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\ /  5 l H  NMR Spectroscopy 
/ \  C 

5.1 
AI kanes 

5.1 .1  
Chemical Shifts 

I H  Chemical Shifts of Alkanes ( 6  in ppm relative to TMS, J in H z )  

CH4 0.23 Jgem -12.4 fH3 0.86 FH3 0.91 Jvic 7.4 
CH3 FH2 1.33 

CH3 

FH3 0.89 Jvic 6.8 FH3 a 0.91 3J,b 7.3 
CH 1.74 7H2 b 1.31 2Jbb' -12.4 

3Jbc 5.7 
3Jbci 8.5 

I \  
CH3 CH3 7H2 c 

CH3 

In long-chain alkanes, the methyl groups at ca. 0.8 ppm typically show distorted 
triplets because of second order effects: 
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, , C 
1 ,  

IH Chemical Shifts of Monosubstituted Alkanes 
(6  in ppm relative to TMS) 

Substituent Methyl Ethyl Propyl 
-CH3 -CH2 -CH3 -CH2 -CH2 -CH3 

-H 

-C=CH 
C -CH=CH2 

-phenyl 
H -F 
a -C1 
1 -Br 

-I 
0 -OH 

-0-alkyl 
-OCH=CH2 

-0COCH3 
*phenyl 

-OCO-phenyl 
-0S02-4-tolyl 

-N(CH3)2 

N -NH2 
-NHCH3 

-NHCOCH3 
-NO2 
-CN 
-NC 

S -SH 
-S-alkyl 
-SS-alkyl 
-SOCH3 
-S02CH3 

0 -CHO 

C -CO-phenyl 
/ \ -COOH 

1 1  -COCH3 

-COOCH3 
-CONH, 

0.23 
1.71 
1.80 
2.35 
4.27 
3.06 
2.69 
2.16 
3.39 
3.24 
3.16 
3.73 
3.67 
3.88 
3.70 
2.47 
2.3 
2.31 
2.79 
4.29 
1.98 
2.85 
2.00 
2.09 
2.30 
2.50 
2.84 
2.20 
2.09 
2.55 
2.10 
2.01 
2.02 

0.86 
2.00 
2.16 
2.63 
4.36 
3 -47 
3.37 
3.16 
3.59 
3.37 
3.66 
3.98 
4.12 
4.37 
4.07 
2.74 

2.32 
3.26 
4.37 
2.35 
3.39 
2.44 
2.49 
2.67 

2.94 
2.46 
2.47 
2.92 
2.36 
2.32 
2.23 

0.86 
1 .oo 
.15 
.21 
.24 
.33 
.66 
.88 

1.18 
1.15 
1.21 
1.38 
1.26 
1.38 
1.30 
1.10 

1.06 
1.14 
1.58 
1.31 
1.28 
1.31 
1.25 
1.35 

2.80 
1.13 
1.05 
1.18 
1.16 
1.15 
1.13 

0.91 
2.02 
2.10 
2.59 
4.30 
3.47 
3.35 
3.16 
3.49 
3.27 

3.86 
4.02 
4.25 
3.94 
2.61 

3.18 
4.28 
2.29 

2.50 
2.43 
2.63 

2.42 
2.32 
2.86 
2.31 
2.22 
2.19 

1.33 
1.43 
S O  
.65 
.68 
.81 
.89 
.88 

1.53 
1.55 

1.70 
1.65 
1.76 
1.60 
1.43 

1.55 
2.01 
1.71 

1.63 
1.59 
1.71 

1.67 
1.56 
1.72 
1.68 
1.65 
1.68 

0.91 
0.91 
0.97 
0.95 
0.97 
1.06 
1.06 
1.03 
0.93 
0.93 

1.05 
0.95 
1.07 
0.95 
0.93 

0.96 
1.03 
1.11 

0.99 
0.98 
1.03 

0.97 
0.93 
1.02 
1 .oo 
0.98 
0.99 * 

- c o c 1  2.66 2.93 1.24 2.87 1.74 1.00 
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H Chemical Shifts of Monosubstituted Alkanes (contd.) \ /  
C 

/ \  
(6 in ppm relative to TMS) 

Substituent Isopropyl Butyl tert-Butyl 
-CH -CH3 -CH2 -CH2 -CH2 -CH3 -CH3 

-H 1.33 0.91 0.91 1.31 1.31 0.91 
C -CH=CH2 

-C_CH 2.59 1.15 
-phenyl 2.89 1.25 . .  

H -F 
a -C1 4.14 1.55 
1 -Br 4.21 1.73 

-I 4.24 1.89 
-OH 3.94 1.16 
-0-alkyl 3.55 1.08 

-0-phenyl 4.51 1.31 
-0COCH3 4.99 1.23 
-0CO-phenyl 5.22 1.37 

N -NH2 3.07 1.03 

-NO? 4.44 1.53 

-OCH=CH2 4.06 1.23 

-0S02-4-tolyl 4.70 1.25 

-NHCOCH3 4.01 1.13 

-CNL 2.67 
-NC 3.87 

S -SH 3.16 
-S-alkyl 2.93 
-SS-alkyl 
-SO~CHQ 3.13 

0 -CHb 2.39 
1 1  -COCH3 2.54 1.08 
C -CO-phenyl 3.58 1.22 
/ \ -COOH 2.56 1.21 

3 5 6  1 1 7  

.35 

.45 

.34 

.25 

.4 1 

.13 

2.06 
2.18 
2.61 
4.34 
3.42 

3.20 
3.63 
3.40 
3.68 
3.94 
4.06 

4.03 
2.68 
3.21 
4.47 
2.34 

2.52 
2.49 
2.69 

2.42 

~ 1 . 5  ~ 1 . 2 .  
1.52 1.41 
1.60 1.34 
1.65 
1.68 1.41 

1.80 1.42 
1.53 1.39 
1.54 1.38 
1.61 1.39 
1.76 1.47 
1.60 1.39 

1.62 1.36 
1.43 1.33 
1.49 1.35 
2.07 1.50 

0.90 
0.92 
0.93 
0.95 
0.92 

0.93 
0.94 
0.92 
0.94 
0.97 
0.94 

0.88 
0.92 
0.92 
1.07 

.63 1.50 0.96 

.59 1.43 0.92 

.56 1.42 0.92 

.64 1.42 0.93 

.59 1.35 0.93 

2.95 1.72 1.41 0.96 
2.35 1.62 1.39 0.93 
2.31 1.61 1.33 0.92 
2.22 1.60 1.37 0.93 

0.89 
1.02 
1.22 
1.32 
1.34 
1.60 
1.76 
1.95 
1.22 
1.24 

1.45 
1.58 

1.15 
1.28 
1.59 
1.37 
1.44 
1.43 
1.39 
1.32 
1.44 
1.07 
1.12 

1.23 
1.20 
1.22 

-coc1 2.97 1.31 2.88 1.67 1.40 0.93 
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Estimation of IH Chemical Shifts of Aliphatic Compounds 
(6 in ppm relative to TMS) [ l ]  \ /  C 

/ \  

CH, ~ C H ~ X  = 0.86 + Z, 

~ C H ~ C X Y Z  = 0.86 + zpi 
i 

CH2 ~ C H ,  = 1 . 3 7 + Z Z a i  + Z Z p j  
i j 

CH 6CH=1.50+xZ,i  +xzpj 
i j 

Substituent (X, Y, Z) CH3 CH2 CH 

z, q 3  z, q3 z, zP 
-C 0.00 0.05 0.00 -0.04 0.17 -0.01 
-c=C 
-c c- 
-phenyl 

H -F 
a -C1 
1 -Br 

-I 
0 -OH 

-0-c 
-0c=c 
-0-phenyl 
-o(C=Ot 

-N+ 
-N(C=Ot 
-NO2 
-CN 
-NCS 

s -s- 
-sco- 
S(=O)- 
-S(=0)2- 
-SCN 

N -N 

0 -CHO 

C -COOH 
/ \ -coo- 

4 0 - N  

II -co- 

0.85 
0.94 
1.49 
3.41 
2.20 
1.83 
1.30 
2.53 
2.38 
2.64 
2.87 
2.81 
1.61 
2.44 
1.88 
3.43 
1.12 
2.51 
1.14 
1.41 
1.64 
1.98 
1.75 
1.34 
1.23 
1.22 
1.15 
1.16 

0.20 
0.32 
0.38 
0.41 
0.63 
0.83 
1.02 
0.25 
0.25 
0.36 
0.47 
0.44 
0.14 
0.39 
0.34 
0.65 
0.45 
0.54 
0.45 
0.37 
0.36 
0.42 
0.66 
0.21 
0.20 
0.23 
0.28 
0.28 

0.63 
0.70 
1.22 
2.76 
2.05 
1.97 
1.80 
2.20 
2.04 
2.63 
2.61 
2.83 
1.32 
1.91 
1.63 
3.08 
1.08 
2.27 
1.23 
1.54 

2.08 
1.62 
1.07 
1.12 
0.90 
0.92 

0.00 
0.13 
0.29 
0.16 
0.24 
0.46 
0.53 
0.15 
0.13 
0.33 
0.38 
0.24 
0.22 
0.40 
0.22 
0.58 
0.33 

0.26 
0.63 

0.52 

0.29 
0.24 
0.23 
0.35 

0.68 
1.04 
1.28 
1.83 
1.98 
1.94 
2.02 
1.73 
1.35 

2.20 
2.47 
1.13 
1.78 
2.10 
2.31 
1 .oo 
2.14 
1.06 
1.31 
1.25 
1 S O  
1.64 
0.86 

0.87 
0.83 
0.94 

0.03 

0.38 
0.27 
0.3 1 
0.41 
0.15 
0.08 
0.32 

0.50 
0.59 
0.23 
0.56 
0.62 

0.3 1 
0.19 

0.22 

0.32 
0.63 

-coc1 1.94 1.51 
For other approaches: see [2] 
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'C/ 
H Chemical Shifts of Aromatically Substituted Alkanes 

/ \  (6 in ppm relative to TMS) 

mCH3 2.46 

0 r 
a 3  3.50 

<'a3 H 2.42 

,CH3 2.79 

QCH3 2.41 

q L C H 3  2.74 

( 3 3 3  3.60 

QCH3 2.17 

pa3 2.16 
H 

2.27 pJ 
N 
H 

CH3 2.05 

PN 
I? 
H 

CH3 2.21 0 
2.47 CH3 tJ 
om' 2.32 

-CH3 2.30 

H 

C H 3  2.65 d 
d3 0 1.94 

d N 

CH3 2.05 

H 

P N  Y' 
a 3  3.80 

2.18 CH 

3 2.37 

,CH3 2.30 

or";, H 
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5 .1 .2  'c' coup I in g constants 

Geminal Coupling Constants (25" in HZ) 
/ \  

2 J ~ ~ H  -8 to -18 Hz 

Electronegative substituents cause a decrease in IJI while a double or triple 
bond next to the CH2 group causes an increase. The fzKr effect is strongest if one 
of the C-H bonds is parallel to the K orbitals: 

Compound Jgern Compound Jgem 
CH4 -12.4 CH3COCH3 - 14.9 
CH3Cl -10.8 CH3COOH -14.5 
CH2C12 -7.5 CH3CN -16.9 
CH30H -10.8 CH2(CN)2 -20.3 

-14.3 O C - C N  -18.5 
H2 

Vicinal Coupling Constants (35" in HZ) 

conformation not fixed: 3J" = 7 
fixed: 3 J ~ ~  = 0 - 18 

Influence of Substituents on the Vicinal Coupling Constant 
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Vicinal coupling constants strongly depend on the dihedral angle, @ (Karplus 
equation): 

/ 
C 

/ \  

J = Jo COS:! @ - 0.3 
J = J180 cos2 @ - 0.3 

Oo I Q I 90° 
90° I @ 5 180° 

The same relationship between torsional angle and vicinal coupling constant holds 
for substituted alkanes if appropriate values are used for Jo and J180. These 
limiting values depend on the electronegativity and orientation of substituents, the 
hybridization of carbon atoms, bond lengths, and bond angles. 

J / H z  
15 - 

10 - - 

5 -  

0 -  
I ,  I I I ( I I I I I ( I I , I I ( J I I I I  I I I I I ( I I I I I  

0 30 60 90 120 150 180 

4 I degrees 

Long-Range Coupling Constants (I Jl" in Hz)  

Coupling constants through more than three bonds (long-range coupling) in 
alkanes are generally much smaller than 1 Hz and thus not visible in routine 1D 
NMR spectra. They are, however, much larger than 1 Hz for fixed conformations 
(e.g. in condensed alicyclic systems, see Chapter 5.4) and in unsaturated 
compounds (see Chapter 5.2). They are also significant when electronegative 
substituents are present between the coupling partners, as e.g.: 

~ 0 ~ ~ ~ 3  4J" 0.7 
Ro CH3 

5.1 .3  
References 

[l] R. Burgin Schaller, C. Arnold, E. Pretsch, New parameters for predicting 'H 
NMR chemical shifts of protons attached to carbon atoms, Anal. Chim. Acta 
1995, 312,  95. 

[2] E. Friedrich, K.G. Runkle, Empirical NMR chemical shift correlations for 
methyl and methylene protons, J. Chem. Educ. 1984, 61, 830. 
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5 .2  
Alkenes 

c=c 5.2.1 
Substituted Ethylenes 

IH NMR Chemical Shifts and Coupling Constants of Alkenes 
(6  in ppm relative to TMS, J in Hz) 

2.5 4.88 H ~ H ; 5 . 7 3  3Jab 10.0 
- 3Jac 16.8 

H H   trans 19.1 4.97Hc CH31.72 3Jad 6.4 
2Jbc 2.1 
4Jbd -1.3 
4Jcd -1.8 

b 4J,b -1.7 cH&H15*55 3Jac 15.1 
3Jad 6.5 

Hc CH31.58 5Jbd 1.6 

3Jab 10.9 HkHa5*37 4Jac -1.8 
CH3 CH31.54 3Jad 6.8 

C d 5Jcd 1.2 

4.87 HwH:5.7: 

4.94Hc CH2-CH3 3Jad 6.2 
2.00 1.00 2Jbc 2.0 

3Jab 10.3 4Jbd -1.3 
- 3Jac 17.2 4Jcd -1.7 

Geminal and Vicinal Coupling of Alkenes (J  in Hz) 

The coupling constants strongly depend on the electronegativity of the 
substituents (see Table on pp 170, 171). They decrease with increasing 
electronegativity and number of electronegative substituents. The same trend holds 
for the signed values of geminal coupling constants but not for the absolute values 
because Jgem can be positive or negative. Although the total ranges of cis and 
trans vicinal coupling constants overlap, JtranS > Jcis always holds for given 
substituents. 

Typical ranges: Jgem -4 to 4 
Jcis 4 to 12 
JtranS 14 to 19 



Coupling Over More than Three Bonds in Alkenes (Long-Range 
Coupling) ( J  in H z )  

Allylic Coupling 
l @  
n 
: Ha 

CiSOid Jab -3.0 to +2.0 b 
H 4' 
=,-?:\ 
c-: transoid: Jac -3.5 to +2.5 

H 
C 

In acyclic systems, lJlcisoid > IJ(transoid usually holds. The magnitudes of the 
coupling constants depend on the conformation. Largest absolute values are 
observed if the C-H bond of the substituents overlaps with the n-electrons (@ = 
0): 

@ Jab Jac 
00 -3.0 -3.5 

90° +1.8 +2.2 
1800 -3.0 -3.5 
270° 0.0 0.8 

Homoallylic Coupling 

*. :' 
cisoid IJlab 0-3 i" transoid lJlac 0-3 

tfb ra 
Hc 

Allylic and homoallylic couplings with methyl groups are often comparable: 
4JH-C=C-CH3 5JCH3-C=C-CH3 
In acyclic systems, IJlcisoid < lJltransoid usually holds. Large homoallylic 
coupling constants are generally observed in cyclic systems: 

Jab 5-11 
x x  
b 
HxR 

X: CH, N 
R: any substituent 

X: 0, NH 
R: any substituent 

c=c 
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c- c 

H Chemical Shifts and Coupling Constants of Monosubstituted 
Ethylenes (6  in ppm relative to TMS, J in Hz) 

HRHa 
Hb 

Substituent X Ha Hb Hc Jab Jac Jbc Other 
-H 

C -CH3 
-CH2CH=CH2 
-CH2-phenyl 
-c yclopropyl 
-cyclohexyl 
-CH2F 
-CF3 
-CH2C1 

-CH$ 
-CH20H 
-CH2NH2 
-CH2N02 
-CH=C=CH2 
-C=C-CH3 

-CH2Br 

-phenyl 
-2-naphthyl 
-2-m-xyl yl 
-2-nitrophenyl 
-3-nitrophenyl 
-4-nitrophenyl 
-2-pyridyl 
-4-pyridyl - H -r 

a -C1 
1 -Br 

-I 
0 -OH 

-OCH3 
-0CH2CH3 
-OCH=CH, 
-0-phenyl 
-0CHO 
-0COCH3 
-OCOCH=CH2 
-0CO-phenyl 

5.28 5.28 5.28 
5.73 4.97 4.88 
5.71 4.95 4.92 
5.89 5.01 5.00 
5.32 5.04 4.84 
5.79 4.95 4.88 
5.89 5.24 5.12 
5.90 5.85 5.56 
5.93 5.30 5.17 
5.99 5.29 5.11 
6.04 5.23 5.95 
5.98 5.26 5.12 
5.97 5.15 5.04 
6.11 5.46 5.49 
6.31 5.19 4.99 
5.62 5.39 5.24 
6.72 5.72 5.20 
6.87 5.86 5.32 
6.65 5.22 5.48 
7.19 5.68 5.45 
6.74 5.86 5.42 
6.77 5.90 5.48 
6.84 6.22 5.45 
6.61 5.91 5.42 
6.17 4.37 4.03 
6.26 5.48 5.39 
6.44 5.84 5.97 
6.53 6.57 6.23 
6.45 4.18 3.82 
6.44 4.03 3.88 
6.46 4.17 3.96 
6.49 4.52 4.21 
6.64 4.74 4.40 
7.33 4.96 4.66 
7.28 4.88 4.56 
7.39 4.96 4.62 
7.52 5.04 4.67 

19.1 11.6 2.5 
16.8 10.0 2.1 
16.9 10.3 2.2 
17.0 10.0 1.9 
17.1 10.4 1.8 
17.6 10.5 1.9 
17.2 10.6 1.5 
17.5 11.1 0.2 
16.9 10.1 1.3 
16.8 10.0 1.2 
16.5 9.7 1.3 
17.4 10.5 1.7 
17.3 10.4 1.7 
16.7 10.7 0.8 
17.2 10.1 1.6 
17.0 11.1 2.3 
17.9 11.1 1.0 

17.9 11.4 2.1 
17.4 10.7 1.1 
17.5 10.9 0.4 
17.4 10.9 0.8 
18.5 11.3 1.4 
17.6 10.8 0.7 
12.8 4.7 -3.2 
14.5 7.5 -1.4 
14.9 7.1 -1.9 
15.9 7.8 -1.5 

14.1 7.0 -2.0 
14.4 6.9 -1.9 
14.0 6.4 -1.8 
13.7 6.1 -1.6 
13.9 6.4 -1.7 
14.1 6.3 -1.6 
14.2 6.4 -1.6 
13.8 6.3 -1.7 

CH3 1.72 
CH2 2.72 
CH2 3.19 

CH2 4.69 

CH2 3.91 
CH2 3.87 
CH2 3.82 
CH2 4.12 
CH2 3.29 
CH2 4.93 

CH3 2.27 

CH3 3.16 

CHO 8.07 
CH3 2.13 

-OPO(OCHiCH3)2 6.58 4.91 4.59 13.8 6.0 -2.1 
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Substituent X Ha Hb Hc Jab Jac Jbc Other 
N -NH2 26-05 24.04 23.99 

-N+(CH3)3Br- 
-NHCOCHq 

J 

-NO2 
-CN 
-NC 
-NCO 

S -SCH3 
-%phenyl 
-S(O)CH3 
-S02CH3 
-S02CH=CH2 
-S020H 
-SO2OCH3 
-S02NH2 

-SFg 
-SCN 

0 -CHO 
1 1  -COCH3 
C -COCH=CH2 

-S02NH-phenyl 

/ \  40-phenyl 
-COOH 
-COOCH3 
-CONH2 
-CON(CH3)2 
-COF 
- c o c 1  

P -P(CH3)2 
-P(CH=CH2)2 
-PC19 

-L1 

-MgCl 
-MgBr 
-Si(CH3)3 
-Sn(CH=CH2)3 

-HgBr 
-Pb(CH=CH2)3 

6.50 5.76 5.54 15.1 8.2 -4.3 
-1.33 -4.53 24.68 

7.12 6.55 5.87 14.6 7.0 1.4 
5.73 6.20 6.07 17.9 11.8 0.9 
5.90 5.58 5.35 15.6 8.6 -0.5 
6.12 5.01 4.77 15.2 7.6 -0.1 
6.35 4.84 5.08 16.4 10.3 -0.3 
6.53 5.32 5.32 16.7 9.6 -0.2 
6.77 6.08 5.92 16.7 9.8 -0.6 
6.76 6.43 6.14 16.5 10.0 -0.5 
6.67 6.41 6.17 16.4 10.0 -0.6 
6.73 6.41 6.13 16.8 10.2 -1.2 
6.57 6.43 6.22 16.9 10.1 -0.6 
6.93 6.17 5.98 16.3 10.0 0.0 

6.63 5.96 5.64 16.6 9.8 0.4 
6.19 5.66 5.70 
6.26 6.11 6.26 17.4 10.0 1.0 
6.30 6.27 5.90 18.7 10.7 1.3 
6.67 6.28 5.82 17.9 11.0 1.4 
7.20 6.52 5.81 17.7 9.9 2.3 
6.15 6.53 5.95 17.2 10.5 1.8 
6.14 6.40 5.83 17.4 10.6 1.5 
6.48 6.17 5.71 17.3 7.9 5.0 
6.64 6.12 5.55 17.0 9.8 3.4 
6.14 6.60 6.25 17.3 10.7 0.8 
6.35 6.63 6.16 17.4 10.6 0.2 
6.23 5.39 5.51 18.3 11.8 2.0 
6.16 5.59 5.64 18.4 11.8 2.0 
7.48 6.64 6.68 18.6 11.7 0.4 
6.72 6.25 6.21 18.9 12.9 1.8 
6.42 6.13 5.90 17.5 11.0 0.3 
6.60 6.26 6.14 17.9 11.8 1.8 
6.82 6.34 6.17 17.9 11.7 1.6 

23.9 19.3 7.1 
6.68 5.57 6.20 23.0 17.6 7.5 
6.67 5.51 6.15 23.3 17.7 7.6 
6.11 5.63 5.88 20.2 14.6 3.8 
6.39 5.75 6.21 20.7 13.4 3.1 
6.70 5.46 6.19 19.8 12.2 2.1 
6.45 5.52 5.92 18.7 11.9 3.1 

6.56 6.18 5.86 16.7 10.1 -0.3 

c=c 

CH3 2.12 

CH3 2.61 
CH3 2.96 

CH3 3.85 
NH2 6.7 
NH 9.07 

CHO 9.51 
CH3 2.25 

COOH 12.08 
CH3 3.76 
NH2 7.55 

CH3 0.95 

CH3 0.06 
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Estimation of IH Chemical Shifts of Substituted Ethylenes 
(6 in ppm relative to TMS) 

Substituent R zgem %is Ztrans 
-H 0.00 0.00 0.00 

C -alkyl 
-alkyl ring' 
-CH2-aromatic 
-CH2X, X: F, C1, Br 
-CHF2 
-CF3 
-CH20 
-CH2N 
-CH2CN 
-CH2S 
-CH2CO 
-C=C 
-C=C conjugated2 
-c=c 
-aromatic 
-aromatic, fixed3 
-aromatic, o-substituted 

H -F 
a -C1 
1 -Br 

-I 
0 -0c (sp3) 

-0c (sp2) 
-0co- 

-NCO-R 
-N=N-pheny 1 
-NO2 
-CN 

0.45 
0.69 
1.05 
0.70 
0.66 
0.66 
0.64 
0.58 
0.69 
0.7 1 
0.69 
1 .oo 
1.24 
0.47 
1.38 
1.60 
1.65 
1.54 
1 .os 
1.07 
1.14 
1.22 
1.21 
2.1 1 
1.33 
0.80 
1.17 
2.08 
2.39 
1.87 
0.27 

-0.22 
-0.25 
-0.29 
0.11 
0.32 
0.6 1 
-0.01 
-0.10 
-0.08 
-0.13 
-0.08 
-0.09 
0.02 
0.38 
0.36 

0.19 
-0.40 
0.18 
0.45 
0.81 

- 1.07 
-0.60 
-0.35 
-0.34 
- 1.26 
-0.53 
-0.57 
1.11 
1.30 
0.75 

-0.28 
-0.28 
-0.32 
-0.04 
0.21 
0.32 

-0.02 
-0.08 
-0.06 
-0.22 
-0.06 
-0.23 
-0.05 
0.12 
-0.07 
-0.05 
0.09 

-1.02 
0.13 
0.55 
0.88 

-1.21 
-1.00 
-0.64 
-0.66 
-1.21 
-0.99 
-0.72 
0.67 
0.62 
0.55 
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Substituent R %em Zcis Ztrans 
I 

s -s- 1.11 -0.29 -0.13 
-so- 1.27 0.67 0.41 
4 0 2 -  1.55 1.16 0.93 
-sco- 1.41 0.06 0.02 
-SCN 0.94 0.45 0.41 
-SFg 1.68 0.61 0.49 

0 -CHO 1.02 0.95 1.17 
11 -co- 1.10 1.12 0.87 
C -CO- conjugated2 1.06 0.91 0.74 
/ \  -COOH 0.97 1.41 0.71 

-COOH conjugated2 0.80 0.98 0.32 
-COOR 0.80 1.18 0.55 
-COOR conjugated2 0.78 1.01 0.46 
-CON 1.37 0.98 0.46 
- c o c 1  1.11 1.46 1.01 
-PO(OCH2CH3)2 0.66 0.88 0.67 

1)  The increment for "alkyl ring" is to be used if the substituent and the double bond are 
part of a cyclic structure. 
2) The increment "conjugated" is to be used if either the double bond or the substituent 
is conjugated to other substituents. 
3) The increment "aromatic, fixed" is to be used if the double bond conjugated to an 
aromatic ring is part of a fused ring (such as in 1,2-dihydronaphthalene). 

H Chemical Shifts of Substituted Isobutenes 
(6 in ppm relative to TMS) 

1.70 4.63 1.68 5.13 
CH3 H 

cH&H CH3 H 1.62 C H i  

1.80 5.17 

1.88 

1.75 5.78 

cH$==(H CH3 Br 

1.75 

1.65 6.79 1.91 5.63 

cHf4H CH3 OCOCH3 cHkH CH3 CHO 
1.65 2.11 

C=C 

1.86 5.97 1.84 5.62 1.97 6.01 

cHkH CH3 COCH3 cHkH CH3 COOCH3 cHkH CH3 COCl 

2.06 2.12 2.12 
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IH Chemical Shifts of Enols ( 6  in ppm relative to TMS, J in Hz) 

=16 =16 

H b  
5.04 

Hb 
5.60 

5 .2 .2  
Dienes 

I H Chemical Shifts and Coupling Constants of Conjugated Dienes 
(6  in pprn relative to TMS, J in Hz) 

5.06 6*27 
'#He b 

5.16 

3Jab 10.2 
3Jac 17.1 
3Jad 10.4 
4Jae -0.9 
4Jaf -0.8 
2Jbc 1.8 
5Jbe 1.3 
5Jbf 0.6 
5Jcf 0.7 

4.86 6.21 5.61 

1.71 
H c  H d  

4.98 5.98 

3Jab10.2 5Jbf 0.7 
3Jac 16.9 4Jcd -0.8 
3Jad 10.3 6Jce -0.7 
5Jae 0.4 5Jcf 0.7 
4Jaf -0.8 4Jde -1.6 
2Jbc 1.9 3Jdf 15.1 
4Jbd -0.8 3Jef 6.6 
6Jbe -0.7 

6.59 1.72 3Jab 10.2 2Jbc 2.1 5Jc, 0.7 
3Jac 16.9 4Jbd -0.8 6Jcf -0.6 

5.03 3Jad 10.9 5Jbe -0.7 3Jde 10.8 

Hc Hd 5Jaf 0.2 4J,d -0.8 3Jef 7.0 
He 5.45 4Jae -1.1 6Jbf 0.7 4Jdf -1.8 

5.11 5.92 

IH Chemical Shifts and Coupling Constants of Allenes 
(6  in pprn relative to TMS, J in Hz) 
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5.3 
Alkynes 

5 . 3 . 1  
Chemical Shifts and Coupling Constants 

I H  Chemical Shifts and Coupling Constants of Alkynes 
(6 in ppm relative to TMS, J in Hz)  

1.80 
I: - H - 1.80 1.80 - 

- CH3 4JH,CH3 2.9 

1.91 2.15 1.12 4Jab 2.6 1.15 
2.59 ,CH3 

a I: = c y  5 ~ a c  0 H-CHz-CH3 

CH3 
b c  3Jbc 7.4 

1.74 1.77 2.13 1.11 
CH3 CH2-CH3 5 

a b I Jlab 2.5 

5.34 4Jab 2.0 
5 ~ a c  1.0 2.93 7.42 7.23 5Jab 0.28 

d 7.24 6Jac -O.ll 
7Jad 0.22 

- i&ci:9 6~~~ 3Jbc 10.5 0.6 a - 
CH3 d 4 J b ~  1.6 b c  
1.85 3Jcd 6.5 

1.7-2.4 
- H = - R  

1.3 
H+ 0 -alkyl 

2.7-3.4 
H - m R  

2.1-3.3 

alkyl 

C=C 
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5.4 
Alicyclics 

H Chemical Shifts and Coupling Constants of Saturated 
Alicyclic Hydrocarbons (6  in ppm relative to TMS, J in H z )  

In derivatives: 
2Jgem -3 to -9 * 

0 Jcis > Jtrans 4Jpans -1 

In derivatives: 
2Jgem -10 to -17 2Jgem -4.3 

3~trans 5.6 3~trans 2 to 9 3Jp,, 2 to 10 

0 1.94 0.20 

3Jcis 9.0 3Jcis 6 to 12 3J,is 4 to 12 

Throughout: 4Jcis =O 

In derivatives: 
lS1 2Jgem -8 to -18 

3Jcis 5 to 10 
3Jtrans 5 to 10 

0 

c b  In derivatives: 
7'01 3Jab 1.5 to 2.0 

3Jbc 0.5 to 1.5 a 0.92 

.44 In derivatives: 
2Jgem -11 to -14 
3J,x,ax 8 to 13 

2 to 6 Jeqm 
3~e9,eq 2 to 5 
Generally: 
Jeq,ax Jeq,eq + 1 

At-lOO'C: 3 
0 
Ha, 1.1 

b 5.95 io a 2.57 

,13.7 
1 .o 

-0.3 
1.8 
4.6 
2.8 

ed0~5*66 2Jgem,a -12.8 4Jbd 3Jab 1.3 
b 2.27 3Jab,cis 9-3 5Jbe,cis -2'3 2*1 edoc;;3i8 

a 3Jab,trans 5*7 5Jbe,trans 3*0 a 4Jbd 1.1 
3Jbc 2.3 5Jbe 2.0 

3Jcd 1.9 

2.80 1.79 2Jgem,., -16.1 3Jcd 5.8 

5.59 3Jab =lo 

1.96 3Jbc 1.5 

a 6-53 3Jab 5.1 4Jbc -0.2 

5Jad 1.4 4Jbe 2.0 
b 6.22 5Jac 0.5 4Jbd -0.4 

5.85 4Jae 1'3 2Jcd O'' d 
3Jaf 2.0 1.65 
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b 5.71 3Jab=10 

C 2.11 3Jbc 3*7 0 e d 2.62 

2.49 

6 6 . 5 0  3Jab 11.2 5J,g -0.6 

0 
c 6.09 4Jac o.8 3Jde 

3Jbc 5.5 4Jdf 

2.22 5Jcf 0 2Jgem,e -13.0 

a b5.56 3Jab=10 
C 2.1 1 3Jbc 5.3 

0 f e  d 5.26 3Jcd 8.9 5Jdg 0 

0.5 

1.47 f e 2.14 

1.44 

4J1,4 1.2 
4J1,5n -0.3 
4 J i , 5 ~  0.2 
3 ~ 1 , 6 n  0.1 
3 ~ 1 , 6 x  4.7 

J I ,7a 1 *2 
3J1,7s 1.6 
2J3n,3x -17.6 
3J3n,4 0 
4J3n,7a 4.2 

~ 3 n , 7 a  4.2 
3J3x,4 4.8 
4J3x,5x 2.3 
3 ~ 4 , 5 n  0.1 
3J4,5x 4.3 

4J4,6n -0.5 
4J4,6x 0.7 
3 ~ 4 , 7 a  2.1 
3J4,7s  1.6 
2J5n,5x -12.8 
3J5n,6n 9*1 
3J5n,6x 4.7 

~5 n ,7  a -0.1 
~5 n ,7 s 2.1 

3J5x,6n 4.6 
3J5x,6x 12e1 
2J6n,6x -12.3 

4J6n,7s 2.3 
2J7a,7s -10.2 

J6n, 7 a 
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In condensed alicyclics, couplings over four or more bonds are often observed. 
Such long-range couplings are particularly large if the arrangement of the bonds 
between the two protons is w-shaped: 

4Jac = 7 
4 J a ~ ,  4Jbd = 0 

H H 
CH3 signal broadened due to long- 
range coupling 

HC 

H Chemical Shifts and Coupling Constants of Monosubstituted 
Cyclopropanes (6 in ppm relative to TMS, J in Hz)  

0 

Substituent X Ha Hb,d H ~ , e  3Jab 3Jac 2Jbc 3Jbd 3Jbe 3Jce 
-H 0.20 0.20 0.20 9.0 5.6 -4.3 9.0 5.6 9.0 

C -CH=CH2 2.36 0.64 0.34 8.2 4.9 -4.5 9.3 6.2 9.0 
-phenyl 1.71 2.65 2.83 9.5 6.3 -4.5 9.5 5.2 8.9 

4.32 0.69 0.27 5.9 2.4 -6.7 10.8 7.7 12.0 
2.55 0.87 0.74 7.0 3.6 -6.0 10.3 7.1 10.6 

1 -Br 2.83 0.96 0.81 7.1 3.8 -6.1 10.2 7.0 10.5 
-1 2.31 1.04 0.76 7.5 4.4 -5.9 9.9 6.6 10.0 

0 -OH 3.35 0.59 0.34 6.2 2.9 -5.4 10.3 6.8 10.9 
N -NH2 2.23 0.32 0.20 6.6 3.6 -4.3 9.7 6.2 9.9 

-CN 1.36 0.94 0.93 8.4 5.1 -4.7 9.2 7.1 9.5 

H -F 
a -C1 

0 -CO-cyclopropyl 1.70 0.56 1.02 7.9 4.6 -3.5 9.1 7.0 9.5 
1 1  -COOH 1.59 0.91 1.05 8.0 4.6 -4.0 9.3 7.1 9.7 
C -COOCH3 1.95 0.81 0.85 8.0 4.6 -3.4 8.8 6.9 9.6 
/ \-COF 1.66 1.20 1.11 8.0 4.6 -4.5 10.1 7.5 9.3 

- c o c 1  2.11 1.18 1.28 7.9 4.4 -4.5 9.2 7.6 10.0 
-Li -2.53 0.43 -0.12 10.3 9.1 -1.6 7.7 3.2 6.5 
-B(cyclopropyl)2 -0.25 0.66 0.61 8.9 5.8 -3.3 8.2 5.9 8.4 
-Hg-cyclopropyl 0.00 0.75 0.47 9.6 6.9 -3.7 8.5 4.8 7.9 
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H Chemical Shifts of Axially and Equatorially Monosubstituted 
Cyclohexanes (6 in ppm relative to TMS) 

Substituent R l a  2a 2e 3a 3e l e  2a 2e 3a 3e 

0 -D 1.12 1.12 1.60 1.12 1.60 1.60 1.12 1.60 1.12 1.60 
C -CHq 1.27 0.81 1.57 1.15 1.60 1.93 1.37 1.40 1.39 1.34 

-pheiyl 
H 
a -Br 
1 -I 
0 -OH 

-0COCH3 
N -NH2 

-NHCH3 
-NO2 

S -SH 

2.47 2.98 
3.63 4.34 1.7 
3.81 4.62 
3.98 4.72 
3.38 1.09 1.78 1.19 1.61 3.89 1.35 1.58 1.58 1.33 
4.46 4.98 1.47 2.3 
2.52 
2.08 

3.15 
2.70 

4.23 2.2 1.9 4.43 1.6 2.6 
2.57 0.7 1.3 3.43 1.5 1.9 
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5.5 
Aromatic Hydrocarbons 

IH Chemical Shifts and Coupling Constants of Aromatic 
Hydrocarbons (6  in ppm relative to TMS, J in Hz) 

In derivatives: In derivatives: 
0 7 . 2 6  3~0d0 6.5-8.5 7.67 3Jab 8-9 5Jae ~ 0 . 9  

4J,eta 1 .O-3.0 g~ 87.32 4Jac 6Jaf =-Oal 
5Jpara 0.0-1 .O 5Jad 5Jag =0.2 

f \  35bc 5-7 4Jah=-0.5 
e d  7Jbf ~ 0 . 3  

6Jbg ~ 0 . 1  

7.98 In derivatives: b7.61 3Jab 8.4 ; 7.44 3Jab 8*5-9*5 
4Jac 0.8-1.5 

e d  5Ja, 10.8 
5Jad 0.6-0.9 

3Jbc 6.5-8.0 f 
8.40 

4Jde 10.4 In derivatives: 
3Jef 4 

In routine spectra, the small long-range couplings between aromatic protons and 
aliphatic substituents are not resolved. Nevertheless, they are diagnostically highly 
relevant because the line broadenings caused by them are easily detected (if there is 
a reference line in the spectrum, e.g. from another methyl group, or in an AA'XX' 
spin system of the aromatic protons). As a confirmation, a decoupling experiment 
may be useful (line sharpening on weak irradiation of the frequency of the 
coupling partner) or a COSY experiment is recommended. 
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CH3 ,CH31.25 FH31.32 
CH3-C- CH3 

6 
7.09 7.08 7.05 

7.28 
7.18 

7.08 2.91 c 3.33 3Jab 5.8 7.01 2.85 6*99a 2.04 & b 6.50 4Jac 'Jad 0.7 2.0 6 . 9 3 a  1.60 
\ \ 

8 6*82 3Jbc 2.0 

3.91 7.31 

\ 3.87 \ 7.55 7.28 

7.38 7.19 

A 2 3  7.75 - \ 7.29 7.22 

- a 7.15 

ad 

d 7.79 4Jbd 0.6 
3Jcd 

d 7.46 
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Effect of Substituents on H Chemical Shifts of Monosubstituted 
Benzenes (in ppm relative to TMS) 

Substituent X 

-H 
C -CH3 

-CH2CH3 
-CH(CH3)2 
-C(CH3)3 

-CC13 

-CH=CH-phenyl (trans) 

-C e C-phenyl 
-phenyl 

-CF3 

-CH20H 
-CH=CH2 

-CZCH 

-2-pyridyl - H -r 
a -C1 
I -Br 

-I 
0 -OH 

-OCH3 

-0-phenyl 

-0CO-phenyl 

-OCH2CH=CH2 

-0COCH3 

-0SO2CH3 

-NHCH3 

-N+(CH3)31- 
-NHCOCH3 
-NHNH2 

-NO 
-NO2 
-CN 
-NCS 

N -NH2 

-N(CH3)2 

-N=N-phenyl 

z2 
0.00 
-0.20 
-0.14 
-0.13 
0.03 
0.19 
0.55 

0.04 
0.16 
0.16 
0.20 
0.22 
0.73 

-0.29 
0.01 
0.17 
0.38 

-0.07 

-0.53 
-0.49 
-0.45 
-0.34 
-0.19 
-0.1 1 
-0.05 
-0.80 
-0.83 
-0.67 
0.72 
0.38 

0.67 
0.55 
0.93 
0.25 
-0.11 

-0.60 

z3 z4 
0.00 0.00 

-0.12 -0.21 
-0.05 -0.18 
-0.08 -0.18 
-0.08 -0.20 
-0.07 0.00 
-0.07 -0.09 
-0.07 -0.07 
-0.05 -0.12 
0.00 -0.15 
-0.03 -0.02 
-0.04 -0.07 
0.06 -0.04 
0.09 0.02 

-0.02 -0.23 
-0.06 -0.12 
-0.1 1 -0.06 
-0.23 -0.01 
-0.17 -0.44 
-0.11 -0.44 
-0.13 -0.43 
-0.04 -0.28 
-0.03 -0.19 
0.07 -0.10 
0.07 -0.01 

-0.25 -0.64 
-0.22 -0.68 
-0.18 -0.66 
0.40 0.34 
-0.02 -0.26 
-0.08 -0.55 
0.20 0.20 
0.29 0.35 
0.26 0.39 
0.18 0.30 
0.04 -0.02 
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Substituent X z 2  z3 z4 
S -SH -0.08 -0.16 

-0.10 
-0.20 
0.02 
0.35 
0.34 
0.23 
0.32 
0.25 
0.11 
0.08 
0.10 
0.1 1 
0.21 
0.1 1 
0.15 
0.18 
0.21 
0.21 
0.21 
0.24 
0.26 

-0.19 
0.18 
0.00 
0.07 
=0.2 
0.28 

-0.33 
0.14 
0.02 
0.00 

-0.22 
-SCH3 
-,%phenyl 
-S-S-phenyl 
-SOzCH3 
-S020CH3 

-S02NH2 
-s02c1 

0 -CHO 
11 -COCH3 
C -COCH2CH3 
/ \ -CO-phenyl 

-COOH 

-COO-phenyl 

-CO-(2-~yridyl) 

-COOCH(CH3)2 

-CONH2 
-COF 
-coc1  
-COBr 
-CH=N-phenyl 
-Li 
-MgBr 
-Mg-phenyl 
-Si(CH& 
-Si( phenyl)&l 
-Sic13 

P -Pb(phenyl)2Cl 
-P(PhenY 112 
-PO(OCH3)2 
-Zn-phenyl 

-0.08 
-0.06 
0.24 
0.68 
0.68 
0.68 
0.59 
0.61 
0.60 
0.63 
0.44 
0.86 
0.87 
0.73 
0.88 
0.69 
0.71 
0.81 
0.77 
0.64 
0.77 
0.40 

0.19 
0.32 
0.52 
0.68 
-0.02 
0.46 

-0.36 

-0.49 

- .  

-Hg-phenyl 0.00 

-0.24 
-0.26 
-0.06 
0.39 
0.36 
0.34 
0.32 
0.35 
0.19 
0.18 
0.19 
0.20 
0.34 
0.20 
0.25 
0.25 
0.38 
0.37 
0.38 
0.24 

-0.29 
-0.26 
0.25 
0.00 
0.12 
=0.2 
0.11 
-0.33 
0.22 
0.05 
-0.20 
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Effect of Substituents in Position 1 on the IH Chemical Shifts of 
Monosubstituted Naphthalenes ( in ppm relative to TMS) 

Substituent X H-2 H-3 H-4 H-5 H-6 H-7 H-8 
C -CHq -0.22 -0.13 -0.16 -0.03 -0.03 -0.01 0.10 

-CH;CH3 
-CH2CtCH 

-CF3 
0 -CH$1 

- H -r 
a -C1 
1 -Br 

-I 
0 -OH 

-OCH3 

-N(CH3)2 

- 0 C 0 C H 3 
N -NH2 

-NHCOCH3 
-NO2 
-NCO 
-CN 

0 -CHO 
11 -COCH3 

/ \ -COOCHq 
C -COOH 

0.01 0.08 0.03 0.17 0.14 0.17 0.38 

0.13 0.01 0.09 0.13 0.14 0.20 0.42 
0.67 0.15 0.18 0.23 0.23 0.29 0.52 

0.25 -0.07 -0.06 0.00 0.03 0.13 0.69 

-0.22 0.01 -0.11 0.13 0.15" 0.17* 0.42 
0.17 -0.04 -0.02 0.07 0.11 0.16 0.54 
0.38 -0.09 0.03 0.05 0.11 0.19 0.51 
0.10 -0.48 0.18 -0.20 -0.07 -0.02 0.27 

-0.68 -0.15 -0.36 0.01 0.03 0.06 0.41 
-0.68 -0.09 -0.38 -0.01 0.04 0.03 0.50 
-0.15 0.11 -0.10 0.03 -0.07 0.07 0.16 
-0.77 -0.17 -0.51 -0.06 -0.02 -0.01 -0.01 
-0.30 0.03 -0.19 0.11 0.13 0.10 0.55 
0.40 0.17 0.05 0.26 0.20 0.24 0.44 
0.80 0.14 0.19 0.33 0.21 0.32 0.72 

0.48 0.12 0.30 0.16 0.22 0.29 0.51 
0.44 0.10 0.21 0.06 0.14 0.23 1.52 

1.11 0.23 0.42 0.24 0.25 0.34 1.43 
0.80 0.05 0.22 0.08 0.10 0.20 1.30 

-0.29 -0.15 -0.19 -0.03 0.05 0.03 0.24 

0.38 -0.07 0.10 0.01 0.04 0.13 1.08 

- -coc1 1.17 0.17 0.37 0.17 0.21 0.30 1.04 
* Assignment uncertain 
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Effect of Substituents in Position 2 on the lH Chemical Shifts of 
Monosubstituted Naphthalenes (in ppm relative to TMS) 

Substituent X H-1 H-3 H-4 H-5 H-6 H-7 H-8 
C -CH3 -0.21 -0.14 -0.06 0.01 -0.04 -0.01 -0.03 

-CH2CH3 -0.05 0.02 0.09 0.12 0.08 0.12 0.10 
-CH(CH3)2 -0.07 0.01 0.05 0.07 0.04 0.06 0.07 
-CH=CH2 0.06 0.30 0.11 0.11 0.10 0.12 0.11 
-CF3 0.45 0.30 0.23 0.25 0.22 
-c1 0.13 0.08 0.07 0.12 0.13 0.15 0.05 
-Br 0.23 0.14 -0.09 -0.08 0.05 0.07 0.01 

0 -OH -0.69 -0.35 -0.05 -0.04 -0.11 -0.02 -0.14 
-OCH3 -0.70 -0.28 -0.07 -0.03 -0.11 0.00 -0.07 
-0COCH3 -0.19 -0.14 0.01 0.06 -0.04 0.11 0.08 

N -NH2 -0.88 -0.56 -0.16 -0.12 -0.23 -0.09 -0.23 
-N(CH3)2 -0.90 -0.33 -0.13 -0.12 -0.23 -0.08 -0.16 
-NHCOCH3 0.50 0.14 0.07 0.06 0.07 0.10 0.08 
-NO2 0.98 0.82 0.18 0.18 0.28 0.24 0.26 
-CN 0.51 0.25 0.20 0.19 0.31 0.26 0.19 

0 -CHO 0.62 0.61 0.23 0.21 0.30 0.24 0.29 
11 -COCH3 0.76 0.69 0.19 0.17 0.25 0.21 0.26 
C -COOH 1.00 0.73 0.37 0.36 0.36 0.32 0.48 

-coc1 1.02 0.74 0.39 0.49 0.32 0.37 0.37 
/\-COOCH3 0.83 0.66 0.09 0.09 0.15 0.11 0.17 
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5.6 
Heteroaromatic Compounds 

5 . 6 . 1  
Non-Condensed Heteroaromatic Rings 

‘ H  Chemical Shifts and Coupling Constants of Non-Condensed 
Heteroaromatic Compounds (6  in ppm relative to TMS, IJI in H z )  

4Jb, 2.3 

b 7.12 3Jab 5.4 b7.09 3Jab 0.8 b7.13 3Jab 1-2 
d ‘0 a 7.70 4Jac l a 1  

3Jbc 3.6 

c n  a 7.69 4Jac O S  c 0 a7.13 4Jac 1-2 

Hd 13.4 (J values in 
derivatives) 

Se 4Jad 2.5 7.95 0 4Jbc 0.0 7.70 N 3Jbc 

8.56 3 
19b7.26 :ab Jacc0.4 4.7 

a8.72 3Jbc 1.7 S 

N-N 
c( 8.27 

N 
H 13.5 

8.15 6.28 3Jab 1.7 7.55 6.25 3Jab 2.1 

;gba 4Jbc 1.8 yN a7.55 3Jbc 2.1 
4Jac 0.3 ‘qb 4Jac 0.0 

H d  13.7 0 8.39 
(in CS,) 

H 12 

-12 

(in H2S04) 
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7.64 In DMSO: In den- 9.04 3Jab 6.0 
vatives: b8.50 4JaC 1'6 

b 7.25 a 8.59 3Jab 6.0 4-6 '6 5Jad 0.8 
ae 1.0 

3Jbc 7.9 
4Jae 0.4 0-0.6 (in CD3CN) 4Jbd 1.4 
3J13c7.6 7-9 
4Jbd 1.6 0.5-2 

e a9.23 45 
N 7*38 4Jac 1.9 0-2.5 

(in CDCl3) 7'75 5Jad 0.9 0-2.5 H 

7.32 3Jab 6.5 7.22 
1 .o C 

d b 7.40 4JaC 
e ' 5Jad 0.6 '9 b7'55 

a 8 * l 9  4Jae 1.9 N, / a9.24 
3Jbc 7.7 
4Jbd 2.1 0 

f 
0 
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Effect of Substituents on the IH Chemical Shifts of Mono- 
substituted Furans (in ppm relative to TMS) 

6H-2 = 7.38 + zi,2 
6H-3 = 6.30 + zi,3 
6H-4 = 6.30 + zi,4 
~ H - S  = 7.38 + Zi,5 

Substituent in position 2 or 5:  in position 3 or 4: 

'23 '24 '25 '32 '34 z35 
z54 z53 z52 z45 z43 z42 

-H 0.00 0.00 0.00 0.00 0.00 0.00 
C -CH3 -0.42 -0.12 -0.17 -0.27 -0.17 -0.15 

-CH20H -0.11 -0.05 -0.08 
-CH2NH2 -0.24 -0.06 -0.10 

-Br -0.02 0.03 -0.01 
-CH=CHCHO 0.70 0.35 0.42 

0.12 -0.13 -0.01 -0.13 0.04 -0.22 
-1.34 -0.23 -0.68 -0.46 -0.28 -0.37 
1.21 0.55 0.51 

0 0&H3 
N -NO2 

-CN 0.85 0.32 0.28 0.45 0.22 -0.02 
S -SCH3 -0.12 -0.06 -0.09 -0.18 -0.05 -0.15 

0 -CHO 0.93 0.31 0.34 0.48 0.37 -0.07 
II -COCH3 0.81 0.23 0.19 0.46 0.36 -0.12 

-SCN 0.40 0.06 0.10 0.19 0.19 0.03 

C -COCF3 1.34 0.50 0.64 
/ \  -COOH 0.94 0.33 0.41 0.89 0.54 0.36 

-COOCH3 0.85 0.22 0.25 0.45 0.33 -0.14 
-coc1 1.20 0.39 0.48 
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Effect of Substituents on the I H  Chemical Shifts of Mono- 
substituted Pyrroles (in ppm relative to TMS) 

Substituent in 212  z13 
position 1 '15 z14 
-H 0.00 0.00 
-CH3 -0.25 -0.13 

-CHz-phenyl -0.12 -0.04 
-CH2CH3 -0.16 -0.12 

-COCH3 0.56 0.12 
-phenyl 0.33 0.14 

-CO-phenyl 0.57 0.18 

Substituent in position 2 or 5: 
z23 z24 

-H 0.00 0.00 
C -CH3 -0.33 -0.16 
N -NO2 1.06 0.24 

-CN 0.83 0.23 
S -SCH3 0.18 0.05 

-SCN 0.48 0.10 
0 -CHO 0.93 0.27 
11 -COCH3 0.78 0.10 

254 253 

C -COOCHq 0.79 0.13 

in position 3 or 4: 

z25 z32 z34 z35 
z5 2 z45 z43 z42 
0.00 0.00 0.00 0.00 

-0.26 -0.34 -0.20 -0.20 
0.43 1.04 0.70 0.13 
0.5 1 
0.10 
0.28 
0.61 
0.44 0.79 0.63 0.15 
0.29 0.90 0.73 0.16 
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Effect of Substituents on the I H  Chemical Shifts of Mono- 
substituted Thiophenes (in ppm relative to TMS) 

5H-2 = 7.20 + zi,2 
6 ~ - 3  = 6.96 + Zi,3 

6 ~ ~ 5  = 7.20 + Zi,5 
5 4032 6 ~ - 4  = 6.96 + Zi,4 

S 

Substituent in position 2 or 5: 

z23 z24 z25 
z54 z53 z52 

-H 0.00 0.00 0.00 
C -CH3 

-C%CH 
H -c1 
a -Br 

N -NH2 
-NO2 
-CN 

S -SH 
-SCH3 
-S02CH3 

-SCN 
-soy21 

0 -CHO 

C -COOH 
1 1  -COCH3 

/ \  -COOCH3 
-coc1 

-0.36 -0.24 
0.15 -0.16 

-0.25 -0.22 
-0.05 -0.27 
0.13 -0.33 

-0.72 0.59 
-0.94 -0.43 
-0.95 -0.45 
0.82 -0.03 
0.47 0.00 
0.00 -0.20 

-0.03 -0.18 
1.03 0.20 
0.73 0.06 

0.65 0.10 
0.57 0.00 
0.80 0.08 
0.70 -0.05 
0.88 0.06 

0.30 -0.05 

-0.29 
-0.12 
-0.22 
-0.11 
0.01 
-3.10 
-0.82 
-0.85 
0.30 
0.28 

-0.07 
-0.05 
0.79 
0.45 
0.28 
0.45 
0.28 
0.40 
0.20 
0.44 

in position 3 or 4: 

z32 z34 z35 
z45 z43 z42 
0.00 0.00 0.00 
-0.45 -0.22 -0.14 

-0.22 -0.11 -0.03 
-0.12 -0.08 -0.10 
0.06 0.00 -0.19 

-1.10 -0.38 -0.20 
-1.25 -0.53 -0.25 
0.95 0.60 0.03 
0.63 0.20 0.15 
-0.22 -0.20 -0.10 
-0.33 -0.10 -0.03 
0.96 0.48 0.46 

0.25 0.05 0.05 
0.79 0.45 0.03 

0.99 0.48 0.24 

1.05 0.50 0.03 

0.68 0.47 -0.02 

0.78 0.47 -0.05 

* Present in the keto form 
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Effect of Substituents on the I H  Chemical Shifts of Mono- 
substituted Pyridines (in ppm relative to TMS; solvent: DMSO) 

6H-2 = 8.59 + zi,2 
6H-3 = 7.38 + zi,3 4 

6H-6 = 8.59 + zi,6 

Substituent in position z23 z24 z25 z26 
2 or 6 z65 z64 z63 z62 

0.00 0.00 0.00 0.00 -H 
C -CH3 

-CH2CH3 

-CH20H 
-CH2NH2 
-CH2S-n-C3H7 
-CH2S02-phenyl 
-CH=CH2 
-phenyl 
-2-pyridyl 

-CHz-phenyl 

.. 

H SF 
a -C1 
1 -Br 
0 -OH 

-0-n-CqHg 
N -NH2 

-NHCOCH3 
-NHCOOCH2CH3 
-"NO2 
-NO2 
-CN 

S -SCH3 
0 -CHO 
1 1  -COCH3 
C -CO-phenyl 
/ \  -COOH 

-COO-n-CqHg 
-CONH2 
-CSNH2 
-CH=NOH 

-0.11 -0.01 -0.16 0.08 
-0.09 -0.08 -0.15 0.03 
0.12 -0.08 -0.20 0.02 
0.37 0.30 0.02 0.06 
0.20 0.07 -0.09 0.05 
0.04 -0.08 -0.26 -0.06 
4 =-0.3 4 -0.2 

0.1 1 -0.14 -0.1 1 0.04 
0.16 -0.28 -0.40 -0.03 
1.12 -0.09 -0.26 0.00 

-0.10 0.40 0.12 -0.13 
0.32 0.29 0.29 0.20 
0.41 0.17 0.19 0.02 
-0.7 0.0 -1.0 -0.9 

-0.53 -0.03 -0.49 -0.32 
-0.68 -0.3 1 -0.78 -0.48 
0.94 0.16 -0.20 -0.10 
0.59 0.07 -0.24 -0.21 
0.34 0.31 -0.03 -0.41 
1.09 0.67 0.74 0.26 
0.88 0.38 0.55 0.39 

-0.09 -0.1 1 -0.29 -0.1 1 
0.93 0.42 0.50 0.44 
0.82 0.37 0.39 0.28 
0.62 0.55 0.32 0.28 
0.97 0.43 0.48 0.42 
0.86 0.39 0.35 0.35 
1.05 0.47 0.43 0.30 
1.41 0.37 0.33 0.25 
0.40 0.28 0.01 0.16 
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Substituent in position 3 or 5: in position 4: 

z32 z34 z35 z36 z42 z43 
z56 z54 z53 z52 z46 z45 

-H 0.00 0.00 0.00 0.00 0.00 0.00 
C -CH3 

-CH2-phenyl 
-CH20H 
-CH2NH2 
-CH2S-n-C3H7 

-CH=CH2 
-CH2S02-phenyl 

-CH=CH-COOH 
H -F 
a -C1 
1 -Br 
0 -OH 

-OCH3 

-CN 
S -SCHz-phenyl 

-S-phenyl 
-SO3H 

0 -CHO 

C -CO-phenyl 
I t  -COCH3 

/ \  -COOCH3 
-COO-n-CqHg 
-CSNH2 
-CH=NOH 

-0.02 

0.11 
0.16 

-0.24 

0.45 
-0.01 
0.20 
0.20 

-0.03 

-0.06 
0.37 
0.63 

0.70 
0.45 
0.72 
0.47 
0.62 

0.68 
0.39 

-0.06 

0.15 
0.13 

-0.15 

0.52 
0.00 
0.24 
0.43 
-0.37 

-0.49 
0.50 
0.72 

1.14 
0.42 
0.68 
0.54 
0.60 

0.67 
0.43 

-0.09 

0.04 
0.04 

-0.22 

0.34 
0.14 
0.19 
0.34 
0.15 

0.02 
0.06 
0.43 

0.81 
0.12 
0.30 
0.37 
0.23 

0.24 
0.19 

-0.02 

-0.04 
0.00 

0.01 

0.17 
-0.10 
0.09 
0.18 

-0.24 

-0.36 
-0.16 
0.50 

0.70 
0.20 
0.37 
0.34 
0.34 

0.26 
0.15 

0.01 
0.00 
0.07 
0.01 

-0.06 
-0.09 
0.12 

-0.07 
0.00 
0.09 

0.02 
-0.15 
-0.05 
0.46 

-0.02 
0.05 

0.47 
0.40 
0.36 

0.34 
0.35 
0.24 

-0.10 
-0.15 
0.14 
0.03 

-0.13 
-0.18 
0.13 

-0.03 
0.05 
0.35 

-0.29 
-0.74 
0.3 1 
0.62 
0.04 

-0.16 

0.58 
0.58 
0.40 

0.54 
0.68 
0.37 



5 . 6 . 2  
Condensed Heteroaromatic Rings 

(6in ppm relative to TMS, IJ( in Hz)  
H Chemical Shifts of Condensed Heteroaromatic Rings 

7.49 3Jab 2.5 4Jce 1.2 
5Ja,, 6Jad, 6Jae, 5Jaf: 0 5Jcf 0.8 

a 7.52 4Jbc, 5Jbd, 6Jbe: 0 3Jde 7.3 
7.19e \ 5Jbf 0.9 4Jdf 0.9 

3Jcd 7.9 3Jef 8.4 

7.13d 

f 
7.42 

7.55 

6.99 d @ a 7.26 

7.09 e \ 
f Hs 10.1 

7.40 

3Jab 3.1 4Jce 1.2 

3Jag 2.5 5Jcg 0.8 
5Ja,, 6Jad, 6J,e, 5Jaf: 0 5Jcf 0.9 

4Jbc, 5Jbd, 6Jbe: 0 3Jde 7.1 
5Jbf 0.7 4Jdf 1.3 
4Jbg 2.0 3Jef 8.1 
3Jcd 7.8 6Jdg, 5Jeg, 4Jfg: 0 

7.83 3Jab 5.5 4Jce 1.1 
5Jac, 6Jad, 6Jae,5Jaf: 0 5Jc. 0.9 

3Jde 7.2 
5Jbf 0.8 4Jdf 1.0 

7.88 3Jcd 8.0 3Jef 8.0 

7.36 d @ L':44 4Jbc, 5Jbd, 6Jbe: 0 
7.34e \ 

f 

OJaC -0.1 7 . 4 1 ~  
a 8.42 6Jad 0.4 

7.41d \ 0 5 1  nn -ae -.- 
7.67 3Jbc 8.2 

e 4J,e 1.2 
3Jde 8.3 

7.70 

7.70 
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8.08 5Jab 0.1 4Jbd 1.1 
6Jac -0.2 5Jbe 0.6 

a 9.26 6Jad 0.4 3Jcd 7.2 

8.14 3Jbc 8.2 3Jde 8.2 
7.50d \ s 5J,e 0.1 4Jce 1.1 e 

7.60 

7.96 3Jab 9.2 

d 

7.25 

6.50 e Wa2' b 6.64 
6.31f \ N / 

a 7.14 
7.76 

3Jab 2.7 
4Jac 1.2 

9.06 LT') N 8.34 

H =11 

5Jcg 1.0 
3Jde 9.0 
4Jdf 1.0 
5Jdg 1.2 
3Jef 6.4 

3Jfg 6.8 
4Jeg 1.0 
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6.52 3Jab 7.9 
4Jac 1.5 

6*71 a() 5'77 5 Jad 0.4 
c \  0 3Jbc 7.9 

d 

7.63 7.80 3Jab 9.8 
3Jcd 8.5 

5Jcf 0.0 
4Jce 2.0 

f 
7.20 

3Jab 6.1 
3Jcd 8.0 
4Jce 1.8 

7.43d / b 6.34 

7.68e \ a 7.88 5JCf 0.5 
f 

7.47 

3Jde 8.6 
4Jdf 1.8 
3Jef 8.5 

3Jde 7.0 
4Jdf 1.1 
3Jef 8.4 

7.19 'Jab 7.8 
4J,c 1.3 

7 . 1 2 b u 1 )  6.42 5Jad 1.1 
c \  3Jbc 7.1 

d 

7.68 8.00 3Jab 4.3 4Jdf 1.6 
4Jac 1.8 5Jdg 0.5 
3Jbc 8.3 3Jef 6.8 
5Jcg 0.8 4Jeg 1.1 
3Jde 8.2 3Jfg 8.2 

7.43e / \ b 7.26 

7.61 f @a \ 8.81 
g 

8.05 
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7.74 3Jab 6.0 

3Jbc 8.5 
4Jac 1.1 

g J .  
8.75 0 

7.71 7.50 4J,b 0.8 3Jde 8.7 
5Jac 0 4Jdf 1.1 
5Jad ~ 0 . 5  5Jdg 0.9 
3Jbc 6.0 3Jef 7.0 

3Jfg 8.2 
5Jcg 0.8 4Jeg 1.3 g a  

7.87 9.15 

8.77 

7.57 7.73 3Jab 5.7 3Jde 6.9 
5Jbf 0.8 4Jdf 1.3 
3Jcd 7.8 3Jef 8.6 
4Jce 1.5 
5Jcf 0.8 f 

8.30 

7.84 9.29 4Jab 0 3Jde 6.9 
5Jbf 0.5 4Jdf 1.2 
3Jcd 7.9 3Jef 8.5 

5Jcf 0.8 
;:;::$yJ ' a 9.23 4Jce 1.2 

f 
8.01 

8.07 3Jab 1.8 
3Jc-j 8.4 
4J,e 1.6 
5Jcf 0.6 
3Jde 6.9 

f 
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7.93 9.44 

f a  

d 7.84 

a 7.48 

e 8.08 

H b7.49 
a 10.3 

9.09 

d y 7 . 6 4  / b7.89 

a 8.22 

d 8.36 

a 7.50 

e 8.27 

H b7.57 
a11.70 

5Jac 0.4 
3Jcd 8.2 
4Jce 1.2 
5Jcf 0.6 
3Jde 6.8 

3Jab 8.5 3Jbc 7.3 
4Jac 0.9 4Jbd 1.3 
5Jad 0.6 3Jcd 7.6 

5Jae 0.7 3Jcd 7.2 
3Jbc 8.2 4Jce 1.2 
4Jbd 0.9 3Jde 7.8 
5Jbe 0.7 

3Jab 9.0 3Jbc 6.6 
4Jac 1.2 4Jbd 1.4 
5Jad 0.6 3Jcd 8.2 
5Ja, 0.9 4Jde 0.4 

3Jab 8.4 3Jbc 7.1 
4Jac 1.1 4Jbd 1.8 
5Jad 0.5 3Jcd 8.0 

5Jae 0.4 3Jcd 7.0 
3Jbc 8.6 4Jce 1.4 
4Jt,d 1.0 3Jde 8.2 
5Jbe 0.4 



5 . 7  
Halogen Compounds 

5.7 .1  
Fluoro Compounds 

Fluorine in nature occurs 100% as 19F, which exhibits a s in quantum number 

about four bonds. 

IH Chemical Shifts and Coupling Constants of Fluoro 
Compounds (8 in ppm relative to TMS, J in Hz) 

I = 1/2. The signals of 'H atoms are split by coupling to B F up to a distance of 

4.10 5.45 6.25 
CH3F 2JHF 46.4 CH25 2 J ~ ~  50.2 CHF3 2 J ~ ~  79.2 

1.24 2J,F 46.4 1.7 ~ J , F  57.3 1.34 

b y a F  6.1 3JbF 2009 

a 3J,b 6.9 F 3J,b 4.5 

b \/F 3 J b ~  25.2 

Ha' 4.36 

4.37 H b  2 J a ~  84.7 3J,b 12.8 1.57 3 J ~ ~  15.0 

4.03 Hc 
\-p 3 J b ~  20.1 3Jac 4.7 H = F  

H,6.17 3 J c ~  52.4 2Jbc -3.2 

0.69 

a 
e Hd 4.32 

3J,b 5.9 
3Jac 2.4 
2Jbc -6.7 
3Jbd 10.8 
3Jbe 7.7 
3Jc, 12.0 

3 J , ~  8.9 3J,b 8.4 
4 J t , ~  5.7 4J,c 1.1 

d e 6 / b7.24 a 6.97 'J,F 0.2 'J,d 0.4 

7.03 3Jbc 7.5 
4Jbd 1.8 

C 4J,c 2.7 
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5 . 7 . 2  
Chloro Compounds 

l H  Chemical Shifts and Coupling Constants of Chloro 
Compounds (6  in ppm relative to TMS, J in Hz)  

1.33 
\Cl 3J 7.2 3.06 5.33 7.24 

CH3Cl CH2C12 CHC13 
3.47 

2.07 3.67 1.81 0.92 1.68 
a/\/Cl 3J 6.8 m C 1  -Cl 

Y E 9  3J 6*1 1.06 3.47 1.41 3.42 c1 

3Jab 14.5 

5.39 Hc Ha6.26 2Jbc -1.4 
3Jac 7.5 

1.55 3J 6.4 1.60 

1.78 
H-Cl 

&:: d H 4 . 3 4  

0.87 'Jab 7.0 

2Jbc -6.0 
H i "a 2.55 3Jbd 10.3 
e H d  3Jbe 7.1 

0 . 7 4 : v l  Hb 3Jac 3.6 

3Jc, 10.6 

F' 3Jab 8.1 
e o a 7 . 2 7  '::: 2.3 1.1 

5Jad 0.5 

7.14 3Jbc 7.5 
4Jbd 1.7 

d / b7.20 4 
C 

3Jab 8.1 

e 6 i 3 7 . 8 1  / b7'19 4Jac 5Jad 0.5 2.4 

7.17 3Jbc 7.5 
4Jbd 1.4 

4Jac 1.1 

C 

Hal 
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5 .7 .3  
Bromo Compounds 

H Chemical Shifts and Coupling Constants of Bromo 
Compounds (6  in ppm relative to TMS, J in Hz)  

2.69 
CH~BI  

4.94 6.82 
CH2Br2 CHBr3 

2.47 3.63 1.89 
\ r ? i g 3 J  6.4 B r w B r  b B r  

1.06 3.35 Br 

1.76 

yBr 
3Jab 14.9 
3Jac 7.1 

5.97Hc Ha 6.44 2jbC -1.9 

0.96 3Jab 7.1 

0.81 F y B r  
*JbC -6.1 

e Hd 3Jbe 7.0 

Hb 3Jac 3.8 

H -  Ha  2.83 3Jbd 10.2 

3Jc, 10.5 

3Jab 8.0 
4Jac 1.1 
5Jad 0.5 
4J,c 2 . 2  
3Jbc 7.4 

e a 7.43 
d / b7.15 

C 

1.66 
\Br 

3.37 

1.73 

74% 

2.33 
H-Br 

&H 4.62 
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5.7 .4  
lodo Compounds 

I H  Chemical Shifts and Coupling Constants of Zodo Compounds 
(6  in ppm relative to TMS, J in Hz)  

2.16 3.90 4.91 1.88 
CHI3 \/I 

3.16 CH3I CH212 

y l . 2 4  I 

1.89 

y : . 2 4  

1.04 

2.96 - 3J 7.0 3.70 1.88 0.93 1.80 
T-1 -1 -1 

1.03 3.16 1.42 3.20 

- 1.95 6 . 5 7 H h I  %;: 1;:; I: - I 

Y' 2.06 

6'23HC Ha *JbC -1.5 
6.53 

Hal 

&:8 d H 4 . 7 2  

3Ja13 7.5 

2Jbc -5.9 
H :  cy: a 2.31 3Jbd 9.9 
e Hd 3Jbe 6.6 

Hb 3Jac 4.4 0.76H 

3Jc, 10.0 

3Jab 7.9 
4Jac 1.1 

d e b a 7 . 6 4  / b7.03 5Jad 0.5 
C 4Ja, 1.9 

7.25 3Jbc 7.5 
4Jbd 1.8 
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5.8 
Alcohols, Ethers, and Related Compounds 

5.8.1 
Alcohols 

H Chemical Shifts and Coupling Constants of Alcohols 
(6 in ppm relative to TMS, J in Hz)  

Aliphatic and alicyclic alcohols: 
Phenols: 4.0-8.0 (in DMSO: 8-12) 

Hydrogen bonds strongly deshield hydroxyl protons. The position of the signal 
may depend heavily on the experimental conditions. If a compound contains 
several kinds of hydroxyl protons (-OH, -COOH, H20), in general only one 
signal at an average position is observed because of rapid exchange. In dimethyl 
sulfoxide (DMSO) as solvent, this exchange in most cases is so slow that isolated 
signals are observed. In this case, the chemical shifts of hydroxyl protons are 
characteristic. However, if the sample contains strong acids or amine bases, the 
exchange rate increases, and also in DMSO, a signal at an average position is 
observed. Frequently, intermediate exchange rates lead to very broad signals 
extending over several ppm and, therefore, sometimes not discernible in routine 
spectra. 

As a consequence of fast intermolecular exchange of the hydroxyl protons, their 
coupling with the protons on the adjacent carbon atoms is usually not observed. 
However, in very pure (acid-free) solutions or in DMSO, the exchange is 
sufficiently slow so that the H-0-C-H couplings become visible. Their dependence 
on the conformation is analogous to that shown by the H-C-C-H couplings 
(Chapter 5.1). In case of fast rotation: 3 J ~ ~ ~ ~  = 5 Hz. In cyclohexanols, the 
vicinal coupling constants for axial hydroxyl protons (3.0-4.2 Hz) are lower than 
those of equatorial ones (4.2-5.7 Hz). 

0.5-3.0 (in DMSO: 4-6) 

0 

3.39 3.9 in DMSO: 1.18 2.61 liquid: in DMSO: 1.53 2.26 
CH30H, 3J,b 5.2 c\oHa 6, 5.27 6,4.5 -OH 

6, 3.66 0.93 3.49 b 
(in CDCl,) 3.59 

6, 1.19 (in CDCl3) 
(in CDcl3) ,Jab 4.8 

,JbC 6.9 
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cl&OH 2.96 
cl 

4.15 
(in CDC13) 
60, in DMSO: 6.8 

1.16 2.16 3Jab 6.2 1.22 2.01 

Y O H  

OH liquid: 

6,  1.23 
(in CDCl3) (in CDCl3) 

5.6 
CH-OH 

(in DMSO) 
(a2 (=JcH2-OH 5.2 

(in DMSO) (in DMSO) 

3.40 For derivatives For derivatives 

0 
inDMSO: 

4.0-4.5 

1.45 1.17 
3Ja,0H 4.2-5.7 

7.00 
6.82 NO2 

4Jbd 1.7 (in CDCl3) 
(in CC14) (in DMSO) 
* in DMSO: 6 0 ~ 9 . 3  
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I H  Chemical Shifts of Enols ( 6  in ppm relative to TMS, J in Hz)  

=16 -16 

3Jab5.1 
CH3 Q 

3Jab 9.7 
3Jbc =8 Ha 

0 
7.90 H b  2.11 2.00 

5.04 5.60 
(in CDC13, partly 
enolized) 

5.8 .2  
Ethers  

H Chemical Shifts and Coupling Constants of Ethers 
(6 in ppm relative to TMS, J in Hz) 

3.21 2Jgem -10.6 3.37 
\ /  f i  0% b 3J& 

1.15 
0 

3.40 1.38 
*y)- 

1.54 0.92 

3.74 3.16 Hb6.44 4Jab 0.3 
Hc 3.88 3Jbc 7.0 

3Jbd 14.1 1.27 
2Jcd -2.0 

a&o' a\o+ 
Hd 4.03 

(in TMS) 

H Chemical Shifts and Coupling Constants 
(6  in ppm relative to TMS, J in Hz) 

. V. 

3.27 0.93 

1.55 

A 
1.24 

*,O 

6 3Jab 7.0 
Hd 3.96 4Jbc 0.4 

Y He 4.17 3Jcd 6.9 

2Jde -1.9 
3Jce 14.4 

of Cyclic Ethers 

In derivatives: 

3Jcis 4.5 

3~trans 3.1 
Throughout: 
Jcis > Jtrans 

A 2.54 2Jgem 5 - 6  
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2Ja,gem -5.8 
2Jb,gem - 1 1 .o 

b 2.72 3jCis 8.7 

c e  a 4.73 

 trans 6.6 
31Jlac <0.3 

6 
1.59 

4.20 3Jab,cis 8*3 
Jab,trans 0.7 

6.22 d o  

c b  3Jbc 2.5 

d 0 a 4.63 3Jab 
c b 5.89 4JaC 

4J -2.5 
ad,& 7.1 

4Jbd 2.6 4Jad,trans 4*6 
3Jcd 2.6 3Jbc 6.3 

4.82 2.53 

3Jab 6.2 
4Jac 2.0 

c 3Jbc 3.8 
1.98 4Jbd 0.6 

3.96 1.85 d e 0 ; 65; a 6.17 

2.66 

3Jab 5.0 
4Jac 2.4 

;Qa 7.89 3Jab 5Jac 0.3 6'o 

4J,d 2.7 
7.56 3Jbc 6.3 0 4Jbc 1.1 

I I b 6.34 6.38 c 5Jad 1.2 

4Jbd 1.5 
3Jcd 9.4 
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I H  Chemical Shifts and Coupling Constants of Aromatic Ethers 
(6 in ppm relative to TMS, J in Hz) 

5Jab ~ 0 . 8  a 

p' 3*73 3Jbc 8.3 
f 0 b 6.77 4Jbd 

0.4 e \ c 7.15 5Jbe 
4Jbf 2.7 

6.82 3Jcd 7.4 
d 

3Jce 1.8 C 

6.98 

I H  Chemical Shifts and Coupling Constants of Acetals, Ketals, 
and Ortho Esters (6  in ppm relative to TMS, J in Hz) 

J 
- J f O  O-(O 3.53 

0- 3.20 

0- 
4.44< 

5.1 
5*03 7 1 . 1 3  

tn)5. 0 00 

4.70 2Ja,gem -7.5 

0 b a 3.9 3Jab,cis '~ab,trans 7*3 6.0 

4.9 

0 3 . 8 0  
1.68 
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5.9 
Nitrogen Compounds 

5 . 9 . 1  
Amines 

Amine and Ammonium Protons (6 in ppm relative to TMS, IJI in Hz )  

Chemical shifts of amine protons lie around 0.5-5 ppm depending on solvent, 
concentration, and hydrogen bonding. Those of ammonium protons are found 
between ca. 6 and 9 ppm: 

0.5-4 .O 
alk-NH2 

( W 2 - W  

' 2.5-5.0 @ H 2 + - a l k  . 6-9 

N 

Coupling of amine protons with vicinal H atoms is usually not seen in aliphatic 
amines because of their rapid intermolecular exchange. However, for =C-NH-CH 
moieties (enamines, aromatic amines, amides, etc.), the exchange rate is slower 
and splitting is often observed. The H-C-N-H coupling depends on the 
conformation in a similar way as the H-C-C-H coupling (see Chapter 5.1). For 
N-CH3 and N-CH2 groups: 3 J ~ ~ ~ ~  = 5-6. 

In acidic media (e.g., in trifluoroacetic acid as solvent), the exchange of the 
ammonium protons is slowed down to such an extent that the vicinal coupling 
H-N+-C-H generally becomes observable. In other media, signals are usually 
broad owing to intermediate exchange rates. 

The signals of amine and especially of ammonium protons are often broadened 
additionally because the 14N-lH coupling is only partly eliminated by the 
quadrupole relaxation of I4N (spin quantum number, I = 1; natural abundance, 
99.6 %; ~ J N H  = 60). This line broadening has no effect on the vicinal H-C-N-H 
coupling so that sharp multiplets can be observed for neighboring H atoms. In 
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ammonium compounds of high symmetry, the quadrupole relaxation is slow and 
the coupling with 14N leads to triplets of equal intensity for all three lines. 

NHq+ lJNH 52.8 

H Chemical Shifts and Coupling Constants of Amines 
(6 in ppm relative to TMS, J in Hz)  

2.47 
CH3NH2 

1.10 
\/“2 

2.74 

H 3.06 
\N,/ 1.00 

2.86 1 2.43 

3.27 1.27 1.43 
2 J a  =OS /\/“2 

1- 0.93 2.61 
-r -L 3 J b ~  1.9 

a b  

1.15 1.03 
\“2 

3.07 1 
(in D20) 

N 

1.50 H 1.90 1.04 H 1.0 0.92 1.43 1.77 - “2 
1.33 2.68 

A N -  
0.91 2.56 



5.9 Nitrogen Compounds 209 

&.8i 2.42 

1.62 H HNH 0.91 

1 . 1 6 H ~  H 
1r73 1.24 1.'78 1.18 

3J,b 8.0 / 2*78 3J,b 8.2 , 2.94 
3.55 HN 

C 

6.58 4Jbd 1.7 NO2 
6" in DMSO: 7.32 

e 6 a 6 . 4 6  4Jac 5Jad 0.5 1.1 

J,, 2.5 d / b7.01 4 
C 

6.62 3Jbc 7.4 
4Jbd 1.6 

\ I / 3.72 \ / 2.85 3J,b 8.4 3.09 
4J,c 1.0 

e b a 6 . 5 9  5Jad Os4 
d / b7.08 4Jae 2.8 

C 
7.57 

C 3Jbc 7.3 
6.60 4Jbd 1.8 NO2 

N I H  Chemical Shifts and Coupling Constants of Cyclic Amines 
(6 in ppm relative to TMS, J in Hz) 

H 1.84 CJ z4 H 0.9 
N 

b a 1.61 

2Jgem =1 2.23 
3Jab.cis =6 

1.59 
1.5 

I 2.25 H 1.92 I I 2.27 

(Nl;:8387 N 
H2.12 

(N)2.87 
3.67 

0 
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5 .9 .2  
Nitro and Nitroso Compounds 

H Chemical Shifts and Coupling Constants of Nitro and Nitroso 
Compounds (6  in ppm relative to TMS, J in Hz) 

4.29 
CH3N02 

1.53 

72 

1.58 
\ NO2 

4.37 

2.01 
f i  NO2 

1.03 4.28 

1.07 2.07 1.59 - NO2 
1.50 4.47 

H 4.22 

4 5 4 . 4 3  

H 

J 4.91 
2.26, 2.12 6 1.88, 1.70 H 

2.2 1.6 

6.55 7.12 3Jab11.8 3Jab 8.4 3Jab 7.9 
'"-<"a 3Jac 17.9 e 6 / a 8.21 4Jac l a 2  : 6 a  7.84 4Jac 1.3 

5J,d 0.6 
4Jae 2.0 

Hc NO2 d \ b 7.52 

3Jbc 7.4 5.87 

bi 4Jbd 1.5 4Jbd 1.4 

b 7.57 
2Jbc 0.9 5Jad 0.4 

C 
4Jae 2.4 c 

7.64 3Jbc 7S 7.63 

5.9.3 
Nitrosamines, Azo and Azoxy Compounds 

I H  Chemical Shifts of Nitrosamines, Azo and Azoxy Compounds 
(6  in ppm relative to TMS) 

4 q  ,p Generally: 2.96 
ZCis < Ztrans for a-CH3, a-CH2, and \ /? 1.15 

&is > Ztrans for a-CH protons 3.76 FN 1.52 3 N - N  P-CH3 protons 

4.26 
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4.16 
/ 
N+=N N+=N 

O-/ h 1 . 2 8  
0' \ 

3.16 

5.9 .4  
Imines, Oximes, Hydrazones, and Azines 

I H  Chemical Shifts and Coupling Constants of Imines, Oximes, 
Hydrazones, and Azines (6  in ppm relative to TMS) 

OCpF 3.4 

8.40 

6.8-7.9 

Y N - O H  7-10 

6a,syn > 6a,anti 
alk 

7.52 HplOH 9.9 

1.83 

7.50 7.90 

7.50 - 

7.2-8.6 

H F W O H  7-10 
ar 
6a,syn > 6a,anti N 

1.86 
k N / O H  9.9 

6.92 H 

In aldoximes and ketoximes, the chemical shift difference between syn and anti 
protons at the a-CH groups, A 6  = Gsyn - Ganti, depends on the dihedral angle, 
@H-c-c=N: 

@ A 6  

00 1 
60° 0 

115O -0.3 
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6.1-7.7 
H )=Ff H 7.89 

2.03 2.00 
PFf 

alk "-a 

sa,syn > aa,anti 

5.9.5 
Nitriles and Isonitriles 

I H Chemical Shifts and Coupling Constants of Nitriles 
(6 in ppm relative to TMS, J in Hz) 

1.98 
CH3CN 

1.71 3Jab 7.0 
-CN3Jbc 7.4 

1.31 
b bCN J,ic 7.6 

C a 4Jac -0.05 2.35 
1 . 1 1  2.29 

1.35 0.96 1.63 
-CN 
1.50 2.34 

1.37 

YCN 
6.07 5.73 3Jab11.8 0.94 3Jab 8.4 3Jab 7.8 

2Jbc 0.9 ?v 2Jbc -4.7 5Jad 0.7 

e 1.36 3Jbe 7 * 1  7.56 3Jbc 7.7 
3Jc, 9.5 4Jbd 1.3 

H h H a  3Jac 17.9 0*93 Hb 3Jac 5 * 1  e6 a 7.51 4Jac 1.3 

H c  CN 
6.20 

\ 7'44 4Ja, 1.8 
C 

H i 'Ha 3Jbd 9.2 

IH Chemical Shifts and Coupling Constants of Isonitriles 
(6 in ppm relative to TMS, J in Hz)  

Because of the symmetrical electron distribution around the N atom, the 
quadrupole relaxation of the nitrogen nucleus is so slow that the 14N-lH coupling 
becomes observable and leads to triplets with relative intensities of 1:l:l (spin 
quantum number of 14N: I = 1; natural abundance, 99.6 %): 

l J l a  1.8-2.8 
H2 H2 lJlbN 1.5-3.5 

b a  
-C-C-"NC 
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2.85 2JaN 2.3 1.28 3Ja1, 7.3 1.45 

CH3NC a b \NC 2 J , ~  2.0 b y N C  :$ i:: 
a 3 J b ~  2.4 a 3'87 3 J b ~  2.6 

3.89 

5.9 .6  
Cyanates, Isocyanates, Thiocyanates, and lsothiocyanates 

H Chemical Shifts and Coupling Constants of Cyanates, 
Isocyanates, Thiocyanates, and Zsothiocyanates 
(6  in ppm relative to TMS, J in Hz)  

1.45 
\OCN 
4.54 

1.63 f i  NCO 
0.99 3.26 

2.61 
CH3SCN 

3.37 
CH3NCS 

3.02 
CH3NCO 

1.20 
\NCO 
3.37 

1.29 4.77 6.12 3Jab 7.6 
' W H a  3Jac 15.2 

2Jbc -0.1 N 
Hc NCO 

1.52 

2.98 

'c NCS 
3.64 

5.01 
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5.1 0 
Sulfur-Containing Functional Groups 

5.10 .1  
Thiols 

1H Chemical Shifts and Coupling Constan 
(6 in ppm relative to TMS, J in Hz)  

I f Thiols 

Typical ranges of SH chemical shifts: 

&-SH 1-2 O S H  2-4 

The exchange with other SH, OH, NH, or COOH protons is generally so slow 
that the chemical shift is characteristic and the vicinal coupling with SH protons 
becomes visible (5-9 Hz in aliphatic systems with fast rotation). 

2.00 1.26 3Ja1, 7.4 1.31 1.39 1.63 1.33 
b a  

(in benzene) 
CH3SH V S H  -SH 

2.44 0.99 2.50 

3Ja1, 5.7 

0.92 1.59 1.32 
-SH 

1.43 2.52 

1.43 

YSH 
1.88 1*35 H S d H  

2.68 

4J,c 1.2 

4Ja, 2.1 
'Jad 0.6 

7.04 3Jbc 7.5 
C 
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5 .10 .2  
Sulfides 

I H  Chemical Shifts and Coupling Constants of Sulfides 
(6 in ppm relative to TMS, J in Hz)  

2.12 
‘ S /  

2.09 2.49 1.42 
‘ S -  1.56 0.92 

7.16 
7.02 

k 9 3  
2.10 2.51 2.43 0.98 

& - . S V  a k s  
1.25 1.59 

\S- 1.26 

a 6.35 3Jab 10.3 

2Jbc -0.3 
/I( 2a12 q H b  5.08 3Jac 16.4 \s \ 1.39 &,S 

, H c  4.84 
(in TMS) 

7.20 

I H  Chemical Shifts and Coupling Constants of Cyclic Sulfides 
(6  in ppm relative to TMS, J in Hz)  

S 2Jgem 0 
L1 2*27 3Jcis 7.2 

3 ~ t r a n s  5.7 

S 
c ()a 3.21 

b 
2.94 

2Ja,gem -8-7 
2Jb,gem -11.7 
3Jab,cis 8.9 
3Jab,trans 6.3 
4~ac,cis 1.2 
‘~ac,trans -0.2 

0 2 . 7 5  

1.88 S 
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5 .1  0.3 
Disulfides and Sulfonium Salts 

H Chemical Shifts and Coupling Constants of Disulfides and 
Sulfonium Salts (6  in ppm relative to TMS, J in Hz)  

2.30 2.67 2.63 1.03 
,&As/ &+/\ 1.35 &/S'S-/ 1.71 */s\ 

:::: l:: 0 2 . 7  2.94 \ 
7.50 7.28 

-s+ 1- 1.9 
0 , ! 4 3 c 7 . 2 0  e d  5Jad 4Jae 0.5 2.0 / 

3Jbc 7.2 

5.10 .4  
Sulfoxides and Sulfones 

I H  Chemical Shifts and Coupling Constants of Sulfoxides and 
Sulfones (6 in ppm relative to TMS, J in Hz) 

qs00 '+ 0' 1.47 qSQo 1.41 % eo 1.44 

2.85 ' x 1 3  ysy / \ 2.84 /u 
2.80 2.94 

3Jbc 10.0 %go 
3Jbd 16.5 O= - 3.06 

2Jcd -0.5 Q 6 3 t  7.94 
b 6 . 1 4  

2'96 Hb6.76 
7.61 

7.65 
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5 .10 .5  
Sulfonic, Sulfinic, Sulfurous, and Sulfuric Acids and 
Derivatives 

H Chemical Shifts and Coupling Constants of Sulfonic, 
Sulfinic, Sulfurous, and Sulfuric Acids and Derivatives 
(6  in ppm relative to TMS, J in Hz )  

11-12 
alk-SOz-OH 

sJH2 7.37 6 7.85 
/ 7.58 

7.58 

3.0 
2.68 

2.5 ,cH3 3.6 

-/ 3.7( 

e o a  
7. 

,-l / h 7  

7.62 

3J,b 8.0 

5J,d, 0.6 
\ a 7.94 4Ja, 2.0 

C 4Jbd 1.4 

4Jac 1.2 

J,, 2.2 e 

c d / b 7.60 3Jbc 7.6 
4Jbd 1.3 7.60 

7.62 

5 .1  0.6 
Thiocarboxylate Derivatives 

H Chemical Shifts of Thiocarboxylic Acids and Derivatives 
(6 in ppm relative to TMS, I JI in Hz)  

3J,b 5.9 
a 6*47 4J,c 2.0 

6.4 
7.84 3Jbc 2*8 

2.41 'SH 5.09 

s/ 2.27 
2.30 
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5.1 1 
Carbonyl Compounds 

5.1 1.1 
Aldehydes 

' H  Chemica 
(6 in ppm relative to TMS, J in Hz)  

Shifts and Coupling Constants of ..,.#ehyi es 

Typical ranges for chemical shifts and coupling constants of aldehyde protons: 

alk-CHO 9.0-10.1 3J,ic 0-3 alken--CHO 9.0-10.1 3jVic Z8 

O C H O  9.5-10.5 cHO 0: 10.2-10.5 
m,  p :  9.5-10.2 R 

1.13 9*79 9.60 2.20 9.80 
CH2=O 'IJIgem 42.4 b a  +CHO 

2.46 
8 3Jab 1.4 C H r C H O  3Jab 3.0 

1.67 9.74 1.13 9.57 1.07 9*48 

YCHO 3Jab 2.0 ycfo 3Jab 1.1 
0.97 2.42 2.39 

6.26 6.26 

H=i=" H d  0 
6.11 Ha 9.51 

3Ja1, ~ 8 . 0  
4Jac ~ 0 . 3  
4Jad 10.1 

7.61 4Jce 1.3 
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5.1 1 .2  
Ketones 

I H  Chemical Shifts and Coupling Constants of Ketones 
(6  in ppm relative to TMS, J in Hz)  

2.09 k . 0 5  aJ14& 4Jab 0.5 2.14 %:: 
2.14 2.47 1.98 2.32 0.85 

(in benzene) 
in CDC13: c 1.56 

d 0.93 

6.27 5.90 

6.30 6.67 

2.55 2.92 2.86 1.02 
7.45 7.44 

ae 1.8 
3.58 

d 3Jbc 7.5 
4Jbd 1.3 '=' 
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7.74 I? Q n i  fs !? 
7*57 2.68 7.46* 2.63 

7.47 j . 1 3  
.- - 

7.21 2.93 

(J 6-78 

I I  
0 

* assignment uncertain 

I H  Chemical Shifts of Diketones ( 6  in ppm relative to TMS) 

2.34 3.62 2.17 

For the enol form, 
see Chapter 5.8.1 

Long-Range Coupling in Ketones (IJI in Hz) 

Coupling over the C=O group is often detectable for fixed conformations in W- 
arrangement of the coupling path: 

Br 

5 .1  1.3 
Carboxylic Acids and Carboxylates 

I H  Chemical Shifts of Carboxyl Protons 
(6  in ppm relative to TMS, J in Hz) 

The position of the COOH signal depends on the solvent, the concentration, and 
the presence of other exchangeable protons. Intermediate rates of exchange with 
other protons may induce very broad lines, which are sometimes not even detected. 

' A x 

1.06 
1.16 11.73 V C O O N a  H-COOH CH3-COOH vCOOH 

8.06 11.0 2.10 11.42 

2.36 2.18 

(in D20) 



1.68 11.51 1.21 11.88 0.93 1.62 11.96 
-COOH 

1.39 2.35 

m C O O H  
1.00 2.31 

1.23 11.49 

y'""" 

3Jab 10.5 

2Jbc 1.8 
OH12.8 3Jac 17'2 

5.95 Ha 
6.15 

11.19 
COOH 

COOH 
3.45 ( 

12.2 
COOH 

2*43 Coo, 
(in DMSO) 

OOH-12.5 3Jab 7.9 

C 
3Jbc 7.5 
4Jbd 1.3 

7.60 

5 .1  1 . 4  
Esters  and Lactones 

H Chemical Shifts and Coupling Constants of Aliphatic 
Carboxylic Acid Esters ( 6  in ppm relative to TMS, J in Hz)  

4Jab -0.7 3Jbc 6.4 

Ha 5.Jad 0.8 2Jcd -1.7 
8.03 Hd 5.01 

l o q ! c 4 . 6 9  5J,c 1.6 3Jbd13.9 ,f,o,:z b 41Jlab 0.8 
H a  

8.07 

c=x 

&67 
2.01 2.04 1.26 2.05 1.65 

4.06 1.39 
0- 

2.02 1.23 2.04 1.60 0.94 
J O k  1.45 
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2.32 0.98 2.22 

C 

7.07 

l*?Q7 2.56 

0 . 9 w  $66 

1.33 2.31 

For esters of boronic, nitric, and sulfuric acid, see Chapter 5.12. 

I H  Chemical Shifts and Coupling Constants of Alkyl Esters 
(6 in ppm relative to TMS) 

qoT40 F b y  % 2Jbc 1.5 1.30 
5 4  3Jab 3Jac 10.6 17.4 do% 

3.76 Hc 0 
6.40 

n K 2 2  
.37 

C 

7.46 

I . 4 U  1.77 

7.37 
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H Chemical Shifts and Coupling Constants of Lactones 
(6 in ppm relative to TMS, J in Hz)  

C& 3.56 

4.29 

2Jab -17.5 *J,d -12.7 
Ha 2.41 3J,, 9.5 3Jce 7.9 

4J,, 0.3 2Jef -8.8 
3Jad 6.9 3Jcf 6.3 

4.28 Hf Hd 2.23 4jaf -0.5 

5 . 1  1.5 
Amides and Lactams 

Amide Protons ( 6 i n  ppm relative to TMS, J in Hz) 

1 R: alk, 1 /o R: alk, 
R N H  ar ar 

1 R: alk, 
R "2 ar 

R N H  5-7 6-8.5 
7.5-9.5 

Line Widths 
The signals of the NH protons are often broad because the 14N-lH coupling is 
only partly eliminated by the quadrupole relaxation of 14N (spin quantum number, 
I = 1; ~ J N H  = 60). In primary amides, the hindered rotation around the CO-N bond 
is another reason for line broadening. At slow rotation, the chemical shifts of the 
two primary amide protons differ by about 0.5-1 ppm. 

C = X 

Vicinal Coupling H- C-N-H 
Due to the slow intermolecular exchange of amide protons, their coupling to 
neighboring hydrogen atoms is usually detectable. The splitting of the C-H signal 
is clearly observed even in those cases where the signal of the NH proton is broad 
and featureless. The H-C-N-H coupling depends on the conformation in a similar 
way as the H-C-C-H coupling (see Chapter 5.1). For N-CH3 and N-CH2 
groups: 3 J ~ ~ ~ ~  sz 7. 
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Tertiary Alkylamides 
The rotation around the CO-N bond is usually so slow that, with different N- 
substituents, two separate signals are observed for the two conformers. In general, 
the following relationships hold: 

for NCH3, NCH2CH3, and NCH(CH3)2 
for NCH(CH& and NC(CH3)3 
for NCH, 

Formamides (6  in ppm relative to TMS, IJI in Hz) 
In the more stable conformer of monosubstituted formamides, the substituent 
occupies the cis position relative to the carbonyl oxygen. In the more stable 
conformer of asymmetrically disubstituted formamides, the larger substituent 
occupies the trans position relative to the carbonyl oxygen. 

Gcis to 0 5 Gwans to 0 
&ram to o 5 %is to o 
%is to o - Gtrans to o 

H - H "7.9 H a N B R  
8.2-8.7 

ii 
8.1 H7.9 '*' ' 2.88 

7.5-9.5 - 90 % = 10% 

- - 1 2.71 ,kN/2*:8 4J,b -0.3 

2.83 
A 1 2  

Ha 4Ja, -0.7 
8.02 ' b 

2.97 
1.19 

= 70 % = 30 % 

Acetamides (6  in ppm relative to TMS, J in Hz) 
In monosubstituted acetamides, the substituent of the only observable conformer 
is cis to the carbonyl oxygen. In disubstituted acetamides, the more stable 
conformer has the larger substituent cis to the carbonyl oxygen. 

; ; -. X 

0 3.26 3Jab 5.9 AN)96 
3J,b 4.8 

1.98 H b 1.98 H b 1.14 -2.0 H 1.55 
6.4 6.7 
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. 
3.21 1.35 

=2.O H 1.28 
N- 

7.3 

3Jab 8.4 
~ 2 . 0  H b 1.13 1.98 H 1.49 0.92 

8.1 7.05 

1.03 
0 - - A N L y 2  

N/2'70 I 
4 N/ 3.02 5Jab 0.1 

5Jac 0.5 
f l 2  

2.08 ' 2.94 
2.83 

= 60 % 
1.15 

= 40 % 

3Jab 8.2 

3.36 

4Jac 1.2 

-2.1 H a 4Jae 2.4 3.46 1.97 
JNbL ;::: 5Jad 0.5 

7.64 

l H  Chemical Shifts of Lactams ( 6  in ppm relative to TMS) 

C=X 

0 
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Miscellaneous Carbonyl Derivatives 

(6 in ppm relative to TMS, J in Hz) 
H Chemical Shifts of Carboxylic Acid Halides 

2.66 A 2.82 A B ,  

3Jab 10.6 

2Jbc 0.2 
3Jac 17.4 

6.16 k, 
6.35 

3Jab 10.7 DF 3Ja, 2Jbc 17.3 0.8 

6.25 Ha 
6.14 

d e&; C 

7.63 

3Jab 8.0 
4Jac 1.2 

8.07 5Jad o-6 
7.47 4 ~ a e  2.0 

3Jbc 7.5 
4Jbd 1.4 

H Chemical Shifts of Carboxylic Acid Anhydrides 
(6 in ppm relative to TMS) 
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H Chemical Shifts of Carboxylic Acid Imides 
(6  in ppm relative to TMS) 

0 

2.62 

2.06 2.50 
3.83 

l H  Chemical Shifts of Carbonic Acid Derivatives 
(6  in ppm relative to TMS) 

o+O- 0- 3.8 

3.94 [ >s 

4.13 1.2-1.7 

1.2-1.7 0.93 

N 
H 1.23 

5.16 

2.78 \ l o z  

c=x 5.5 
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5.1 2 
Miscellaneous Compounds 

5.12 .1  
Silicon Compounds 

I H  Chemical Shifts and Coupling Constants of Silanes and 
Silanols (6  in ppm relative to TMS, J in H z )  

a For R: H, SiX3: 2-4 'Jasi -150 to -380 
R-?i-H 2-6 other: 3-6 (4.7% natural abundance of 29Si, "Si 

R satellites") 

b 

FH3 0.19 'Jasi-202.5 
Ha 3.20 

H-Ai-H 
I I t y i - H  3.58 35 4 7 

a ab . 
H H 

'J,si -202.5 

0.42 

YH3 
CH3-g i C1 

CH3 

0.79 

YH3 

I $ -  Cl- i C1 

CH3 

'aD I-." 

2Jbc 3.8 
3Jac 20.2 

5.88 6.11 3 1 .  l d h  

4Ja, 1.4 

3Ja, 1.4 
5Jad 0.7 

3Jbc 7.5 
4Jbd 1.2 

1.14 

YH3 
C l -7x1  

c1 
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The silanol hydrogen is exchangeable with D20. Slow intermolecular exchange is 
observed in dimethyl sulfoxide as solvent so that the vicinal coupling in 
H-Si-OH is detectable. 

(in DMSO) 

5.1 2 . 2  
Phosphorus Compounds 

Phosphonium Compounds (6  in ppm relative to TMS, IJI in Hz) 
H Chemical Shifts and Coupling Constants of Phosphines and 

1.79 lJap 184.9 0.98 2.63 lJap 186.4 1-06 'Jap 191.6 
b a 2Jbp 4.1 CH3\p/CH3 2Jbp 3.6 

CH3-PH2 3J H 3Jab 7.7 

a 

PH3 
a ab 8.2 

3.13 

I H  Chemical Shifts and Coupling Constants of Phosphine Oxides 
and Sulfides (6  in ppm relative to TMS, IJI in Hz)  
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H 6.60 2Jap 13.5 3Jbc 11.8 Ha6.82 2Jap 24.9 

6.17 3Jcp 25.5 

6.26 \ 6*34 3Jac 17.9 

2Jbp 25.9 3Jbd 17.9 "$k H b  3Jbp 47.0 

3Jdp 25.4 3Jab 11.7 

2Jbc 1.6 

Hc6.14 3Jcp 45.3 2Jcd 1.8 

H Chemical Shifts and Coupling Constants of Phosphonous Acid 
Derivatives (6  in ppm relative to TMS, IJI in H z )  

2Jap 8.7 

4Jcp ~ 1 . 0  
3Jbc 7.0 

f c 1.01 3Jbp 8.0 
c 1.20 2Jap 9.7 

y q r y 4 . 2 0  3JbP 9*5 \N\ "v 
a 4Jcp 6.0 f b 2.96 

1.10 a 
1.18 
(in CCl4) 

I I a 2.43 q ' x  3.49 \/sr,9' bl .25 3 J a ~  8.0 

a 4Jbp 0.6 "\Q"' 
a 

/o -0 3.85 3Ja1, 7.1 
N 

3Jap 8.9 

/ \  
3Jap 10.8 
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IH Chemical Shifts and Coupling Constants of Phosphonic and 
Phosphoric Acid Derivatives (6 in ppm relative to TMS, J in Hz) 

3.66 3.65 2JaP-18.O 7.40 7.72 3J,p 13.3 
O’b 1.72 OG I 3Jbp 19.5 &’ 4Jbp 4.1 

\ h=o 5Jcp 1.2 

3J,b 7.5 7’48 d e 3Jab 7.7 

a -$=O 2JaP 17*3 a p d = O  3Jcp 10.0 
1.43 I 3Jbp 11 .o 

0, b \  
1.06 

3.78 a 1.29 4.04 
\o b a  - 

-0 
I -o-P=o 
9 I L o + o  

J,p 11.0 b 

4Jac 1.4 

4J,, 1.6 
5Jad 0.6 

3Jbc 7.6 
4Jbd 1.4 

1.28 4.06 

I H  Chemical Shifts and Coupling Constants of Phosphorus Ylids 
(6 in ppm relative to TMS, J in Hz)  

2Jab 12.7 
2J,c -1.2 

Misc. 
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5 .12 .3  
Miscellaneous Compounds 

H Chemical Shifts and Coupling Constants of Miscellaneous 
Compounds (S in  ppm relative to TMS) 

0- 3.5 

0- 
,o-i 

Li- CH3 -1.32 (in benzene) 
-1.74 (in ether) 

6.80 
(in DMSO) 

4.78 
o."-o+ 

1.39 

0.7 1 
FH3 

CHrTb-CH3 

(in DMSO) 
CH3 

R / 4*3 
o=c1-0 

0 
II 

e\ / 4.2 

d' 
N-0 

0.72 

6.15 6.67 3 ~ ~ ~ 1 7 . 7  
3J,c 23.3 
2Jbc 7.6 

H, MnBr 
5.51 

6.19 6.70 3Jab 12.2 

2Jbc 2.1 
3Jac 19.8 

7.40 7.44 

0.4 7.24 
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5.1 3 
Natural Products 

5 .13 .1  
Amino Acids 

I H  Chemical Shifts and Coupling Constants of Amino Acids ( 6  i n  
ppm relative to TMS; J in Hz, solvent: tripuoroacetic acid (TFA) or D20) [ 11 

7.47 4.28 
a b  

3Jab 5.7 

0 
(in TFA) 

3.58 
' H 3 N ) K 0 -  

0 
(in D20) 

1.86 1.49 d 1-25 3Jab 5.7 ?(.- 7.i3 3Jbc 4.2 
+H3Nf OH 3Jcd 6*9 

'H3N b 

4.32 0 3.79 4.49 O 

(in TFA) (in D20) (in TFA) 

g 1.10 3Jab 5.5 
3Ja1, 5.5 1.21 d 

f 1.10 3Jbc =6.7 
7.38 a c , d 4 :  3Jbd 3Jeg ~ 6 . 7  6.1 

'H3N b 
4.28 0 3Jef 5.7 a 4.410 

7.35 
(in TFA) (in TFA) 

4.51 3Jab 6 d1.67 3J,b 5.5 
C 4.82 3Jbc 4.5 c'd 4.56 3Jbc 4.0* 

OH 3Jbd 4.0" 7.63aH0&oH 'H3N b 3Jcd 6.5 
2J,d -13.5 

4.44 0 
N at ?I r ;i I 
Products (in TFA) 

a 4.650 

(in TFA) 
* average value 

7.70 



e 3Jab 5.3 
3Jbc 5.0* 
3Jbd 5.0" 
2Jcd -15.5 

a 4.680 3Jce 9.1* 

(in TFA) 
7.58 3Jde 9.1" 

* average value 

z7.45 
7.3 0 =7'45 3Jbc 8.5 

3Jbd 4.5 
2Jcd -14.5 3.37 3.64 c d p 

+H3N*OH 
a 4.68 0 

7.33 
(in TFA) 

3Jab 5.1 
7.73 OH 3Jbc 4.7 

4.76 0 
(in TFA) 

h 6.97 3Jab 5.8 
3Jbc 5.6* 
3Jbd 5.6" 

f 2.00 2Jcd -15.0 

2.35 d 3Jde 6.0" 
OH 3Jfg ~ 6 . 0  

3Jgh e6.0 

~ 1 . 8  3Jce 6.0* 

4.52 0 

r!rirl ! iR I  (in TFA) 
til l,Jt!;'lS * average value 

f 2.27'Jab 5.5 

a 4.670 

(in TFA) 
* average value 

7.73 

7.03 
7.27 

OH 7.4 a 

4.64 6 
(in TFA) 

OH 3Jab 5.5 
2 . 5 . 4  2.63 d 3-01 ::bc bd 5.6* 5.6* 

2Jcd -15.5 
3Jce 6.2* 

4.60 0 3Jde 6.2* 

7.71 a OH 
+H3N b 

(in TFA) 
* average value 

i 6.19 i 6.19 

+HzIY"2 

4.46 0 

(in TFA) 
* average value 

3Jab 5.5 
3Jbc 5.3* 
3Jbd 5.3* 
2Jcd z-15.0 
3Jce =6* 
3Jcf =6* 
3Jde =6* 
3Jdf r6* 
3Jeg 6.5" 
3Jfg 6.5* 
'Jgh 5.3 
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2.06 d b2.42 
2.04 e I c 2.14 

4.33 
(in D20, pH 2.0) 

1.07 d b 1.45 
1.05 e - c 1.04 

2.81 
(in D20, pH 13.0) 

a 7.05 

a 7.205 

H 

3Ja1, 8.5 

2Jbc -13.5 
3Jbd 7.5 
3Jbe 5.5 
4Jbf -0.4 
4Jbg 0.0 
3Jcd 5.5 

2Jde -13.0 
3Jdf 5.5 
3Jdg 7.5 
3Jef 7.5 

2Jfg -11.0 

3J,b 8.6 

2Jbc -12.0 
3Jbd 8.1 
3Jbe 5.9 
4Jbf -0.6 
4Jbg 0.0 
3Jcd 6.7 

2Jde -11.0 
3Jdf 5.5 
3Jdg 8.1 
3Jef 7.7 

2Jfg -10.5 

3Jac 6.5 

3Jce 7.5 

3Jeg 5.5 

3Jac 6.6 

3J,e 8.5 

3Jeg 5.7 

2Jbc 4.0 
3Jbd 8.0 
2Jcd -15.5 

1.63 d b 1.96 
1.60 e I c 1.68 

3.74 
(in D20, pH 7.0) 

3Jab 8.4 

2Jbc -13.5 
3Jbd 7.6 
3Jbe 5.4 
4Jbf -0.4 
4Jbg 0.0 
3Jcd 5.6 

2Jde -13.0 
3Jdf 5.7 
3Jdg 7.9 
3Jef 7.9 

2Jfg -11.0 

3Jac 6.2 

3Jce 7.8 

3J,g 5.7 

3Jab 8.2 
3Jac 10.4 

OH 2Jbc -15.0 
3Jbd <2 

3'9*f H2'\ 0 3Jcd 4.2 

3.9* e 

8.60 g 4 
8.00 h 

(in TFA) 
* average value 

7.66 7.82 
N H ~ +  4.91 

3Jab 6.4 
d (w4H 4J,d 1.4 

0 8'73 3.87 
(in TFA) 

Na t 11 ra I 
Products 

(in TFA) 
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5.13.2 
Carbohydrates [2-41 

3.93 

3.32 

(in D20) 

Glucose 

3.75j . 1 4.45* 
3.60 a 

4.81*h 3.30g HO -* HO OH a 6.54* 

f OH b4.51 
4.81* 3.37 3c13 

4.81* 

(in D20, relative to internal acetone at 6 = 2.12) 
* in DMSO 

3.725 , 1 4.34" 

4.42* 
(in D20, relative to internal acetone at 6 = 2.12) 
* in DMSO 

z3.7 
~ 3 . 7  H H%q =3.7 i.r t OH 5.20 

z3.7 

(in D20) 

t 3.52 OH 

InD20 InDMSO 

7.8 3J,b 6.5 
9.5 3Jcd 4.5-6 
9.5 3Jef 4.5-6 
9.5 3Jgh 4.5-6 
2.8 3Jj1 5.5 
5.7 3Jkl 6.0 

,12.8 

InD20 InDMSO 

3Jbc 3.6 3J,t, 4.5 
3J,e 9.5 3Jcd 6.8 
3J,g 9.5 3Jef 4.8 
3Jgi 9.5 3Jg., 5.5 
3J. .  2.8 3Jjl 5.7 
3Jik 5.7 3Jk1 6.2 
2Jjk -12.8 

'J 
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Fructose 

5.14 
3.77, 3.41 

3.62 h 

a n  
4.38 3-58 

(in DMSO, 25% p-D) 

3.52, 3.40 

Z W O H  3Jde 3Jef 3 

"'OH 2Jfg -11.6 
HOJ !OH 

3.72 3.77 

(in DMSO, 20% a-D)  
Coupling constants: at 70 OC, 
tentative values 

In DMSO In DMSO 6 in D20 
(at 70 OC) (at 25 OC) (75% p-D) 

2Jbc -11.3 3J,b 7.4 b 3.68 

3Jfi 4.0 3Jde 6.8 d 3.76 
3Jhk 1.9 3Jfg 5.8 f 3.86 
3Jh1 1.6 3Jhi 3.8 h 3.96 

3Jdf 10.1 3Jac 5.4 c 3.53 

2Jk1 -12.1 k 4.00 
1 3.68 

3.48, 3.37 2J,b -11.0 

3.79 3.80 

(in DMSO, 55% p-D) 
Coupling constants: at 70 OC 

5.13.3 
Nucleotides and Nucleosides 

0 "2 

7.41 b 
5.97 ?N 
7.50 ' NAO 

(in D20) 

H H c  H 
10.82 10.6 

(in DMSO) (in DMSO) 

3Jat, 7.5 
3Jbc 5.7 Prod iicts 

N at 11 ra I 
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"2 

c 5.91 3Jef 5.1 

OHOH 

(in D20) 

NH2 7.09 
I 

8 . l l t y J  0 8.14 
N N  H 
12.8 

(in CDC13) 

"2 7.41 
I 

8 . 1 7 t x J  8.38 

5.48 

3.70 -"?rj 5.91 
3.58 3.99 

4 . 1 7 H 4 . 6 4  
OHOH 

5.24 5.51 

(in DMSO) 

7.71 " y I H ' l . 3  

5.04 I 

6.18 
4 . 2 6 y  2.08 

OH 
5.25 

(in DMSO) 

R 

4.11 H 4 . 4 3  
OHOH 

5.20 5.45 

(in DMSO) 
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OH 2.64 
5.3 1 
(in DMSO) 

5.10 
6.50 

4.36 
OH 2.22 

5.31 

(in DMSO) 

5.1  3.4 
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5.1 4 
Spectra of Solvents and Reference Compounds 

5.1  4.1 

(500 MHz; =1'000 data points per 1 ppm; 6 in ppm relative to TMS) 
H NMR Spectra of Common Deuterated Solvents 

Acetone-dg 

Benzene-d6 

1 7.16 

10 9 8 7 6 5 4 3 2 1 0 
Bromoform-d 

Chloroform-d 

I 7.26 1.55 (yo) 
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Cyclohexane-dl2 

1.38 J L  
11111111111 
1.40 1.35 

I -  a ' * , -  ~ ' * , " ' ~ " ~ ' ' " ' ' ' I ' ~  ~ ' I ' ' . - I ~ ' ' ' l ~ ' . ' l  * ' ' I  ' 

Methanol-dl 

I"..r."I 
3.35 3.30 3.25 

1 . ' ~ " ' " ' 1 " ~ ~ 1 " " J ' " ' I ' ' " I " ~ ~ ~ ~ ' ~ ' ~ ' ~ " ~ ' ' ~ ~  

Methanol-d4 

' 

A 

Pyndine-dg 

8.73 7.21 
7.58 

I ,  4.91 (50) 
I 

~ " ~ ' ~ ' " ' ~ " ~ ' l " " ~ " ~ " " ~ ~ " " ~ ~ ~ ~ ' ~ ~ ~ ~ ' ~ ~ ~ ~ '  .I 

1.72 
3.58 -- 

3.60 3.55 1.75 1.70 , L 

I ' . ' ~ I ' " I ' " I ' ~ ' ' 1 ' " " ~ ' " ~ ~ " " ~ " ~ ' ~ ' ' ~ ~ ' ' '  ' SOIV~!171 s 



242 5 'H NMR 

0.68 TMS 
H3F D D (external 

H 3 c ~ , s i 8 C O O N a  reference) 
H3C D D 

4.80 HDO 

Water-d2 

0.00 

4.80 
0.68 TMS 
(external 

reference) 

5.1  4 .2  
H NMR Spectra of Secondary Reference Compounds 

Chemical shifts in lH  NMR spectra are usually reported relative to the peak 
position of tetramethylsilane (TMS) added to the sample as an internal reference. If 
TMS is not sufficiently soluble, a capillary with TMS may be used as external 
reference. In this case, owing to the different volume susceptibilities, the local 
magnetic fields in solvent and reference differ, and the peak position of the 
reference must be corrected. For a D20 solution in a cylindrical sample and neat 
TMS in a capillary, the correction amounts to +0.68 and -0.34 ppm for 
superconducting and electromagnets, respectively. These values must be subtracted 
from the chemical shifts relative to external TMS if its position is set to 0.00 
ppm. Alternatively, secondary references with (CH3)3SiCH2 groups may be used. 
The following spectra of two such secondary reference compounds in D20 were 
measured at 500 MHz with TMS as external reference. Chemical shifts are reported 
in ppm relative to TMS upon correction for the difference in the volume 
susceptibilities of D20 and TMS. As a result, the peak for the external TMS 
appears at 0.68 ppm. 

3-(Trimethylsily1)- 1 -propanesulfonic acid sodium salt (sodium 4,4-dimethyl-4- 
silapentane- 1 -sulfonate; DSS) 
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ether 
m? --r -F 0.88 hexane 

5.1  4 .3  
l H  NMR Spectrum of a Mixture of Common Nondeuterated 
Solvents 

The following lH  NMR spectrum (500 MHz, 6 in ppm relative to TMS) of 
CDC13 containing 18 common solvents (0.05-0.4 ~01%)  is shown as a guide for 
the identification of possible impurities. Where the signals of several solvents 
overlap, insets show signals for the individual compounds from separate spectra. 
Peaks in these insets are labeled with the corresponding chemical shifts from the 
main spectrum but their values may differ by up to 0.03 ppm. Signals that are 
particularly prone to vary in their position are marked with *. THF: 
tetrahydrofuran; EGDME: ethylene glycol dimethyl ether. 

pyridine 
8.61 
I1 

dimethyl pyridine 
formamide 7.67 

8.01 
J r L  r 

1 " " 1 ' " ' 1 " ~ ' 1 ~ ' ' ~ I  3 ' " I  ~ ' ' ' I ~ * ' . I ' ~ . ' I ' ' ~ ' I ' ~ ~ ' I ' ' . ' I ' " ~ I  

8.8 8.7 8.6 8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 

pyridine 
llj '28* 

:E> , 17.35* benzene toluene 

- 
7.2 7.1 

C W ! ?  
5.29 

1 - 
5.4 5.3 5.2 

3.47* methanol 

ethyl acetate 4.11 - 
dimethyl acetone ethyl 

2.16 acetate I 2.04 
dimethyl dimethyl sulfoxide toluene 

2.35 formamide formamide 2.60 
2.96 2.88 
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