Complex Splitting
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 Signals may be split by adjacent protons, different from each other,
with different coupling constants.

« Example: Ha of styrene which 1s split by an adjacent H trans to 1t (J =
17 Hz) and an adjacent H cis to it (J = 11 Hz).
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Spectrum for Styrene
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Stereochemical Nonequivalence

*Usually, two protons on the same C are equivalent and do not
split each other. c— " L
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oIf the replacement of each of the protons of a -CH2 group with

an 1maginary “Z” gives stereoisomers, then the protons are
non-equivalent and will split each other.
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Some Nonequivalent
Protons
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* Molecules are tumbling relative to the magnetic field, so NMR 1s
an averaged spectrum of all the orientations.

 Axial and equatorlal protons on cyclohexane 1nterconvert SO
rapidly that they give a single signal. @

* Proton transfers for OH and NH may occur so quickly that the
proton 1s not split by adjacent protons in the molecule.
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N-H Proton

* Moderate rate of exchange.

* Peak may be broad.
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Identitying the O-H
or N-H Peak

* Chemical shift will depend on concentration and solvent.

* To verify that a particular Efgk 1s due to O-H or N-H, shake
the sample with D20 02014} b s Bllole sa1 ng Peak Bt claa o) Buallcanm 4
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* Deuterium will exchange with the O-H or N-H protons.
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* On a second NMR spectrum the peak will be absent, or
much less intense. B
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Differences in 13C Technique ™=~=""""

* Resonance frequency 1s ~ one-fourth, 15.1 MHz instead of 60
MHz. -@\ ONdJ S,Q\‘La\},o@\m Ry Noaadl, Q&d\(’\‘ QZEZ?J‘

 Peak areas are not proportional to number of carbons. j

» Carbon atoms with more hydrogens absorb more strongly.
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Spin-Spin Splitting
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* It 1s unlikely that a 13C would be adjacent to another 13C, so
splitting by carbon is negligible. —  3lh¥ing 36 Z L 5l Qbien, S
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* 13C will magnetically couple with attached protons and
adjacent protons. £° 25 A H e CB\W\?/& W s 3
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* These complex splitting patterns are difficult to mter]pret.&il

i) ORP 5 ouid <0\ O aotplex =plithis,



Proton Spin Decoupling

* To simplify the spectrum, protons are continuously irradiated
with “noise,” so they are rapidly flipping.

 The carbon nucle1 see an average of all the possible proton
spin states.

 Thus, each different kind of carbon gives a single, unsplit
oo



Off-Resonance Decoupling

* 13C nuclei are split only by the protons attached
directly to them. o f2 (ApOJIN OLsd 5 300
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*The N + 1 rule applies: a carbon with N number
of protons gives a signal with N + 1 peaks.



Interpreting 13C NMR

* The number of different signals indicates the number of different
kinds of carbon.

 The location (chemical shift) indicates the type of functional

group. Cl e.c,\'/‘& V\%ed:z N Y LD
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*» The peak area indicates the numbers of carbons (if integrated).
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* The splitting pattern of off-resonance decoupled spectrum

indicates the number of protons attached to the carbon.



13C Chemical Shifts

are measured in ppm (9) from the carbons of TMS

13C Chemical shifts are most affected by:

+ hybridization state of carbon = 3¢ 2#*1%P o do

* clectronegativity of groups attached to carbon
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Examples (chemical shifts in ppm from TMS)
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sp3 hybridized carbon is more
shielded than sp2

sp3 hybridized carbon is more
shielded than sp2

H3C\/\/CH3
23
61

an electronegative atom deshields the
carbon to which it is attached
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Type of carbon| Chemical shift () || Type of carbon |Chemical shift (5)
PPpmM PPmM
RCH, 0-35 RC=CR 65-90
R,CH, 1540 R,C—CR, 100-150
R,CH 25-50
© 110-175
R,C 30-40




Type of carbon|Chemical shift (8) | Type of carbon | Chemical shift (3)
PPmM ppm
RCH,Br 20-40 Cﬁ
RCH,CI 2550 RCOR 160-185
RCH,NH,| 35-50 O
|
RCH,OH 50-65 RCR 190-220
RCH,OR| 50-65




e '3C Chemical Shifts

= Just as in TH NMR spectroscopy, chemical shifts in 1°C NMR
depend on the electron density around the carbon nucleus

? Decreased electron density causes the signal to move downfield (desheilding)
? Increased electron density causes the signal to move upfield (sheilding)

13C NMR Approximate Chemical Shift Ranges
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- Because of the wide range of chemical shifts, it is rare to have two
13C peaks coincidentally overlap

= A group of 3 peaks at 8§ 77 comes from the common NMR solvent
deuteriochloroform and can be ignored




Two 13C NMR Spectra
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Hydrogen and Carbon Chemical
Shifts
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