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Syllabus

» General considerations;

» Chemical shift [aliphatic, olefinic, alkyne, aromatic, heteroaromatic and carbonyl
compounds];

» Problems associated with 13C,

> FT- NMR,

» Proton decoupled off resonance.
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Carbon-13 (13C)-NMR Spectroscopy

13 Couples with;
Spin Quantum No. | = 1/2 C ,

19F"
x] N
1 Splitting by;
e 2n1+1 +1 rul
Quadrapole Q=0 <€ 13 C n or n+1 rule

2D Same as proton
Abundance 1.109 % €= \ 31 p
Chemical Shift (6) 0-220 ppm
Internal std. TMS

»Magnetogyric ratio of carbon (y =68) is less than that of proton (y =268) .

Magnetic moment P1>0

>13C nuclei resonance 6000 times weaker than 'H-nuclei.

»>13C-NMR resonance (25 MHz) frequency Y4 less than'H resonance (100 MHz) frequency.
»Homo-nuclear (13C-13C) splitting does not occur.
»Hetero-nuclear (13C-'H) splitting occurs through one bond coupling ('J-_;=100-250 Hz).

An important parameter derived from 13C-NMR spectra is the chemical shift
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Number of Signals

Using symmetry and electronic environment

| | \
! | Plane H)  COOH
O : \
JL El— CH2 + CH,—Cl HOOC \ H
' | Axis
CH, ! CH, |
1 3
2
A)I(is Plell_ne
{ |
O 0
H CH, H H
4 | 5 ;
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Number of Signals

Mono substituted Benzene
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Number of Signals

Di-substituted Benzene

Cl Cl
H Cl H
One group ——
H H H Cl
H H
Cl Cl
H Br H H
Two group ——
H H H Br
H H
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Two group

Cl
H Cl
H Cl
H
Cl
H F
H Br
H

Number of Signals

o Tri-substituted Benzene

H H H
<— One group
H Cl

Cl

Cl Cl
H Br  H H H H
, Br Cl
H Cl H Br
¥ Cl H

Cl Cl
H H H H
€ Tree group
H Br F Br
F H
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Number of Signals

Using symmetry and electronic environment

Three unique carbon atoms Four unique carbon atoms ‘Two unique carbon atoms
b
€)) @ (€D
cb

ortho-dichloro meta-dichloro para-dichloro
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Number of Signals

Using symmetry and electronic environment

OH
(@) CH30\1 l/H (b / (© H CH,
_C=c__ « Se=c”
H H T
CHCH,” | | H
™~
(@ CH, CH, CH, (e) OH
_CH; l
CH;CH,—CH —CH,CH,
X P
CH; I
All All CH; Al
) COOH (8) CeHs—CH=CH—CH,
?H3 —CH —CH,CH,
(h) ?H3 () CH;3CH, COOH
~ -
CH;—C—CH,CH c=¢
| ’ CH /I h
CH, All ’ T s
()] l (k) COOH
CH;CH,CH,CH = CH— CH,CH,CH,
AN
NH, Ring carbons
()  CH;CH,CH,—C=C—H (m) (l:H /
' 3\CH COOCH
- 3
cH,”
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Chemical Shift (6 =0-220 ppm)

200 150 100 50 0 Ranges
| L L L t l L 1 1 L ] ] L ! L 1 L | | t 1 1 (ppm)
: 8-30
Saturated carbon (sp3) 15-55
— no electronegative elements —
20-60
40-80
Saturated carbon (sp3)

— electronegativity effects — 35-80

25-65

Alkyne carbon 65-90
Unsaturated carbon (sp2) | 100-150
Aromatic ring 110-175

carbons
Carbonyl groups
Y7 8ronp Acids Amides 155-185
Esters Anhydrides
Aldehydes 185-220
Ketones
I 1 ! T T 1 I 1 i T f | T ! [ i [ T I t i 1 TMS
200 150 100 50 0

Electronegativity, hybridization and anisotropy effect same fashion as 'H-NMR
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Identify chemical shift

O (0)
Ll
CH3CH2CH2 — C — CH3

All
l (@ NH,
CH3\C{I COOH
cH”
|
NO, All
l l (s) /
CH,—CH=CH—CH =CH, O
CH,

CH;—CH—CH==CH— CH,

P
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Calculation of Chemical Shift Value

Consider m-xylene (1,3-dimethylbenzene) as an example.
-base value for the carbons in a benzene ring 1s 128.5 ppm.

ipso ortho  meta para

CHy: 93 07 -01 -29ppm

Cl =base + ipso+ meta =128.5+9.3+ (=0.1)=137.3 ppm

CH, C2 =base + ortho + ortho=128.5+0.7+0.7 =129.9 ppm
1 _
p ) C3=Cl1
5 C4 =base + ortho + para =128.5+0.7 + (-2.9) = 126.3 ppm
N
Y3 C5 = base + meta+ meta =1285+2(~0.1)  =128.3 ppm

C6=C4
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Splitting of signals in 13C-NMR

Homonuclear (13C-13C) Coupling= Not observed (low abundance)

Heteronuclear (1*C-1H) Coupling=

» Mostly observed through one bond coupling (Y/c.4).

» Splitting occurs by n+1 rule
» Coupling constant /=100 to 250 Hz (larger than H nuclei)

3 protons

i
_13([1/___1_1

H

n+l1=3+1
=4

il

Methyl
carbon

2 protons 1 proton 0 protons
] |
_13C|:_H _ISé_H _13c__
| I |
n+1=23 n+1=2 n+1=1
Methylene Methine Quaternary
carbon carbon carbon
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Proton-coupled Spectra

A spectra that show the spin-spin splitting between Carbon-13 and the
proton directly attached to it are called proton coupled spectra.

(a) Proton-coupled
Homo = H-H & C-C

O

Q

Hetero = C-H
Nuclear coupling observed

W«W %‘WMWW 'W' WWWW

T T v —

Very complex

» Very complex spectra often difficult to analysis.

-

CH2-C-0—-CH2-CHs

||

.
li

RN

W“W W wJ WMM .Nua/w

» The multiplets from different carbons commonly overlaps

» 13C-H coupling constant are frequently larger than the chemical shift differences of the

carbons in the spectrum.
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Proton Decoupled Spectra

A proton decoupling is process by simultaneously irradiating all of the
proton in the molecule with a broad spectrum of frequencies in the proper
range (approximately 1000 MHz).

- Second frequency generator is used for decoupler.

O
2.613.5 Only Singlets A
(b) Proton-decoupled 1 y SIng —CH2C
All Nuclear coupling disappears [||14 & 2 -0O-CHz2 —CH3
5 3 |
C=0 1 4
l M TMS
— (N — A e A l
SR NN AU N SNSRN NN S S NN RN RN SN SUN N S R SR S S S
200 180 160 140 120 100 80 60 40 20 0

» Avoids overlapping multiplets.

» Only Singlets are observed (All carbons become singlets).

» Advantages: Peak intensity increases due to NOE effect.
Signal to noise ratio improve.

» Disadvantage: Information on attached hydrogen is lost.
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Proton-coupled and Decoupled 3C-NMR Spectra

o)
CI;Hz—(I.“Ir-O—CHz-CHg
(a) Proton-coupled 3 \ @
Lol
Homo = H-H & C-C h 15\
Hetero = C-H il 1. Very complex -;
All Nuclear coupling observed \f:! ] ! -
TR S , I
| | NN
‘ IRIaI b B l |
sbihape W NV NWIER/ T S Y W
2 63,5 Only Singlets Q
(b) Proton-decoupled ; —CH2C
All Nuclear coupling disappears 4 6 2 ~O—-CHz —CH3s
S 3 |
C=0 1 4

~ | L | N |- | I R 1 L N I. | | - L L
200 180 160 140 120 100 80 60
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Off resonance decoupled spectra

In off resonance decoupled spectrum, the coupling between each carbon
atom and each hydrogen atom attached directly (13C-H) are observed by n+1

rule.
Decoupler irradiates the sample at 1000-2000 Hz upfield or 2000-3000 Hz downfield.
The n+1 rule can be used to determine whether carbon atom has three, two, one or no

hydrogen attached. t
3 protons 2 protons 1 proton 0 protons
H H tripiet t
—13(|:—'H '—13(|:—H —13C|:—H _13C|_ triplet
}II | I 1-propano|
n+1=3+1 n+1=3 n+1=2 n+l1=1
Methyl Methylene Methine Quaternary
carbon carbon carbon carbon
CH,- CH,-CH,-OH &%

L 1 | i 1 | 1 1 1
200 o

150 100 50

» Apparent magnitude of coupling constant is reduced. (remove overlapping of multiplets).
» Only shows one-bond hetero nuclear coupling (removes other remote carbon coupling).

» The frequency of decouple is held low to avoid complete decoupling.
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Off- Resonance Spectra of 1-propanol

Off Homo Nuclear coupling

triplet
(H-H) (C-C)
triplet
Only Hetero (C-H)
Nuclear coupling observed
Off-resonance-decoupled
quartet
CDCl, “
(solvent)
| I | __Sachid shinde PDVP dollege Tasgacd I 1o

200 150 100 50 0



Example

A compound with the formula C3HgO, gives the following proton-decoupled and off-
resonance-decoupled spectra. Determine the structure of the compound.

Proton-decoupled
P b a
c
CDClig
(solvent)

quartet

quartet

Off-resonance-decoupled

singlet

CDClg
(solvent)

| | ! Sachin Shinde PDVP College Tasgaon

200 150 100 50 o




Distortionless Enhancement Polarization Transfer ( DEPT)

Distortionless enhancement by polarization transfer (DEPT) is a NMR method used
for determining the presence of primary (CH;), secondary (CH,) and tertiary (CH)
carbon atoms.
The DEPT experiment differentiates between CH, CH, and CH; groups by variation

of the selection angle parameter:

i. 135°angle gives all CH and CH; in a phase (+Ve) opposite to CH, (-Ve) (DEPT-135)

ii. 90° angle gives only CH groups (+Ve), the others being suppressed (DEPT-90)

iii. 45° angle gives all carbons with attached protons in phase (+Ve): (DEPT-45)

» Signals from quaternary carbons and other carbons with no attached protons are always
absent (due to the lack of attached protons).

» The polarization transfer from 'H to !3C has the secondary advantage of increasing the
sensitivity over the normal 3C spectrum (which has a modest enhancement from the

nuclear overhauser effect (NOE) due to the 'H decoupling).
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Distortionless Enhancement Polarization Transfer ( DEPT)

-CH, CH; Positive
L DEPT-135 -CH, inverted/Negative

3 DEPT-90 Only -CH

All -CH, CH,, CH,

2 DEPT-45 No quaternary C

0
5 l 4 3 2 1 1
CH3—(6I—-O—CH2—CH2—(|3H—CH3
. CDCl,

1 13C SPECTRUM
BROAD-BAND-DECOUPLED All Carbons
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DEPT spectrum of Propyl benzoate
O

QJ%W

Propyl benzoate

DEPT-135 l ! i

DEPT-90

DEPT-45 | ” ' l |

p— -

S0 v 20 W e
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Examples of DEPT

Small amount

of “leakage”

DEPT-90 CH only

/

DEPT-135 CH, CH5 positive
CH, negative

Note absence
of quaternary carbons

40 20

ppm
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Attached Proton Test (APT) spectra
The attached proton test (ATP) is a 1D 13C-NMR experiment that is used as an aid to
assignment by separating carbons unattached to protons (c) and CH, signals from CH

and CH; signals.

The APT experiment yields methine (CH) and methyl (CH3) signals positive and quaternary
(C) and methylene (CH,) signals negative.

9

Ethyl benzene

APT spectrum of ethylbenzene showing

CH and CH; positive While

CH,and quaternary C are negative

ppm 120 100 8 60 40 20
» Itis slightly less sensitive than DEPT but a single experiment shows all carbon signals at once unlike

DEPT that supresses quaternary carbons and requires up to three different acquisitions to yield full

results.
» It is, however, sometimes possible that a CH and CH, signal have coincidentally equivalent chemical
shifts resulting in annulment in the APT spectrum due to the opposite phases. For this reason the

conventional *C{'H} spectrum are o¢cgsionally alsg acquired. ”



DEPT and APT spectra

DEPT-135 O ek
Gl o TocHcH,

S T

tCH 1 CH, |CH,

APT
) A

M

| -
[ ‘ 1CH 1 CH, |CH, |C*

13C STD H
l l L 1 ).

S RARAR Lt L aa L ey LLRaD LA RED AARR) RARAS LA LARA) AR LAt Al

150 130 110 90 80 70 60 50 40 30 ppm

multiplicity DEPT-45 DEPT-90 DEPT- 135 APT

C No signal  No signal No signal -

CH + + + +
CH, + No signal

CH, + No signal + +
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Heteronuclear coupling of carbon to fluorine-19

[
Proton Decoupled CDCl
CFBI’g
200 18§0 1 60 1510 1;0 1(;0 80 60 40 20 O
Proton Coupled
CDCls
CF3CH,OH
quartet
{
ii
200 180 160 140 183chin Shindd®pvp Collegea‘?'asgaon 60 40 20 28




Heteronuclear coupling of carbon to Phosphorus-31

(CHg),P+CI-
200 180 160 140 1éo 100 éo éb 4{0 2:0 0
CDCI
S _—doublet
E i i N i H 3 {
200 180 160 140 ' z '
1E(a)chin Shinde"E)ODVP Collegea?asgaon 80 40 20 27°



University Questions
Q. If operating frequency for 'H-NMR is 300 MHz, what will it be for '?*C-NMR? (2 M)

Q. In *C-NMR, signal due to d,-DMSO appears as a group of.............. peaks. (2M)
Q. In CMR, CDCI, appears as triplet, explain. (2M)

Q. Write the structure of an organic compound (MF: C,H,,0,) which shows only two singlet in
its CMR spectrum at 6 20 and 52 ppm). (2M)

Q. Suggest the structures of three isomeric ketones having same molecular formula (C;H,,0) and
exhibits three, four and five signals in '"H-decoupled *C-NMR spectrum. (2M, 3M)

Q. How many signals do you expect in broad band decoupled CMR spectrum of following

compound. ( 2 M) W

Q. Write the structures of all isomeric alcohols (MF: C,H,,0) which exhibits three/four signals
in their CMR spectrum. (4 M)



University Questions

Q. Calculate oc values for aromatic carbons in p-chlorobromo benzene. (5 M)

Given  : Basic oc for aromatic ring c= 128.5 ppm

Group : 1pso ortho meta para
Cl ; 8.2 -3.4 0.8 -7.0
Br ; 8.7 4.3 0.65 -6.0

Q. Calculate oc values for aromatic carbons in 4-aminoacetophenone. (4 M)
Given  : Basic oc for Ar-C= 128.5 ppm

Group : 1pso ortho meta para
NH, ; 18.2 -13.4 0.8 -10.0
COCH; 8.9 0.1 -0.1 4.3

Q. Calculate oc values for the aromatic ring carbons in following compound. (4 M)
Given  : Basic oc for Ar-C= 128.5 ppm

Group : 1pso ortho meta para O~
OR 314 -144 1.0 7.7 ©/

-COR 8.2 1.2 0.6 5.8 OHC

-R ; 9.3 0.7 -0.1 -2.9
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University Questions

Q. Calculate chemical shift values for only olefinic carbons in the following compound. (2 M)
Given  : Basic Value: 123.3
COCH; (o) = 15 ppm; COCH; (a’) = 6 ppm; CH; (a’) = 10.6 ppm.

Q. Write the structures of two 1someric bromides which have following spectral data. Assign the
signals to various carbon atoms in the structures. (SM)

MF: C;H;Br

Compound A: 32.6 (t), 118.8 (1), 134.2 (d).

Compound B: 12.0 (t), 16.8 (d).

Q. Deduce the structure of an organic compound on the basis of following data. (4 M)
MF: CsH;O

o0 (ppm) : 22, 52, 125, 135, 168.

(Oftf-resonance decoupling) d, q, t, S, S.

Q. Write the structures for all the isomers of a compounds (MF: C.H,,) which have following
data.

Isomer-I : 19.1 (q), 33.9 (d).

Isomer-II : 13.7 (q), 22.9 (1), 31.9 (b).

Isomer-III : 11.1 (q), 18.4 (q), 29.1 (t), 36.4 (d).

Isomer-I1V : 14.0 (q), 20.5 (1), 22.4 (q), 27.6 (d), 41.6 (t).

Isomer-V : 8.5 (q), 28.7 (q), 30.2 (5)-36.3,(1).



University Questions

Q. Considering following example, sketch its broad band decoupled CMR spectrum (Exact delta

values not expected) and justify the use of DEPT scans in correct assignments of chemical shift

values. (6 M) COOCH-CH
oCH3

HoN 0

Q. Sketch the off-resonance decoupled and proton decoupled *C-NMR spectrum of followings
organic compound. COOCH;, (5 M)

Br

(Exact o values are not expected)

Q. Sketch the off-resonance decoupled, proton decoupled and DEPT-135 CMR spectrum of 4-
methoxy benzyl cyanide (exact o values are not expected). (4 M)

Q. Using 4-MeO-C.H,-COCH,-CH; as a model compound, sketch the off-resonance decoupled
and H-decoupled '*C-NMR spectrum (6 M)



University Questions

Q. Sketch the proton coupled as well as proton decoupled '*C-NMR spectrum of following
compounds. (4 M)

1) p-Chloropropiophenone

11) Ethyl acetate

Q. In proton decoupled *C-NMR spectrum comment on the signal intensity for CH;, H,C-CH,
and CH carbons. Justify your answer. (4 M).

Q. Explain, how cursory examination of *C-NMR spectrum could be useful to judge the
presence of alkyl, vinyl, alkyne, nitrile and amide group in the molecule. (5 M)
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Examples:

(@)

(b)

©

(e)

(@

®

&

CH;—C—O0—CH,—CH; Four peaks

o

|
C—OH
O/ * Five peaks
e .
Br Y

C") (@

_C—OH _CH;
CH; :

3

Br

I
Br—CH,—CH=CH—C—0—CH;

CH;_ _CH,
CH,
o)
0
CH,
| o
0

Br
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() CH3O\1 l H (b)

Ll () H\C-C/CH3
B~ Oy CH,cH, | | H
_CH; (TJH3CH2—CH —CH,CH;
~
CH,
All All All
() COOH (8) C¢Hs— CH=CH—CH,4
CH3 - CIjH - CHzCIng,
(h) CH; (i) CH;CH, COOH
| ~. -
CH; —C—CH, CH, L=C
| cH;” | | cw,
CH, All
() %) COOH
CH;CH,CH,CH == CH— CH,CH,CH,
N
NH, Ring carbons
()  CH;CH,CH,—C=C—H (m) CH;__ /
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(n)

()

49

®

Ll

CH3CH2CH2 - C — CH3

CH_ /
CH—COOH
cH”

|

(0)
All
(@ NH,
Xo, Al
(s) /

CH;—CH=CH—CH=CH,

CH,

T

T
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*18. Predict the appearances of the proton-decoupled °C spectra for the following compounds. |

(a)

(b)

Cl

~
N

1

Cl?—Cl Cl—C—Cl
D D

I=1

Jep = 20-30 Hz (one bond)

| 1 |

F—(I:-—H F—C—H F—(lj—CHz—Cl

H F F

1=~
Jcg > 180 Hz (one bond)

Jog = 40 Hz (two bonds)

Sachin Shinde PDVP College Tasgaon
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Following are proton-decoupled 3C spectra for three isomeric alcohols with the formula
C4H100. A DEPT or an off-resonance analysis yields the multiplicities shown; s = singlet, d =
doublet, t = triplet, and q = quartet. Identify the alcohol responsible for each spectrum, and as-
sign each peak to an appropriate carbon atom or atoms.

1 T 1 1 { T T | 1 1 T T T T T T T T T
A q
(C?CISt) s
solven TMS
N l | |
1 L 1 1 ] 1 | 1 ] ] 1 1 1 ] 1 1 1 1 ] !
180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 08
T T T 1 I 1 I T T 1 1 I I I 3 1 I 1 I 1
B ¢ |
d q
(solvent)\
e A
1 | ] ] L l 1 1 I i 1 1 I I 1 | 1 1 | 1
1 T T T I I 1 T T T T T T T T T T T T
Y q
! d
CDCly
(solvent) ™S
Sachin Shinde PDVP Colleee\i'as_ aon U
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*4. The following spectrum is of an ester with formula CsHgO,. Multiplicities are indicated.
the structure of the compound, and assign each peak.

q
q
S H
¥ CcDCl,
(solvent)
LVWJL’.TNW—J \"\A/\m
l ! i l l I |
200 150 _ 100 50 38
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11. The proton NMR spectrum for a compound with formula CoHgO is shown below. The normal
carbon-13 NMR spectrum has five peaks. The infrared spectrum has a strong band at 1746
cm™!. The DEPT-135 and DEPT-90 spectral results are tabulated. Draw the structure of this

compound.
Normal Carbon DEPT-135 DEPT-90
'
o A J ]
P
_— '/_ - - B — —_ ——
| e

:_ ” ———)“{}1 SaChin Shlnde PDVP CO”e_g_eTaSga(ijk‘ I _39
10 9 8 7 6 5 4 3 2 K 0



12. The proton NMR spectrum for a compound with formula C,¢H;,0, is shown below. The in-
frared spectrum has a strong band at 1711 cm™". The normal carbon-13 NMR spectral results
are tabulated along with the DEPT-135 and DEPT-90 information. Draw the structure of this

compound. -

Normal Carbon

DEPT-135

DEPT-90

doublet

10

40



14. The proton NMR spectrum of a compound with formula C;H;,03 is shown. The coupling
constant for the triplet at 1.25 ppm is of the same magnitude as the one for the quartet at 4.15
ppm. The pair of distorted triplets at 2.56 and 2.75 ppm are coupled to each other. The infrared
spectrum displays strong bands at 1720 and 1738 cm™!. The normal carbon-13 and the DEPT
experimental results are tabulated. Draw the structure of this compound.

Normal Carbon DEPT-135 DEPT-90

H

triplet

10 9 8 7 6

Sachin Shinde PDVP College Tasgaon
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16. The proton NMR spectrum is shown for a compound with formula CsHoNO,. The infrared
spectrum displays strong bands at 1750 and 1562 cm™! and a medium intensity band at 1320
cm™!. The normal carbon-13 and the DEPT experimental results are tabulated. Draw the struc-
ture of this compound.

Normal Carbon DEPT-135 DEPT-90

doublet

— triple}t

quartet ! , quartet
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