l 574 Chapter 13: Nuclear Magnetic Resonance Spectroscopy

e TR
e T ;A A
T LT LT CLTTIAG &l AT
R %0 [ ETHLAHY DA il AL
TP Y s [N Al CHHLL
T M (R e L
3 1Sl oot R LHETRENRE
i T J 378 366 295 285 l—li‘ g‘,i
1 l o s T
T T e T e HIHHI
0 x“‘,9 1y ’8-“" 7] 6 5 2 g 0

L 1 ' 6 (ppm) 5’

2 ( PROBLEM-SOLVING STRATEGY
: Interpreting Proton NMR Spectra

Leamning to interpret NMR spectra requires practice with -a large number of examples and
problems. :I‘he problems at the end of this chapter should help you gain confidence in your
ability to assemble a structure from the NMR spectrum combined with other information.
This section provides some hints that can help make spectral analysis 2 little easier.

When you first look at a spectrum, consider the major featnres before getting bogged
down in the minor details. Here are a few major characteristics you might watch for:
1. If the molecular formula is known, use it to determine the number of elements of unsatu-
ration (see Section 7-3). The elements of unsaturation suggest rings, double bonds, or
: triple bonds. Matching the integrated peak areas with the number of protons in the formula

gives the numbers of protons represented by the individual peaks.
2. Any broadened singlets in the spectrum might be due to —OH or — NH protons. If the
broad singlet is deshielded past 10 ppm, an acid — OH group is likely.
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—O0—H —N—H —C—O0H
frequently broad singlets broad (or sharp) singlet, 8 > 10

3. A signal around 83 to 84 suggests protons on a carbon bearing an electronegative element
such as oxygen or a halogen. Protons that are more distant from the electronegative atom
will be less strongly deshielded.
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—O—C|—H Br—(l:—H 'Cl—(li—H 1—C—H

around 5§3—84 for hydrogens on carbons bearing oxygen or halogen

4. Signals around &7 to 88 suggest the presence of an aromatic ring. If some of the aromat

ic absorptions are farther downfield than §7.2, an electron-withdrawing substituent ma)
be attached. ) -
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gnals around 85 to 56 suggest vinjll protons. Splitting constants can differentiate cis and
ans 1SOmETS.
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around 85-86; J = 10 Hz around §5-86:J = 15Hz

_earn 10 rccogmzc ethyl groups and isopropyl groups (and structures that resemble these
sroups) by their characteristic splitting patterns.
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ethyl group isopropyl group

Signals around 2.1 o 2.5 may suggest protons adjacent to 2 carbonyl group or next to an
aromatic ring. A singlet at §2.1 often results from a methyl group bonded to a carbonyl group.
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—C—Cl—‘H et o, 2 . CH,
around 82.1-82.5 singlet, 82.1 singlet, 62.3

.. Signals in the range 89 to 610 suggestan aldehyde.
l

aldehyde, §9-810

9. A sharp singlet around 52.5 suggests a terminal alkyne.
—Ce=C—H :
around 82.5 prOBLEM-SOLVING FIIN'T

These hints are neither exact nor complete. They are simple methods for making sicand  Remwsber o look for structural
information based on

guesses aboutﬂ:cngiorfeamresofaoompoxmdﬁomitsM\ARspecmnn_Thchintscanbeusedto .

: : A A 1. ber of absorpt
draw partial structures to exarnine all the possible ways they might be combined to give 2 mole- 2. rg:::nii; lOSh?ﬁ;orp it
cule that corresponds with the spectrum. Figure 13-38 gives a graphic presentation of some of the 3 5reas of peaks
4.

‘most common chemical shifts. A more complete table of chemical shifts appears in Appendix 1. spin-spin splitting
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< Figure 13-38
Common chemical shifts in the 'H
= wmesrr NMR spectrum.
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A Figure 13-39

Proton NMR specu'um for a compound of formula C4H802
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SAMPLE PROBLEM

Consider how you might approach the NMR spectrum shown in Figure 13-39. The molecu-
lar formula is known to be C4HgO,, implying one element of unsaturation (the saturated for-
mula would be C4H,¢0,). Three types of protons appear in this spectrumn. The signals at §4.1
and 61.3 resemble an ethyl group—confirmed by the 2:3 ratio of the integrals.

partial structure: — CH,—CHj

The ethyl group is probably bonded to an electronegative element, since its methylene
(—CH,—) protons absorb close to §4. The molecular formula contains oxygen, so an ethoxy
group is suggested.

partial structure: —O—CH,—CH;
The singlet at 2.1 (area = 3) might be a methyl group bonded to a carbonyl group. A
carbonyl group would also account for the element of unsaturation.

partial structure: —C—CH,

We have accounted for all eight hydrogen atoms in the spectrum. Putting together all
the clues, we arrive at a proposed structure.

|
CH3—CHt—O—C—CHE
ethyl acetate

At this point, the structure should be rechecked to make sure it is consistent with the mok
ecular formula, the proton ratios given by the integrals, the chemical shifts of the Sl“mls’
and the spin-spin spht!:ultr In ethyl acetate, the H? protons give a triplet (split by the & J"
cent CH, group, J = 7 Hz) of area 3 at §1.3; the H? protons give a quartet (split by

adjacent CHj group, J = 7 Hz) of area 2 at 84 1; and the HE protons give a singlet of arti.
3 at 62.1.



T-107 Fig 13-15 Proton NMR Spectrum of acetic acid
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Fig 13-19 Proton NMR Spectrum of methy! t-butyl ether
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Fig 13-17 Proton NMR Spectrum of t-butyl acetoacetate
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