E. Kwan

NMRII

Chem 10t

Nuclear Magnetic Resonance Il

Eugene E. Kwan

Scope of Lecture

two frequency
dimensions

acquisition
parameters phase-sensitive

modes

;PQE};QZ‘Z two-dimensional NMR COSY
spectroscopy variants
PFG selection TOCSY
vs. phase HSQC
- INADEQUATE VS.
cyeling HMQC vs.
HETCOR

Key References
1. "Choosing the Best Pulse Sequences, Acquisition

Parameters, Postacquisition Processing Strategies, and
Probes for Natural Product Structure Elucidation by NMR
Spectroscopy." Reynolds, W.F.; Enriquez, R.G. J. Nat. Prod.
2002, 65, 221-244. (advantages and disadvantages of
various pulse sequences)

. "Structural Elucidation with NMR Spectroscopy: Practical
Strategies for Organic Chemists." Kwan, E.E.; Huang, S.G.
Eur. J. Org. Chem. 2008, 16, 2671-2688. (solving
structural elucidation problems with 2D NMR methods)

. High-Resolution NMR Techniques in Organic Chemistry
(2nd Ed.) Claridae, T.D.W. Elsevier, 2009. (Chapters 5 & 6)

absolute value vs.

Key Questions

(1) What is the basic format in a 2D NMR experiment?
(2) What do all the different experiments do?

(3) What are the best parameters to use?

(4) What should be done with all this information?

F2

1.7~
1.87]
1.9~
o B I
2.1
2.2:
2.3

2.4
3 5

3.5

1.6

¥
=5

]
%oo1 2
e;
0ty
§
i ° (a) CIGAR spectrum taken witt
 Eamma optimal parameters.
3is 30 25 20
F1 {ppm)

(b) CIGAR spectrum taken witl
default parameters.

source: ref 1

F1l (ppm)

| thank Professor William F. Reynolds (Toronto) for
providing me with some useful material and guidance

for this lecture.

Lecture notes edited bv Richard Liu
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Two Frequency Dimensions

1D NMR spectra are called "1D" because they have one
frequency dimension, but actually have an additional dimension,

intensity: (1) Preparation: Some sequence of pulses is used to generate
intensity states that are poised to interact in a useful way. This is
typically a 90° pulse that generates transverse
| magnetization.
f|requency + (2) Evolution: The resonances precess in the rotating frame
according to their offsets. This means that magnetization is
Q: 1D NMR spectra are pretty complicated already and I'm | "frequency-labeled" as a function of t,.
happy with the number of dimensions | have. Why '
should | add another level of complexity? ' (3) Mixing: Magnetization is transfered through bond (or

A: To figure out what the relationships between peaks are. (through space or chemical exchange).

(4) Detection: The magnetization that did not get transferred
during the mixing period will appear at the same frequency
during the detection period. These are diagonal peaks of
frequency (Qa, Q). Magnetization that was at frequency A
but moved to frequency B during the mixing period will
precess at an off-diagonal frequency (Qa, Q).

1D peaks tell you something about a particular chemical site:
what it's chemical environment is like, how many nuclei are
present, how many nuclei are near the site, etc. But there's no
mechanism for telling you anything about the the connections
between sites, which is very useful if you want to know the

structure of a molecule.
This is best illustrated by the basic COSY-90 sequence:
T

: ‘\\)‘f‘r‘f\ AN
(1) Is proton/carbon A coupled to proton/carbon B (through | H channel 90, 90. | \\] \ ATAAUA

bond)? v

Here are some questions we'll look at:

<—t1—>

i COSY stands for COrrelations SPectroscopy and is a method
(2) Is proton A near proton B (through space)? + for finding homonuclear, through-bond correlations. (There
. are other methods for finding heteronuclear, through-bond
(3) How can we determine relative or absolute configuration?i correlations.) Implicitly, the above diagram means that we run
a series of experiments, with a fixed values of t; every time.
On Varian machines, the parameter ni tells us the number of

In today's lect "Il just look at tion 1. We first ask h . ) - , .
N today's fecture, we'l Just look at question © first ask how increments. Thus, doubling ni doubles the experimental time.

two frequency dimensions are generated.

This is all illustrated here:

Every 2D NMR experiment has the same general format:
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The entire experiment generates a 2D data matrix. Fourier
transformation of the rows, followed by the columns gives the

final 2D spectrum:

- Oy
"
L&
S

@

W, —»

%{Iong
—— Wy —> columns

(1) Quadrature detection, i.e., the discrimination of positive vs.
negative frequencies is possible and necessary, but is
complicated and will not be considered in this lecture.

(2) For 1D spectra, we have a real and imaginary part and
that phase correction ensures that the real part has the usual
absorptive lineshape. In 2D spectra, there are two real parts
and two imaginary parts (one for each dimension). In an
ideal world, the real part of both would be absorptive as well:
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(Red = negative contour; black = positive contour)

If this is the case, we can present the data in a phase-sensitive
format. However, in some experiments, this is impossible, and
it is necessary to mix the real and imaginary parts to give an

absolute value format:

absolute value = Sqrt[real® + imaginary?]






