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utilizing these and other synthons will be reported shortly
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A large family of polymers with a polyenyne backbone is ac-
cessible through a solid-state polymerization of suitably substituted
diacetylenes as depicted below:

RCECTCECR e [—C=CCR)=C(R)—], (1)
2

In this process, a single crystal of a diacetylene is essentially
converted to a single crystal of a poly(diacetylene)! (“PDA"), a
phenomenon observed only in one other case, the preparation of
(SN),.2 There are no reported procedures for the synthesis of
well-characterized polyenyne itself (2, R = H).> The PDA’s (2,
R = long-chain ester, urethane, etc.) have recently received much
attention, not only from a mechanistic point of view (polymeri-
zation via a diradical followed by a propagating carbene)! but
due to potentially important technological aspects such as nonlinear
optical properties in the solid state* and unusual chromotropic?
and dichroic® effects in solution.

Meanwhile, over the last decade it was shown that practically
all polymers possessing an unsaturated, conjugated backbone could
be converted to electrical conductors’ with electrical conductivities
on the order of 1 to 102 S cm™ (pure, Na-doped poly(acetylene)
has a conductivity of 10° S em™, § = Q1). The PDA’s are a
glaring exception; acceptor doping was found to enhance their
conductivity by only a few orders of magnitude and iodine formed

(1) (a) Proceedings of the NATO Workshop on Polydiacetylenes; Chance,
R. R., Bloor, D., Eds.; Nijhoff Publishers: Netherlands, in press. (b) Adler,
G., Ed. Mol. Cryst. Lig. Cryst. (Part A) 1983, 93, 1-417; Ibid. (Part B) 1983,
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Lim, K. C.; Heeger, A. J. Ibid. 1985, 82, 522. Wenz, G.; Muller, M.; Schmidt,
M.; Wegner, G. Macromolecules, 1984, 17, 837.

(6) Lim, K. C; Kapitulnik, A.; Zacher, R.; Heeger, A. J. J. Chem. Phys.
1985, 82, 516.

(7) Duke, C. B,; Gibson, H. W. In “Encyclopedia of Semiconductor
Technology™; Grayson, M. Ed.; Wiley: New York, 1984; pp 661-669. See
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only a very weak charge-transfer complex with a PDA containing
relatively small R substituents.?

In order to (1) make a direct comparison between the solid-state
properties of nondegernate ground state, conjugated backbone,
conducting polymers (e.g., poly-p-phenylene, poly(thiophene), etc.)
and polyenyne and (2) ascertain what aspect of the above unusual
properties of PDA’s were intrinsic to their polyenyne backbone,
we decided to employ a strategy of modeling the macromolecule
(2, R = H) with monodisperse, fully characterized oligomers. The
ultimate goal is to obtain a monodisperse polyenyne with a 50-
carbon atom (“Cs,”) backbone.’

Here we report the successful preparation of suitably substituted
Cs. C10, C14 Cya, and Cy polyenyne oligomers!® and some pre-
liminary, surprising properties. Other properties are currently
being determined.!!

Scheme I

(CH,);CC=CZnCl + ICH=CHCI —
(CH,),CC=CCH=CHCI (2)

(CH,);CC=CCH=CHCI + RC=CMgX —
(CH,);CC=CCH=CHC=CR (3)

C6» R = -Bu

i = (Ph;P),PdCl,, ii = dpppNiCl,; R = 1-Bu orMe,;Si

The compounds in Table I were prepared according to Scheme
L.

This “universal” scheme shows the preparation of C as a typical
example of the sequence of reactions employed for oligomer
syntheses. Application of this scheme to the preparation of, for
example, C;, would require the Grignard reagent of reaction 3
to have R = Me,Si [(CH;),Si] followed by removal!? of this group
from the “C4-Me,;Si” product, deprotonation of the alkyne with
methyl Grignard, conversion to the alkynyl zinc reagent with
ZnCl,, and coupling of two parts of this reagent with one of
trans-diiodoethylene in the presence of i. Full experimental details
are available.!%1?

As can be seen from the Table, all new compounds were easily
characterizable (IR, 'H and 1°C NMR, elemental analysis). The
only exception was Cyg, it discolored upon standing and elemental
analysis gave poor agreement with expected values.

The choice of rert-butyl end groups was based on the very high
stability-conferring ability of this residue (as contrasted, for ex-
ample, with a methyl of phenyl end group) in the preparation of
the longest isolable and characterizable polyyne.!*!'* Whereas
this moiety could influence the electronic properties of the smaller
oligomers, it was not expected to have an important effect on the
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tert-butyl: Jones, E. H. R.; Lee, H. H.; Whiting, M. C. J. Chem. Soc., Chem.
Commun. 1960, 3483. Other shorter polyynes with alkyl substituents were
also prepared: Bohlmann, F. Chem. Ber. 1953, 86, 63, 657. Diphenyl polyynes
were also prepared: Armitage, J. B.; Entwistle, N.; Jones, E. R. H.; Whitting
M. C. J. Chem. Soc. 1954, 147.

(15) Surprisingly, the trialkylsilyl is not nearly as stabilizing (toward iso-
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(18) A film of C,, was deposited over two microelectrodes. The resistivity
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(19) Moses, D.; Bitler, S. P., unpublished observations.
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showed no decrease in resistivity but a change in color to green
and attendant changes in its FTIR spectrum typical of a doped
polyene.!6
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Solubility Data Series. Volumes 21 and 22. Volume 21: Edited by C.
L. Young and P. G. T. Fogg. Volume 22. Edited by T. Mioduski and
M. Salomon. Pergamon Press: Oxford and New York. 1985. Volume
21: xvi + 344 pp. $100.00. ISBN 0-08-026177-9. Volume 22: xx +
398 pp. $100.00. ISBN 0-08-030709-4.

In the continuation of this mammoth series of compilations of critically
evaluated data on solubilities, Volume 21 reports on ammonia, amines,
phosphine, arsine, stibine, silane, germane, and stannane in organic
solvents and Volume 22 reports on scandium, yttrium, lanthanum, and
lanthanide halides in nonaqueous solvents. Characteristically for the
series, not only are numerical data given but much auxiliary information
bearing on the reliability of the figures. Source and purity of materials
used, and the methods of determination followed, are described, and
estimates of errors by the compilers are reported. These volumes will
probably remain the last word on the subjects for a long time.

Verzeichnis der Hochschullehrer und Forschungsinstitute fir Chemie in
der Bundesrepublik Deutschland. By ADUC and GDCh. VCH Ver-
lagsgesellschaft: Weinheim and Deefield Beach, FL. 1985. 350 pp. DM
180.00. ISBN 3-527-26125-7.

The bulk of this book is a listing of chemists in Western Germany, in
the style of the “ACS Directory of Graduate Research” and “Chemical
Research Faculties, an International Directory”. The arrangement is
alphabetical according to location, beginning with Aachen. Indexes of
individual names and of subject area supplement the main portion. The
latter index is especially useful, and the presence of one in the domestic
ACS Directory would be a great help to editors. This book differs from
the ACS Interntional Directory in having telephone numbers and in
listing a few more publications.

Inorganic Chromatographic Analysis. Edited by John C. MacDonald
(Fairfield University). John Wiley & Sons: New York. 1985. xiii +
450 pp. $65.00. ISBN 0-471-86263-0.

This book is the latest addition to the prestigious “Chemical Analysis”
series of monographs on analytical chemistry and its applications. The
book is intended to provide an introduction to modern inorganic chro-
matographic analyses and to direct the prospective user to the most useful
procedures. Throughout the 10 chapters, the knowledge and experience
of each contributing author are reflected in a logical and concise treat-
ment. The book is very readable and the references, compiled at the end
of each chapter, cover the chemical literature through about 1982.

The book begins with a brief introduction of the different chromato-
graphies, which include adsorption, partition, size exclusion, and ion-
exchange chromatography. Chapter 2 discusses the theory of chroma-
tography and factors influencing the distribution of solute molecules
between the mobile and stationary phases. Basic instrumentation for gas
chromatography and high-performance liquid chromatography are
presented in Chapters 3 and 4, respectively. The following three chapters
are devoted to separations of inorganic and organometallic compounds
using gas chromatography, high-performance liquid chromatography, and
thin-layer chromatography. Ion exchange in radiochemistry and ion
chromatography are covered in Chapters 8 and 9. The remaining chapter
deals with computer online database literature searching and includes
examples of computer printouts of literature searches in inorganic
chromatography.

This book contains many of the recent advances in inorganic chro-
matographic analysis. It is a valuable addition to every analytical
chemist’s library and a useful reference book for a graduate course on
chemical separations.

William E. Acree, Jr., Kent State University

*Unsigned book reviews are by the Book Review Editor.

Chromatography, The State of the Art. Volumes I and II. Edited by H.
Kaldsz and L. S. Ettre. Adadémiai Kiad6: Budapest. 1985. xi + 903
pp. $75.00. Volumes I and II: ISBN 963-05-4081-9.

Proceedings of the Budapest Chromatography Conference, Budapest,
Hungary, 1983. In English. Two volumes containing 60 typescript
papers by leading chromatographers and blochemists of Eastern Europe
and many other countries. Many of the papers report research in bio-
chemistry in which chromatography has played an important part. More
than a dozen describe separation of proteins and peptides. Five papers
are on separation of amines and amino acids and eight are on drugs and
metabolites. Papers on chromatography itself give an interesting picture
of the state of the art in Eastern Europe. Eight papers cover GC. Many
kinds of column liquid chromatography, including ion, precipitation
chromatography, and capillary LC, are reported. There are several
advanced applications of thin-layer chromatography, as might be ex-
pected, since Hungary is a center for sophisticated overpressure TLC
apparatus. Although the range of subjects is very broad, readers with
a special interest can scan the subject or author index to find theirs.
Titles in the table of contents are also grouped by general category.
References to Eastern European literature will be useful to some. These
volumes will be valuable additions to chromatography and biochemistry
libraries.

J. G. Atwood, The Perkin-Elmer Corp.

An Introduction To Macromolecules. By Leo Mandelkern (Florida State
University). Springer-Verlag: New York. 1983. xi+ 162 pp. $18.90.
ISBN 0-387-90796-3 (hardcover); 0-540-90796-3 (paperback).
Polymer chemistry is fast becoming recognized as one of the most
important areas of modern chemistry for both its practical considerations
(about half of all chemists work in this field) and the biological, medical,
and theoretical aspects of this realm of human endeavor. This excellent
book by Professor Mandelkern brings some of these important consid-
erations into sharper focus. There are many polymer textbooks available
today, but this small book meets an important need. Most polymer texts
are aimed at the organic chemistry areas, with almost no consideration
of the physical aspects of the macromolecules. Some other texts are
geared more toward the engineers, with very little organic chemistry
presented. In actual fact, a polymer chemist needs to know much about
both aspects concerning macromolecules. Although it is true that there
are specialized books available in almost every conceivable area involving
macromolecules, most of these are far too detailed for use in an intro-
ductory polymer chemistry course. Professor Mandelkern’s book makes
no attempt to span all these areas but concentrates on an excellent
overview of the physical chemistry of polymers and thca explains how
these molecular properties exert their effect on living systems in the last
third of the book. Obviously many details are not covered, but this was
not the purpose of the book. In my opinion, this book should be a
valuable supplementary text for other polymer books which tend to omit
the areas covered. It shauld also prove useful as an optional text for the
basic courses in organic, physical, and biological chemistry.
Charles G. Gebelein, Youngstown State University

Free-Electron Lasers. By Thomas C. Marshall (Columbia University).
Macmillan Publishing Company: New York. 1985. xii + 191 pp.
$24.95. ISBN 0-02-948620-3.

Since the first stimulated-scattering experiments at Stanford only 10
years ago, the conceptual and practical development of the free-electron
laser as a powerful source of electromagnetic radiation has been ex-
tremely rapid. Within the next few years, chemists will begin to acquire
access to these devices for spectroscopic and photochemical research. The
optical power and tunability of FELs in the far-infrared and soft X-ray
regions is truly unique, while their efficiency and power in the ultraviolet



