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Structure and Reactivity of Dipolar Heterocycles

By CHRISTOPHER A. RAMSDENTY
(School of Chemical Sciences, University of East Anglia, Norwich NR4 7T])

Summary A general theory of the structure and reactivity
of those heterocyclic betaines which are isoelectronic
with odd alternant hydrocarbon anions is described; two
distinct types of dipolar heterocycles are recognised and a
rule for predicting novel systems which may be re-
active 1,3-dipoles is presented.

Five-membered heterocyclic systems which can only be
represented by dipolar structures are described as meso-
ionic and this class of molecule is exemplified by N-phenyl-
sydnone (1) and dehydrodithizone (2).! Extensive studies
of a wide variety of mesoionic systems have been reported
and their participation in 1,3-dipolar cycloaddition re-
actions is of particular interest.! Recently attention has
been directed to six-membered heterocycles which also can
only be represented by dipolar canonical forms.2 We now
demonstrate that these mesomeric betaines belong to a
general class of heterocyclic molecules which are isoelec-
tronic with odd alternant hydrocarbon (AH) anions.

For convenience we describe odd AH anions which
contain an inactive even AH segment® (linked to an un-
starred atom of a smaller odd AH fragment) as reducible
odd AH (ROAH) anions (e.g. 3); the even and odd frag-
ments of these species are cross-conjugated.®? Odd AH
anions which do not contain an inactive segment we des-
cribe as irreducible odd AH (IOAH) anions (e.g. 4, 7, 9, and
11).

To represent neutral heteroconjugated species which are
isoelectronic with IOAH anions by non-polar structures,
the lone pair of electrons must be associated with its parent
heteroatom and the remaining even AH network represented
by double bonds drawn between atoms of opposite parity.
This is only possible if the heteroatom contributing the
lone pair is one of the m starred atoms of the IOAH skeleton
e.g. 2-pyridones derived from the benzyl anion (7). When
the lone pair originates at one of the m — 1 unstarred
positions the remaining AH network is composed of un-
equal numbers of atoms of opposite parity (m starred and
m — 2 unstarred): it follows that only polar canonical
forms can be drawn for these species. Pyridinium-3-
olates (5)2 and pyridazinium-3-olates (6),4 isoelectronic

with the benzyl anion (7), are examples of dipolar species

of this type. Other examples include azomethine ylides
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(8)% derived from the heptatrienyl anion (9) and triazaphena-
lenes (10)¢ derived from the perinaphthenyl anion (11).
This principle can be summarised as a general rule: neutral
hetevosystems isoelectronic with IOAH anions cannot be ve-
presented by non-polar structures if the lone paiv orviginates
at an unstarved position. The recognition of this general
principle provides the opportunity of systematically pre-
dicting and preparing new mesomeric betaines which are
associated with four and six-membered rings. We now
demonstrate that these novel systems may be valuable
synthons.
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Since the NBMO of an odd AH vanishes at unstarred
positions, a heteronucleus introduced at these positions will
have little effect on the energy of this orbital. Conse-
quently, mesomeric betaines derived in accord with the
above rule will be associated with a HOMO which is high
in energy and has the topological features of a NBMO.
The orbital symmetry of these mesomeric betaines is
favourable for [3 4 2] cycloaddition reactions across
starred positions.” Since the rate of 1,3-dipolar cyclo-
additions is governed by HOMO-LUMO interactions®
these mesomeric betaines (high energy HOMO) might
generally be predicted to participate in 1,3-dipolar cyclo-
addition reactions with electron-deficient dipolarophiles
(low energy LUMO). Examples of this type of reactivity
are certainly known?:4.5-7.9 and new heterocyclic 1,3-
dipoles may now be designed. Introduction of hetero-
atoms at starred positions will reduce the orbital energy of
the HOMO and this heteratom effect can be expected to
diminish 1,3-dipolar reactivity by reducing HOMO-LUMO
interactions in the transition state. This effect may well
account for the previously unexplained lack of reactivity
of the pyridazium-3-olates (6) towards 1,3-dipolarophiles.*

It also follows generally that the total 7-electron energy
of mesomeric betaines derived from IOAH anions will be
higher than that of isoconjugate covalent isomers. This
relatively high sr-electron energy may be an important
factor governing the tendency of mesomeric betaines to
rearrange to thermodynamically more stable isomers. A
striking example is the Rowe rearrangement (12 — 13).1°

Neutral heteroconjugated systems isoelectronic with
ROAH anions will have properties as described above if the
heteroatom donating the lone pair is located in the IOAH
fragment; an example is the N-phenylpyridinium-3-olate
(5; R = Ph) which behaves as a reactive 1,3-dipole.?
Alternatively, if the heteroatom donating the lone pair is
located in one of the even AH fragments of the ROAH
skeleton a fundamentally different dipolar species is obtained
in which the positive and negative fragments are cross-
conjugated. Examples of this type are the natural pro-
duct trigonelline (14)!! and the pyridinium phenolate (15;
R = NO,).12 These cross-conjugated dipoles or inner salts
(e.g. 14 and 15) should be recognised as being quite distinct
from the conjugated dipoles (1, 2, 5, 6, 8, 10, and 12) and
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these two discrete types of dipolar species, which have not
previously been formally recognised, can be expected to be
associated with different chemical properties.
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Dipolar derivatives of dianionic species may also be
predicted. The pyrazinium-2,6-diolates (17)!* can be
considered as being derived from the dianionic system (16)
in which an allyl anion fragment (i-b=c) and a penta-
dienyl anion fragment (d:e—f:g—ﬁ) are cross-conjugated
and, for a discussion of collective properties of the species
(16), can be considered as independent IOAH fragments.
In the molecule (17) a lone pair originates at an unstarred
position of one of the IOAH components (i.e. the allylic
fragment) and predictably the resulting mesomeric betaine
(17) participates in 1,3-dipolar cycloaddition reactions.!?
The subtle difference between these reactive conjugated
dipoles (17) and the fundamentally different cross-con-
jugated dipoles (18),'4 which are stable crystalline com-
pounds, should now be recognised. Other dipolar systems
related to the dianions of non-Kekulé AH? (e.g. 16) can now
be predicted.

I am grateful to Professor A. R. Katritzky, Professor
W. D. Ollis, and Dr. C. D. Johnson for valuable comments
and encouragement.

(Received, 1'Tth November 1976; Com. 1267.)

1'W. D. Ollis and C. A. Ramsden, Adv, Heterocyclic Chem., 1976, 19, 1.

2 N. Dennis, A. R. Katritzky, and Y. Takeuchi, Angew. Chem. Internat. Edn., 1976, 15, 1.

2 M. J. S. Dewar, ‘The Molecular Orbital Theory of Organic Chemistry,” McGraw-Hill, New York, 1969; M. J. S. Dewar and R. C.
Dougherty, ‘The PMO Theory of Organic Chemistry,” Plenum Press, New York, 1975.

* N. Dennis, A. R. Katritzky, and M. Ramaiah, J.C.S. Perkin I, 1975, 1506.

5 R. Huisgen, W. Scheer, G. Szeimies, and H. Huber, Tetrahedron Letters, 1966, 397; R. Huisgen, W. Scheer, and H. Huber, J. Amer.
Chem. Soc., 1967, 89, 1753; R. Huisgen, W, Scheer, and H. Mader, Angew. Chem. Internat. Edn., 1969, 8, 602.

8 M. J. Perkins, J. Chem. Soc., 1964, 3005; A. R. J. Arthur, P. Flowerday, and M. J. Perkins, Chem. Comm., 1967, 410; P. IE_LVS,
H. Sieper, and H. Beecken, Annalen, 1967, 704, 150; H. Sieper and P. Tavs, ibid., p. 161; H. Beecken, P. Tavs, and H. Sieper, tbid.,
p. 166; H. Beecken and P. Tavs, ibid., p. 172; S. F. Gait, M. J. Rance, C. W. Rees, R. W. Stephenson, and R. C. Storr, J.C.S. Perkin I,
1975, 556.

? R. B. Woodward and R. Hoffmann, Angew. Chem. Internat. Edn., 1969, 8, 781.

8 R. Sustmann, Tetrahedron Letters, 1971, 2717; R. Sustmann and H. Trill, ¢bid., 1972, 11, 838.

? S, R. Challand, S. F. Gait, M. J. Rance, C. W. Rees, and R. C. Storr, J.C.S. Perkin I, 1975, 26.

10 F. M. Rowe, E. Levin, A. C. Burns, J. S. H. Davies, and W. Tepper, J. Chem. Soc., 1926, 690; F. M. Rowe, D. A. W. Adams,
A. T. Peters, and A. E. Gillam, ibid., 1937, 90; W. R. Vaughan, Chem. Rev., 1948, 43, 487; W. R. Vaughan, D. I. McCane, and G. J.
Sloan, J. Amer. Chem. Soc., 1951, 73, 2298.

il E. Spiath and G. Bobenberger, Ber., 1944, 77, 362.

12 K. Okon, G. Adamska, and W. Waclawek, Roczniki Chem., 1969, 43, 1219,

13 M. Ohta and H. Kato, Nippon Kagaku Zasshi, 1957, 78, 1400; R. Huisgen and H. Mader, Angew. Chem. Internat. Edn., 1969, 8,
604; J. Honzl and M. Sorm, Tetrahedron Letters, 1969, 3339; J. Honzl, M. Zorm, and V. Hanug, Tetrahedron, 1970, 26, 2305; M. Sorm
and J. Honzl, ibid., 1972, 28, 603.

14 M. Prysta$, Coll. Czech. Chem. Comm., 1967, 32, 4241 ; T. Kappe and W. Lube, Angew. Chem. Internat. Edn., 1971, 10, 925; Monatsh.
1971, 102, 781; Y. Maki, M. Sako, and M. Suzuki, J.C.S. Chem. Comm., 1972, 999; K. T. Potts and M. Sorm, J. Org. Chem., 1972, 37,
1422; T. Kappe and R. K. Zadeh, Synthesis, 1975, 247.





