Energy

TH NMR

Protons (nucleus of a hydrogen atom) also have a net
spin and can be observed in the NMR.

*Hydrogen atoms are more than 99% 'H.
Other isotopes have special names
’H = deuterium
3H = Tritium (radioactive)

sRemember 13C is only 1% of carbon; 'H NMR is
much more sensitive.

—Practically speaking for a typical lab molecule, you can
obtain a 'TH-NMR wit 1-2 mg of compound in a matter of
minutes but the same sample may require a few hours to
obtain a 3C spectrum.
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In a strong magnetic field, the energy
level difference corresponds to the
energy of radio waves

Energy




FYI: Q&A
How strong is a magnetic field in a typical

NMR?
300 MHz NMR = 7.0459 tesla
600 MHz NMR = 14.0918 tesla

What other nuclei are commonly observed by NMR?
I5N, 19, 31p
@t type of NMR is used in MRI?
MRI methods typically look at 'H-NM
of water in the different environments
of the body.

~—

Protons resonate at a different frequency than 3C’s. Typical
compounds lie within a smaller range of frequencies than '3C.

PROTONS ON TYPICAL ORGNIC coMpounps  1=-12 ppm

Typical locations of TH-NMR resonances.
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Appendix A CHART A.1 Chemical Shifts of Protons on a Carbon Atom Adjacent
(a Position) to a Functional Group in Aliphatic Compounds (M—Y)

I M = methyl

8 M = methylene

3 M = methine 8
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Example:

WHAT IS SO SPEC IAL
ABOUT PROTON NMR?

*You can accurately integrate your
spectra to know how many of each
proton type you have.

*Through bond coupling tells us
about what 1s adjacent to the protons
of a particular resonance.



TH-NMR peaks can be integrated!!
p g @—cHS
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r- 1T r 17 "1 "1 "7 "7 T 1T T T 77
Tells you'the ratio of the Aumb®r of protofis that conipose'eact resonance.
Thig'fs particularly helpful when ydii"have symmetry.

Protons can couple (cause splitting) of C-13 peaks but we
don’t see splitting of proton peaks by carbon!!
C-H splitting is very small because only 1% of Carbon has a

spinl.

Fﬁs You can see carbon-proton
coupling if you look very closely!

C-13 satellites

_U /

B 4
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Protons can split other protons by through bond J-coupling.

Coupling can be observed
between two protons.

The coupling originates H

because in a magnetic field,
the nuclear spin will perturb
the local distribution of

Protons on adjacent
carbons are said to
be Vicinal protons

electrons.
Are coupled over three bonds.
Splitting over two bonds is
usually not observed.
H H v Protons on the same

\CZ/ Geminal coupling is only observed

when the two protons are in different
/ \ “chemical environments”, this
happens when the protons are

diastereotopic (more on this later).

carbons are said to
be geminal protons

Proton NMR signals are also split following the N+1 rule but for proton NMR N typically represents

the number of adjacent protons.
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FIGURE 4.29. Ethyl chloride in CDClz at 60 MHz. (Courtesy of Varian Associates, Palo Alto, CA.)
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Old NMR with Small wimpy magnet!




N+1 RULE STILL APPLIES

Ho (but it can get more complicated)

C
HaC o \CH3

I
2 0 ppm

PAY ATTENTION!:

13C-NMR

Splitting pattern reflects how
many protons are directly
attached to the carbon atom

j

_C_
l

A Triplett

'H-NMR

Splitting pattern reflects how
many protons are connected
to adjacent carbon atom(s)

\

—C-C—H
IJ'I | A Triplett

A doublet




Rules for J-coupling

*Nuclei must be chemical shift NON-EQUIVALENT to show (obvious)
coupling to each other:

*1,2-dichloroethane is a singlet H,C——CHy

/

Cl

*The coupling is mutual: A splits B the same amount as B splits A

Joo=J Ha, Hal
AB = YBA s 5, H%3.90 ppm, d (J =7.1 Hz)

Cl B HP: 5.77 ppm, t (J = 7.1 Hz)
Cl CI

*Coupling constants are reported in Hz and will have the same value on
different instruments.

CH,,0 z
Which is it?
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C;HqO,

10 3 8 7 5 5 4 z z 1 0
HPM-00-027 PErm
60 MHz NMR z
1 ppm = 60 Hz
z
I
)
i e e e e
300 MHz NMR
Same 1 ppm =300 Hz
H“ 8 Hz
compound run i
on a 60 MHz
and a 300 MHz |
spectrum aie 1
4 T 0 ppm

Coupling constant is measured by taking the difference between peaks (in ppm)within a
multiplet and multiplying by the field strength in Hz.



Common Splitting Patterns

1 Ethyl
_| CI-CH, CHg
T T T T T
3 2
PPM
Isopropyl
] A
i JJL
T é T é T
PPM

aromatic protons have
(almost) the same
chemical shift

T T T
10 = = - [=3 = <} =

HEF—00—S-1 FPErm
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C,H,,0

CyoH,40




CqH,sNO W
C-13 H-1 (first order)
1732 s 290 s 3H
469 t 32t 2H
465 t 2.10 s 2H
442 t 147 t 2H
326 q 1.11 s 6H
274 s
259 q(@)

Prclblem:

C,0H:,0
M (sept)
m L

12 11 10 3 3 7 E o> <4

HSF-01-343 Pgrm

from: structural database for organic compounds




Protons in different chemical
structures have different
amounts of splitting or
“coupling constants”.

Bad News: Life gets more complicated

*Good News: Splitting tells us more
about the chemical structure.

Coupling Constants Depends on Structure and Geometry

Approximate Coupling Constants.

Special Couplings over more than 3 bonds

—c|;—(|3— 7 Hz
[ (free rotation) 2Hz
H H
H

N/
Cc=C 10 Hz
/ \ \/
H H H C\H
/
C:C\ 6 H
H H
\C:C/ 15 Hz
\
7 H \ / 0-3H
H C— \/ depend geometry
\ /" TH C~
H c=C N,/ TH
/ / Cc=C
c=C 2H W\
\
H
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C
H:a> E
D
B
A
H=E= F<c>
(i.e. Yuck!)
r 1 1T 17 17 17 " 1T "™ 17 " 17 "™ T T T ™17
11 10 S g 7 = S 4 3 z 1 0
HSF-03- 037 Pprm
400 MHz H
%/HH J=23Hz ﬁ J=8-10 Hz
H
O
NH,
OAc
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)
AcO+ S e
OAc 'f
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OAc

400 MHz

i

HA1

S R
1
>

Why is A a singlet?

How do you explain the splitting pattern of B?
1 0 How do you Explain the splitting pattern of C?

cl O Hee>

H<ts H=c=

T | T | T | T | T I T | T | T
1 10 = 8 7 < = 4

HSP-02-264 p p 11




f Ha

Spin splitting

diagrams
L
4 ¢ Split by H?
Ha Hb pl y

J=8.0Hz

What if the H’s are T Ha
different, and have very
different coupling

constants??!
: H° , Split by Hb
H®  HE J=10.0 Hz
<+——>
Jag 10 Hz
Jac 2 Hz
Split by He
<+“—> <+“—>
2.0 2.0
Hz Hz

A doublet of doublets



Aromatic (o,m,p) coupling constants

Ha
HZ7.58 ppm  Br Br j&:abg ;-g :;
be) S.
H_ 7.29 ppm J(Ho0) 0.3 Hz
H® 6.92 ppm HP HP
HC
3 doublets of doublets
Hb
8.0 Hz
1.9 Hz
Ha He
03Hz 19Hz 0.3 Hz 80Hz
| | I
7.58 ppm 7.29 ppm 6.92 ppm
‘Doublets of triplets’ and ‘doublets of quartets’
where Jgp # Jac
aw M e
TR e b

HC HaH




f Ha

What if Jab ~ Jac
Still looks like a

Ha
O,N cl triplet, even on a
" " high field
. b .
N T Split by H spectrometer:

Referred to as an

J=8.1Hz
-~ »

‘apparent triplet’
Split by He

® s WHEN PROTONS
DON’T SPLIT!!

(6)

—

4.0 Ha Hg
X—C—C—Y
(e)
3.0 vV %

(d)
20 J <_>J
’ <+“—>

(c)|

(¢}
1.0 L

TS N TR NN T NSNS NN NN
-30 -20 -0 o0 10 20 30

Hz

FIGURE 4.23. A two-proton system spin coupling with a decreasing
difference in chemical shifts and a large J value (10 Hz); the differ-
ence between AB and AX notation is explained in the text (p. 179).




EXAMPLE: Diastereotopic protons

Diasteriotopic protons are in non-chemically equivalent environments.

HDO
- /j\/L
380
cooH \
J—

A

20 15 10

B\

- 50 45 40 35 30 25
ppm

FIGURE 4.48. 3-Methylglutaric acid in D,0 at 300 MHz. The COOH protons have

exchanged with D,0 and appear in the HDO peak. The CH; peak is broadened and “filled

in.’

HO
O
Ha
Hb’ CHs
Ha "He
HO

C4H10()2

L

HEP—47- 027 P



a by Jip= 10 He

>:<H¢ ::i‘z:: AB@
b
v N
- ) H\ / <
C—=C small
/N

7

How can coupling constats help you
assign the spectrum of vinyl acetate?




Assign the aromatic protons:

Hint: é/H é:“

CH,
Br

NO, o

T T[T T r e T i T T [T T [ T T T T T T T[T T [T T T

84 82 fio 78 76 74
I -
M JL i\
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10 6 5 4 3 2 1
PPM(3)

Coupling to Hetero Atoms

Observed Only Sometimes Rarely Observed
Depends on Concentration

Solvent us7d‘\ A
v N v N

H H H H
—_—C—0 — T —N \
WHY: hydrogen atoms e>F<{change due to hydrogen bonding R
/ —d
H------- o} H—20
/ N \
R—O A —_— R—0Q H
_ \
\o """
\ \
H H D
Easy Test | D0 | |
0 —> —C—0

|
_(|;_

The hydrogen isotope deuterium (H) has no spin and cannot couple



CH3—CH;—0H

Assembling Structures Using

'H and 3C NMR.

. Determine and Assign IHD (Mol
formula/C13)

. ldentify symmetry (C13)

. ldentify Functional Groups (C13 or
other techniques).
. Explore around functional groups

ldentify or “map” groups in H-NMR and
infer adjacent groups

Assemble fragments.



CyH ;O

C-13 H-1

715 t 333 d 2H
68.7 d 319 sept 1H
369 d 1.83 m IH
266 t(2) 147 m 4H
234 t(2) 151 m 4H
230 q® 116 d 6H

Q/\O/<
26.6 23.0 1.47 1.16
71. 3.33
23.4 369 1° 1.51 1.83
68.7 3.19
o 0
234 268 23.0 T a7 1.16

Why Multiple/ts[
Q/\ /< K‘\ Should be 1.83 t,t,t = multiplet

Should be 1.47 d,d,d,d = multiplet




13.3
C9H16O2

BC-NMR: IH- NMR:

173.6,s 3.67,s,3H

51.3,q 2.19,d,J =64 Hz,2H
420,t 1.70, m, 6H

349,d 09-1.3,m,5H
33.1,t(2)

262,t(2)

26.1,t

134

127.1, s 5.79,t,J=6.2 Hz, 1H
126.3,d 2.97,s,2H

1177,s 2.02, m, 4H

28.0,t 1.70, m, 4H

25.8,t

25.1,t

22.5,t

21.8,t



C11H18()4

'HNMR 13C-NMR
2149, 420,q,J = 6.0 Hz, 2H
173.5,s
4.00,d,J=3.5,1H
73.6,d
2.9,d, bs, 1H (exchanges)
61.7,t
55.1.d 2.3-2.7, m, 3H
441t 1.2-1.9, m, 8H
299,t 130, t, J = 3H
292,t
28.1,t
24.0,t
14.1,q
—C H O t \tttt .
I g114Y2 - 4
d
180 160 140 120 100 80 60 40 20

PPM




PPM

PPM

Difficult to determine structure by 'H and '3C NMR only.

b Jip= 10 He

>:<Hc P Big
C P

H c

N__/
/N

small



CsHyBr
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C7H120 d d | |d

Where is the double bond?

Is the double bond cis or
trans?



220 200 180 160 140 120 160 80 60 40 20 0
PPM

1H-NMR

9.72tJ=8.1Hz, IH
548dq,J=159,62Hz, 1H
5.20,dt,J=159,59,1H
240dt,J=8.1,74 Hz, 2H

igzo
ST

1.96,td,J=7.9,59Hz, 2H
1.66, quint,J = 8.0 Hz, 2H
1.71,d,J=6.2 Hz, 3H

Question:

Would you be able to solve the structure of this compound by
'H and 3C NMR?

/\/\/\/:/\/\/\/\/\/\/\/\/\)J\O/



