T Whatis a spin?

A difficult question... but we may use a picture:

If the nucleus has a spin (.rotation"),

the angular momentum p is a vector
parallel to the axis of rotation

The magnitude of the angular
momentum is given by the sp/n
guantum number I:

p| = h2z*\[11+1)




Nucleus and spin guantum number £ T3

M=Z+N M = mass number
Z = number of protons (atomic number)
N = number of neutrons

M even = I (spin quantum number) is an even number
-Zeven, Neven=1I:=0

Ex.: 160, 12C: not NMR observablel

-Z uneven, Nuneven=1:z1,2, 3, ..

Ex.: 2H, *N: quadrupolar moment results in broad lines!

M uneven = I=1/2,63/2,5/2, ..
Ex.: IH, 13C, 13N, 19F, 31P (I = 1/2): sharp lines, good for NMR;
27Al, 1B (I > 1/2): quadrupelar moment!




Fe

Without external magnetic With external magnetic field:
field: magnetic moments are alignment

distributed over all
orientations —
i A A
B,

VY

Sum of magnetic moments (macroscopic magnetization):

Bo

is zero | we have a net magnetization |




BT —

Due to ,hyperfine interaction"
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different Zeeman energy levels:
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The sensitivity (intensity of net magnetization M,) depends on:

A) the natural abundance of the nucleus

natural abundance of H: 99.989 %
natural abundance of 13C: 1.108 %
natural abundance of 15N: 0.368 %

— sensitivity of nuclei with low natural abundance can be
enhanced by isotopic labeling, for example for protein-NMR or
for detection of °N in coordination compounds

Y(H) = 26.75

Y(B3C) = 6.73



Inductive effects on chemical shifts

For better comparison of data: Hz — ppm
1 ppm = Spectrometer Frequency in Hz / 108

The chemical environment around an observed nucleus (e.g. 'H)
influences the chemical shift ()

« High electron density around the nucleus shields the nucleus —
low resonance frequency = high (magnetic) field

* Low electron density around the nucleus de-shields the nucleus — high
resonance frequency = low (magnetic) field

electronegativity of substituent

<
Br-CH, AN
F-CH, CI-CH -CH, =—C-CH., —Si-CH
3 3 3 / 3 / 3

‘ 1 1 | 1 | 1 | 1 I| !

ppm 6 S 4 3 2 1 0
< I

de-shielding, shielding,

low field shift high field shift




Signal multiplicity and coupling

Coupling between Nuclei give rise to line splitting
often in a certain multiplicity pattern

Coupling constant J = distance between lines in Hz
(in 1st order spectra)

Coupling constant is independent of the field strength

Scalar coupling can be observed between 1 or more bonds:
1J (one bond-), 2J (geminal-), 3J (vicinal-) or "J (multiple bond-)

Observable couplings: 2J,,,and 3J,,, sometimes 4J,
1 2 3
Jen >> Jews “Jen
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Exchange phenomena

Chemical exchange with solvent 2H

1.2 on N1049 as kki

Ethanol in D,0O: -OH exchanges with D,O = OH line not observed
Bferuker TOPSPIN 1.2 :
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Factors influencing coupling constant “J”

Number of bonds intervening between nuclei is important, since the
coupling is transmitted via the electrons. Direct coupling 13C- H is a
one bond coupling.

'T' 2J varies from 10-18 Hz

o6 3 varies from 0 to 12 Hz
|



Factors influencing geminal coupling

* The electronegativity of an attached
substituent alters the value of geminal
coupling. In CH,-X, the gem coupling will range
from 12 to 9 Hz as the electronegativity of X is
increased.



Factors influencing vicinal coupling HO
o8¢

Electronegativity of attached substituents alters the value of
vicinal coupling. The more electronegative the substituent, the smaller
the value of Jvic. In ethane J = 8 Hz; halogen substituted ethane it is

lowered
to 6-7 Hz.

Karplus equation

When ¢ is between 0 ° and 90 °; Jvic = 8.5 cos® ¢ - 0.28
When ¢ is between 90 ° and 180 °; Jvic = 9.5 cos? ¢ - 0.28
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He
He
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Diaxial protons have coupling constants around 10-13 Hz



Anisotropic effects on chemical shifts

Shielding / De-shielding due to ring current effects:
de-shielding in the plane of a double bond, shielding above the bond

enhanced B-field

‘ ~ lowfield

decreased B-field
high field

H H -0.51ppm




Anisotropic effects on chemical shifts

Shielding / De-shielding due to double bond anisotropy:

de-shielding in the plane of a double bond, shielding above the bond

Shielding zone
(high field)

De-shielding zone

(low field) H@i
kﬁ H 5-7ppm

0.42 ppm R
shielded o
1.42 ppm © N\
A normal H
ca. 9 ppm

combination of -I/-M
and de-shielding




Anisotropic effects on chemical shifts .

Shielding / De-shielding due to triple bond anisotropy:

shielding along the axis of a triple bond

2 -3 ppm
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FIGURE 4.4. Assemblage of precessing nucle1 with net
macroscopic magnetization M,, in the direction of the
stationary magnetic field B,,.



CW NMR

Continuous Wave (CW) method operates by exciting the nuclei unde
observation one at a time. In case of H nuclei each distinct typeis e
individually and NMR is recorded independently of all others.

H

C—C—CHj

r
xcited

|L .,:.'"'-_—_ T ,f?éi___"' Y= _f""'---_ T

FT NMR

Alternative approach adopted in modern NMR instruments is to use a powerful
And short burst of energy called a pulse that excites all of the magnetic nuclei in

the molecule simultaneously. Pulse actually contains a range of frequencies centered

about the fundamental frequency.
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The mathematical operation of the Fourier Transform allows
to display the same information either in the time domain
(left, FID) or in the frequency domain (right, spectrum
displaying a Lorentz Line)




When the pulse is discontinued, the excited nuclei begin to lose their excitation
energy and return to the original spin state or relax. As each excited nucleus relaxes
It emits electromagnetic radiation. Molecule consists of many different nuclei, many
different frequencies of electromagnetic radiation are emitted simultaneously.

This emission is called a free induction (FID) decay.

freaencv



Conversion of time domain signal to frequency domain, which is the format for a
CW instrument is called Fourier transform (FT). FT is a mathematical operation
which breaks the FID into separate sine or cosine wave components. Best
signal/noise ratio can be achieved by pulsed FT technique.

Second order effects on spectra

In the AX, case of 1,1,2 trichloro ethane only five lines appear C|
as predicted by first order rules.
I
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* |f the chemical shift values of A and X are
closer together, the spectrum is non first order
(AB,); altogether nine lines may appear.
Precise appearance of the spectrum depends
on the ratio of AY/).
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2D-NMR, COSY




Direct HH correlations through bonds sRgxen

COSY spectrum of ethylbenzene: neighboring protons
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Direct CH correlations '&%"

HSQC spectrum of ethylbenzene: 1 bond CH correlations

J 1D1H 1 L Ppm

HEC/ %Ha — 50
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SDA building blocks Amide-linked oligosaccharide mimetic
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ABSTRACT: Sugar diamino adds (SDAs), which differ from the widely used sugar amino acids in the presence of a second
amino group connected to the carbohydrate core, share structural features of both amino acids and carbohydrates. They can be
used for the preparation of linear and branched amide-linked oligosaccharide mimetics. Such oligomers carry free amino groups,
which are positively charged at neutral pH, in a spatially defined way and, thus, represent a potential class of aminoglycoside
mimetics. We report here the first examples of orthogonally protected furanoid SDAs and their use in solid-phase synthesis.
Starting from D-glucose, we developed a divergent synthetic route to three derivatives of 3,5-diamino-3,5-dideoxy-p-ribofuranose.
These building blocks are compatible with solid-phase peptide synthesis following the 9-fluorenylmethoxycarbonyl (Fmoc)
strategy, which we demonstrate by the synthesis of an SDA tetramer.
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