NMR SPECTROSCOPY DIFFER FROM™ PART
IR" SPECTROSCOPY: TWo

The energy needed for NMR is much smaller than
that required for IR Speciroscopy.

Time scales of the two techniques are quite different.
(NMR about 103 second, while IR about 1013 second)
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The position on the chart at which a nucleus absorbs is called its chemical
shift. The chemical shift of TMS is set as the zero point, and other absorptions
normally occur downfield, to the left on the chart. NMR charts are calibrated
using an arbitrary scale called the delta () scale, where 1 8 equals 1 part per

16=1ppm
ppm (part of the million) of the operating frequency of the
instrument. e.q. if we use spectrometer operating at

200 MHz, 1 § would be 1 millionth of 200,000,000 Hz, or 200 Hz. If we were
measuring the spectrum using a 500 MHz instrument, 14 = 500 Hz. The follow-

Ing equation can be used for any absorption:
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_ Observed chemical shift (number of Hz awayv from TMS)

5 = —

Spectrometer frequency in MHz

Although this method of calibrating NMR charts may seem complex, there’s
a good reason for it. As we saw earlier, the rf frequency required to bring a givens
nucleus into resonance depends on the spectrometer’s magnetic field strength.
But because there are many different kinds of spectrometers with many differ-
ent magnetic field strengths available, chemical shifts given in frequency units
(Hz) vary from one instrument to another. Thus, a resonance that occurs at
120 Hz downheld from TMS on one spectrometer might occur at 600 Hz down-
field from TMS on another spectrometer with a more powerfui magnet
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By using a system of measurement in which NMR absorptions are expressed
In relative terms (parts per million relative to spectrometer frequency) rather
than absolute terms (Hz), it's possible to compare spectra obtained on different
struments. The chemical shift of an NMR absorption in & wnits 1§ constant, regard-
less of the operating frequency of the spectrometer. A 'H nucleus that absorbs at
2.0 6 on a 200 MHz instrument also absorbs at 2.0 § on a 00 MHz instrument.

[he range in which most NMR absorptions occur is quite narrow. Almost all
"HNMR abscrrpf:ir::ns occur 0to 108 downfield from the proton absorption of TMS,

Thus there is a considerable accidental overlap
of non equivalent signal will occur.
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The advantages of using an instrument with higher

feld strength (say, 300 MHz) rather than lower field strength (200 MHz) is that if
ferent NMR absorptions are more widely separated at the higher feld strength. The
chances that two signals will accidentally overlap ace therefore lessened, and inter
pretation of spectra Decomes easier. For example, two signals that are only 20 Hz
apart at 200 MHz (0.1 ppm) are 50 Hz apart at 300 MHz (stll 0.1 ppm)
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DIAMAGNETIC ANISOTROPY:

It means that shielding and deshielding depend on the
orientation of the molecule with respect to applied
magnetic field. For example:
The NMR peak of the proton of acetylene is found
further to the right than electronegativity would
predict, (peak = 1.8 6) more shielded than ethylene
protons (peak = 5.25 §).

Note: electron with drawing effect = SP > SP2 > SP3

Induced magnetic lines of force

Circulating m electrons
FIGURE 4.16. Shielding of alkyvne profons.
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(29. Uneo>)<pec’red deshielding position of the aldehydic proton.
-1

FiCzLIFE S.17. Croe=shicladimg of aldebhwvolic psrostosrs,

3. Large deshielding of alkene protons.

4. Large deshielding of benzene ring protons, which is called
'ring current effect” (6.5_ 8).

PN Induced magnetic
lines of force

Nofe: a proton held directly above or RS e e
below the aromatic ring is shielded. X |-
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Table 133 = Correlation of 'H Chemical Shift with Environment

Type of hydrogen Chemical shift (5) Type of hydrogen Chemical shift (5}
Reference SHCH-); 0 '
Alkyl (primary) —CH; 0.7-1.3 Alcohol _‘(l:-o'" i 25-50
Alkyl (secondary) —CH;~ 1.2-1.6
Alkv] (tertiary) —éq~ 1.4-18 Alcohol, ether —C—O— 33435
1
o
Allylic C=C-C— 1.6-22 Nt L/
| Vinvlic C=C 4.5-6.5
/ \
/ \
(||) Arvl Ar—H
Methyl ketone —C—CH, 20-24 0
Aromatic methyl Ar—CH, 24-2.7 Aldehvde == (I: —H 9,7-10.0
Alkvnyi —C=C—H 25-3.0 0
H l
| Carboxvlic acid —(C—0-H 11.0-12.0
Alkyl halide -~C—Hal 2540
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RATIONALIZATION AND PREDICTION OF APPROXIMATE
CHEMICAL SHIFT DEPENDING ON INDUCTIVE EFFECT &
DIAMAGNETIC ANISOTROPY

1. In an a,B-unsaturated ketone, resonance deshields
the B-proton;

H o H
CH,—C=C—C—CH,~—— CH,— C—C=C—CH,
L. = | ' | O H '
O O
e-proton = & —6.2
B-proton — & —6.H8

Z. In a substituted wvinyl ether, the oxvgen atom de-
shields the «@-proton by an inductive effect and
shields the S-proton by resonance.

H

CH,—C—C=20—CH,
B H i
H J"'_".,\_, ) H 4=
H o ) ' = H . “
-proton = &8 —6.2
B-proton = & —4.6
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3. The shifts of protons ortho, meta, or para 10O a sub-
stituent on an aromatic ring arc correlated with clec-
tron densities and with the effects of electrophilic
reagents (Appendix Chart ID.1). For example, the or-
tho and para protons of phenol are shielded becausce
of the higher clectron density that also accounts for
the predominance of orrtho and para substitution by
clectrophilic reagents. Conversely, the orthio and para
protons of nitrobenzene are deshielded, the ortho
protons more so (sce Figure 3.23).

Since chemical shift Increments are approxi-
mately additive, it is possible 1o calculate the ring pro-
ton shifts in polysubstituted benzene rings from the
monosubstituted values In Appendix Chart D.1. The
chemical shift increments for the ring protons of
m-diacetylbenzene:
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SOLVENT SELECTION:

Characteristic of the ideal solvent:
1. should contain no protons

2. inert

3. low boiling

4. inexpensive

5. Deuterated solvents are necessary for modern instruments
because they depend on a deuterium signal fo lock or
stabilize the B° field of the magnet.

Solvent used in NMR spectroscopy:

1. CCl4: because a/ it is contain no hydrogen.
b/ good solvent for many organic compounds.
c/ cheap and readily available.

% W D@
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INFORMATION OBTAINED FROM NMR SPECTRA:

* 1. Number of signal: — number of sets of chemically
equivalent protons.

* The equivalence or non-equivalence of two protons can
be determined by seeing whether the same or different
stfructures would result, if some group X were substituted
for one of protons.

* If the protons are chemically equivalent — same
product will be formed regardless of which protons is
replaced, if the protons are chemically non equivalent
— different product.

* e.g. 2,3- dimethyl butene —

- all 12 protons are equivalent (CH3),C = C(CH3), — 4
methyl are equivalent

e.g. 2- methyl ,2-butene — are not equivalent

Copyright © 2017 to Prof. Dr. Monther Faisal Al- Ameri, Dean of
Pharmacy College, Al Mustansiriyah University . All Rights Reserved.




Nuclear Magnetic Resonance Spectroscopy

'H NMR—Number of Signals

« The number of NMR signals equals the number of different types of
protons in acompound.

* Protons in different environments give different NMR signals.
« Equivalent protons give the same NMR signal.

C?3—O—C?I3 CFTi:;C?Q—CI C?s—O—C?QC?3
H, H, H, Hy H., Hy H,
All equivalent H's 2 types of H's 3 types of H's
1 NMR signal 2 NMR signals 3 NMR signals

 To determine equivalent protons in cycloalkanes and alkenes,
always draw all bonds to hydrogen.

H 4 Cl

< NOT —C D Cl\c—c/H NOT CICH=CH
Draw | H D—~ l raw / = Y =CH,
H
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Nuclear Magnetic Resonance Spectroscopy

'H NMR—Number of Signals

Figure 14.2

The number of *H NMR signals
of some representative

organic compounds

O
I
CICH,CH,CI CICH,CH,CH,Br C CH4CH,OH
2Vl T2 T2 1‘2 C?s/ \OCI.T.|3 T3 T2 :
Ha Ha Hb Hc Ha Hb Ha Hb Hc
1 type of H 3 types of H's 2 types of H’'s 3 types of H’s
1 NMR signal 3 NMR signals 2 NMR signals 3 NMR signals
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Nuclear Magnetic Resonance Spectroscopy

'H NMR—Number of Signals

* |In comparing two H atoms on a ring or double bond, two
protons are equivalent only if they are cis (or trans) to

the same groups.

Cl H <«— cisto Cl Cl Ha <«— cis to ClI Cl Hb <«— cis to Cl
\ / \ f— \ /
C=C C=C C=C
/ \ : / X 7/ X\ _
Cl H |«— cisto Cl Br Hp |<— cistoBr H, } | Hs k1 cistoH,
1,1-dichloroethylene 1-bromo-1-chloroethylene chloroethylene
1 type of H 2 types of H's 3 types of H's
1 NMR signal 2 NMR signals 3 NMR signals
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* To predict the number of signals, must determine
how many sets of protons are in unigque
environments:

One possibility is that the protons are chemically unrelated and thus non-
equivalent. If so, the products formed on replacement of H by X would be dif-
ferent constitutional isomers. In butane, for instance, the —CH4 protons are

H H H H
N .
Ho  _~C— /C\‘_(
2N N,
'“‘\ ,'H H\ /H H HH H
H\C/C\ /C\_ ' Replace eilther
7\, TN o H or H with X or
SR X H H H
The —CHZ_ and "CH3 H‘.\ /,\C/:\ /,\ {\
hydrogens are unrelated and C\ /C\ H
have different NIVIR absorptions. H/ 1 | H

The two replacement products
are constitutional iIsomers.
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« 2. Homotopic Hydrogens (equivalent)

« Hydrogens are chemically equivalent or homotopic if
replacing each in furn by the same group would lead to an
identical compound.

H HH R H HH H
W W \/ \/
H\C/C\C/C\_ Replace ??E_H” H\C/C\C/C\X
i Y with X /\  /\
H HH H H HH H
The 6 -CH3 hydrogens Only one replacement
are homotopic and have product is possible.
the same NMR absorptions.
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3. EnantiotopicHydrogens

If replacement of each of two hydrogens by some group leads to
enantiomers, those hydrogens are enantiotopic

} 0-O } -3
*H H H X X H
C/ CH Replace either C, CH C, CH
I L3 3 , q o - 3
HaC 8 OE W HorAwith X~ HsCc” ¢~ Hie” C7
/N /N Oy
H H H H H H
The two hydrogens on C2 The two possible replacement

(and the two hydrogens on C3) products are enantiomers.

are enantiotopic and have the
same NMVIR absorption.
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4. Diastereotopic Hydrogens

If replacement of each of two hydrogens by some group leads to
diastereomers, the hydrogens are diastereotopic

H Diastereotopic hydrogens have different chemical shifts and will
give different signals

H OH H OH H OH
\C/ CH Replace either "C, CH \C/ CH
1 3 or :
K 3 “» 3 3
HiC 2 C7¢ = THorAwithx  Hee” ¢ Hie” 7
s\ A" s
H He X H H X
pro-S ;‘)}Lo- H
The two hydrogens on C3 The two possible replacement
are dfastereotopic and have products are diastereomers.
different NMR absorptions.
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- The profons on a CH, group are usually
diastereotopic If:

* On an unsymmetrical double bond
« 1 On opposite sides of a substituted ring
* 1 There is a chiral center in the molecule

Cl H Cl Cl H
x‘x{:‘_f_.-"'f replacement H“C_I::;Q + h""'{:._[""#
N N SN

——————
Niiagtersnme rs
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2. the position of the signals (chemical shift in H-NMR
Spectroscopy)

We said previouslv that differences in chemical shifts are caused by the small
local magnetic fields of electrons surrounding the ditferent nuclei. Nuclei that
are more SIIﬂngh shielded by electrons require a higher applied field to bring
them into resonance and therefore absorb on the right side of the NMR chart.
Nuclei that are less strongly shielded need a lower applied held for resonance
and h.c{me nhﬂﬂfh on the left of 1he wn char t

—_—

- M \ M v M ‘/c ¥ \C/
= ” / \_/ -~ -~ !
! | , C=C P4 =G b <l X
ﬁ‘v - /r \ - -~ - \ / \ i
. Aromatic : Vinylic Y=0O N, Allylic Soturated |
l ' Halogen |
' T - Y - rr——— ' i - 14 1
B v [ 5 “t 3 2 1 0

Chamical shift (»)
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FACTORS EFFECTING CHEMICAL SHIFT:

1. inductive effect;

Jable 13.3 shows the correlation of 'H chenical shilt with electronic env
ronment in more detail. In general, protons bonded to saturated, sp*-hybridize
carbons absorb at higher fields, whereas protons bonded to sp*hybridized ca)
bons absorb at lower fields. Protons on carbons that are bonded to electrc
negative atoms, such as N, O, or halogen, also absorb at Jower fields.

2. anisotropic effect

3. vanderwaals deshielding: proton () is not effected by proton (b),
but if we substituted proton (b) by CH3 — repulsive because of steric
effect with the proton (a) — deshielding — down field.

Ha Ha
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4. Hydrogen bonding:

They cause decrease the density around the hydrogen —
deshielded by inductive effect.

The intensity of intermolecular hydrogen bonding dependiné

on: ; : ) .
. The concentration: increase concentration — increase

H-bonding — increase deshielding.

o The temperature: increase temperature — breakdown the H-
bonding — high field.

o The purity.

o Polarity of the solvent: the solvent should be deuterated
(CDClg) and also should not polar.
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Inframolecular H - bonds are less affected by their
environment than are infermolecular H - bonds.
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