H()
ring
A H
H

3. Protons attached to heteroatoms are highly variable and sometimes absent.

RO—H
PhO—H
RCO,—H
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4. The chemical shifts of protons attached to sp>-hybridized carbons are
affected by substituents bonded to the t-system.

¥ X The protons ortho and para to electron donating and electron-withdrawing
groups on a benzene ring show distinct upfield and downfield shifts:

NH,

OCH;

¥ X Electron donating and electron withdrawing groups also affect peak
position of protons bonded to alkenes:

4.18 6.55 5.03
H H 9] H
|
o) & CH, 1.71
4.04H \CH3 3.50 5.87H N \oe 4.97H
H H H
6.47 7.12 5.70
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Q. Why are peaks in HNMR split?
A. This is due to spin-spin coupling. We must consider the small local magnetic
field caused by hydrogen nuclei on adjacent carbons.

Example 1:
@)
‘ Cl
Hy
| JL
[ T S 2 S S S S
PPM
Looking at Ha:

* Hj; is affected by Hp because it is on an adjacent carbon. But Hy exists in two
spin states:

Hj sees:
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The magnitude of the nuclei splitting is called the coupling constant J and is
usually reported in Hz.

Example 2:

H3C - CH2 —Br

.......

Consider H, in detail:
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If a hydrogen is adjacent to two different hydrogens, you can get complex splitting
patterns:

Example 3:

H

\H

H

T T T T T
j 5.80 5.30

e
6.8 6.7 6.6

N
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Special features of spin-spin coupling:

a) Chemical shift equivalent protons don't couple to each other.

b) N+1 Rule: Protons with N equivalent H’s on adjacent carbons are split into
N+1 peaks, with the area ratios given by the appropriate line of Pascal's

Triangle.

Approximate Relative Peak Intensities of Symmetrical Multiplets

# EQUIVALENT # of peaks (multiplicity) Area ratios
adjacent protons (N) (N+1) (Pascal’s Triangle)
0 1 (singlet) 1
1 2 (doublet) 1 1
2 3 (triplet) 1 2 1
3 4 (quartet) 1 3 3 1
4 5 (quintet) 1 4 6 4 1
5 6 (sextet) 1 5 10 10 5 1
6 7 (septet) 1 6 15 20 15 6 1

* Splitting can be difficult to resolve if greater than 3 adjacent protons are

present.

¢) Two groups of protons coupled to each other must have the same J value

(coupling constant).

Br,CH-CH,Br

% V
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* Unlike chemical shifts, which are measure in ppm (parts per million),
coupling constants (J values) are measured in Hz. To get J values in Hz, take
the chemical shift difference and multiply it by the operating frequency of the
spectrometer.

* The signals for each are often point towards each other, distorting the
idealized relative peak intensities.

d) When hydrogen atoms of similar chemical shift interact, complex patterns arise,
and the signal appears as a multiplet.

e) The magnitude of the coupling constant is somewhat diagnostic of the relative
spatial orientation of the coupling nuclei.

H H
Ha Hb a a
| | H
~m [ 7k e
H,
6 -8 Hz 8 — 14 Hz 0-5Hz 0-5Hz
H, H,H, M H,
o=c, o=c_ o=C |
H, Hy, H,
11 -18 Hz 5_10Hz 0-5Hz 8 — 11 Hz
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f) Under usual conditions, an OH proton does not split the NMR signal of adjacent
protons, and the signal due to an OH proton is not split by adjacent protons:

CH;CH,— OH

T
3.5 pm

Why? Protons on electronegative elements rapidly exchange between molecules
in the presence of trace amounts of acid or base. It is as if the CH, group in
ethanol never “feels” the presence of the OH proton because the OH proton is
moving so rapidly from one molecule to the other.

How?

(If care is taken to remove all traces of acid and base, splitting will occur)
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g) Resolution: Many compounds give spectra whose protons absorb so close to
each other that their multiplets overlap. In addition, when two or more protons
split each other by a coupling constant that is nearly as large as their chemical
shift separation, second-order effects can alter the shapes of the multiplets,
making them difficult to interpret. Some of these issues can be resolved by
going to higher spectrometer frequencies and magnetic fields.

Compare the following two HNMRs:

Q. Both spectra are plotted on a & 0 —10 scale, so the peaks come at the same
positions, but the splitting appears to be smaller in the 300MHz instrument. But
chemical shift and coupling constants are constant! How can this be?
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