Dynamic NMR Spectroscopy (DNMR) has been developed over the past 25 years
and is now widely in use. It is a technique for determining rate constants for inter-
molecular and, in particular, intramolecular processes at thermal equilibrium through
the study of the effects of exchange on the NMR spectra. The theoretical calculation
of exchange-broadened spectra requires considerable computational work although
it is not in itself particularly complicated: before the advent of the computer this
was usually avoided by the use of approximate bandshape expressions. This
inaccuracy, together with the susceptibility of the technique to errors and the late
introduction of adequate error analysis, has led to the publication of many unreliable
results.

Professor Sandstrom's book is an attempt to rectify this situation. It is a description
of the theory, the experimental technique and the statistical treatment. Principally,
it synthesizes much material already in print and a remarkable feature of the book
is the coverage it gives to all three areas. However, many of the experimental details
have not previously been published.

The value of DNMR Spectroscopy as a tool is widely recognized and this authori-
tative work will be welcomed by all specialist researchers in physical organic
chemistry interested in this method. In addition, graduate scientists in organic,
inorganic and physical chemistry will find here much useful information for the
planning and execution of new NMR experiments.

Academic Press

A Subsidiary of Horcourt Brace Jovanovich, Publishers
London New York Paris San Diego San Francisco
Sao Paulo Sydney Tokyo Toronto

Academic Press, Inc. (London) Ltd: 24-28 Oval Road, London NW1 7D X, England
Academic Press. Inc: 111 Fifth Avenue, New York, NY 10003, USA
Academic Press Canada: 55 Barber Greene Road, Don Mills, Ontario M3C 2A1. Canada
Academic Press Australia: Post Office Box 300, North Ryde, NSW 2113, Australia
Academic Press, Japan, Inc: lidabashi Hokoku Bldg, 3-1 1-13, lidabashi, Chiyoda-ku, Tokyo 102, Japan
Academic Press do Brasil Editora Ltda: Praca Jorge de Lima 14,05503 Sao Paulo, SP, Brazil
Academic Press France: 19-21 Rue de I’Ancienne Comedie, 75006 Paris, France

Printed in England 0.12.618620.0



olLU Contents

(d) Treatment of unequally populated doublets. . . . 81
(B) THE AB CASE .ttt 84
(f) Methods based 0N INTENSITIES...ccciiiiiiiieiiree e 84
(g9) The complete bandshape (CBS) method........cccceoveuenene 86
R ETEIENCES i a1
7. Evaluation of Activation Parameters........coueineincinenns 93
(a) The free energy of activation.........ccocooeniiiinnnicncn 96
(b) The enthalpy of activation ... 97
(c) The entropy of activation.........cccoeeiiiiiiiiii e 99
(d) ANalySiS OF € T O IS i 108
R ETEIENCES i 121
8. Special TeChNIQUES ..o 124
() 1sotope labelling ... 124
(b) Bandshape analysis of spectra of other nuclei. . . . 128
(c) Use of lanthanide shift reagents.....coconiiiiiniiiiccnns 133
(d) Use of optically active auxiliary compounds. . . . 138
(e) Combination of NMR bandshape analysis and direct
stereomutation teChNIQUE.....ccoiiiiiiiii e 143
(f) Bandshape analysis in the gas phase ..o, 146
(9) Use of several magnetic field strength s 147
(h) Measurement of barriers to inversion in amines in aqueous
ACHA SOTUTION e 148
R ETEIENCES i e 149
9. Some Applications Of DNM R ... 151
(a) p-Methoxy-A,A-dimethylthiobenzamide, a simple two-site
SY STEIM oot 151
(b) BN-Formamide, a complex two-site exchange system . . 160
(c) Some multi-site exchange SYStEMS......ccoveiciiiiiniinicecserens 165

(d) Degenerate rearrangements of 9-barbaralyl cations: a
mechanistic study by I3C spin saturation transfer . ..177

R ETEI BN CES s 184
10. Theoretical Calculations of Conformational Energies of Organic
M 0T CUIES i 186
(@) Quantum-chemical M ethodS....ccociiiiiiiii e, 186
(b) Molecular MechaniCs. ..o 198
R BT BN CES e 219
AP P BN A X ettt e 222

[ 0 T ID TRRRRTRRTTR 225



P r BT L e e v
List OfF ADDreviation S . ix
L INEFOAUCTION oot 1
R BT BN COS e 5
2. Calculation of Bandshapes of First-order NMR Spectra: The
Modified BIOCh E QU ati0 N S .o 6
(2) The BIOCh €QUATIONS....ooiiieeieeeeeeeee e 6
(b) The general equation for an uncoupled two-site exchange
CAS L ittt e 12
(c) Effects of k, 6v and p on the bandshape......cccciiiniiinenn. 14
(d) Multi-Site eXChaN ge .o 18
(e) Averaging of SPin-COUPIINGS.....ccooiiiiiiiiiiire e 25
(f) Intermolecular eXChange ... 28
R BT T BN C S i 29
3. Exchange Between Coupled Sites: The Density Matrix Method . 30
R B B BN CES e 52
4. Methods Based on Measurement of T i ..o 53
(a) The Forsén-Hoffman double resonance or spin saturation
transfer M ethod ... 53
(b) Determination of barriers to rotation of methyl groups by
T! measurements of T N U Cle i i, 59
(c) Measurement of exchange rates by experiments in the
FOtating T a M € .o e 61
R T BN CES i e 64
5. Experimental TeChNIQUE. ... 65
(@) Preparation of Sam Ples ... 65
(b) Recording Of SPeCTIa....cccociiiiiiiiiee e 71
(c) Control and measurement of temperatures e 71
R BT BN COS it 76
6. Evaluation of Rate CONSTaANTS........cccccvieiiiiiirscee e 77
(a) Methods based on bandw idths.......cccoiiiiiiiniiii 78
(b) Methods based on peak separation ... 79
() The ratio m eth 0 d .o 80

Contents



