J. Am. Chem. Soc. 1987, 109, 623-625 623

attainment of equilibrium with Meisenheimer complex involves
intermediates 2¢ and 3¢, which can be observed spectrally. We
have also made similar observations for reactions of OH™ with
2,4-dinitrobenzene, 2,4-dinitronaphthalene, quinazoline, 3,5-di-
nitropyridine, and 5-nitropyridine and -pyrimidine and their halo
derivatives.

Scheme I accords with other evidence, e.g., formation of a
3-Meisenheimer complex from OMe™ and 1a in MeOD.!* Radical
reactions often accompany nucleophilic addition and substitution
and anion radicals are known in similar systems.'® If O, is
bubbled into an equilibriated solution of 1¢ and 5S¢ in aqueous 0.5
M OH-, 6 is formed with a similar 1/7 (2.2 X 107 s™!) as for the
disappearance of the Meisenheimer complex (2.5 X 107 5™), and
O, should trap 3e, but not the other species.'® There is rapid
hydrogen exchange at C-2 of 1,3-dinitrobenzene in Me,SO-D,0
(66:34 v/v,0.053 M OD"), but with heating to 50 °C all the proton
NMR signals disappear, probably due to line broadening. All
reappear on cooling, except at C-2."7

Some of the reported rate constants for reaction of OH™ with
1a,b are in fact for conversion of a 3-Meisenheimer complex (4a,b)
into picrate ion.**!'*  To this extent care has to be taken in
comparing reactivities of arenes and chloroarenes with OH™.
However, the data in Table [ suggest that some steps are faster
with 1¢ than with 1a,b, with a complex dependence on solvent
composition and [OH"].
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We have introduced the concept of covalently linked cross
sections with molecular architecture similar to Watson~Crick
hydrogen-bonded base pairs in a double helix, and we have shown
how these can be synthesized conveniently.! The covalent cross
sections possess 1,3,4,6-tetraazapentalene as the central linking
system, the geometry of which mimics closely that of the doubly
hydrogen bonded eight-membered central ring of a normal
Watson-Crick cross section. In fact, it would be difficult to
construct a closer mimic because of the excellent fit (within 0.2
A, purine C1’ to pyrimidine C1‘) and the coincidence of polarity
of the two central ring systems. Great interest in the effect of
DNA distortion on binding and biological activity has stimulated
us to provide a covalently linked purine-purine cross section 1
with dimensions such as would be produced in the pairing of A
with I, capable of generating a bulge in a double-helical RNA
or DNA. We also provide a covalently linked pyrimidine—pyri-
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midine cross section 2 such as might be produced in the hypo-
thetical pairing of C with U or T, namely, a pinched-in RNA or
DNA cross section. Fixed-cross-section entities have not been
available before this.

The synthetic Scheme (Scheme I) that culminated in 1a con-
sisted of three steps from 2’,3’,5'-tri-O-acetyladenosine (3a) plus
final O-deprotection. The intermediate 4a? obtained from 3a and
chloroketene diethyl acetal as described previously' was condensed
with additional 3a in the presence of an acid catalyst to give Sa.
The conversion to 8a was improved to 17% by the use of 0.5 equiv
of p-toluenesulfonic acid instead of 0.2 equiv.! The yield of the
highly fluorescent 6a on oxidative cyclization of 5a was signifi-
cantly increased to 40% over that realized with iodobenzene di-
acetate in trifluoroethanol-nitromethane. This was effected by
the use of 2-nitroiodobenzene diacetate in a solvent mixture of
1,1,1,3,3,3-hexafluoro-2-propanol or 1,1,1,3,3,3-hexafluoro-2-
methyl-2-propanol and nitromethane. The structures of the in-
termediates were confirmed by elemental, '"H NMR, and FAB
mass spectral analysis. The symmetry of 6a was evident from
the dramatic simplification of its 'H NMR spectrum in comparison
with that of its immediate precursor 8a. Particularly diagnostic
is the downfield shift? of the NMR signal for the proton on the
pyrimidine ring observed in the conversion of 3a to 5a (0.46 ppm)
and again in the conversion of 5a to 6a (0.61 ppm). The presence
of a plane of symmetry in 6a, consistent with the assigned
structure, was established by its '*C spectrum, in which the
chemical shifts of the different junctional carbons 6a and 13a
appeared at 111.41 and 152,51 ppm, respectively, and that of the
identical junctional carbons 12b and 14a appeared at 141.45 ppm.
The structure of 6a was further established by 'H/!3C short-range’
and long-range** NMR correlation studies and by high-resolution
FAB mass spectrometry.

Complete deacetylation of 6a was achieved in methanolic am-
monia during 1 h at 0 °C followed by 2.5 h at room temperature
to give 3,10-di-B-D-ribofuranosylpurinof1”,6””:1’,2’]-imidazo-
[4/,5%:4,5)imidazo[2,1-/]purine (1a) (80%).6 The 3,10-bis(2’-
deoxy-G-D-ribofuranosyl) analogue 1b (68% yield in deacetylation)
was synthesized by a similar sequence starting with 3/,5'-di-O-
acetyl-2’-deoxyadenosine. Structures of the intermediates and
final product 1b in this sequence were established by the same
analytical and spectroscopic means as in the series of reactions
leading to 1a. The precedents" for the oxidative cyclization step
were modified as described above for 1a.
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?(a) Chloroketene diethyl acetal, TsOH, EtOAc, 60 °C, 16 h; (b) TsOH, C4Hg/ CH,Cl,/CH,CN (3:2:1 v/v), 80 °C, 72 h; (c) 2-nitroiodobenzene
diacetate, (CF3),CMeOH/CH,NO, (1:2 v/v), =10 °C, 1 h; (d) NH3/MeOH, 0 °C, | h, room temperature, 2.5 h; (e) chloroketene diethyl acetal,
CH,CN, room temperature, 21 h; (f) TsOH, C¢Hg/CH,CN (2:1 v/v), 60 °C, 40 h; (g) NH;/MeOH, -5 °C, 2 h,

Compounds 1a and 1b, which exhibit blue fluorescence and
which contain a fused six ring, 10-nitrogen heterocyclic base
moiety, correspond in cross section to an A-I base pair that is
hydrogen bonded in an extended Watson-Crick manner. There
is some ambiguity about the interbase hydrogen bonding in helical
poly(A)-poly(I),*"! whereas in the three-stranded helical complex
poly(A)-poly(¥)-poly(I),*'%!5 one set of base pairs is believed to
be of an extended Watson—-Crick type, N1 to N1 and N6 to O6,
and the other, of the Hoogsteen variety, N7 to N1 and N6 to 06.'¢
The extended base pair, by modeling, would have a longer C1’-C1’
distance (13.0 A) than a standard Watson—Crick base pair (10.67
A)."' The base pair I-A within ordered duplexes has been shown
to be less stable than I.C!'7 and to be strongly affected by the
neighboring bases in the sequence.'’

Compound 2a mimics a hypothetical C-U base pair in which
the carbonyls are constrained to proximity. This is unlike any
presently observed structural feature since pyrimidine—pyrimidine
bases opposite each other in a natural RNA (U-U in the R17
virus'®%) and in a synthetic oligomer (C’s between runs of poly(A)
and poly(U)®) are turned outward.?! In a thorough study of
mismatches by the thermodynamics of double-helix formation,
pyrimidine-pyrimidine oppositions such as T-C?? are strongly
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destabilizing.?> Our synthesis of 2a was initiated with the for-
mation of N*-(1-ethoxy-2-chloroethylidene)-2/,3’,5-tri-O-
acetyleytidine (8a)? by the action of chloroketene diethyl acetal
on 2/,3’,5'-tri-O-acetylcytidine (7a), followed by reaction with
another molecule of 7a in the presence of p-toluenesulfonic acid,
oxidative cyclization of 9a to 10a (36%), and treatment of 10a
with ammonia to effect O-deprotection. The structures of the
intermediates and final product, 2,9-di-8-D-ribofuranosyl-
pyrimido[17,6”:1’,2’]imidazo[4,5":4,5])imidazo[1,2-c]pyrimi-
dine-1,10-dione (2a),5 were established by elemental analysis,
high-resolution FAB mass spectral data, and 'H and *C NMR
spectra, including 'H/'C correlation studies. The
2,9-bis(2’-deoxy-B-D-ribofuranosyl) analogue 2b was synthesized
in a similar manner from 3’,5’-di- O-acetyl-2-deoxycytidine (7b).
Both 2a and 2b show blue fluorescence.

In conclusion, we have prepared covalently linked purine—purine
types 1a and 1b that resemble a “long base pair”!! bulge in a
double-helical RNA or DNA cross section. We have also syn-
thesized covalently linked pyrimidine-pyrimidine types 2a and
2b that correspond to a hypothetical “short base pair”, analogous
to a pinched-in RNA or DNA cross section. These offer the
advantage over intercalating models?® of providing a fixed cross
section with an established (derived)?526 short distance, 8.2 A,
between C1’ and C1’ of the sugar moieties. Compounds 1a,b and
2a,b, when phosphorylated and incorporated in a double-helical
polynucleotide sequence, will introduce a distortion of known
dimensions as a marker for potential alteration in biological ac-
tivity. The fluorescence properties of these compounds render
them suitable probes to be examined by their fluorescent yields,
lifetimes, and polarizations.
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Carbohydrate Chemistry. Volume 17. Part I. A Specialist Periodical
Report, Senior Reporter: N. R, Williams (University of London).
Reporters: B. E. Davison, R. J. Ferrier, and R. H. Furneaux. The
Royal Society of Chemistry: London. 1985. XI + 275 pp. $87.00.
ISBN 0-85186-182-2.

“The Specialist Periodical Report—Carbohydrate Chemistry” series
has been indispensable for more than 15 years to almost anyone interested
in the carbohydrates. Part I of the 17th volume of this series retains the
camera-ready format that was introduced in Volume 15 and describes
the chemistry of mono-, di-, and trisaccharides and their derivatives.

There are 24 chapters: Introduction; Free Sugars, Glycosides and
Disaccharides; Oligosaccharides; Ethers and Anhydro-sugars; Acetals;
Esters; Halogeno-sugars; Amino-sugars; Miscellaneous nitrogen Deriva-
tives; Thio-sugars; Deoxy-sugars; Unsaturated Derivatives; Branched-
chain Sugars; Alduloses, Dialdoses, and Diuloses; Sugar Acids and
Lactones; Inorganic Derivatives; Alditols and Cyclitols; Antibiotics,
Nucleosides; NMR Spectroscopy and Conformational Features; Other
Physical Methods; Separatory and Analytical Methods; Synthesis of
Enantiomerically Pure Non-carbohydrate Compounds. Each chapter
contains a summary of important developments in this field, including
a citation of recent review articles at the beginning. The references
appear to cover the literature published through 1983 (available by
February 1984) and are conveniently placed at the end of each chapter.
Over 1400 references are listed (compared to 1200 in Volume 16), and
the variety of journals represented indicates the growing international
scope of this fascinating chemistry. To accommodate the increasing trend
in oligosaccharides, the authors have introduced a separate chapter on
oligosaccharides, to include trisaccharides, tetrasaccharides, and higher
saccharides.

The chapter contains 60 references which clearly demonstrates actual
interest.

In view of increasing importance of carbohydrate synthons in organic
synthesis, the last chapter Synthesis of Enantiomerically Pure Non-
Carbohydrate Compounds, that was introduced in Volume 9 and mod-
ified in Volume 14, is highly valuable and contains 57 references (com-
pared to 38 in Volume 16). Also the chapters on deoxy, branched, free,
and amino sugars cover recent advances in syntheses from non-carboh-
ydrate precursors, a field of increasing interest in recent years. An
improved author index is also provided with references to each chapter,
and it adds greatly to the usefulness of the volume. This series has, over
the years, been characterized by a standard of editorial excellence. The
present volume is no exception, and any errors of editing or typing are
insignificant.

This volume, together with its predecessors, should be in every chem-
ical library, and it is an indispensable item in the personal library of
anyone working in the carbohydrate field.

Zbigniew J. Witczak, Purdue University

Volumes of Proceedings

Large-Scale Mammalian Cell Culture. Edited by Joseph Feder and
William R. Tolbert (Monsanto Co.). Academic Press: Orlando, FL.
1985. x + 159 pp. $25.00. ISBN 0-12-250430-5.

A collection of nine papers and two panel discussions from an ACS
symposium held in Philadelphia in 1984. Biochemical aspects are
prominent.

Evaluation of Pesticides in Ground Water. Edited by Willa Y. Garner,
Richard C. Honeycutt, and Herbert N. Nigg. American Chemical So-
ciety: Washington, DC. 1986. x + 573 pp. $94.95. ISBN 0-8412-
0979-0.

There are 32 typescript papers in this volume, grouped under the
headings Physical and Chemical Parameters, Ground Water Monitoring
Techniques, Modeling and Model Valuation, Risk Assessment and its
Toxicological Significance, and Regulatory Aspects. The 16-page index
is exemplary.

*Unsigned book reviews are by the Book Review Editor.

Strong Metal-Support Interactions, Edited by R. T. K. Baker, S. J.
Tauster, and J. A. Dumesic. American Chemical Society: Washington,
DC. 1986. x + 238 pp. $44.95. ISBN 0-8412-0955-3.

The nature and action of metal catalysts on solid supports, especially
from the standpoint of industrial processes, were the subjects of a sym-
posium held in Miami Beach in 1985. The typescripts of 21 papers,
together with an 8-page index, make up this volume.

Xenobiotic Conjugation Chemistry. Edited by Gaylord D. Paulson, John
Caldwell, David H. Hutson, and Julius J. Menn. American Chemical
Society: Washington, DC. 1986. x + 358 pp. $49.95. ISBN 0-84]2-
0957-X.

The fate of foreign chemical substances to which the living body is
exposed is an increasingly important subject. The compounds into which
they are converted may lead to a detoxification process, but in some cases
they may themselves have even greater activity than the original sub-
stance. The 1985 symposium on which this book is based produced 16
papers dealing with isolation, identification, and biological significance
of these xenobiotic conjugates. Thoroughly indexed.

Biological Methylation and Drug Design: Experimental and Clinical Role
of S-Adenosylmethionine. Edited by Ronald T. Borchardt, Cyrus R.
Creveling, and Per Magne Ueland. Humana Press: Clifton, NJ. 1986.
xxil + 457 pp. $69.50. ISBN 0-89603-102-0.

The proceedings of a symposium on the Biochemistry of S-
Adenosylmethionine as a Basis for Drug Design, held in Norway in 1985,
have been elaborated into a series of chapters by the plenary speakers.
They are arranged in the areas Protein and Phospholipid Methylations,
Nucleic Acid Methylations, Regulation of S-Adenosylmethionine, S-
Adenosylhomocysteine and Methylthioadenosine Metabolism, Clinical
Aspects, and Design, Synthesis and Biological Evaluation of Trans-
methylation Inhibitors. Indexed.

Dynamical Processes and Ordering on Solid Surfaces. Edited by A.
Yoshimori and M. Tsukada. Springer-Verlag: Berlin and New York.
1985. xii + 195 pp. $24.00. ISBN 0-387-15108-7.

The Seventh Taniguchi Symposium, held in Japan in 1984, was con-
cerned with the physical chemistry of collisions, optical processes at
surfaces, and ordering of adsolved materials. The typescripts of the
papers appear in this volume, which has no subject index.

Polycrystalline Semiconductors: Physical Properties and Applications.
Edited by G. Harbeke. Springer-Verlag: Berlin and New York. 1985,
viii + 245 pp. $29.50. ISBN 0-387-15143-5.

A symposium on materials science and technology, held in Italy in
1984, was the source of the typescript papers in this volume. There is
much concern with the nature of grain boundaries and with polycrys-
talline silicon. Not indexed.

Ion Formation from Organic Solids. Edited by A. Benninghaven.
Springer-Verlag: Heidelberg and New York. 1986. 219 pp. $34.00.
ISBN 3-540-16258-5.

Proceedings of the 3rd International Conference on the title subject,
held at the University of Miinster in 1985, consisting of 40 papers in such
areas as 252Cf-plasma desorption, SIMS, other methods of formulation
of organic ions, instrumentation, FT ion cyclotron resonance. Set in
tyype, but not indexed.

Modern Chlor-Alkali Technology. Volume 3. Edited by K. Wa'l. Ellis
Horwood: Chichester; John Wiley & Sons: New York. 1986. 450 pp.
$140.00. ISBN 0470-20317-X.

Thirty papers, from the areas of business outlook, safety, development
and operation of membrane cells, electrodes, plant design, and hypo-
chlorite and chlorate production, make up this typeset volume, which
deserves an index longer than the two pages allotted to it.

Flavonoids and Bioflavonoids, 1985. Edited by L. Farkas, M. Gabor, and
F. Kallay. Elsevier Science Publishers: Amsterdam and New York.



