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E Nuclear Magnetic Resonance:

Fluorine-NMR is an analytical technique used to detect and identify fluorine containing
compounds. F is an important nucleus for NMR spectroscopy because of its receptivity and
large chemical shift dispersion.

9F is a naturally occurring isotope of fluorine (100 percent). A part from the provisions of an
appropriate radiofrequency source (56.46 MHz at 1.4T), no major instrument modification is
needed to charge NMR spectrometer from 'H to °F work.

When measurements are done at same radiofrequency the signals from F absorptions occur at
considerably different magnetic field than those of protons. Thus one doesn’t see peaks due to
19F absorption is proton magnetic resonance.

OF NMR shift span a range of ~800ppm. For organometallic compounds the range is narrower.
50 to 70 ppm (for CF, groups) to 200 to 220 ppm (CH,F group). Coupling constant between

fluorine nuclei cover a wider range than 'HNMR.

TH-19F Coupling:
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Coupling const. between fluorine cover a wider splitting range than 'H NMR (see table).



Some examples of 'H and °F NMR:
Example 1,

TH NMR

H;C—C—F
b |
Br

H3C_C_F
b I @
Br

Ha-Hb
2nl+1=2x3x1/2+1=4

Ha-Fc
2nl + 1= 2x1x1/2 + 1= 2

doublets of quatrets
8 lines

Example 2,

H NMR

19F NMR

Hb-Ha

2nl +1=2x1x1/2+1=2

Ha-Fc

2nl + 1=2x1x1/2 +1=2
double doublets

4 lines

I
HsC—C—CH,-F
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0
a || bec
HsC—C—CH,-F

Hp
Hb-Ha
2nl+1=2x1x1/2 + 1= 2
doublets
2 lines

Ta
HBC_?_Fc

Br

FC
Fc-Ha
2nl+1=2x1x1/2+1=2
Fc-Hb
2nl +1=2x3x1/2+1=4

quatrets of doublets
8 lines

19F NMR
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HsC—C—CH,-F

doublets
2 lines

LONG RANGE COUPLING

O
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HsC—C—CH,—F
FC

Fc-Ha
2nl +1=2x2x1/2 +1=3
Fc-Hb
2nl + 1=2x3x1/2 +1=4

quatrets of triplets
12 lines



Calculate number of 1°F NMR peaks in following compounds :

Fa
2nl +1=2x1x1/2 +1=2

CIF, > IC::I—Fb doublet, triplet

Fb
2nl + 1= 2x2x1/2 +1=3

Fe Fa Fe Fe

2nl + 1= 2x1x1/2 + 1= 2

BrF5 Fé N

Q__
/ N\

|_e Fa

2nl + 1=2x4x1/2 +1=5

F Fa Fe Fa
2nl + 1= 2x3x1/2 +1=4
F

Fe
2nl + 1= 2x2x1/2 +1=3

SF4 |
S

% T4 singlet (wrong)

Fe Fa Fe Fa

2nl + 1= 2x2x1/2+1=3

| Fe .
F 3 2nl+1=2x2x1/2+1=3
a



Fluorine-19 nuclear magnetic

resonance
g » Fluorine-19 nuclear magnetic resonance Is
an analytical technigue used to identify
fluorine-containing compounds. *°F is one of
the most important nuclei for NMR
spectroscopy

» F has a nuclear spin of 1/2 and a high
magnetogyric ratio, which means that this
Isotope Is highly responsive to NMR
measurements. Furthermore, °F comprises
100% of naturally-occurring fluorine.




ecause of Its favorable nuclear
roperties and high abundance, °F
MR measurements are very fast,
omparable with tH NMR
pectroscopy.

he reference compound for ©°F is
FCI..
ther reference standard are given
elow.



F NMR Reference Standards:

ompound: d(ppm) vs. CFCl,
FCl, (trichloro-fluoro-methane) 0.00
F;COOH (trifluoro acetic acid) -76.55
«Fs (Nexafluorobenzene) -164.9

«HsF (monofluorobenzene) -113.15
F;ClI (trifluoro-chloro-methane) -28.6

, (elemental fluorine) +422.92
H,FCN (monofluoro acetonitrile) -251
FCI,CFCI, (difluoro, tetrachloroethane) -67.80
¢HsCF; (trifluoro-toluene) -63.72
iF, (tetrafluorosilane) -163.3
Fs (sulfur hexafluoride) +57.42
,O:F, +47.2
F5),CO (hexafluoro acetone) -84.6
FC¢H,F (para-difluorobenzene) -106.0
Fs -131-3

F (aqg) -204.0
F, -62.5
queous F (KF) -125.3
ositive (+) values indicate downfield shifts, lower-shielding, or higher frequency
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CHEMNCAN, SHKEY

Variation of the effective value of Bo
experienced by nuclei because of
their different electromagnetic
environments in the molecule.
Usually reported in parts per million
of applied field or frequency relative
to a resonance in a reference
compound (eg.,CFCL).



Chemical Shift of fluorine-19

g F NMR spectra can be performed in a
way equal to tH NMR. Chemical shifts of
organofluorine compounds using CFCl,
as standard range from 50 to -250 ppm, a
maximum range Is as wide 900ppm, much
wider than proton NMR. Which ranges 10
to 20 ppm at best.

19F spectra is very much more sensitive to
the structural and environmental changes
of molecules.




, TYPICAL NMR SPECTRA OF
g ORGANIC FLURO COMPOUND




ypical fluorine functional groups and their chemical
hift ranges are given in fig.1.15
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OF FILUORINE.

» Solvent effect on fluorine chemical shift
» |sotopic effect on fluorine chemical shift
» Steric de-shielding of Fluorine.



Solvent effect on fluorine chemical

shift
g There will usually not be much variation
observed in fluorine chemical shifts for
the three most common solvents used for
obtaining NMR spectra, that is CDCl,,
DMSO-d, and acetone-d,, as can be seen
In the data presented In table for spectra of
a series of typical fluorine containing
compounds In various solvents.




Table showing solvent effect on
chemical shift of fluorine

Compound CDCl;  DMSO-d, Acetone-d, Benzene-d, CD;OD
0 ) ) N 0
CF,CHCIBr -76.5 -75.1 -76.3 -76.6 -77.5
HCF,CF,CH.OH -139.2 -140.4 -141.1 -139.7 -141.8
-127.4 -127.1 -128.5 -127.8 -129.4
fluorobenzene -113.6 -113.1 -114.2 -113.3 -115.2
|-fluorooctane -218.5 -216.8 -218.4 -218.2 -219.7

The variation in fluorine chemical shift for these
hree solvents Is not more than + or - 1ppm.Vast
majority of spectra are measured in CDCl..



Isotopic effect on fluorine chemical

shift
g Because fluorine is relatively sensitive to
environment and has such a larger range
of chemical shifts, considerable changes
In chemical shift can be observed when a
nearby atom is replaced by an isotope

For example replacement of C-12 by C-13
for the atom to which the fluorine is
attached , give rise to a quite measurable
shift, usually to lower frequency:.




DEUTRIUM SUBSTION EFFECT

g » Shifts due to either alpha or beta deutrium
substitution Is also quiet significant,
usually leading to well resolved signals
for the deutrated and undeutrated species,
which can be useful in charaterization of
deutrium labeled fluorinated compounds.
An example of alpha effect is shown In
Fig below
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19F NMR spectrum of 1,6-difluorohexane-1,1 —-D2, demonstrating the deuterium isoptopic effect
on the fluorine chemical shift




ERIC DE-SHIELDING OF FLOURINE

eAnother significant and not infrequently encountered
Impact on fluorine chemical shift is the deshielding
Influence of alkyl or arlyl group attached with it

his deshielding occur only when there is direct
verlap of the van der Waals radii of alkyl group and
hat of the fluorine , and the deshielding is thought to
e result of vander Waals forces of the alkyl group
estricting the motion of electrons on the fluorine and
hus making the fluorine nucleus respond to the
agnetic field as If the electron density were lowered.

he most common situation where this effect Is seen Is
in comparison of E and Z isomers of trifluromethyl or
Ifluoromethyl substituted alkenes,




X=H

X =C,Hg
X = t-Bu

-124

-113
-114

C.Hgq CF,



Coupling constant of fluorine

» Fluorine like hydrogen gives
characteristic coupling constants
depending on the spacial displacement
and number of bonds between a coupling
partner atom.

» In particular a long range coupling Js Is
observed in an olefinic system. As shown
In Fig.1.16



(\ CFy FOA
CF, UFs

e = 14 Hz Sep=2He
Fig. 1,16, Long-range F-F coupling




FLUORINE-FLUORINE
g COUPLING

» Homonuclear coupling constants between fluorine atoms are
usually relatively large compared with those between
hydrogen atoms,

» Coupling between germinal fluorines (°J-) also give a large
value of 250 to 300Hz

* but varying greatly depending on environment of the
fluorines.

 Three bond coupling 3J - in saturated aliphatic hydrocarbons
are usually 15-16Hz range but F-F coupling constant usually
decreases as we increase the nuber of proximate fluorines or
other electronegative substients.

» The coupling costant 3J. - of trans-vic-difluoroolefin is
larger than that of cis-olefin.

» The largest 3J- ¢ are observed between trans-vinyl fluorines
where the coupllng constant is larger than 35Hz




Table showing coupling J-3

e: i (Hz) it (H1z) Vn (Hz)

-CHF 0 CF=CH 13 CR-CHF 16
~CHE, 2 CF-CH-C1 85  CF-CHEF, 3
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FeCFe$-R 3




Fluorine-Fluorine Coupling

T Range Examples
2 2
23 Jrr-gam ol Uprg = 1741 © e V=75
AT Br 3Jee = 18.00, 18.04 =49
F | 3J34 =48
*Jif.vio F H Uz =21
0-45 Hz >=< Wer =-132.0 0 “Urpopm = 210.2
1248
F H F 7 a7 b 3 remars = 0.93
*JrF-trans = e J, =182 i 2 ps = -3.89
100-150 Hz 3 =191 188.8
” . VaiE oo i1 coupli o ilable
F F 3Jp;:.°,', J‘ =112.7 o sl )
>f=< 0-60 Hz F 2
Jee =319 Yy = 16.4
FF Fl \\F
F ZJFF-gem " Y
> < 0-110 Hz H Jog = 13 JZO =22 .
- £ F2J,; =200 Jp:=86
2
Jre
F 18.35 Hz e g2 Ju =184
35 =11
4"’F‘F-m 4
F 015
Ues



3JFF«0 JFF-m 4JFF

190Hz 66 Hz 175Hz
HO OH
Me 6 Me Me Me
0 oo
Shem 185
5= 170

$).=98 *hr=357,80.48
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Other long range and through
space homonuclear and
hetronuclear couplings also
observed




HETRONUCLEAR COUPLING
H-F COUPLING

» A typical coupling of organofluorine
compounds Is observed in a geminal
coupling (4J,¢) with a geminal hydrogen
, being as large as 50Hz.

» This coupling can also be observed by
proron NMR




Fluorine-Proton Coupling

Type Range
F H
e
4060 Hz
F H ]
§,’ JHEoam
WV 45.96 Hz
F 3JHF-u
ﬁﬁH Ntae
H
H

3
vf%\fn H
H 3'-‘MF«

Examples
F F
Cl %,=482
Br 3
J=37,62
JA-T3182
F
g %), = 56
%= 13.2
=13
: F H
96.2 Me” “Me
H192 F
+
H—N CO;H
| 1';.0 Fax-H
H oy
383 s

1.7 (24) oH © 167 c2.4>pH 0
2 4,10, 1.07 3 4,08, 1.00
OEt Ph™ ™7 “OEt
49 (47.7) $50(4TT)
F
CH.F CH,F; CHF;
463 504 79.7
Cl Cl
o DO L M=
: H QJHFm =20
Cl ' H
o ® 54,0
*Iaws = 5.2
F F
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10-50 Hz

Uit
0-20 Hz

4 | -
70-90 Mz

3JHF0
112 Hz
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B PP H
ﬁ‘ :J“p =120 ﬁ 2JHF =751
F F
By
H 0, J=2
©’JO =89 88 : CH
Uez569 K
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