1-Nitropropane
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o 4
l A B-spin state
A
()
* 4 5 A
’/ ? a-spin state
no applied

magnetic field magnetic field is applied
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600 MHz B-spin state
300 MHz
A
Y
a-spin state
|
14.092 7.046

-
Applied magnetic field (B,)
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SIEIVE



superconducting
magnet

NMR spectrum\

sample in tube

S
I |

detector and
amplifier

radiofrequency generator
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these protons sense a these protons sense a
larger effective magnetic smaller effective magnetic
) field, so come into resonance field, so come into resonance
at a higher frequency at a lower frequency
2 A A
vy
C
Q
c
- deshielded nuclei shielded nuclei
"downfield" - "upfield”
Frequency
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£

chemically
equivalent
protons

CH3CH2CH2BI'

chemically
equivalent
protons

chemically
equivalent
protons
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a b c
CH3CH2CH2BI'

three signals

a b a a ¢ b
CH;CHCH; CH;CH,OCH;
]|31‘ three signals

two signals
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a a
CH;0CH,4

one signal

a
CH;
al| b
CH,COCH;

CH;
a

two signals



A b
CH;OCHCl,

two signals

)

e H B &
3 H

N/ N/ 2H He

SR SR
H,C H H Br aH Ha
a b b H
two signals three signals a
one signal
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NO,
cH Hc
aH H a

H

b

three signals



its 'H NMR spectrum
has five signals

Ha V H,

\

H
HC\/ He Hd

H Cl
chlorocyclobutane

H; and Hp are not equivalent
Hc and H4 are not equivalent
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]
CH3 - ?1 S CH3
CH,

tetramethylsilane
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methyl

protons

CH,

T methylene

1 i1 | protons

CH,

e L AN

[T™s

~|signal

T\

-<— frequency
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protons in electron-poor environments protons in electron-dense environments

deshielded protons
downfield
high frequency

large 6 values

shielded protons
upfield
low frequency

small & values

~<«— § ppm
<«— frequency
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1.04 ppm | | 2.07 ppm I

W7

CH, CH CH NO

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr



CH;CH,CH,CH,CH,F CH;CH,CH,CH,CH,CI CH;CH,CH,CH,CH,Br CH;CH,CH,CH,CH,I

4.50 ppm 3.50 ppm 3.40 ppm 3.20 ppm
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T

O

_(“:_H N /I_I % C_(|:_ (lj (lj H
C=C —C— H B

o) A (|: = | |

vinylic C—=G—{(C—

—(||3—OH ¥ Z = 0, N, halogen | saturated

allylic
12 9.0 8.0 6.5 4.5 2.5 1.5
o (ppm)
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|
methine

—CH,—
methylene

- CH3
methyl
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Table 13.1

Approximate Values of Chemical Shifts for '"H NMR?

Approximate
chemical shift

Approximate
chemical shift

Type of proton (ppm) Type of proton (ppm)
—CH; 0.85 |
I—(|Z— H 2.5-4
—CHs— 1.20
| |
— CH— 155 Br—(|f—H 2.5-4
=L —0—C 1.7 |
I C]—(|'5—H 3-4
i
) F—C—iil 4-45
I
@‘C“3 e RNH, Variable, 1.5-4
ROH Variable, 2-5
—C=C—Hi 24
ArOH Variable, 47
R—O—ClH; 3.3
R—(|2—CH2 4.7 QH 0-5-8
) 0
R—(|3=(|2—H 553 —C—ll 9.0-10
R R 0]
I
—C—0OH Variable, 10-12
I ‘
—C—NH, Variable, 5-8

“The values are approximate because they are affected by neighboring substituents.
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methine proton

methylene proton

T/

B— C—H
C
1.55 ppm

methyl proton

N

C /
H—C—H H—C—H
& C
1.20 ppm 0.85 ppm
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O

(”3 Cb OCCCa
H HCH
SN 3 3
CH;CH, CH; |
a ¢ b CHj;
butanone -

2-methoxypropane
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5.3 ppm

Ory evene (")
H CH3CH2CH= CH2 CH3CH2CH
) A A

7.3 ppm 4.7 ppm 9.0 ppm
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applied

magnetic

field

circulation of electrons

induced magnetic field is in the
same direction as the applied magnetic
field in the region where the protons

are located
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applied
magnetic
field

induced magnetic field is in the
same direction as the applied magnetic
field in the region where the proton

is located
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applied
magnetic
field

induced magnetic field is in the
direction opposite to that of the applied
magnetic field in the region where the
proton is located
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IR CH3
— CH,
[ CH3

|
|

CCH,Br =

*-J =

5 integration

L | line

T -, W P
-

 (ppm)

-— frequency

[
2
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CH;

Cl Cl
1,1-dichloroethane 1,2-dichloro-2-methylpropane
ratio of protons = 1:3 ratio of protons 2:6 = 1:3
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- CH,CHCI,
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4
0 (ppm)

<— frequency




O
|

CH;CH,COCH;
a b C

Copyright © 2007 Pearson Prentice Hall, Inc.



CHSBI' ClCHzCHzCl
bromomethane 1,2-dichloroethane

each compound has an NMR spectrum that shows one singlet
because equivalent protons do not split each other’s signals
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direction of
the applied

field

if the magnetic field of the
methine proton is in the
same direction as the
applied magnetic field, it
will add to the applied
magnetic field, so the

adjacent methyl protons will

show a signal at a slightly
higher frequency

CH;CHCl,

\ chemical shift of the signal for
the methyl protons if there were
no protons on the adjacent

,“v | carbon

T [ ] i if the magnetic field
of the methine proton is

— — lined up against the applied

magnetic field, it will subtract
from the applied magnetic
field, so the adjacent methyl
protons will show a signal at
a slightly lower frequency

€

frequency
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CH;CHCl,

chemical shift of the methine
proton if there were no protons
on the adjacent carbon

< signal for the methine proton
is split into a quartet

W\/

< frequency
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all w1th all against

ARERARENRI R
RANRRE
AREREY

2 w1th 2 agalnst
and and
1 against 1 with
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H, and Hy, split each other’s
signal because they are
separated by three o bonds

VooV

H_{'C;CZHb
7 e

H,; and Hp do not split each
other’s signal because they
are separated by four o bonds

N i

Hg
Vals
JCE
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s
»

H, and Hy may split each
other’s signal because they
are separated by four bonds
one of which is a double bond

Voowg

b

X4/
Ha] ’; C
Nezcr N
e N




o ¥ 0 D e TR A ' [
..... I T A A O B I 1w i derp—

| Einm s R

T I
23 22 PPM ——+——

o (ppm)
-<— frequency
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-<— frequency
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-<— frequency
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UL

a quartet a doublet of doublets

relative intensities: 1:3:3: 1 relative intensities: 1:1:1: 1
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e el e
& ............................................. e B f=—.
HWHHHHH SR L0 (U 1D o NN B R

Fof

25 PPM
L

Lo G
-9._
-
| o

28

0 (ppm)

-<—— frequency
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6 (ppm)
-<«— frequency




a
CH,C

b
HCl,

_J | JL

s
w

Jp

d

"‘-—q"-{\-ﬁm—

—< frequency
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ADIE ADDrC

Approximate value of J,; (Hz)

Approximate value of J,,; (Hz)

I|{a
—(|:—H,, 12

IIIa IIIb

C—C 7
|

III(: I I_Ilb

C—C—C 0
o

H,
C=C e

H, (geminal coupling)

H,
C=C
Hb
H, H,
L=
H, >
C=C\ y
/C\
H,

15 (trans)

10 (cis)

|
(long-range
coupling)
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l

Jba=14H27|—| HNJab‘”HZ _9H27|_| Hﬁjafg Hz

b C b a a
HO,C H H\ /COOH H\ /H i H
180° C=C C=C
4 N\ / N
Cl H ¢l COOIEI
a
c1 H trans-3-chloropropenoic acid cis-3-chloropropenoic acid C1 COH
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a

b |

Cl ¢l

CH,CHCHCHCI
3 c d

CH3
1,1,2-trichloro-3-methylbutane

o/

a splitting diagram

I‘Jcbﬂ‘é splitting by the H, proton

|'ch_

a doublet of doublets |

|

chemical shift of the signal for the
H_proton if there were no splitting

_ch_

U

| 2 splitting by the H, proton

<— frequency
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CH,CH,CH,Br

G

1-bromopropane
b

a

H
)
6 peaks

H
|
9 peaks
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C a

b

' CICH,CH,CH,I

o (ppm)
-<— frequency
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C a
CICH,CH,C

b
H,I



hydrogen ﬁla
CH,—C—OH
L
hydrogen
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prochiral
carbon \Ha //Jpro-R-hydrogen

CH,—~+OH

H,, —— pro-S-hydrogen
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diastereotopic

hydrogens CHj;
replace HywithaD D——H,
V CHj; / > H Br
N | CH
Ha oo 3 diastereomers
H—1—Br CH,
asymmetric CH; replace HywithaD |
center ) > a
H, and Hy, are H——Br
diastereotopic hydrogens CH;4
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H3C Hb CH3 Ha CH3

\C/ \C/
H,——H
HBr + ” : slower I‘Ell__BIt') faster ; (|ld + HBr
VA" CH,4 7\
H;C H H;C H
cis-2-butene trans-2-butene
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oK
CH;CHCH,CH;

B\

nonequivalent diastereotopic hydrogens
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J

ac
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Br
H H
H H
H
gauche
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eclipsed



axial

H

A

s~

H

equatorial

chair-chair
interconversion .

~
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equatorial

axial

4
H




—49 °C

\
el
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CH,CH,0H

H._u-—_.'

EQ;-.T e e e

5 4 3 z
S (ppm)
-«—— frequency

CH,CH,OH

5 4 3 2
S (ppm)
-<— frequency
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Mechanism for acid-catalyzed proton exchange

H H H
R Y | |
RO H+HOHQRO‘)H+H0H;RO +HOH

+ T +
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R—O—H + D—O—D — R—O—D + D—O—H

A A

seen in 'H NMR not seen in 'H NMR
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o (ppm)

b -<— frequency

: 1
6 5 4 3 2 1 0
8 (ppm)
-<— frequency
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a b
CH3CH2X

J,p = 5.0 Hz

a

Av=100 Hz Av/) =20

M% Av =25 Hz AviJ =5

k Av=15 Hz AVI) =3

{
)

rr(

Av=10 Hz Avil =2

Av=5Hz Avi) =1
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C—N
C—Cl
C—Br

sp° carbon

200

150

100

o (ppm)
Copyright © 2007 Pearson Prentice Hall, Inc.

50




Table 13.4 Approximate Values of Chemical Shifts for '3C NMR

Type of Approximate Type of Approximate
carbon chemical shift (ppm) carbon chemical shift (ppm)
R—CH; 8-35 = —Br 25-65
o—Cl 35-80
R—8H,—R 15-50 —N 40-60
g—0 50-80
R R
| | S
R—CH—R 20-60 C=0 165-175
S
N
|
R R
| N
R—# —R 3040 /C=O 165-175
| RO
R
R
=g 65-85 /C=O 175-185
HO
& =
=C 100-150 /C=O 190-200
H
— R -
C 110-170 C=0 205-220
\_/ R
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CH3(|3HCH2CH3

b d c a

Rl

solvent |
—L\ =

DL

80

60

40 20
6 (ppm)
-<— frequency
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.CH3_

200

b led a
CH3(|2CH2CH3
CH,
'| : T T l - : — T T
180 160 140 120 100 80 60 40 20
o (ppm)

-<— frequency
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200 180 160 140 120 100 80 60 40 20
6 (ppm)
—<— f{requency

Copyright © 2007 Pearson Prentice Hall, Inc.




O O
| |

ethyl benzoate phenyl propanoate
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CH3 carbons
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C=0
i Al
CH, carbons ‘
CH carbons ‘
all carbons l ‘ ’ ‘ ‘
R R N R I R R I R R R R L R R RN R R R R AR AR RRRES RRRRE RARRS RAREE R
200 180 160 140 120 100 80 60 40 20 ppm



______

3.7 ppm
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a

c |
b

| ) |

55 5.0 45 40 3.5 3.0 2.5 2.0

S —— 2.0

PpPm

ppm

2.5

Q = 5-3.0 X
a b c 5
CH3CH2CH2N02 £3.5
;-4.0

4.5

F5.0

5.5
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L N R |
40 35 30 25 20 15 10

O

b d|l ¢ a

CH,CHCCH,CH,

| 2
CH
b3

7
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Number of equivalent Multiplicity of Relative peak
protons causing splitting the signal intensities
0 singlet 1
1 doublet [
2 triplet 1:9: 1
3 quartet 1:3 S5
4 quintet 1:4:6:4:1
S sextet ] Ry 105 ;1
6 septet -6 K 20 1536 -1
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