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Table 13.1 The NMR Behavior
of Some Common Nuclei
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Figure13.5 The NMR chart. The downfield, deshielded side is on the left, and the upfield, shielded side is on
the right. The tetramethylsilane (TMS) absorption is used as reference point.
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H HH H
\ /
H\C/C\C/C\X
H HH H /
\ / \ / H HH H
H\C/C\C/C\H Replace either
/\ /\ H or H with X or
e X\ /H H\ /H
The -CHo- and —CH3 Ho _C__CL
hydrogens are unrelated and /C\ /C\ H
have different NIVIR absorptions. H HH H
The two substitution products
are constitutional isomers.
pro-S pro-R
S H X
1 /\C,\ 3_CHj Replace either /\C,\ _CHz or
HaC™ 2 ,C\ 4 H or H with X HsC ,C H3C
H H H H

The two hydrogens on C2 (and
on C3) are enantiotopic and
have the same NMR absorption.

H HH H H HH H
N/ \/ ’ \C/ .
\C/ \C/ ~ Replaf:e one H \C/ \C/ \X
/N /N with X VANVAN
H HH H H HH H

The six -CH3 hydrogens
are homotopic and have
the same NMR absorption.

The two possible substitution
products are enantiomers.

H OH
1 C. 3 CH Replace either
H3c/2\p\/4 > Horfwith X
H H
/
pro-S pro-R

The two hydrogens on C3
are diastereotopic and have
different NMR absorptions.

Only one substitution
product is possible.

H OH H OH
c CHs or c CHs
H3C/ \,C/ H3C/ \IC/
X H H X

The two possible substitution
products are diastereomers.
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Table 13.2 Regions of the TH NMR Spectrum
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Table 13.3 Correlation of 'H Chemical Shift with Environment

Type of hydrogen Chemical shift (5) Type of hydrogen Chemical shift (6)
Reference Si(CH3)4 0 Alcohol | 2.5-5.0
Alkyl (primary) —CHs 0.7-1.3 _T_O_H
Alkyl (secondary) —CHy— 1.2-1.6
Alkyl (tertiary) | 14-1.8 Alcohol, ether H 3.3-4.5
Allylic i 1.6-2.2 |
C=C—(|,‘—
Vinylic H 4.5-6.5
\C %
Methyl ketone @] 2.0-2.4 =
[ /N
—C—CHs
Aryl Ar—H 6.5-8.0
Aromatic methyl Ar—CHsj 2.4-2.7
Aldehyde O 9.7-10.0
Alkynyl — C=C—H 2.5-3.0 T
—C—H
Alkyl halide Fll 2.5-4.0
—C—Hal Carboxylic acid (|3| 11.0-12.0
| —C—0—H
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Figure 13.12 The 'H NMR spectrum of methyl 2,2-dimethylpropanoate. Integrating the peaks in a stair-step
manner shows that they have a 1:3 ratio, corresponding to the ratio of the numbers of protons (3:9) respon-
sible for each peak. Modern instruments give a direct digital readout of relative peak areas.
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Figure13.13 The 'H NMR spectrum of bromoethane, CH3CH,Br. The —CH,Br protons appear as a quartet at

3.42 6, and the —CHj3 protons appear as a triplet at 1.68 4.




133 &ESE

- RS :

Intensity

n+1 FL

Chem. Rel.
shift area
1.71 6.00
4.28 1.00
I|3r
CH3CHCH3 L TI\/ISL
10 9 8 7 6 5 4 3 2 1 0 ppm

Chemical shift (8)

Figure 13.15 The 'H NMR spectrum of 2-bromopropane. The —CHs proton signal at 1.718 is split into a
doublet, and the —CHBr— proton signal at 4.28 § is split into a septet. Note that the distance between peaks—

the coupling constant—is the same in both multiplets. Note also that the outer two peaks of the septet are so

small as to be nearly lost.
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RULE 1
Chemically equivalent protons don’t show spin-spin splitting. The
equivalent protons may be on the same carbon or on different carbons, but

their signals don’t split.

(|3' clf
/' 2H
G c—¢c”
H¢ ~H H¢  \

H H Cl
Three C-H protons are Four C-H protons are
chemically equivalent; chemically equivalent;
no splitting occurs. no splitting occurs.

RULE 2

The signal of a proton with n equivalent neighboring protons is split
into a multiplet of n + 1 peaks with coupling constant J. Protons that
are farther than two carbon atoms apart don’t usually couple, although
they sometimes show small coupling when they are separated by a = bond.

H H \/
ol e
7N /N /N

Splitting observed Splitting not usually observed
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- MENHE RULE 3
Two groups of protons coupled to each other have the same coupling
constant, J.

—CHzBr —CH3

Bapplied = 9 Bapplied

Bproton Bproton | |
| — | J = Coupling constant =
| —_— | =7 Hz | | [
l _— e l | | |
| 32 | | | !
| -— | | | |
| | | | | |
| [ | I
| | | I
l |

RUENE B

3426 1.68 &
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Figure13.16 The 'H NMR spectrum of para-methoxypropiophenone.
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Problem 13.21
The integrated 'H NMR spectrum of a compound of formula C4H1oO is shown in Figure

13.17. Propose a structure.
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Figure 13.17 Anintegrated 'H NMR spectrum for Problem 13.21.
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Figure 13.7 Chemical shift correlations for 3C NMR.
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Problem 13.8
Assign the resonances in the 3C NMR spectrum of methyl propanoate, CH3CH,CO,CHs

(Figure 13.9).
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Figure 13.9 BC NMR spectrum of methyl propanoate, Problem 13.8.
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e DEPT-90 for CH carbon:

« DEPT-135 for CH, carbon
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Figure 13.10 DEPT-NMR spectra for 6-methyl-5-hepten-2-ol. Part (a) is an ordinary broadband-decoupled
spectrum, which shows signals for all eight carbons. Part (b) is a DEPT-90 spectrum, which shows only signals
for the two CH carbons. Part (c) is a DEPT-135 spectrum, which shows positive signals for the two CH and

three CHs carbons and negative signals for the two CH, carbons.
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