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Chapter 9 Nuclear Magnetic Resonance and Mass Spectrometry: Tools for Structure Determination

Review Problem 9.3

Review Problem 9.4

The six methyl hydrogens (b) are one set of homotopic hydrogens; replacing any one of
themt with chlorine, for example, leads to the same compound, 3-chloro-2-methylpropene.
The two vinyl hydrogens (a)are another set of homotopic hydrogens; replacing either of
these leads to 1-chloro-2-methylpropene. 2-Methylpropene, therefore, gives two 'H NMR
signals.

Carry out a similar analysm for 1,4- dlmethylbenzene (Sectlon 9 2C) and show that it has
two sets of chemical shift equivalent protons, explaining why its spectrum (Fig. 9.3) has
only two 51gnals

How many signals would each compound give in its lH NMR spectrum'?

(a) Ethane (d) 2,3-Dimethyl-2-butene
(b) Propane (e) (Z)-2-Butene
(c) tert- Butyl methyl ether (f) (E) 2-Butene

9.88 Enantiotopic and Diastereotopic Hydrogen Atoms

If replacement of each of two hydrogen atoms by the same group yields compounds that
are enantiomers, the two hydrogen atoms are said to be enantiotopic. Enantiotopic
hydrogen atoms have the same chemical shift and give only one "H NMR signal:*

H,,’ H replacement s,
/( TofeachH /< /<
H,C Br by some Br H;C
group £}

"

Enantiomers

The two hydrogen atoms of the — CH;Br group of bromoethane are enantiotopic. Bro-
moethane, then, gives two signals in its 'H NMR spectrum. The three equivalent protons of
the — CHj group give one signal; the two enantiotopic protons of the — CH,Br group give
the other signal. [The 'H NMR spectrum of bromoethane, as we shall see, actually consists
of seven peaks (three in one signal, four in the other). This is a result of signal splitting,
which is explained in Section 9.9.]

1f replacement of each of two hydrogen atoms by a group, Q, gives compounds that are
diastereomers, the two hydrogens are said to be diastereotopic. Except for accidental
coincidence, diastereotopic protons do not have the same chemical shift and give rise fo
different "H NMR signals.

The two methylene hydrogens labeled *H and *H at C3 in 2-butanol are diastereotopic.
We can illustrate this by imagining replacement of *H or °H with some imaginary group Q.
The result is a pair of diastereomers. As diastereomers, they have different physical
properties, including chemical shifts, especially for those protons near the chirality center.

s

o H on Hon
\‘/< replacement of p :
& a b >
bH\aH Hor?Hby Q bH\\\w Q\\\
Q ‘H
2-Butanol . ~ —
(one enantiomer) Diastereomets

The diastereotopic nature of *H and *H at C3 in 2-butanol can also be appreciated by

" 'x'rlewmg Newman projections, In the conformations shown below (Fig. 9.16), as is the case

for every possible conformation of 2-butanocl, *°H and *H experience different environments

*Enantiotopic hydrogen atoms may not have the same chemical shift if the compound is dissolved in a chiral
solvent. However, most 'H NMR spectra are determined using achiral solvents, and in this situation enantiotopic
protons have the same chemical shift.




ChemNMR "H Estimation

PPM

Protocol of the H-1 NMR Prediction:

MNode

CH2 4.

CH2 1.

CH2 1.

CHZ2 1.

CH3 0.

0%

49

29

31

20

Shift

Base + Inc.

1.

37
2.
-0,
.37
a.
-0.
.37
~-0.
-0.
0.
.37
0.
=0,
-0.
.86
G.
-0.

76
04

16
04

04
04
oG

0o
04
02

10
06

Comment (ppm rel. to TMS)

methylene

1 alpha -F

1 beta -C
methylene

1 kbeta -F

1 beta -C
methylene

1 beta -C

1 beta -C

general corrections
methylene

1 alpha ~C

1 beta -C

general corrections
methyl

1 beta -C-R
general corrections

1H NMR Coupling Constant Prediction

Tshift

4.09

1.4%

atom index ¢ouplinyg partner, constant and vector

5

LUy

H-CH-F
H-CH-CH-H

H-CH~CHZ-F
H-CH-CH-H
H-CH-CH-H

|5 P & PR o) A B &}




ChemNMR "H Estimation

0.90 3.37 319

\/\O

1.4¢

Estimation quality is indicated by color: good, medium, rough

Protocol of the H-1 NMR Prediction:

Node Shift Base + Inc. Comment {(ppm rel. to TMS)
CH 3.19% 1.50 methine
0.34 2 alpha -C
1.35 1 alpha -0-C
cHz 3.37 1.37 methylene
2.04 1 alpha -C-C
-0.04 1 beta -C
CH2 1.49 1.37 methylene
0.00C 1 alpha -C
0.13 1 beta -0-C
-0.01 general corrections
CH3 1.13 0.8¢6 methyl
0.25 1 beta -0-C
0.05 1 beta -C
-0.03 general corrections
CH3 1.13 (.86 methyl
0.25 1 beta -0-C
0.05 1 beta -C
) ~0.03 general corrections
CH3 0.90 0.86 methyl
0.10 1 beta -C-R
-0.06 general corrections

1H NMR Coupling Constant Prediction
shift atom index coupling partner, constant and vector

3.1% 2

-~ Pl o L N A a T 1
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1.40 1.40

7.46 0.91
7.37

7.25 7.46 o.o1

7.37

Estimation quality is indicated by color: good, medium, rough

Protocol of the H-1 NMR Prediction:

Node Shift Base + Inc. Comment {ppm rel. to TMS)
cH  7.46 7.26 l-benzene
0.03 1 -C{Cy{C)C
0.17 general corrections
CH 7.46 7.26 1-benzene
0.03 1 -Cc{C} (C)C
0.17 general corrections
CH 7.37 7.26 l-benzene
-0.08 1 -C(Cy(cic
g.19 general corrections
CH 7.37 7.26 l-benzene
-3.08 1 -¢(cy(ec
0.19 general corrections
==CH-7,25 - 7.26 l-benzene
-0.20 1 -ci(cy(cyc
0.12 general corrections
CH 2.20 1.50 methine
0.34 2 alpha -C
0.38 1 beta —1:C*C*C*C*C*C*1
-0.02 2 beta -C
CH3 1.40 0.86 methyl
0.38 1 beta -1:C*C*C*xC*xC*C*1
0.10C 1 beta -C-R

0.05 1 beta -C

g 7 6 5 4 3 2
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Br
Cl 3.92

3.96;3.71 1.79

Estimation quality is indicated by color: good, medium, rough

PPM

Protocol of the H-1 NMR Prediction:

Node Shift Base + Inc. Comment (ppm rel. to TMS)
CH 3.92 1.50 methine
0.17 1 alpha -C
1.94 1 alpha -Br
0.31 1 beta -C1
CHZ2 3.%6,3.715000 1.37 methylene
2.05 1 alpha -Cl
0.46 1 beta -Br
-0.04 1 beta -C
CH3 1.79 0.86 methyl
0.83 1 beta -Br
0.10 " 1 beta -C-R

1H NMR Coupling Constant Prediction
shift atom index coupling partner, constant and vector

3.92 3
o 2 7.0 H-C-CH-H
4 6.8 H-C~CHZ2-H
3.84 2 diasterectopic -12.4 H-C-H
3 7.0 H-CH-C-H
1.79 4
3 6.8 H-CH2-C-H
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213 213
1.31 1.31

Estimation quality is indicated by color: good, medium, rough

Protocel of the H-1 NMR Prediction:

Node Shift Base + Inc. Comment {ppm rel. to TMS)
CH3 2.13 0.86 methyl

1.23 1 alpha -C(=0)C

¢.04 general corrections
CH3 2.13 0.86 methyl

1.23 1 alpha -C(=0)C

.04 general corrections
CH3 1.31 0.86 methyl

0.40 2 beta -C(=0)C

0.05 1 beta -C

. G.00 general corrections

CH3 1.31 0.886 metiyl

.40 2 beta -C(=0}C

0.05 1 beta -C

0.00 general corrections

1B NMR Coupling Constant Prediction

shift atom index <coupling partner, constant and vector
2.13 1
2.13 5
1.31 8
1.31 8
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7.29 275 1.64
7.40

7.27 7.20 164

7.40

Estimation quality is indicated by color: good, medium, rough

PPM

Protocel of the H-1 NMR Prediction:

Node Shift Base + Inc. Comment (ppm rel. to TMS)
CH 7.29 7.26 l-benzene
-0.14 1 -CC
0.17 general corrections
CH 7.29 7.26 l-benzene
-0.14 1 -CC
0.17 general corrections
CH 7.40 7.26 1-benzene
-0.05 1 -CC
0.15 general corrections
CH 7.40 1.26 l-benzene
-0.05 1 -¢ccC
0.18 general corrections
CH 7.27 7.26 l-benzene
-0.18 1 -CcC
o 0.19% general corrections
CHZ 2.75 1.37 methylene
1.22 1 alpha -1:C*C*C*C*C*C*1
0.24 1 beta -C1
-0.08 2 beta -C
CH3 1.64 0.86 methyl

0.63 1 beta -Cl
0.1¢C 1 beta -C-R
0.05 1 beta -C
CH3 1.64 0.86 methyl

0.63 1 beta -Cl
0

.10 1 beta -C-R
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1.82 1.82

5ﬂ3H

2.63

4.87

Estimation quality is indicated by color: good, medium, rough

H4.87

5.03

Proteccl of the H-1 NMR Prediction:

Node Shift Base + Inc.

CHZ 2.63 1.37
1.26
CH3 1.82 0.86
0.85
0.11
CH3 1.82 0.86
0.85
0.11
B 5.03 5.25
-0.30
-0.28
0.36
JHo 4,87 S 225
-0.33
~0.22
0.17
H 5.03 5.25
-0.30
-0.28
0.36
H 4.87 5.25
~G.33
-0.22
0.17

Comment {(ppm rel. to TMS)

methylene

2 alpha -C=C
methyl

1 alpha -C=C

general corrections
methyl

1 alpha -C=C

general corrections
l-ethylene

1 -CC=C cis

1 -C trans

general corrections
l-ethylene

1 -CC=C trans

1 -C cis

general corrections
l-ethylene

1 -CC=C cis

1 -C trans

general corrections

l-ethylene
1 -CC=C trans
1 -C cis

general corrections

T




Name: Date:

1. If all the protons of 1-fluoropentane could be discerned, which would you expect to be at
the Jowest field in the '"H NMR spectrum of this compound?
Aowrferd [ dswirlded
CH;CH,CH,CH,CHL,F

T

I
A) Protons on carbon
TOtOS On

C) Protons on carbon Il
D) Protons on carbon IV
E) Protons on carbon V

2. Which proton(s) of the compound below would appear as a septet in the 'H NMR
spectrum?
I ——>CH3

CH,CH,CH,-O- CH

PAL TR .
Hhpsptr byl

A) The protons on carbon I

(_B) Theproton on carbonIl =,
C) The protons on carbon III H N C&)me ﬂ: ma 6
D) The protons on carbon IV (O
_ E) The protons on carbon V ad QC,U/\{‘ Hs OV\-

C&udoom% 1

3. Predict the splitting pattern you would observe for the proton at C3 of 2,3-dimethyl-2-
phenylbutlanh
ALY l{- . .
R Hon Caxrbon S 1S SPUr
A) Doublet ,
B) Singlet )pul ad ) sond B Shnown

/C) et

D) S with awows Spht
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A :él«w%g Yol
Alerent chamical
4. Ié?gHT%E&NE ‘ﬁl{ai‘z would the following compound give? Slf\/l \O +§

Br 2 e H H .
o e W i of e
== t o o M, vesulds

Ho B W diosHomrs.
V\[‘Ea navd ouk

5. The 'H NMR spectrum of which of the compounds below, all of formula C7H 205,
would consist of two singlets only?

pe3

g) T ! Ao e
%52

6. In NMR terminology, protons H, and Hy, are said to be:
H, Cl

>>,/\
Y “H

a

A) Identical
B) Enantiotopic

el QU«\UIQQ; re L Cl:p\owa\ﬂ

E) Mesotopic e i ¢ o0 3\’\/\ ‘O‘i' >
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7. In the structure shown, Hy, and H; are classified as:
Hy. Ha

©><f\
A) homotopic protons.

B) vicinal prot: .
O ﬁmﬁ@@ St Chruricall
D) diastereotopic protons.

E) isomeric protons.

8. A compound with the molecular formula CioH:3Cl gave the following '"H NMR
spectrm:

singlet, 6 1.6
singlet, & 3.1
multiplet, & 7.2 (SH) . ' )
The most likely structure Tor the edtmpound is: Y p) ;:‘
O (O T e
Y C! 7 N asmea&'ﬁa—‘k
I I m b w adya acont® H's

>

B) 1

A 55/\4&

oy upﬁw@ﬂ“&

9. Consider the expected '"H NMR spectrum of 2,4-dimethyl-1,4-pentadiene. Which of the
following is likely to be observed?
t

C) 3 s1gnals all smglets
D) 3 signals: one singlet, 2 doublegs,
E) 4 signals: two  sifiglets, two 9oﬂblets
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