Tables of

Spectral Data for
Structure
Determination of
Organic Gompounds




Pretsch Clerc Seibl Simon

Tables of

Spectral Data for
Structure Determination of
Organic Compounds

Translated from the German by
K. Biemann

31779

Springer-Verlag
Berlin Heidelberg New York Tokyo 1983



P.D. Dr. Erno Pretsch, Professor Dr. Joseph Seibl,
Professor Dr. Wilhelm Simon

Eidgendossische Technische Hochschule, Laboratorium fiir
Organische Chemie, UniversititsstraBe 16, CH-8092 Ziirich

Professor Dr. Thomas Clerc
Pharmazeutisches Institut der Universitit, Sahlistrafe 10,
CH-3000 Bern

Translator

Prof. Dr. Klaus Biemann
Dept. of Chemistry, Massachusetts Inst. of Technology,
Cambridge, MA 02139/ USA

Editors

Dr. Friedrich L. Boschke, Springer-Verlag, Postfach 105280, D-6900 Heidelberg 1, FRG
Prof. Dr. Wilhelm Fresenius, Institut Fresenius, Chemische und Biologische
Laboratorien GmbH, Im Maisel, D-6204 Taunusstein 4, FRG

Prof. Dr. J. E K. Huber, Institut fiir Analytische Chemie der Universitit Wien,
Wihringer StraBe 38, A-1090 Wien, Austria

Prof. Dr. Erné Pungor, Institute for General and Analytical Chemistry, Gellért-tér 4,
H-1502 Budapest XI, Hungary

Prof. Garry A. Rechnitz, Dept. of Chemistry, Univ. of Delaware, Newark, DE 19711,
USA

Prof. Dr. Wilhelm Simon, Eidgendssische Technische Hochschule, Laboratorium fiir
Organische Chemie, Universitétsstrae 16, CH-8092 Ziirich, Switzerland

Prof. Thomas S. West, Macaulay Institute for Soil Research, Craigiebuckler,
Aberdeen AB9 2QJ, U.K.

English Translation of the revised 2nd German Edition 1981:
Anleitungen fiir die chemische Laboratoriumspraxis, Bd. XV
ISBN 3-540-10556-6 Springer-Verlag Berlin Heidelberg New York

ISBN 3-540-12406-3 Springer-Verlag Berlin Heidelberg New York Tokyo
ISBN 0-387-12406-3 Springer-Verlag New York Heidelberg Berlin Tokyo

Library of Congress Cataloging in Publication Data. Tabellen zur Strukturaufklirung
organischer Verbindungen mit spektroskopischen Methoden. English. T:B‘les for struc-
ture determination of organic compounds by spectroscopic techniques. (Chemical
laboratory practice) “English translation of the revised 2nd German edition, 1981”-
Copyright p. Includes index. 1. Organic compounds-Spectra-Tables. 2. Chemical struc-
ture-Tables. I. Pretsch, Erno, 1942- . II1. Series. QC462.85.T313 1983. 547.1°22. 83-6819
ISBN 0-387-12406-3 (U.S.)

This work is subject to copyright. All rights are reserved, whether the whole or part

of the material is concerned, specifically those of translation, reprinting, re-use of
illustrations, broadcastings, reproduction by photocopying machine or similar means,
and storage in data banks. Under § 54 of the German Copyright Law where copies

are made for other than private use, a fee is payable to “Verwertungsgesellschaft Wort”,
Munich.

© Springer-Verlag Berlin Heidelberg 1983
Printed in Germany

Printing and bookbinding: Beltz Offsetdruck, Hemsbach
2152/3140-543210




Preface to the English Edition

Although numerical data are, in principle, universal, the compilations
presented in this book are extensively annotated and interleaved with
text. This translation of the second German edition has been prepared
to facilitate the use of this work, with all its valuable detail, by
the large community of English-speaking scientists. Translation has
also provided an opportunity to correct and revise the text, and to
update the nomenclature. Fortunately, spectroscopic data and their
relationship with structure do not change much with time so one can
predict that this book will, for a long period of time, continue to
be very useful to organic chemists involved in the identification of

organic compounds or the elucidation of their structure.

Klaus Biemann
Cambridge, MA, April 1983

Preface to the First German Edition

Making use of the information provided by various spectroscopic tech-
niques has become a matter of routine for the analytically oriented
organic chemist. Those who have graduated recently received extensive
training in these techniques as part of the cﬁrriculum while their
older colleagues learned to use these methods by necessity. One can,
therefore, assume that chemists are well versed in the proper choice
of the methods suitable for the solution of a particular problem and

to translate the experimental data into structural information.

Those who are not specialists in any of these techniques and there-
fore not in continuous contact with the corresponding data may wish
to have a compact summary of reference data in a form that can be

grasped easily. Even experts appreciate the opportunity to look up

}
;
;
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in a summary information about compound types with which they are
not familiar. The tables compiled in this book are meant to fill this
gap. They were compiled for courses and exercises which the authors
offered over a ten year period to students at the Federal Institute
of Technology (ETH), Zurich, and are thus well suited as a basis for
similar courses elsewhere.

Considering such a broad effort there will undoubtedly be some omis-
sions and errors in our presentations. We would be grateful to users
of this book for suggestions and criticisms which would help us to
keep it up to date. A postcard included in the book may make it easier
for the reader to make such comments. We would also be grateful to
receive reprints of papers containing information and data which could

be incorporated in later editions and thus improve their usefulness.

A book such as this could not be assembled without the help of enthu-
siastic and knowledgeable collaborators who contributed a good deal
to the work. Our special thanks go to Miss I. Port, Dr. D. Wegmann

as well as Mr. P. Oggenfuss and Dr. R. Schwarzenbach.

Preface to the Second German Edition

This second edition provided an opportunity to include many additions
and correct some errors. Amongst other improvements tables and figures
concerning opaque regions and error-signals in the infrared were added.

We also appreciate correspondence which led to a number of corrections.

Our special thanks go to Dr. D. Wegmann and Mr. P. Oggenfuss for their
very careful cooperation. It is due to their efforts that this new
edition was produced in a timely fashion.




Introduction

The following collection of data is intended to serve as an aid in

the interpretation of 13C— and lH-nuclear magnetic resonance, infra-
red, mass and electron excitation spectra. It is to be viewed as an
addition to texts and reference works dealing with these spectroscopic
techniques. It is designed for those who are routinely faced with the
task to interprete this type of spectral information. The use of this
book for the interpretation of spectra requires only the knowledge of
basic principles of these techniques, but its content is structured

in a way that it will also serve as a reference work for the special-

ist.

To aid rapid access to relevant data the following codes are listed
at the top of the appropriate pages:

KOMB: Summary of characteristic spectroscopic data arranged by struc-
tural elements.
(pages B5 through B265)
33 13 ;
C-NMR: C-nuclear magnetic resonance spectral data ordered by
compound types.
(pages C5 through C265)
lH—NMR: Proton magnetic resonance spectral @ata.
(pages H5 through H370)

IR: Infrared absorption frequencies ordered by functional groups or
compound types.

(pages I5 through I280)

MS: Tables and suggestions for the interpretation of mass spectra.
'(pages M5 through M170)

A5




L UV/VIS: Tables, suggestions and reference spectra for rationalization
; of electron excitation spectra.
(pages U5 through U155)

The tables are arranged as much as possible in an analogous manner
for all methods, but the details of the presentation are dictated by

the characteristics of the individual technique.

The pages are numbered in increments of five which should facilitate

later additions.

The summaries presented on pages B5 through B70 facilitate the recog-

nition of first-cut conclusions concerning the structure by those

users less familiar with such interpretations, particularly in those

cases where no ancillary information is available. The tables pre-

sented on pages B75 through B245 make it possible to check in a second

step the suspected structural elements for the most important compound ~  *
types. The remaining tables make it possible to predict the spectro-

scopic characteristics of a proposed compound. They also serve as a
reference compilation for the correlation of the structure of organic

compounds with the corresponding spectral data.

Because a large part of the tabulated data is from our own measure-
ments and the rest is based on a large body of literature data a com-
prehensive reference to published sources is not included. Whenever
possible the data refer to conventional modes and conditions of meas-
urement. For example, the chemical shifts for NMR spectra were deter-
mined generally in deuterochloroform or carbon tetrachloride. The
wave numbers (IR) refer to solvents of low polarity, such as chloro-
form or carbon disulfide. Mass spectral data were recorded at an
electron energy of 70 eV. Most of the data were taken from the follow-

ing sources:

Batterham, T.J.: NMR spectra of simple heterbcycles. New York - London -
Sydney - Toronto: Wiley-Interscience 1973.

Bhacca, N.S., Hollis, D.P., Johnson, L.F., Pier, E.A., Shoolery, J.N.:
NMR spectra catalog. Varian Associates 1962 and 1963.

Bremser, W., Ernst, L., Franke, B.: Carbon-13 NMR spectral data. 2nd
ed. Weinheim: Verlag Chemie 1979.

Bruegel, W.: Handbook of NMR spectral parameters, Vol. 1 -3. London -
Philadelphia - Rheine: Heyden 1979.

Clerc, J.T., Pretsch, E.: Kernresonanzspektroskopie, Teil I: Protonen-
resonanz. 2nd ed. Frankfurt/Main: Akademische Verlagsgesellschaft
19735




Clerc, J.T., Pretsch;, E., Sternhell, S.: 13C—Kernresonanzspektro-
skopie. Frankfurt/Main: Akademische Verlagsgesellschaft 1973

Colthup, N.B., Daly, L.H., Wiberley, S.E.: Introduction to infrared
and raman spectroscopy. New York -London: Academic Press 1964.

Cross, A.D.: Introduction to practical infrared spectroscopy. London:
Butterworths 1960.

Dokumentation der Molekiilspektroskopie. Institut fiir Spektrochemie
und angewandte Spektroskopie, Dortmund. Weinheim: Verlag Chemie.

Dolphin, D., Wick, A.E.: Tabulation of infrared spectral data. New
York - London - Sydney - Toronto: John Wiley & Sons 1977.

Graselli, J.G., Ritchey, W.M. (Eds.): Atlas of spectral data and phy-
sical constants for organic compounds. Cleveland: CRC Press 1975.

Hediger, H.J.: Infrarotspektroskopie. Frankfurt/Main: Akademische
Verlagsgesellschaft 1971.

Jackman, L.M., Sternhell, S.: Applications of NMR spectroscopy in
organic chemistry. 2nd ed. Oxford - London - Edinburgh - New York -
Toronto - Sydney - Paris - Braunschweig: Pergamon Press, 2nd Ed., 1969.

Johnson, L.F., Jankowski, W.C.: Carbon-13 NMR spectra. Huntington -
New York: R.E. Krieger Publ. Co. 1978.

Kirba-Kartei. Eglisau: Verlag Dr. H.J. Hediger.
NMR Spectra Catalog. Philadelphia: Sadtler Research Laboratories.

Seibl, J.: Massenspektrometrie. Frankfurt/Main: Akademische Verlags-—
gesellschaft 1970.

Socrates, G.: Infrared characteristic group frequencies. Chichester -
New York - Brisbane - Toronto: John Wiley & Sons 1980.

Yukawa, Y.: Handbook of organic structural analysis. New York - Amster-
dam: W.A. Benjamin 1965
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~ aliphatic
"ardmatic
asymmetric
axial
combination frequency

IR: deformation frequency
NMR: chemical shift

‘equatorial

skeletal vibratién
geminal

ﬁalogen

 “in plane" vibration
"out of plane" vibration
stretching vibration

symmetric
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mma: y‘ofbaanges of Cougling'Cchstants43etween Differently N
ound Protons (|J| in Hz) ; )
and Y represent different substituents.
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