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Number of protons from integrals
for the unknown compound

16 Protons: 2x3, 4x2, 2x1
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.....................................................................................
IIIIIIIIII

NMR assignment by Roy Hoffman
2006



Number of carbon types for the

unknown compound
11 carbon types

Cy1H 0%, N2, etg. |

ppm160 140 120 100 80 60 40 20
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Functionality from 'H chemical
shifts for the unknown compound
2x1vinyl CH
1x3 methyl alkyl
4x2 CH,
| Y | M 1 t I JULLM .
Aromatic Vinyl CH, CH, CH,
Vinyl CH  CH,OH  Me-yinylo ok

6 5 4
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Functionality from °C chemical
shifts for the unknown compound

2x1 vinyl C
1 C=0
(not CO,H because
no acidic H)
C,H,c0
Vinyl C Vinyl CH, CH, CH,
) N < >
Aromatic © CHOH,
C=0,CO,H 3. ’ CH,OH
< i > Vinyl CH 2 Me
= o

ppm 175 150 125 100 75 50 25 D
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The situation so far for the unknown

compound
C,,H,,O with C=0 and 2 double bonds.

This requires one ring (without it would be C,,H,0).
There are 2 terminal methyls.
One of the vinyls has two trans H’s

Look for the following ring structures
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More complex structures require
2D 1nterpretation.

*4 pairs of protons
strongly coupled to
cach other &
displays 2nd order

splitting ﬂ /\\/
e
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Symbols used in pulse sequences

(hard) pulse pulse

- Radio frequency

soft pulse U\ ("\
Acquisition
Decauplmg of FID

Radio frequency I Gradient
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Gradient pulses

It 1s possible to apply a magnetic gradient to the
sample.

» A gradient affects the signal in the following
manner. At the start of the experiment 1t disperses
the signal, making 1t disappear. Then the
application of a gradient in the opposite direction
allows the signal to be seen again.

* In combination with rf pulses that act as quantum
filters 1t 1s possible to observe correlations
between nuclei.
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Example pulse sequence

Pulse sequence for HMBC

observationy \ A\ A ~ .
channel \[V VY
90°x 1 80°x [d acquisition +x
coupled 13, evolution time f,
channel
relaxation 00%y O0%+y Q0°x

Lime A A ff2 12
gradient
channel n .

1 H 3.08

# 15 net a sunple multiple
of the othar gradienis

NMR assignment by Roy Hoffman 10
2006



Basic pulse sequence for 2D acquisition

ﬂ /\u‘*\f“

Relaxation  Evolution Acqulsitiﬂn
time time, £, of fid. #,
2D Fourier transform

; . ] |
Evolution _
S
Ly A i
i N T N — o
(M7~ f.:.:;-.'i"--%"': ﬁ ° ) E
WINY X 2D Spectrum =
j " 2D Fourier P =4
| 1=
A . transform | @ [
Acquisition {
time 7, Frequency f;
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Types of 2D

e Through bond

— COSY, TOCSY, heteronuclear correlation
(HSQC, HMBC, HMQC), 2D-INADEQUATE

* Through space
_ NOESY. ROESY, HOESY

* Resolving the Hamiltonian
— J-resolved, MQ-MAS
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COSY

Pulse sequence for gradient DQF-COSY

observation,;; relaxation evolution time f, iy
channel tirme TRY

90" +x 90°x  180°x 20°x 180°% fid acqusition +x

gradient
channel l
1 2

NMR assignment by Roy Hoffman 13
2006



COSY of ethylbenzene
. |

1

2

3

1'
1 2' 4
4 2

3 5

6

7

it
ppm7 6 5 4 3 2
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Artifacts in COSY

: L

|
r
— : —
Genuine { : *
long-range | : ‘
cross-peak
— | * ¥
| !
.
Si ’
) &
& :
=1 z
I - 3
S| ™
o :
-‘ .
| |k
: 2 ;
i g
4
_ i
\ i 1 l ppm
e

/

S N ! 3 B A

Artifacts appear along the 'upside down V'
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COSY of the unknown compound

Two networks: , - .
CH3CH2CH=CHCH?2 | | | |
T |- .

and C=0

Strong signals are 2
& 3 bond, weak _
signals are 4 bond
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COSY example:12,14-
ditbutylbenzo[g]chrysene

i

i

ppms 6 4 2
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Division 1nto coupling networks

e o

=| el | [74
él iri:: ;i; _?'s
% B EH 738
-8.0

" Y82

1

-8.4

_'% I o | res
ppm

...............

ppm 84 82 80 78 76 74
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Nuclear Overhauser effect (NOE)

* When a specific nucleus 1s magnetically excited
and 1ts neighbor 1s at equilibrium, relaxation
occurs between the two nuclei.

* The smaller the physical distance between the
equilibrium nucleus and the excited nucleus, the
bigger the expected change.

» This dependence can be used to estimate the
distance between nuclel.

* NOE is used to observe through space correlations
in NOESY and ROESY experiments.
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NOESY uses NOE to corrg;late

Physically close so strong NOE
but 6-bonds away so no COSY

NOESY || COSY

.v'r -
ppm
T T T T IR ’ ppnl 20
ppm 8 6 4 2 : : : :
6 4 2
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observation;
channel

gradient
channel

Pulse sequence for gradient NOESY and EJ{ET

H i‘-&lﬂ;:ﬂnﬁﬂ evolution time 1,
fune

90"ty 150°x Q0°x ﬁd acquisition =x
muxing tume £,
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Aromaric region of the 2D NOESY spectrum of 12,14-
ditbutylbenzo[g]chrysene showing connectivity and

separation into four color-coded proton groups

11
q o 13 o 11

e N

J ! 14 L
ol ; “ | trs
—;:J b = “fﬁ -
) ' ‘-
= i L
8
] 8.0
__J b @ | K
4,
= g e |
% Y 0 I;-:',' |
ppm

ppm B.IE | B.Id 3.I2 | B.ID ?.IB ?:E | ?.I4
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NOESY of the unknown compound

Correlation between

NMR is assigned  Me7 1

:

'H
the two networks

v

A ring 1s required so
close with C=0 needed -
Oto fit 13C spectrum

9
¥ 5 82| ‘
| L

/ o
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.
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' .

' 0 o
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One-bond 'H-13C correlation
(HSQCSI) of butan-2-ol

H4

L

|
c4 - | o

OH
H2 | H3

N

-20
C1

-30

C3

40

-50

-60

c2—{|+—- I
ppm

ppm 35 30 25 20 15 1.0
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One-bond 'H-13C correlation
(HSQCSI) of ethylbenzene

' -

- 20
- 40
1' - 60
Jeuterate '
E:-l'.':x.! -’_ 1 2 L

80

4 2

3 100

-120

140
ppm

B o S e = o
No comrelation

where no proton ppm7 6 5 4 3 2 1
15 attached
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Fulse sequence for HSQCSI

ol v i H
chammel

0% 180°r 90°y  180°x ox 1300k 9%y 180°xy %WFx 130°x  fid acqumsition +r
cophed i evohtion dme i
Chinmel
refiaiion IEI'I' .ci_;p.;.if | S0x p{n 13-“'1 g ]E:l}t
g e WA A
Eﬁll"l{:l‘ll
channcl |

. aw 1

-5 1

n=398
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HSQC of the unknown compound

Me75 %3
89 =

Assign carbons
attached to protons |

Me7

M—Al L
-] .' -20
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Multi-bond 'H-13C correlation
(HMBC) of 2,4-dichlorophenol

H5
M | M U Correlation table
co | CH|3|5|6
C2— oo 1120
‘ 6
C4— P, 125
Cc5 L A
¢3 OH 1130 2 3
1
6 rHz/m 135 4 3
5 @ 3 1140 S 3
Y 1145 3 3
cl
—_ s cemzoo '150
C1 | . . . . | e 1 33
ppm7.4 73 72 74 7.0 6.9
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Multi-bond 'H-13C correlation
(HMBC) of ethylbenzene

|

|20
- 40
- 60
- 80
-100
120

-140

*— "ppm

Correlation table

CH|1'|2'|2 3|4
1 2
2' 121
1 123 3
2 |3 3 3
3 3
4 3

29
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Pulse sequence for HMBC

observation i
1 Vo Il. P N
channel 1A'
9x 180°x fid acquisition +x
coupled B evolution time 1,
channel
relaxation 90y 90°+x 90°x
time My As f 2 nfﬁ
gradient
channel - .
1 1 3.98
15 nol a simple multiple
aof the other gradients
NMR assignment by Roy Hoffman 30
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HMBC to assign other carbons of

the unknown compound

Me'7/ 1

9
¢ 5 82

*3-bond s e LS 1

correlations s G °°°f° 8L

8 ov-
strongest [-bond™"|

correlation
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Use correlation table

H1 H2 |H3 |H4 |HS |[Me7 |H8 |H9
Cl 2
C2 2 3
C3 3 2 3
C4 3 2
C5 3
C6 2 3 3
C7 3 3
Me7
C8 3 2
C9 2
C10 3 4 3
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Assignment example camphor
8 9

6 2

5‘/ 4\‘3
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1H NMR Of Camph()r Methyls

lllllllllllllllllllllllllllllllll
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3C-NMR of camphor

9

y 4.0

g =2 ¢

0 CH, CH; Methyls

Carbonyl Quaternaries

ppm 200 175 150 125 100 75 50 25
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NOESY of camphor
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NOESY ot camphor

M O | M

1

E
|
Bl
1
§
1

||

ppm 2.2 2.0 1.8
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NOESY of camphor

3e

o

6
lfﬁtﬁﬁﬂi i

10

T

0.8

ppm

2.2 2.0 1.8 1.6 1.4
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COSY of camphor

Red lines show artifact regions II A

10—

5a
6a

6e

3a -
S5e
4

[']E

[t
#—

3e

ppm

NMR e;ssignment by R.oy Hoffman 39
2006



One-bond 'H-13C correlation HSQC

of camphors'
e 4selnee e )|

10—{ 6
— X
5 — %
6 —1
j 35
| :
3 o " ' pPpm

ppm 2.2 2.0 1.8 1.6 1.4 1.2 1.0
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Multi-bond correlation
HMBC of camphor

H3 H4 HS5 H6 HS
Cl 3 2 3 3 2
C2
C3
C4 2 3 3
C5 3
Co6 3
C7 2 2 2 3
C8
C9 3 1
C10 1
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Multi-bond correlation HMBC of

" 50
100
150

200

camphor 10
9
3¢ 4 5e¢3a 6e  6aSa m
i U W B RN
e e o]
&
oo . ge &
oY o
2 .
oom 20 15 10

2006

ppm
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Multi-bond correlation HMBC of

camphor
3,9
10 ¢ | o

8 : |
0 0 @ ¢ 20
5 W -
6 é 730
? s é é 40
1 " @
50
7
60
lllllllllllllllllll | Ppm
ppm 2.0 1.5 1.0
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ITH-NMR of carvone

Methyls

2006

r
2
5 3 . .
9 aliphatic
10 10&9 CH, CHz
| | |
J M M M\« _ L
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I3C-NMR of carvone

7
0 9
6 /‘ z 6 Methyls
5 3 . .
Aliphatic
/8\ Vihyl CH,|CH,
10 ’ Solvent
2
r;prln' | 1I86 | '1160' o 1]40‘ o 1120I o 1|06 o éO' o éOI o 4110' o éOI
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COSY of carvone 10
7

— |, y e}
3

" ppm

ppm 6 5 4 3 2
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COSY of carvone

ppm

ppm 2.7 26 25 24 23 22 21
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One-bond 'H-3C correlation HSQC

of carvone,
9 ‘%B
5, I 7

oo

|

| 40

)
g
N (@)

" 60

- 80

—_—

S
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7100
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3
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Multi-bond 'H-13C correlation
HMBC of carvone

7
710
3
s ! ok | 62
7 —
1(% — © - vv;_255 3

§ — - (- “%os €0 vo. é :
" 50
10 9
J— [ 75
9 (100
1 (125
Q | ' | % £150
175
2 — - 00 €3 - -—ppm
ppm 6 5 4 3 2
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Multi-bond correlation HMBC of

Carvone

H3

H4 H5 H6 H7

H9

H10

Cl

C2

C3

C4

C5

Co6

C7

C8

C9

C10
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