gui-yuan, CAO Chen-zhong~
(School of Chemistry and Chemical Engineering, Hunan University of Science and Technology,

Xiangtan 411201, China)

Abstract: An empirical model for calculating " C chemical shifts of aliphatic alcohols was
proposed, in which the parameters describing the chemical environment of the focused
carbon atoms are in were used as the independent variables. The parameters included
electronegativity, atomic polarizability and those representing the steric effects. The ex-
perimentally-measured ¥ C NMR chemical shifts of 747 carbon atoms in 120 model com-
pounds (91 alcohols and 29 diols) were used as the training set to derive the weights for
the independent variables. The correlation coefficient R of the model was found to be
0. 998. Leave-one-out cross-validation demonstrated good predictive ability and stability
of the model. The model proposed was used to calculate the ¥ C chemical shifts of 69 dif-
ferent carbon atoms in 5 compounds that were not included in the training set, and the
results proven to be satisfactory. The proposed model may be useful for calculating *C

NMR chemical shifts in alcohols with complex structures.

Key words: NMR., "“C chemical shift, electronegativity, atomic polarizability, steric
effect, alcohol
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