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1. IslRoDcC-lIOs 

When plans were made for the creation of the Universe 

neither pencil nor paper were used by the architect. 
Subsequently the antics of Earthlings in trying to make 
graphic copies of these sosmogorucal blueprints musl 

have caused great amusement in higher crrcles. In 
general organic chemists have been very successful in 
representing molecules by classical covalent slruclurcs 

dcpicling localised tr- and rr-bonds hut occasionally a 
group of delinquent molecules arc found which refuse to 
conform IO the man-made rules. A classic case is the 
sydnoncc (I):’ first prcparcd in 1935 by FarI and 
Macknc) a~ the University of Sydney. The original pro- 
posal of a bicychc @-lactone structure (2)‘.’ for these 
compounds was later dismissed as unsatisfactory’.’ but 
no allernalivc covalcnl slruclurc was obvious. The prob- 
lem was resolved In 1946 when Baker and OIlis’.’ recog- 
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nised that the sydnones (1) belong IO a large family of 

Smembered hcterocycles u hich cannot be represented 
sausfactorily by any one covalent or polar strucurre. 

Their true structure (in valence bond terminology) is a 

resonance hybrid of many dipolar canonical forms (e.g. 
3-6) and i! was proposed that these molecules should be 

described as meso-ionic and represented by suuctures of 
the type I.’ 
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Since the in1rcduction of the 1erm. many new meso- 
ionic s):\lcms have been prepared and btx;~uw of their 
in1ercs1mp chemistry and their pharmacological activi1) 
rhis contmueq IO be an active and reuarding area of 

research. A recent rcvrw” has surveyed the chemistry of 

mew-ionic compounds and a detailed discussion of the 
structure and rcprcscnta1ion of mew-ionic hetcrocyclcs 
is included thcrc.^ 

In the quarter of a ccn1ur) which has pas\ed since the 

term mcso-Ionic ua\ coined, rapid progre\\ has been 
made in hcterocyclic chemistry and many novel and 

varied structural types have been reported. This has 

rewltcd in a broader interpreta1ion of [he definition of 
meso-ionic. 5. 6- and T-Membered he1crocycles and 

bicyclic heterocycle\ have been descrrbed as meso-iomc 

and the term ha\ found such liberal u~pe that i1s value 
could be questioned. In order IO r&n 1hc usefulness of 
the 1erm. OIli\ and Ramsden.” m their review of meso- 

ionic compounds. hake \1ronpl) recommended that the 

description mew-ionic should be restricted IO Smem- 
bercd he1erocycles of the general type 7. and 1hey have 

modified the defini1ion accordmglly. ‘%I\, according IO 
the revised definitwn,” the 1erm mew-ionic refers IO IUO 
general gyp\ of T-membered he1croc)cle (hpc A and 
type 13) and the description of a molecule as mcawonic 

immedra1cl) and spxdicall~ cla4ics it\ \tructurc and 
bonding. Even with 1his re\1rrction. the definition still 

embraces over IUO hundred claws of heterocycle. 
l’his new definition does exclude wme s1rucrural t!pcs 

which have pre\iou\ly lwcn de\crlbed as mew-Ionic. II 
has been proposed” Iha1 these molcculcs should nou be 
dcscrihcd and represenlcd ;I\ n~esom~tic- hmitw.r. Ex- 
ample\ of molecules of this type include the !-pyri- 

diniumolates (81.” the pyrazinium-Sdiolates (91,” the 

triaraphenalencs (101.’ ” the pyrarolo[ I,?-(I )pyrarolcs 
111) and 1hc 1hicno(3.J-l-)p)r;lzoles (121. II should be 
emphasiwd 1hat this propwed divrsion doe\ not ImpI) 

any fundamen1al difference in bonding characteristics; 

1he 1erm meso-ionic i\ simpl! a pencrrc name for a 
parricular group of mewmcric belairw. 

7 R 9 

Compared lo mew-ionic compounds (7~~ other 
mewmerrc be1aines (c p. II I) have receitcd little allen- 

tion. Recently. the interestmg chemical properties of these 
molecules have been rccognixd and a barie1y of 
mcsomcric belaincs have undergone derailed and rimeI> 

study.‘ Heteropcntalene derivarives, exemplified by com- 
pounds I I and 12. arc one such class of bicyclic hcrcrocy- 
cle m which interes1 is growing. These molcculcs (e.g. I I 
and 12) are isoelectronic with the pcntalerql dianion (13) 

and show srabiliry associated with hercroaromatic species 

as well as participating in useful I ..l-dipolar cycloaddirion 
reactions. The purpose of [hi\ Reporr is IO provide a 
comprehensive survey of rherr chemi\rry in 1he hope of 

srimulating furlher studies of these interesting molecules. 

The litcra1urc available IO the aurhor up IO May 1976 has 
been cowed. 

Before embarking on a discussion of the structure and 

chemistry of mcsomeric betainc derivatives of the 

heteropentalencs. their rclationshrp IO the pentalenyl 
d&ion (13) and other welectronic species uill bc 
discussed. 

II. II?rn(rnVArnTS OF Ttm 
PWTALkXl. DlAStlM 

Molecules and ion\ which are isoelcc1ronlc with the 

pen1alcnyl dianion (13) constitute a large. bu1 rcla1ivcl) 
unknown. family of hcteroaromatic specie\. Ihey are 

related to the pentalenyl dianion (131 in the same ua) 

Iha1 pyrrole. imidarole and similar T-membered hetero- 
cycle\ are rela1cd IO rhe aromatic cyclopentadienyl anion 
and are described a\ hetcroaromatic on the undcrsrand- 

ing 1ha1 the pentalenyl dianion 113) IS an aromatrc 
species. The s1ability of 13 has certainly been demon- 

ctrared by i1\ preparation (la-+ 13) and isolation as 
dilithrum penralenide”.‘” and. in spire of modern di\- 
4cfac1ion with the term, it IS reawnably dc\cribed ;I\ 

aromatic in that: (a) its inherent stabilrry is attributable 10 
qclic delocalrsation of the annular n-electron\;“ tb) all 

the z-electrons are accommodated in bonding (or 
non-bonding) molecular orbital\;” Cc) 1he ‘H-SMR 
spectrum show evidence of a diamagnelic ring cur- 

rcn1.l” Furthermore. one might intuitively cxpcc~ the 
pentalenyl dianion (13) to be aromatic since it IS related 

IO the cyclopentadicne amon in the same *a)- that 
naphthalcne is related to benzene. More n;li’\cl) one 

might argue 1hat ir IS 3 I&-electron sy\rem obeymp 
Hhckel’s Jn + ! rule. 

Hcteroqclic systems isoelectromc wrth I3 can be 
subdivided into: (a) monoanions; tb) neutral molcculc\ 

and ICI monocation\ and can bc regarded a\ being 
dewed by substitution of one, IWO and 1hree hcrero- 

lonepairs m1o the pentalcnyl dianion n-\ywm. This 
Report i\ particularly concerned with 1hosc memb-ers of 

the wcond category (neutral molecules) which cannot bc 
rcpresen1cd by uncharged covalent structures and whrch 
are now described as mcsomeric beraincs. Before 

discussing these derivatives. the three hcreroaromatic 
Simcwiil types defined above &ill be briefl) exemplified 
h) known derrvalr\es. 

The simple\1 heterocyclic system welecrronic wth 
the penralenyl dianion (13) is the 4.a~apcnlalerql anion 
(IS) derived by replacemen of one of the bridgehead C 
a1oms by a quaternary rutrogen. The chemical neologists 
have provided the term a.‘oniu/og 10 describe aromatic 
nilroecn hereroqclcs having this relationship to a 

carboqcIc.* 
The preparation of the anion 15 has been reported b> 

Okamura and Katz” who 1reatcd 3H-pyrrolirine (16) 

with n-hut)Ilithrum. I.ithium azapcn~alcmdc can be 
precipitated from the cold reaction mixlure: In deoxy- 
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genated THF solution it is stable for several months. 

Sodium and potassium azapentalenidcs were also 
generated and their spectral properties are consistent 

with the proposed Ionic character. The generation of the 

lithium salt of a benzo derivative has also been 

reported.” 
Two other types of monoanion derived from the 

pentalenyl dianion (131 can be envisaged by insertion of a 
hcteroatom in either the I- or Z-position of the carbon 
skeleton. Examples of both these types (17; X = NMe, 

R = H or Mc)~‘~“ and (19: X = 0. NMe, S)*‘-n have been 

prepared by deprotonation of the appropriate mcthylene 
derivatives (I8 and 20) 
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20 

Ten general types of heterocyclic pentalene associated 

with ten n-electrons can be depicted (Fig. I: 21-30) in 
which a. b. c. d, c. f. g and h represent suitably sub 
stitutcd carbon or hcteroatoms. The superscripts (see 

2I-30) indicate the origin of the ten stlectrons and 

development of the rcprescntations (21-30) gives the 
corresponding constitutional formulae (31-W. 

These ten generalised hetcrocyclic types (31-40). illus- 

trated by the known examples (JI-SO). demonstrate the 
limitations of representing delocalised aromatic systems 

by localiscd a-bonds. Six of these general types arc 

satisfactorily represented by covalent structures. Thus. 

compounds 41.B 42,- 43” and 44” ‘are acceptably re- 
presented by their covalent formulae. Similarly, com- 

pounds 45” and 46.” corresponding IO the general for- 

mulae 35 and 36. present no problems in their pictorial 
representation. Here it should be noted, however. that 
because of the possihility of valence tautomerism 

(35~51). and (36~52). favouring the monocyclic tau- 

tomcr. compounds with the general structures 35 or 36 
should be formulated with caution. 

b\ h 
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The four remaining general structural types (37-W 

cannot be represented by uncharged covalent structures. 

Only mesomeric betaine structures can be written and 

the choice of any single dipolar canonical form to re- 

present these molecules is arbitrary and may be mislead- 
ing. Their true structure is a resonance hybrid of several 

dipolar structures and their description as mesomeric 
betaines seems appropriate and reasonable. The terms 

pseudoazulene” and nonclassical moleculeU have also 
been used to describe some molecules of this type 37&t. 

The description pseudoazulene is not recommcndcd 
since the isoelectronic relationship of these molecules IO 
azulenc does not have special significance. The term 

nonclassical has been used in relation to the possibility 

that. in some sulphur containing species, the participa- 
tion of d-orbitals may be important in the bondingi” this 
aspect will be discussed in a later section. Sometimes. 

nitrogen derivatives of the type 37 have been referred IO 
as polya7apentalencs” and this apt description provides 

a useful alternative name; particularly IO authors trying 
to avoid rcpetitivc nomenclature. 

The mesomeric belaines of general structure (374) 

are the subject of this Keport and the four discrcle lypes 

will be referred to as type A (371. type B WV, Iype C (39) 

and type I) (40). 

(C) M0nocorion.s 
In principle seventeen distincI cationic structural types 

having a pentalene skeleton associated with ten rrtlec- 

Irons are possible. Since nothing is known about mosI 
of these types. Ihcy will not be systematically drscussed 
here. Most of Ihe known cations in this category have 

the general sIructure (531 and in particular ions of the 

types 54 IX = NR. 0. SLL” 5s” and 56” have been 
prepared. In addition, derivatives of the cation w 

belonging IO the general sIructural type 57 have also been 

reported. 

53 54 55 

56 sl Sal 

Of the unknown cations, two general types arc of 
special interest. namely 59 and 60. Examination of these 
cationic sIructurcs reveals that they can only be re- 
presenred by tripolar sIrucIures and several of these 

structures are required IO describe the cation. In fact 

these cations are associated with the same reprcsen- 
tational problems as the previously described mesomcric 

betaines (3740). Furthermore, consideration of the elcc- 
Ironic structure of 59 and 60 suggests that they mighr 
rcacI as I.3-dipoles with electron rich I.3dipolarophiles. 
The preparation of derivatives of these unknown struc- 
tural types 59 and 60 would seem worthwhile. 
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UL THE fm?mElTArKn’ OF 
--rAteyE hfmMmlc BrrAlhS 

Since no single structure uniquely describes the bond- 

ing of the mcsomeric bctaines (3740). the structural 

representation of these bicyclic heterocycles is not 
straightforward. The use of several canonical forms is 
often inconvenient and a single general representation 

for these structural types is clearly desirable. 
Large, full circles (61) indicative of aromatic sextets 

have been employed” to represent these molecules but 

this method of representing polycyclic aromatic com- 
pounds is not in accord with the general policy of The 
Chemical Society and the disadvantages of this type of 

symbolism have been discussed.” In the case of un- 

symmetrical molecules. where a degree of polarisation 
might be expected, positive and negative signs have been 

included in the structure 62.” Other methods of depic- 
ting the delocalised n-system have involved the use of 

broken lines. (63U and 641,” and full lines (6%” 

61 62 63 

64 6s 

The introduction of special symbols lo represent 
molecules inevitably results in misuse and misundcr- 

standing. A special general formula 7 has been used for 
meso-ionic compounds and arguments for the continua- 

tion of the use of this formula for meso-ionic molecules 
have been presented.” However, we do not feel that the 

USC of the special formulae (6145). or the introduction 
of any other symbolism to represent the mesomeric 
betaines (37-40) is desirable or necessary. 

We recommend that the mesomcric hcteropcntalcne 
betaines (374) be generally represented by a single 
dipolar structure. chosen so that it is in satisfactory 

agreement with the observed physical and chemical 
properties. This proposal is in accord with the current 
practice of several groups of research workers in this 

field. If this recommendation is accepted. we propose 
that the type A and type H mesomcric betaines be 

represented hy the two discrete 1.3.dipolar structures (66 
and 67). The representations 66 and 67 have the im- 
mediate appeal of clearly distinguishing between type A 

and ~ypc B derivatives. Furthermore. this is an excellent 
rcprcsentation for rationalising the I,Mipolar cycload- 
dition reactions in which many representatives of these 

systems participate (Section VIII. Cl. Due to the to- 

pology of the molecular framework the contribution of 
other canonical forms is implicit and this is cmphasiscd 
by the description mesometic bctaine. The represen- 
tations 66 and 67 for the type A and type B systems will 

be used throughout this review. The possibility of re- 
presenting some sulphur derivatives belonging IO type A 
by covalent structures involving tetracovalent sulphur 
(e.g. 68) is discussed in a later section (Section VIII. B, 
c): in order IO employ a consistent representation of rypc 
A mcsomeric bctaines (66) WC have not used structures 
of the type 68 in the discussion of their chemistry but 

66 67 68 

this does not imply that we do not recognisc that d- 
orbitals are involved in the bonding. 

Little is known about the structure and reactions of 
type C and type D mesomeric hetcropcntalene bctaines 
and a discussion of their representation ought to wait 

until their chemistry has received more attention. WC 

have represented these molecules by reasonable diplar 
structures. 

It is to be admitted that the structures (374) do not 
portray the aromatic character of these species-hut 

neither do the usual structures of. for example, tKnzcnc 

and thiophene. In fact the usefulness of employing the 
overused and vague description aromatic to describe 

these systems (37-40) is questionable. Perhaps they are 
best regarded as stable heterocycles enjoying a favour- 

able, cyclic conjugated n-electron system. 

In the following sections the chemistry of the type A, 
B. C and D heteropentalenc mesomeric bctaines is dis- 

cussed. Having examined their chemistry in some detail. 

the tinal sections of the Report are devoted to a dis- 
cussion and comparison of general aspects of their 

structure, bonding and reactivity. 

If the atoms or groups a. b. c. d, e. f. g and h in the 

general formula 37 (Table I) are selected from suitably 
substituted C. N, 0 and S atoms. it can be shown that .(I 

structural types are possible. So far, derivatives of ten of 

these systems 69.85. tl9, 197, 117. 139. 146. 153. 156. 159 
(Table I) have been prepared and their chemistry is 
described below in the order given in Table I. Extension 
of the general formula 37 to selenium provides a further 

37 structural possibilities of which two representatives 
158, 163 (Table I) arc known. 

(Al ThienoI3.4-clpyrroles (69) 
The bright red. crystalline tetraphcnyl derivatives of 

the thieno(3.4~clpyrrolcs (69; K’ = Me or Ph. R’ = R’ - 
R’ = R’ = Ph) have been prepared in good yield by 
treatment of 3.4dibenzoylpyrrolcs (70) with phosphorus 
pentasulphide followed by alkaline hydrolysis of an in- 
termediate gum.e.y) This synthesis is not suitable for the 
preparation of unsubstituted derivatives (69; R’ = Me or 

Ph. R’ = R’ = R’ = Ph. R’ = H) where only the dithio- 

bcnzoylpyrroles (71; R = Me or Ph) were isolated.” Ihc 

pynole precursors (70) are prepared by the condensation 

of primary amines with tetrabcnzoylethane (72)‘9.co or 

more conveniently by the 1.3dipolar cycloaddition of 
dibcnzoylacetylcne IO a mcso-ionic l,3-oxarol-S-one 
(73).“.” 

6% 69b 69~ 
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These thieno[3&c]pyrroles (69) can be regarded as 

resonance hybrids of the azomethine ylide (693) and the 
thiocarbonyl ylide Wb) structures. The interesting pos- 
sibility that the ylene or nonclassical structure (69c). 

involving the participation of sulphur d-orbitals. makes 

an important contribution to the bonding has also been 

proposed.Y 
Although crystalline samples are quite stable, the 

fhicnopyrroles (69) are rather unstable in solution being 

sensitive to light and air. Solubility in non-polar solvents 
such as hexane or benzene is Iow.~ 

The N-methyl derivative (69; R’ = MC. R’ = R’ = R’ = 

R’ = Ph) is hydrogenated in the presence of Pd catalyst 

giving a single colourless. crystalline product to which 
the cis-dihydropyrrole structure (74) has been assigncd.W 

The N-phenyl derivative (69: R’ = Ph. R’ = R’ = R’ - 

K’ = Ph) is easily oxidised (peracetic acid) giving a mix- 
ture of the thiophene diketonc (75) and its mono-N- 

phenylimine (76). This iminc (76) is slowly converted IO 
the dikctonc (75) by acid hydrolysisW 

74 15 76 n 18 

The I.3-dipolar cycloaddition reactions of the 
thieno[ 3.4-r ]pyrrolcs (69) with olcfinic I,3dipolarophiles 
arc particularly interesting since they behave either as 

aromcthine ylides 169a) or thiocarbonyl ylidcs (69b) de- 

pending upon the reaction conditions. 5 - Methyl - 
1.3.4.6 - tetraphenylthienof3,4-c)pynole (69; R’ = Me, 
R’ = R‘ = R’ = R’ = Ph) reacted rapidly with fumaroni- 

trile in boiling benzene solution W’) giving the primary 
I: I adduct 77 (63%) which corresponds to addition 

across the aromethine ylide fragment.” When the higher 

boiling solvent toluene I 1 IF) was used, together with a 
longer reaction time. addition took place across the 
thiocarbonvl yhde giving the isomeric adduct 78 (67%) 

together w’ith a small yield of the isoindole 79 (SC/c).” 

The even higher temperature of boiling xylene (140“) 
resulted in a substantial increase in the yield of the 
rsoindolc 79 (53%) and a correspondingly lower yreld of 

the adduct 78 (5%). ” Presumably the isoindole 79 is 
formed by the thermal elimination of hydrogen sulphide 
from this adduct 78 The adducts 77 and 78 have similar 

but distinct physical and spectroscopic properties. 

However. wherea\ compound 78 is quite stable and 
easily recrystalliscd, the isomer 77 in warm solvent 
rapidly undergoes a rctro-cycloaddition (77 +69).” In 
boiling xylcne the latter adduct 77 gives the isoindolc 79 

(60%) prcsumahly via the sequence 77478+79. This 

mechanistic proposal is supported by the isolation of 
trace amounts of the adduct (78) from the reaction 

mixture.“ The temperature dependence of the mode of 

1.3-dipolar cycloaddition to the thicnopyrroles (69) is 

rationalized by the supposition that addition to the 
azomcthine .yhde (69 + 77) is kinetically controlled 

whereas addrtron to the thiocarbonyl ylide (69-78) is 

thermodynamically controlled.” 

Me 

Tabk 1. Knoun mcsomcrlc hcrcropcn~dencc of rjpc A WI 

.Uom or group’ 
-_. 

Parent 5)slem Hctcroqclc a b i d c f g h 
_- -.- -- - _ _ ___--- 

‘Thieno[3.4-c[pyrrolcs 1691 (’ (‘It SR (‘R (’ CR s CR 

Thicno[3.4.c[furans cnc1 (‘ (‘R 0 (‘R (’ (‘R S CR 

Thieno[3.4-c-]rhiophene\ (89) C’ CR s (‘R (‘ (‘R S CR 

‘Ihww[ 3.Cc[p)-razok 1107) (‘ (‘R UK s C CR s CR 

P~nrolo(4.3-c-[pyra~~~lc~ lll’l (‘ (‘R SK s (’ CR SR S 

Th~cno[3.Cr].l.!~c-rhlad~;u.olc\ (1391 (’ s s S c’ CR S CR 

1.2.3~‘l’r~a70l0[4.~~~[~1.2.3-lr~~~~~lc~ I I-86) (’ s ZK N c’ N NK N 
1.2.3-7’r~arolo[4.~-~[~1.!.S-oxadirzolc~ 11’3, ( \ su s (‘ S 0 5 

1.2.3~TrlJrolo[4.~-~~[~l,2.~~rh~d~zole~ (ICOb (‘ S SK s (’ s s s 

1.2.3~‘l’riarolo[4.~~~[~1,2.~~~lcnadiazolc~ IlWl (’ S SR S C‘N se N 

I .!.~~‘T)l~adlarolo[~.6c)-I.!.~~thwd~arolc (I591 (‘ s E (‘s * s Pi 
1.2.~~~lenadiacolo[3,4~~]~l,2,~~th~adlalc 11631 (‘ S zc K (’ s s N 

“The groupings E and g each conrnhurc 2 clecrron\ IO the aelectron \t\rcm of rhc hctcrocyclc; a. h. d. C. f and h 

each conrriburc I electron. 
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Similar temperature control of products was observed 
with acrylonitrile,” ethyl acrylate” and h’-phenyl- 

maleimide.““” For example. compound 69 rR’ = Me. 
R’ = R’ = R’ = R’ = Ph) reacted with X-phenylmaleimide 

to give the adduct 80 (68%:) in bowling benrcne (80’).~0.” 

the isomerrc adduct 81 (73%) in boiling xylene (IJO’)” 
and the isoindole 82 (74%) plus a low yield of adduct 81 

in o-dichlorobenzcne (IXO’).~ The same compound 

failed to react with dimethyl fumaratc. dimethyl maleatc. 

norbornene. diphenylcyclopropenonc. phenyl rsocyanate 
or phenyl isothiocyanate.” 

With acetylenic dipolarophilcs,“‘.” only addition 

across the azomethine ylide portion of the thicno[3.4- 

c]pyrrolcs (69) has been observed. Thus, wrth diben. 
zoylacetylene in either boiling benzene.” toluenc”’ or 

xylene.“ the N-Me derrvative 69 tR’ - \le. K’ - R‘- 
R’= R‘ = Ph) gives only the adduct 83. An apparent 

discrepancy in the m.p.V”’ of this thienol!.4-(.]p~rrolc 

(69; R’ = Me. K’ 7 R’ 7 K’ - R’ - Ph) has becn 
rectified:“)” a similar discrepancy in the m.p of the 
cycloadduct 83. rl46-14KVm and (2X-249”)” has now 

arisen’ Oxidation of the cycloadduct 183) sirh IN- 
chloroperbcnzaic acid gives 5.6 . dibenroyl - 1.3.4.7 

tetraphenyl icothianaphthcne (&I). almost certainly \ ia 

an N-oxide intermediate.%’ Dtmethyl acety lenedrcar- 
boxylate underwent similar cycloadditmns wrth the S- 

methyl and N-phenyl thicno[3.4-(-lp)rroIe\ 169: R’ - Me 
and Ph. R’ z R’ = R’ F R‘ -: Ph),“’ 

a3 a4 

It IS interesting to note that the successful synthesis of 

the thienol3.4clpyrrolc system (691 was reported soon 
after a molecular orbital study” had predrcted that this 
system (69) would be very unstahle. The value of pcs- 
simistic predictions by theoreticians should not be 
underestimated; they arc a great stimulus to organic 
chemists.” 

(B) 7%ieno[3,kJ/urons (8% 

Thieno[3&c]furans (85) have not been isolated GUI 

evidence for the transient generation of the tetraphcnyl 
derivative (85; R’ = R’ = K’ = R’ = Ph) has been 

provided by in situ trapping.m.m Dehydration of the 
sulphoxide (86) with acetic anhydride in the presence of 
dimethyl acetylcnedicarboxylate gave a 68% yield of the 

cycloadduct (87). The structure of this adduct (87). for- 

med by I,!-dipolar cycloaddition of the acetylene to the 

carbonyl ylide portion of the thienofuran (85). was firmly 
cstahlishcd by its deoxygcnation to the isothianaphthene 
(88) using triethyl phosphite. The alternative possibility 

that the adduct is formed by an initial Dicls-Alder reac- 
tion of the sulphoxidc (86) followed by dehydration was 

climinated.w 

gg z& 
Ph Ph 

a6 al 

8988 a9b 90 

3&&idNPh &$. 
NPh 

91 92 

Pummerer dehydration” of the sulphoxides t90). ob 
taincd by periodate oxidation of the corresponding WI- 

phrdes. gives thienol3.4chhiophencs (89).‘” ‘” The l,3- 
dimethyl derivative (89; K’ = R’ = Me. R’ = R’ = H) and 

the I.3-dicarbomethoxy derivative (89: R’ = K’ - 
COzMe. K’ = R’ = H) are too unstable to be isolated hut 

can be trapped in siru by N-phenylmalcimidc giving a 
mixture of the exe and endo I.!-dipolar cycloadducts 91 
and 92 (R’ = R’ = H. R’ = R‘ = MC) and 91 and 92 (R’ = 
K’ = CO+e. R’ = R’ = H) respectively.“.” The tetra- 

phenylthreno[3.4-c-jrhiophcne (89: R’ = R’ = R’ = K’ = 
Ph) is more stable and can be isolated in R7% yield as 

glistening. purple needles, m.p. ?7-256. U.” This 
derivative (89: K’ = R’ = R’ = R’ = Ph) also undergoes a 
I.3-dipolar cycloaddition with N-phenylmaleimide giving 
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a mutturc of the txo adduct 91 (R’ = R’ = R’ = R’ = Ph: 
22% 1. m p ?74?7!‘. and the rndo adduct 92 (R’ = R’ = 
R’ = R'= Ph: hh”r). m.p 311-31Y.y These cyclood. 

dltrons arc reversed at the mcltmg porntr of the adducts 
Convcment altcrnatrvc routes to tetrrphcnylthrcno[ 3.4. 

c lthrophcnc (89. R’ = R’ = R’ = R’ = Ph) mvolvc trcat- 

mcnt of etthcr 3.4 . drbcnroyl . 2.5 . drphcnylthiophcne 

(931” * or tttrabcnzoyltthant (94” wtth phosphorus 
pcntasulphrdc tn pyndmc at retlux temperature The 
condttrons for these tnndormatrons (93 or 94489) are 

cnttcal When pyndmc 1s replaced by xylcnc as solvent 
both compounds (93 and QIt gvc the I .3drhydro dcrrva. 

IIW (951 U The formatron of this product (951 probably 
takes place vra tctraphenylthlcno[ 3.&c lthlophenc (899; 
R’ = R = R’ = R’ = Ph) which can also be converted to 

the IJdrhydro dtrrvattve t89*95: R’ = R’ = R’ = R’ = 

Phi rn 6opr, yrcld by reductron with phosphorus pen. 

tasulphldc-xylenc * 
lhe facrlc formatron of the drbcnzoylthrophene (93) by 

IJdrpolar cycloaddltron of drbcnroylacetylenc IO the 
mc\o.ronic 1.3.thluol4onc (96) In benzene solution 
makes tetraphenylthteno~3.4~c~throphtnc (899; R’ = R’ = 

R’ = R’ = Ph) fatrly readtly avulablc ‘MO lTur prepara. 

tmn of compound 93 undouhtably proceeds vu the cy. 
cloadduct (97). which 1s not Isolated 

Ph 

s 

n 

Tctraphcnylthreno[3.Cc)throphenc (89; R’ = R’ = R’ = 
R’ = Ph) 1s a stable rolrd Its nonpolar character 1s dlus- 

trarcd by the fact that tt can be recryrtallrrcd from 
hcxanc solutron A smglct ground state IS mdrcatcd by 

the absence of any ESR absorptron In benzene solutrony 
and an X-ray crystallographrc study has confirmed the 

symmctrrcal. planar consutution of the thlcno[3.4- 
clthlophcnc system” (Sectron VIII. A. a) Catalytrc re- 

duction r!R PdC) tpves the CJJ rulphrdc t951;y 
chromrum trloxtdc oxrdatton rn acetrc acid solutron pvcr 
3.Cdrbcnzoyl~2.5d~phcnylthrophenc (93) * Treatment 
wrth methanol, rn the presence of a catalytrc amount of 
sulphunc acid. grves the !.mtthoxy rulphrdt (98) which 
was not Isolated but converted to the !.methoxy sul- 

phone (991 In 96% ywld by pcracettc acid oxldatron y 
In the dhsencc of oxygen. the tetraphcnyl derlvatlve 

(89, R’ = R’ = R’ = R’ = Ph) 1s photochtmrcally stable 

Photooardatron rn hcnzcnc snlutron t7hrl p~vcs the dr. 

A RAtLWf~ 

hcnzoylthtophcnt 93 t WYjEt This product 93 may well 

ar~sc hy the mrtlal formation of the I.3.adduct rIOOr y 
When much shorter reaction trmes were used the green 

monothiokctonc (101) and a yellow product assumed to 
be the monosulphtne (102) were also Isolated y 

Ph 

101 102 

The I .!.drpolar character of tetraphcnylthleno[ 3.C 

c lthrophcnc (89. R’ = R’ = R’ = R’ = Ph) has already 
been rllustratcd by 11s reactron wrth N~phenylmalcrm~dc 

A srmtlar addrtron takes place urth dimtthyl acctylcnc- 

drcarboxylatc rn borlrng xylcne y In this case the cy. 
cloadduct (103) 1s not Isolated but spontancour aroma. 

trsatton occurs @vrng the rsothtanaphthcnc t101) A II. 
molar reactron urmg dibcnzoylacctylcnc as 1.3drpolaro. 

phtlc provrdes some outstandmgly colourful chemrr. 

try ” U The plirrtnm~. purplr nttdlts of the tctraphenyl 
dcnvatrvc (899; R’ = R’ = R‘ = R’ = Ph) grvc the rsothr 

anaphthcnc IQ5 tbl’xr as vtllow nttdlts which upon 

treatment with phosphorus pcncuulphrde rn borlmg py- 
rldinc grvcr finely morrtd. blur nttdlt~ of hcxaphcnyl- 

thrcno[ 3.~~~rsothranaphthcnc 106 (749k) 

loo 109 

An cconomrcal preparative route to the thleno[3.4, 
clpyrarolcs tlU77) Involves 1.3.drpolar cycloaddlton of 
dibcnroylacttylenc to a sydnonc tIO8) and treatment of 
the rcsultmg drhcnzoylpyrazolc (109) with phosphorus 
pcntasulphrdc rn trolling pyrrdmc “” This sequence 
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(108-r 109-+ 101) gives the red-orange, crystalline 

thieno[3,4-c]pyrazolcs (107) in good yield. Typically, the 

brick red needles of 2.4~6triphenylthieno[3.4-clpyrazole 
(1@7; R’ = R’ = R’ = Ph. R’ = H) are quite stable in the 

solid state but in solution this compound is slowly photo- 

oxidiscd to the dibcnzoylpyrazolc (109; R’ = Ph. R* = 
H).b’ 

In principle the mesomcric betaines (107) can parti- 
cipate in 1.3-dipolar cycloaddition reactions either as an 

azomethine iminc (1877~) or as a thiocarbonyl ylidc 
(lO7b): in practice addition of oletinic and acetylenic 

dipolarophiles takes place exclusively across the thio- 
carbonyl ylide fragment (107b). With N-phenylmaleimide 

in toluenc at reflux temperature. the triphenyl derivative 
(107; R’ = R’ = R’= Ph. R’ = H) gives a mixture of the 

endo-cycloadduct (110: R’ = Ph. R’ = H) (64%) and the 
exe-cycloadduct (Ill; R’ = Ph; R’= H) (7%). Under the 
same conditions. the Me derivatives 107 (R’ = Me, K’ = 
H, R’= R’= Ph) and 107; (R’ = R’= R’= Ph. R’= Me) 

give exclusively the mdo-adducts (110; R’ = Me or Ph. 
R’= H or MC). When fumaronitrile was used as 

dipolarophile. the primary cycloadduct (benzene. 44%: 
xylene. 7%) was thermally unstable giving 5.6 - dicyano - 
2.4.7 - triphcnyl - ZH-indazolc (112) by elimination of 

hydrogen sulphidc.“’ 
With dimethylacetylencdicarboxylatc, thieno[3.4- 

clpyrazoles (107) give 5.6 - bis - (methoxycarbonyl) - 2 - 
lj - indazolcs (113: R’ = YeO) without isolation of the 

thermafly unstable, intermediate adduct (114) which 

readily aromatises by loss of elemental sulphur. Use of 

dibcnzoylacetylene provides a route to the novel 
thieno[3,4-j]-2H-indazolc system (1 IS). Thus, compound 
107 (R’ = R’ = R’ = Ph. R’ = H) with dibcnzoylacetylene 

gives the 5.6 - dibcnzoyl - 2H - indazole (113; R’ = Ph. 
R’ = H. R’= Ph) which with P.S,o-pyridinc gives com- 

pound 115.” The novel compound 115 is an example of a 
tricyclic mesomcric bctaine. With N-phenylmaleimide it 

gives the I,3dipolarcycloadduct (I 16).“’ 

110 - 111 

f3 R’ ?h 

116 

-I?’ RI-N ‘C-CN 
\\ 

N-CICR’ 

117 118 119 

The isolation of very stable pyrazolo[4.3-clpyrazolc 
derivatives (117) demonstrates that the participation of 

d-orbitals in the bonding of type A mesomcric betaines 

of general structure 37 is not essential. 

The preparation of these compounds (117) involves a 
fascinating dimerisation of arylazocthynylarencs (I 18). 
which is achieved in boiling cyclohexane solution.H.h’ 

‘Typically. pchlorophcnylazoethynyl~nzenc (118; 
R’ - pCK,H,. R’ = Ph) gives pale yellow crystals 

of the pyratolo[4.3-cjpyrarolc (117; R’ = p~CI~C,H,. 
R’= Ph). m.p. 32ft’. in 60% yield. Another studvM 

has demonstrated that his-iirylaroacetylenes 

(ArN=NCzC.N=NAr), generated in sifu by base ca- 

talysed dehydrohalogcnation of the his-hydraztdehalidcc 
(ArNH~N==CCICCI=N.NHAr). also dimerise to 

pyrazolo[4.3-cjpyrazole derivatives (117; R’ = Ph or 
o.McC~H,, R’ = N=N.R’). 

‘The mechanism of this novel dimcrisation (118+ 117) 
is worthy of some consideration. The reaction can be 

regarded as the cycloaddition of an acetylene to the 
C-N=N fragment of the arylazocthynylarenc (118) giv- 
ing the carbcne species (120) which rapidly gives the 

bicyclic product 117 (Scheme 1). A more pleasing altcr- 
native is the possibility that the product is formed in a 
single concerted process in which the acctylenic function 
of each molecule simultaneously adds to the C-N=h’ 
fragment of its partner (Scheme 2). This type of cy- 

cloaddition is not without precedent. For example. the 
his-arylazoacetylenes react with olefines gtving the cy- 

cloadducts 121 (Scheme 3).” The process ll8* 117 
(Schemes 1 and 2) is also closely related to the criss- 
cross cycloaddition’* of olcfincs to arines (Scheme 
4).“.* 

The mechanism of formation of compound 117 (R’ = 

pCIC,H,, R’ = Ph) is undoubtably closely related to the 
mechanism of its thermal fragmentation.H.h’ Thu\. 
vacuum pyrolysis of this derivative (117; R’ = 

pCIC,H,. R’ = Ph) at 500” gives a 30% yield of a-tp- 
chlorophenylimino)phenykcetonitrilc (119; R’ z 

pCIC,H,, R’ = Ph).-.“’ This cvclorcversion (I 17 + 119) 

is clearly analogous to the dimcrisation (I 18 + 117). 

An alternative synthetic route to the mesomcrtc 
brtaines (117) involves heating a 3 - bcnzoyl - 4 - aryl- 

azopvrazole (122) with triethyl phosphite.m.” The mc- 
chanism of this reaction (Scheme 5) may proceed via the 

carhcnc species (lt4)7D-a possible intermediate m the 
previous synthesis (120; Scheme I). However. it IS 
equally probable that the intermediate oxyphosphonium 
zwittcrion (123) cyclists directly to the product 117 wi- 
thout involvement of the free carbine 1U (Scheme 51.” 

The pyrazolo(4,3-c jpyrazoles (I 17) arc extremely 
stable. crystalline compounds with high m.ps. They arc 
sparingly soluble in organic solvents giving fluorescent 
solutions.” The 2,Sdi-pchlorophenyl derivative (117; 

R’ = pCIC,H.. R’ = Ph) dissolves in concentrated \ul- 
phuric acid but is reprecipitated upon dilution.^’ With 
nitric acid in concentrated sulphuric acid solution. mtra- 
tion of the phenyl substituents occurs giving the dinitro 
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/ I 

Ph 

Scheme 5 

derivative (117; K’ = p CIGH., R’ = p.NO:GH.). Si- 
milarly. bromination in chloroform solution gives the 

monobromo derivative (117; R’ = pClC,H.. R’ = 
p.BrC,H, or Ph: 3X%) and the dihromo derivative (117: 

R’ = pXIXJ&. R’ = p.BrC6H,: 6%).6’ Heating with 

methyl iodide for one week gives an orange. crystalline 
methmdide (125: Ar = pCIChH.): treatment with silver 
nitrate gives a I : I adduct (126; Ar = p CIC,H,).6’ 

125 126 

Oxidation of the pyrarolo[4.3-cjpyrazole (117: R’ = 
pCIX,H,. R’ = Ph) with either potassium permanganatc 
in aqueous pyridine”‘.‘” or pcroxyacetic acid in chloro- 
form“ paves the 3 - benzoyl - 4 - arylazopyrazolc (127: 
Ar = pCIC,H,). When peroxybenzoic acid was used as 
oxidising agent. further oxidation IO the azoxy derivative 

(128: Ar - pCIC,H.) occurred.?” The phenylazo 

derivative (117; R’ = Ph, R’ = Ir’=NPh) is converted IO 
the szoxy dcrivatrve (1299) by hydrogen peroxide. 

whcrcas treatment of the same compound with nitric 

acid gives the dinitro derivative (130).W The latter 

product Il30) is nxidised IO the pyrazolone (131) by 
hydrogen peroxide.” 

R 

132 

Catalytic hydrogenation (platinum oxide) of compound 
II7 (R’ = pCIC,H,. R’ = Ph) in acetic acid solution 

gave a mixture of the pyrazoles 132 (Ar = PXIT’,H,, 

R = Ph; ?S%) and 132 (Ar = pCIC,H,. R = LH,,; 
ltF%L”.“’ 

133 134 135 

136 I37 I3n 

As far as we arc aware. the parent molecule. Zlj,Sij- 
pyrazolol4.3-cjpyrazole (133) has not been encountered 
and the rclativc energy of the tautomcric structures 
(I3SlJS) is unknown. Almos1 certainly the mesomrric 

betaine (133) is the least stable of the tautomeric forms 
(13S135). The preparation of tautomeric species has 
been reported. Thermal itomerisation of the diazopy- 
rarole (136: R’ = R’= Ph) in acetic acid solution gives 
a colourless. high melting product ( > MO”) formulated as 
the classical 1automer (137L” A similar transformation 
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of 4 - diazo - 3.5 - dimcthylpyrazole (136; R’ = Me, 
R’ = H) gives compound 138” (wrongly formulated in a 
recent review).” 

I .3XIipolarcycloaddition reactions of pyrazolo[4.3- 
c]pyrazoles (117) have nor been reported. 

(R Thienol3,Qc]-l.Z,S-rhiudiaIolos (139) 

+ ,/“4 
S s 
\ij - -k 

R’ 

140 141 142 

The cyclothiation of I.Zdiaroyl heterocycles (MO) to 
the corresponding bicyclic thiophcne derivative (141) 
using phosphorus pentasulphide is now an established 
route to these mesomeric betaines (141). The preparation 
of 2.Sdiphenylthieno[3,4-c)-12.5~thiadiazole (139; R’ = 
R’ = Ph), m.p. 146”. in 78% yield by treatment of 3.4 . 
dibenzoyl - l.2.S - thiadiazole (142) with phosphorus 
pentasulphide in dioxan at reffux temperature” appears 
to have been the first reported example of this general 
synthetic route (MO- 141). 

Compound 139 (R’ = R* = Ph) is obtained as brilliant 
purple needles (A,, 558 nm (c8650)) whose structure is 
fully supported by its mass spectrum [m/e 294, M” and 
121. PhCa’J.” A sluggish cycloaddition takes place 
with N-phenylmaleimide at 140” giving a mixture of the 
exo and endo cycloadducts (143 and 144). The major 
product (48%). m.p. 217”. has been assigned the exo 
structure (143) and the minor product (24%). m.p. 2lY, 

has ken assigned the endo structure (144)” These 
structural assignments (143 and 144)” are based on the 

understanding that the bridgehead phenyls of the exe 
adduct (143) substantially deshicld the protons located a 

to the CO groups. More recent NMR studics’6.‘7 of 
endolexo cycloadducts of 13diphenylisobcnzofuran 
suggest that this type of dcshielding by bridgehead 
phenyl substitucnts does not occur. It is conceivable, 
therefore. that the structural assignments (143 and 144)” 
should be reversed. A similar reassignment of the struc- 
tures of cycloadducts of thicno[3.4-c]thiophcnes (89)” 
and thieno[3,4_c]pyrazolcs (1977)” has already been 
made. 

Photolysis of a methylcnc chloride solution of 2.5- 
diphenylthieno[3,4-cl-1.2.Sthiadiazolc (139: R’ = R’ = 
Ph) gives a colourless dimcr. m.p. loo” (m/e 588, &I’*) 

which has been tentatively assigned the ‘head to roil’ 
structure (MS).” 

S-N 

(6) 1.2,3-T~uzoloI4,5d]-1.2,3-rn’azoles (146) 

146 

Representatives of the triazolotriazolcs (146) have 
been prepared by two methods.“’ Diazotisation of the 
amines (147) and subsequent treatment with sodium az- 
ide gives 4 - arido - 5 - arylazo - 2 - phenyl - 1.2.3 - 
triazoles (14Q which upon gentle heating give an almost 

quantitative yield of the mesomeric betaines (149) to- 
gether with elimination of nitrogen.” In a second method. 
methylation of the silver salt (150) using methyl iodide 
gives a mixture of the N-Me isomers 151 (m.p. 139”) and 

152 (m.p. 149”) which can be separated by thin layer 
chromatography. The mesomeric betaine structure (152) 
is assigned IO the higher melting isomer on the basis of 
its NMR spectrum. All the proton signals of compound 
IS2 are shifted to lower field relative to the isomer 151 
and this shift is attributed to a positive charge associated 
with the N atoms in positions 2 and 5 of the triazolo- 
triazolc (152).” 

N 

Ph-NC - 
x 

NZNb N N:Nk 
/ . 

- Ph-N 

N’ NH2 x ‘NH N3 

147 148 

152 

The “hexa-azopenralenes” (146) are resistant to oxi- 
dation.” Catalytic hydrogenation of the diphcnyl deriva- 
tive (146; R’ = R’ = Ph) did not reduce the arapcntalenc 
nucleus; the products were the mono and dicyclohcxyl 
derivatives 146 (R’ = Ph. R’ = C,H,,) and 146 (R’ = R’ = 

LH,,).‘” 
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fH) 1.!.3-‘liiu~o/o[4.5-c]-1.~..‘-oxudia.-o/es (153) 

153 IS4 15s 

lead tetraacctatc oxidation of 3 amino - 4 - phenyl- 

azo - 1.23 onadiazole (154). prepared from 3.4 . di- 
amino I,!..( - oxadiazole (1551 and nitrosobenzene. 
gives the yellow. crystalline phenyl derivative (153; R = 
Ph).- This reaction presumably occurs via an inter- 

mcdrate ni1renc. Compound 153 (R = Ph). the only 
known representative of 1his heterocyclic system (153). 
is resistant IO oxidation by m-chloroperonybenzoic 
acid. y 

(I) 1.2.3 - Triaxdo - [4.5-c] 12.5 - fhiudia:oles (156) 

N 
+ // 

R-N 
,%p 

‘ii 
R-N 

'NIANHa 

Is6 ls7 

The bicyclic s1ruc1urc (159) has been contirmcd by an 
X-ray structural analysis (Section VIII. A. b):” 1he “C 

NMR spectrum shows a single line a~ 169.4ppm from 

lctramethylsilane.M Further structural evidence is pro- 
vided by the mass spectral fragmcntarion pattern [m/e 
143.9563 (M”; IOO%)-rm/r 72 (NEC-N”=S; 37%). m’ 
36 and m/e 46 (N=S’; 63%). m* 14.71 although a frag- 
men1 ion at m!e 77.947Ofi (NS,‘; 34%) is more difficult IO 
account for.= 

2 - Phcnyl - 1.2.3 - triazolo - [4.S-c] - 1.2.5 - thiadiazole Hydrolysis of compound 159 gives 3.4 - diamino 1 .?.S 
(156: R 7 Ph) has been prepared by 1reatmcn1 of 4.S - - thiadiazole (160) and sulphur dioxide.“” However. in the 

diamino - ! phcnyl - 1.2.3 - triazolc (157) with sulphur presence of sulphurous acid. the thiadiazole (160) is 
monochloride.g The reverse process (156+ 19) is further hydrolysed giving oxamidc tH,NCOC0.NH2) 
achieved at room temperature by reduction with lithium and elemental sulphur. Consequently, in the hydrolysis 

aluminium hydride. Compound IS6 tR = Ph) is not oxi- of compound 159 a mixture of the thiadiazole (160). 
dised by m-chloroperoxybenzoic acid or hydrogen oxamide and sulphur is usually obtained. Hydrolysis in 
peroxide but extensive oxidation. giving no well defined dilute ammonium hydroxide prohibits rhe second step 

products, is observed using potassium permanganate. tMO+oxamide) and under these conditions the 3.4 - 
This yellow, crysdline derivative 156 (R = Ph) is fully diamino - I.?.5 - thiadiazole (MO) is formed in almost 
charactcrised by its spectral propertics.Y quantitative yield.” 

tJ) I.23 - Ttiu~o/o[4.S-c] - I,!.5 - selenudio:o/es (15s) (1.) 1.2.5 - Selenudiuzn/o[3.4-c] - I.?.? - rhiudiozole (16.3) 

IS8 163 

4.5 . Diamino - ? . phcnyl - 1.2.3 - triazole (ISI) has 
been converted IO the mecomcrtc betaine (158; R = Ph) 
by treatmcn1 with sclenous acid (H&z(),).~ This yellou 
lrtazolosclenadiarole (158; K = Ph). m.p. 201’. shows a 

mass spectrum [m/e !.(I (W’). IO5 (PhN,‘)] consistent 
ui1h the bicyclic s1ruc1urc (158). and this structure is 
further supported by its UV and NMR spectra and its 
half-wave reduction polential. These physical properties 
are similar to those of the isoelectronic chalcogcn 
derivatives 153 and lS4L” 

So reactions of this selemum heterocycle (158; R = 
Ph) have been reported 

t K) I.2.C - ‘~hiudiua~/o].l.dc] - I.?..( - fhiudicole (159) 

w ,N-OH x w ’ N-OH 

161 162 

The thiadiazolothiadiazolc (159) has been prepared by 
several similar melhodsM Treatment of tither 3.4 - di- 
amino - I.?.5 - thiadiazole (160) or the corresponding 

sulphone (161) with sulphur monochloride in dimethyl- 
formamide solution gives. in good yield. colourless 
prisms. m.p. 116’. of this novel hcterobicycle (159). 

Other chlorides of sulphur (SOC&-pyridine: SC&-DMF) 

have also been used IO achieve this cyclisa1ion. Alter- 
natively, and more conveniently. compound 159 can be 

prepared in 66% yield by cyslisa1ion of the dioximc of 
oxamide (162) using sulphur dichloride in DlfF at 55”. 

Treatment of 3,J - diamino - I.?,5 - thiadiazolc (160) 
wi1h selenium oxychloride t.SeOCl,) has been reported 

IO give the sclenadiazolo[3.4-clthiadiazole (16.3) as a pale 
orange solid. The structural assignment (163) is sup- 
ported by IR and low resolution mass spectra.“’ 

v. Hrnrn-rALEh’e sfEmmRK BFTMsFs 
ofTYPE 

In the general structure 58. the atoms a and e must 
necessarily be N atoms. If the remaining atoms. b. c. d. f. 
g. h are either h’ or a substituted C atom fCK) then it can 
be shown 1ha1 24 distinct structural types arc possible. 
Representatives of four of 1hese rypes arc known and 
these are now discussed in the order given in Table 2. 
The synthesis of new examples of rype B heteropen- 
talent mesomeric betaines (38) can be expected although 
not all the 24 possibilities can be cxpec1ed IO be stable. II 
IS unlikely that a new allotrope of nirrogen having the 
structure 38 (a=b=c=d=e=f=g=h=N) will be 
isolated in the near future. 



‘fable ! Known mcwmcrl; hcreropcn~alenes of ~ypc H 1~8) 

Atom or group’ 

Parent 5) stern kterocyclc a h 5 d e f p h 

Pyrarolo[ I.!-o]pyraloles 1164) S (‘R (‘R (‘R N (‘R (‘R (‘R 
Pyrazolo(l.2.ct]-l.2.3-rrucolc\ (17Yl \1 (‘R (‘R (‘R S (‘R (‘R s 
I .2.3-Trurolo~l2~b)-I.2.3-rrrarolc~ l206, S (‘R CR S S CR (‘R S 
l.2.3~Triarolo[l.!~u]~l.2,3~~r~a~olc~ 12261 S s (‘R (‘R IG (‘R (‘R 4 

_-_--- -.--- 

‘The groupings a and c each conrrrhurc 2 electron\ IO the a-electron 5) \icm of the hcrcroqclc. h. c. d. 1. g 

and h each contnburc I elccrron 

164s 16dJJ 

The pyrazolo[I,‘_-a Ipyrazolcs (164). the most fun- 
damental derivatives of the type H mcsomeric betaines. 

have been prepared from pyrazoles by 120 routes. Par- 

ticularly useful is a synthesis employing I-allypyrazolcs 

165 (Scheme 6? since this route has been used to 

prepare the parent compound (164; R’ 7 R-’ .= R’ .- R’ .. 

R’ - Kb = H). In general. hromination of I-ally I- 
PyrdZOleS (165) and thermal cyclisation of the crude 
product (166) gives the bicyclic bromides (1671 uhich 

upon treatment with aqueous alkali yield the pyrarolo- 

pyrazoles 168 (Scheme 6). This method”’ Lo has been 

used to prepare the parent compound 168 (R = R’ = H). 
the 2-bromo derivative (1688: R = H. R’ = Br) and the 

1.2,3-trimethyl derivative (168: R = R’ - Mc) and a similar 
sequence using l-cinnamylpvrazole”‘.” has yielded the 
I-phenyl derivative (164; R’ L Ph. R’ = R’ F R’ 2 R‘ = 
R” - H). Electron-withdrawing groups on the pyrazole 

ring (e.g. 166; R = H. K’ = CS or R = R’ = Br) inhihir the 
intramolecular cychsation (166 + 167L” 

The pyrarolopyraroles (168) prepared by this 

method”‘* are colourless solids which appear IO be 

stable in aqueous solution. However. [hey arc extremely 
sensitive IO air. rapidly giving mtcnsclg coloured oxida- 

tion products. Their hicyclic structure (168) is fully sup 
ported by their spectroscopic properties. For cxamplc 

the A,X SMR spectrum of the unsubstitutcd derivative 

(168; R = R’ - II) 1: 2.95(d) and 35!(t). I 2.5 Hz]“’ 
is consistent wnh a structure in which resonance places 
negative charge m the I and 3 positions. Indeed. elcc- 
trophilic substitution readily takes place at these posi- 
tions giving l.3-disubstituted derivatives.“.” Treatment 

with acetic anhydride gives I .3diacetyl compounds 168 + 
169 (Scheme 6) and similar electrophilic substitutions 

occur with benroyl chloride and cyanogen chloride. These 
substituted derivatives (e.g. 169) are considerdbfy more 
stable than their precursors (168) being stable in air for 

periods of up to 2 ycars.“.” 

The first reprted synlhesis of a pyrazolo[l.2-a)py- 
razole derivative”‘-” mvolvcd alkylation of pyrarolc with 

phenacyl bromide pivmg the dialkylatcd salt (170). Cy- 
clodehydration of this bromide (170) using 10% aqueous 
sodium bicarbonate at 50” gave a 98% yield of the 
yellow, cryslalline mesomeric betaine (1711: a reaction 

reminiscent of the Tschitschlhabin indolirine synthesisR 

When p-bromophenyl and rn-nnrophcnyl derivatives 
(171: Ar = p.BrC,H, and m~NO,C,H,) were prepared 

by this method. the strongly H-bonded intermediate hy- 
drates (172) could be intercepted.““ The p-chlorophenyl 

166 

1 

R 

I67 



derivative (171: Ar = pCIT,H,) is dchenzoylaled by ho1 has not been examincd.M The parent compound (164; 

concentrarcd hydrochloric acid giving the chloride (173) R’ = R’ -y R‘ = R’ = R’ = R” = H) has been reported IO 

which upon treatmen with lithium hydride gave rhc air rcac1 with dimcrhyl ace1ylencdicarboxyla1c. dimethyl 

sensirive pyrazolo( I.?-c1]pyra7olc (164: R’ = pCIX,H,. arodicarboxylate and acrylonitrilc hu1 the na1ure of (he 
R’ = R-’ = R’ = R’ ; R” : H).” products wa\ no1 invesliplcd.” 

CO Ar 

172 173 

Dibcnco derivatives of the pyrazolol I.!-alpyrazoles 
(174) have not been reported. The valence tauromers. 

dibenzolhJ] 1 I.51 diazocines (175). are knownPU “ and il 
has been claimed tha1 they have contraceptive propcr- 
lies. A- The structure of the unsubsritured derivative 

(175) has been firmly established and cyclisa1ion IO the 
valence tautomcr (175 + 174) is clearly unfavourahlc.‘n’ 

174 17s 

‘The pyrarolo[ 1.2-a jpyrazoles ( 164) can be regtrdcd as 

pocsessmg an alomc1hinc yllde I.5dipole u ithm ir\ ring 
sysrem. and these molecules (164) do in fact parlicipa1e 
in I.Mipolar q&addition reactions. The I benzo~~l - 2 
- phcn) I derivative (176) and dimethyl acctglenedlcar- 
boxylate give the adduct (177) which i\ no1 i\ola(cd hut 
dehydrogenatcd in sifu (Pd/carbon) giving the novel 8. 

azac)cl-[!.2.~1-;lzinc (178):” 

MeO& CO&k 

H - H -0 “; Ph 
J/N4 

t0 Ph 

176 177 

MeO$ COlhlC 

-A / \ 
N 

t0 Ph 

178 

With terracyanoethylene, the pyrazolopyrarolcs (164) 
give a brilliant red colouration which provides a con- 
venien1 qualitative test but the ttructurc of this product 

Although examples of the bicyclic pyrazolo[ 1.2-a j(r)- 

azoles (179) are no1 known. monoben derivatlvcs (181) 
and dihenzo deriva1ives (1831 have bcen prepared h) 
reductrvc c) clisation of I-(o-ni1roaryl)pyrazoles (180 -+ 

181 )‘I” “” and I-lo-ni1roaryll indazoles (182 + 1831”.“” 

using rrlcthyl phosphite. P>razolo[ 1.2-u Jbcnzotriazolc 
(181; R’ = R’ = R‘ = H)“’ ‘. IS ohlamed as cream prisms. 

m.p. 102-103’. and the dibenro derivative (183: R’ = R’ = 
R‘= R’= H)“’ as yellow prisms, m.p. 1.58-159”. In a 

similar manner. derlvarlvcs of the general types 184’” 
and lB!T”” have also been \yntheslccd. 

0’ ., 

NO2 

R’ 

- 

180 181 

I82 

*z /L$-< 

- RJ&y-p 

I84 IS 

An alternative roulc IO the dibenzo compound (187) 
involves the photolysis of I-(o-azidophenyl)-indazole 
(186); a reaction which gitcs I87 (23%) together with 

2.2 ’ - di(l indarolyljazobenzene 188 (?O%).‘” A 
represcntalivc of the isomeric dibenzo system (190) has 
been prepared by reductive cyclisation of 2 - fo - 
henroylphcnyl) . bcnro1rlazolc (189) with triethyl phos- 
phire. .’ This compound (190) does not apparently ring 
open IO the balencc 1au1omer (191). 



The most extensively studied pyrazolo] 1,2-o ]triazoles 

are the dibenzo derivatives, prepared by the sequence 
182-r R33.U This preparation gives moderate yields 
(I&309$) of the mesomcric betaines (183). A second 

product is often encountered and this has been assigned 
the remarkable dimeric structure 194 (Scheme 7). Indeed, 

this structure (1%) IS supported by its spectral properties 
and by the observation that chromic acid oxidation gives 
6.6 - bis( I2 - oxoindazolo - [1.2-o] - benzotriazolyl) 

(195). u ‘(y The mcchamsm of formation of this dime& 

product can bc rarionalised in formal terms by the 
partrcipation of an intermediate nitrcne (192) which can 

either collapse to the pyrazolo[l.2-a]triazole (183) or 
ahernatively may react with a previously formed molc- 

cult of 183. The resulting dipolar intermediate (193) may 
then undergo an intramolecular 1.4dipolar cycload- 

dition’” (193+ 1%) giving the observed product 194 

192 

191 

(Scheme 7). The possibility that the pyrazolotriazoles 
(183) dimerise under the conditions of the reaction has 

been eliminated (183+ 194).‘y 

The dibenzo derivatives (183; R’ = H) form sahs (1%) 

with strong acids (HCIO,, HBF.. CF,CO,H) and 
undergo elcctrophilic substnution at position 7.“” Under 
Vilsmeier-Haack conditions (Me~NCO~R-POClr at 0’) 
the 7-formyl (197; R’ = H) and ‘I-acctyl (147: K’ = Ye) 

derivatives are formed. Similarly. trifluoroacetic an- 
hydride or p-nitrobcnzoyl chloride in carbon tctra- 
chloride at room temperature give 7-trifluoroacetyl (197; 

R’ = CF,) and 7-p-nitrobenzoyl (197; R’ = p.NO,C,H,) 
derivatives.“’ 

The dibenzo pyrazolo[ 1.2.ojtriazoles (183) participate 
in I.3-dipolar cycloaddition reactions and this is an 
aspect of their chemistry which is particularly imeres- 

ting, not only because of the nature of the azomethinc 

Scheme 7 



Mesomeric bctat~~ derivatrvcr of heteropcntalenes 3219 

piolatc, phenylacetylenc and pchlorophenylacetylene; 
and methyl phenylpropiolate gives a mixture of two 
regio-isomers.‘os 

In the cycloaddition of compound 199 with one 

rquivalent of dimethyl acetylenedicarboxylate, the cy- 

:loadduct (#ld; R = CO:Me) is accompanied by a second 
product which has been found to have the structure 202 
[R = CO,MC).‘~ The mechanism of formation of this 

Michael adduct (202; R = CO,Me) presumably involves 
the initial formation of the dipolar intermediate 201 (R = 

CO,Me; Scheme 8) which then gives the product 202 
[R = CO,Me) by proton transfer. Alternatively the zwit- 
terion (201: R = CO,Me) may collapse to give the cy- 
cloadduct 200 (R = CO,Me: Scheme 8): the extent to 

which the cycloadducts (200) are formed by this type of 
mechanism (201-200) rather than by a truly concerted 

I.3-dipolar cycloaddition t199+200) is open to conjcc- 

lure. 
When compound 199 is reacted with two equivalents 

of dimethyl acctylencdicarboxylate. a different product is 
formed in high yield and this has been tentatively assig- 

ned the structure 204.1a The formation of this product is 

reasonably rationalised by the sequence #)1+203-ZW 
(Scheme 8): a mechanism which has ample precedent in 

the reactions of dimethyl acetylenedicarboxyiate with 

ovridine. ‘OS.“’ isoquinoline’Ob.“’ and other hcterocy- . _ 
CICS. 

11:.111 

L’sing one equivalent 

lHC=CCO,Mel. compound 
of methyl propiolate 

199 again forms two ad- 

I 

imine l,3-dipole but also because of the novel structure 
of the adducts (198) and their potential use as synthetic 
intermediates. 

1% 

The reactions of the ~-MC derivative (19) with 
acctvlcmc dipolarophiles 
detail.‘“~‘~ 

have been studied in some 

With dimethyl acetylenedicarboxylate, 
diethyl acetylcnedicarboxylate and diphenylacetylenc, 
the yellow crystalline adducts (196; R’ = R’ = C02Me. 

CO,IQ. Ph. R’= Me) arc formed.lq Similarly. regio- 
specific additions take place with methyl and ethyl pro- 

7 

/ I 

vecqc cogc 

P \ CO&lc 

h4co& - 

Scheme R 





214 

221 

Mcwmenc betainc dcrivaubcs of hcIeropcnralcnec 3!? I 

Scheme 9 

peraIurc.lR Furthermore. the isomers 224 and 22S have 

been prepared and cannot bc inIerconvertcd.‘- 

Dibenzo - I.3 - lriazolo(l.2-a] - I.?.3 - Iriazoles (231) 
have been prepared’*‘.‘R.“‘.“‘.“’ by methods dire&y 

analogous IO Ihose used IO prepare the isomeric dibenzo 
\)sIems (219). The preparative routes IO the unsub- 
stituted dibenzo sycrcm (231) arc summarised in Scheme 
IO. Similar rouIes have been employed IO prepare the 
monobcnro derivative (227: K = H).“‘-“’ 

228 229 

\ ’ 
vu’c X- 

\NC Qb ‘4 /\ 

223 

’ “l/R 
a “ON0 

. 
I NnN, 

Scheme IO 

The dibenzo-tctraazapcntalene (231) is similar IO. bur 
quite disIincI from, the isomeric dibcnro system (219).‘R 
Compound 231 is ohrained as colourlcss crystals m.p. ?s?’ 
and has a dipole momcnI of 4.73 D whereas rhc isomer 219 
has no dcIecIable dipole moment and is obtained as yellou 
crystals. m.p. 23&‘.‘” Compound 231 undergoes Men- 
chuIkin meth) lation but the resulting salt is lees stable than 
that formed by the isomer 219.“’ The monobenro deriva- 



337, 
e-e CHRIS-ro?)IF~ 

live (227: R = H) is distinctly more reactive. readily 

forming an N-Me derivative with methyl iodide.“’ 
I.ike its isomer (219) the dibenzo system (231) readily 

undergoes electrophilic substitution on the benzene rings. 

In nitric acid. mononitro. dinitro or tetranitro derivatives 
arc formed de nding upon the acrd concentration and the 
temperature.‘P: Srmrlarly. chlorine gives a dichloro 
derivative. The monobenzo derivative (227; R = H) is 

much more reactive towards clectrophilcs than rhc dihenzo 
compound (2.31). For example, compound (227; R = H) 

readily reacts with tetracyanoethylenc initially giving a 
deep blue complex which then proceeds to lose hydrogen 
cyanide giving the tricyanovinyl derivative 1227; R = 

C‘KKK’(CN),].“’ 
Precise heats of formation of the dibenzo isomers 219 

and 231. and the corresponding monobenzo derivatives, 
have been dctcrmined.‘X The triazolo[ I .2-a ]triazolcs 
(226) are found to be more stable than the triazolo]l.?- 

h ltriazoles (206) by co. IO kcallmole. Resonance energy 
considerations suggest that these molecules are aromatic 

in the usual thermodynamic sense.lw 

A RAYSIY 

Only recently has the preparation of a representative 
of the type C mesomeric betaines been reported.“’ 
However, the chemistry of this single derivative is of 

sufficient interest to justify the study of many more 

derivatives of this general structural type 39. 
It is interesting to note the relationship between the 

type C mesomcric betaines (39) and the meso-ionic 

heterocycles (232)” The bicyclic structure 39 can be 

regarded as being formed by intramolecular union (WJ -, ) 
of the meso-ionic structure 232. We do MM wish IO 

suggesl that the mesomeric betaines (39) should be des- 
cribed or represented as meso-ionic compounds, hut 

simply to indicate the relationship between these two 
types of mcsomeric betaine (39 and 232). 

232 

39 

If the atoms or groups a. b. c, d.e. f. g and h in the general 
structure 39 (Table 3) are selected from suitahly sub- 
ctrtutcd C, N. 0 and S atoms, then 96 discrete structural 

types can be recognised. Since only a single representative 
is known. plenty of synthetic challenges and much intcrcs- 

ring chemistry remain IO lx discovered in this field. 

(A) P~rololo[2.3-c]fhiuro/es (233) 

233, 233h 

Maroon needles. m.p. 16K-l6Q. identified as the 
monobenzo pyrazolo[2,3-c]thiazolc (234) have been ob- 
tained in 24% yield by reductive cyclisation of the 4 - (o - 
nitrophenyl) thiazole (235) using tricthylphosphite.“’ 
This compound is the only known mesomeric betaine of 
type C; its structure is fully supported by its analytical 

and spectral properties and by its chemical reactions. A 

second product (SR) from this triethylphosphite dcoxy- 
genation has been shown to have the empirical formula 

ClnH,.N,O, hut. as yet, no constitutional formula has 
been assigned to this colourlcss product, m.p. l43’.“’ 

Dh Ph . 

+(3&j s&j 
234 235 

The pyrazolo[2,3-clthiazoles (233) can be represented 
by two types of l,3-dipolar structure. Written as 233s. 
the system resembles the type A mesomeric betaines 

(e.g. 891) whereas written as 233b it resembles the type B 
mesomeric betaines (e.g. 179). One might expect, there- 

fore. that in their chemical reactions the type C systems 
(233) would exhibit a mixture of type A and type B 

character. It was. therefore, of great interest IO discover 
the general chemical behaviour of the pyrazolo[2,3- 

chhiazole (2.34) and other type C systems. 
As if realising that fate had chosen it as spokesman for 

its ninety-five undiscovered kindred. the pyrazolo[?.3- 

cjthiazolc (234) dutifully rose to the occassion and de- 
monstrated both type A and type B character.“’ With 

N-phcnylmalcimide in boiling xylene, compound 234 
underwent a 1.3.dipolar cycloaddition across the thio- 

carbonyl ylidc dipole (e.g. 233a) giving the cycloadduct 
2% (65%) or more correctly its enol 237. together with 

the pyrido]l,!-h)indazolc-2,3-dicarboximide u8 fzWr).“’ 

Tahk 3. Known mesomerlc hercropcnlakncs ot lbpc C (39) 

Atom or group’ 

Parenl system Hetcrocyck a b c d c I g h 

(233) S CR S CR C CR CR N 

‘The groupmngs a and c each contnhule 2 ckcuons IO rhe t-ckcvon syslem of [he 
hetcrocyck; b.d.e.fg and h each conlribulc I electron. 



Mewmcnc Mame dcrtvarivcs of hcrcropenraknes 3”3 __ 

The second producr (238) is formed from the primary vn. HFTFJI~TAt~T M?WMEtuc NrANF..s 

adduct (U7) by thermal elimination of hydrogen sulphide OFTYPED 

and the yield of this product (238) increases with in- Like the type C derivatives (39). the type D mcsomeric 

creasmg reaction time. The transformation (237 + 236) betaines (40) are related to meso-ionic compounds (i.e. 

also takes place upon treatment of the adduct (2.37) with UI 440) and only a single representative (‘l’ablc 4) of the 

methanolic sodium methoxide.‘r7 This type of 1.3-dipolar !% possible structural types (49; b, d = 0. SR. S; c. f. g. 

cycloaddition reaction @34+237) is typical of the type A h = CR. N) has been reported.” 

mesomeric hetaines (Section IV) and under these con- 
ditions the pyrarolo[?J-clthiarole (234) is clearly behav- 

mg like a type A system. 

When dimethyl acetylenedicarboxylatc was used as u1 2As 

I.3-dipolarophile. a different type of addition took 

place.“‘ In this case, a I : Z adduct having structure 239 The monobenzo derivative (243) has been obtained as 

was formed in K?% yield. Presumably an initial Michael an unstable, purple solid by methylation of 2-phenylin- 

addition gives the 1.4dipolar intermediate tU0) which deno) 1,2-dlthiazole (%+I) and deprotonation of the resul- 

reacts with a second molecule of the acetylene giving the ting thiatolium perchlorate (245) with alkali.” 

product 2.39 whose structure is supported by its “C 

pulsed bT spectrum.“’ This reaction I234+239) is Wt. THE slRlUlItE. BOHDPU; AW 

analogous IO the reaction of pyrazolo( I.!-a)-1.?.3-lri- 
R?XTnTrv W H?~optTITAlX~ %lEsoMNc 

azoles (179) with dimethyl acetylenedicarboxylate (Sec- 
MTAtsEs 

tion V. B) and in this reaction the pyrazolo[2.3-c]thiazole 
(A) X-ray crysfa/lo~roph.v 

G.34) is clearly behaving like a type B mesomeric bedne. 
(a) Th~no]3.4-c]thic)phenes (891 (Section IV. Ct. ‘lhc 

molecular geometry of the thienothiophenes (89) is of 

COaMe some interest in connection uiith the question of the 

Importance of sulphur d-orbitals in their bonding. The 

crystal structure of the tetraphcnyl dcrivativc (246) has 
been examined” and il was found that the thienothio- 

phene nucleus is symmetrical and planar with the Ph 
groups rotated out of this plane by 39.6” and 58.4’. The 

average bond lengths in the hicycl$ nucleus are as 
follows: CS, 1.706A; CC,. I.452 A; C*C,. l407A. 
Compared with thiophene. the ,CS bond length is slightly 

239 240 shorter Ohiophene CS: 1.714A) whereas the CC bond 

Tahk 4. Known mcsomcrlc hcrcropcntakncc of t)pe I) (40) 

Atom of group’ 

Parent \yslcm Hetcroqck a b c d c f p h 

Anhydro cyclopcntald] 

lhwohum hydroxlder (2421 C SR CR S C CR CK (‘R 

‘The groupings band d each conirlbuw 2 electrons IO rhc axlecrron system of OK hcrcroqck. a. c. c. 

1. g and h each coniribute I electron 



I”4 ._ ~nmrclr’wa 

lengths arc+ subst~nt~ll~ longer (thiophcnc CC: 1.3X .\ 
and I.423 Ai These changes in bond length rclat~vc to 
thiophenc have been rationaliscd by invokmp a con. 

tribution from the sulphur d-orhrtals.“’ 

Ph Ph 

rhr I.!,$ . 7’hiadio:o/o[l,J-c] 12.5 . rkiudicf:& (1591 
t,Section IS. KI. An X-ray stud!" has confirmed the 
plamr \tructurc of this molecule (1591 and the twnd 
lengths and bond angles arc in accord with it\ sym- 

metrical geometry (Cc‘. I.44 A. ?I(‘. l.?I; 6: SS. l.b! A: 
NC’C’. 114.(P; (‘SS. 104.4°: SW. lO3.?“,. 

N 
l / RN\ “I ‘ii -,/’ 

159 

ICI I.!.J . 7’tim:olo1l.3h] - I.!.3 . trkl:olf’s (2061 
(Section \;‘. Ct. The crystal structures of four trwolotri- 

a~olcs have been studied”’ ‘F.‘~ including a prcli- 

minarv examination”’ of the dibcnto dcrivattvc (2191 

which was shown to be planar. The structures of the 
rubidium salts 206 (K’ - Me. K’ - COz Kb’ I”’ “‘.“’ and 

206 (K’ - CO, Kb’. K- - H)‘.’ have been studied in wmc 

detail and their geometry is entirely consistent with the 
propowd mesomeric Maine strueturcs. Similar results 
wcrc also found for the dtbromo derivative (206: R’ -- 
J,e. K’ = &)“‘l I:’ m which the average bond lengths are 
a\ follows: KIN’, I.MA: N”N’. I.40.& N‘C. I.4f):i: 

Fi’c. 1.37 A; cc. 1.33 A. 

(al Qlwlirufire asporfs of fire bonding irr Ireteropen- 
rulenc rtw.wmeti~ heruines. In order to discuss the clcc- 
Iron, structure of the hetcropentalcnc mesomeric 

betaines it I\ c~~nvenient tirst of all to consider the 
bonding in the qclctietatctraene dianion t2uI). and iso- 

electronic hetercxycles, and then to consider the 

hcteropentalcncs as perturbations of these systems. 
kSlanar cl;&x_&~tctracne 12471 is an even alternant 

h~dr~)~ar~n t.4Hl and lrke all qclic Jn pol)ener it i\ 
characteriscd h) a pair of non-bonding molecular orbitals 
INHYOI. each associated with one electron. The com- 
ponent C atoms can be divided into two sets. starred and 
unstarred. in such a uav that no atoms of hke parity are 

directly bonded. Since the NBSlO‘s are degenerate ergen- 
fun&lns. an) combinations of thwc molecular or- 
bitals are also eigcnfunctions and in fact It 1s pos\ihle 

and convemcnt to chcxw combination\ such that one 
NBWf IS restricted to all the starred atoms (e.g. 249) and 
the other is re\trictcd to the unstarred atoms (e.g. 2SO1. 

The intrc~u~ti~~n of two extra electrons into the NBYO’s 
give\ the x-elt knou-n cy-cloktatetraene dianion (248). 

l 

l.ct us noa consider the consequences of introducing 
Iuu hetero-lonepairs mto the planar C)clo&tatetraene 

fCOTr skeleton in order to derive neutral hcterocon- 
rugated systems isoelcetronir with the COT dianion. 

(‘lassr~al >truzrure\ for AH’s are drawn by linking atoms 
of opposite parity by double bonds and the converse 
immcdiatelv follous: in order to be able to draw a 
classisal structure there must be equal numbers of atoms 

of opposite parit). In the COT framework (237) there are 

four starred atoms and four unstarred atoms. If the 
lonepair\ in an isoelectronic heteroeycle originate at 

atoms of opposite parity. three starred and three unstar- 
red atoms \\-ill rcmam. and it uill be mlssible to represent 

heteroc~cles of this type by classical structures. This is 
clearI) demonstrated by systems of the general type 251 

and Ls2. Furthermore. since one NBMO is associated 
with starred atoms and the other with unstarred atoms. 
both SBSiO’t will be perturbed by the heteronuc~ei in 

the\c s)stcms (251 and 2St) and they will be charac- 
tcrised h> highest cxcupicd molecular orbitals (HOMO) 

which are lower in energy than a NBYO. 
If both the hctero-lonepairs lxiglmle at atoms of like 

parrtv. ue can immediately predict that it will k im- 
poss~hlc to represent thc\e systems by classical struc- 

ture\. I’hts predhztion is tllustrared by swems of the 
general type 253 and 254 which can only be represented 
as mcwmerrc betaines. it also follows that since the 
heteroatoms are restricted to one set of atoms (starred). 

onl) one of the NHMo’s will be perturbed by the 
hctcronuclet and so systems of this type will be charac. 
trrt\ed h) a HOW which is eloscly related to a NBMO. 



Mesomeric beraines of the general t!pcs 253 and 254 
are not known but the relaIionship of these s)sIcms IO 

heteropcntalenc mesomeric betames is eas) to demon- 

strate. In the hctcroconjugated systems 1253 and 2S4l the 
unperturbed KBMO (e.g. 2501 vanishes on the starred 

atoms and consequently an intramolecular union across 
starred atoms. e.g. IzsO+2!W. will leave the SB>fO 
unchanged. Since the unstarred atoms arc the major \et 
of those atoms contributing a single electron. ;I simple 

consideration of the Iopolog) of the btc)cltc systems 
(156, 257 and 258) obtained by intramolecular union of 
253 and 254 across starred positions dcmonstratcs that 
they cannot be represented by a classical struc‘turc tic. it 
would be neccssar) to link at least one pair of unstarred 

atoms by a double bond, which is &arly impowhlcl 

Thus. we can quite generally conclude Ihat the btcyclic 
heterosystcms (256. 257 and 2%). uhtch me no\\ rccog. 

nise as type A. B and C hetcropcntalcnc mcwmcric 
betaincs. cannot bc reprcscnted b) ;I das~ic;~l structure 
and will bc associated with a KHMO. This KB510 I\ ;ln 

important feature of the structure of the t)pe .A. 13 and (‘ 
mesomcric betaincs and is closely related IO their rc’;li. 
tivity as I.%dipoles: a scparalc section IZ devo~cd to this 

aspect of their chemistry I.Section VIII. C‘I. 
The analysis described ;~lwvc is easily cxlcndcd to 

larger cyclic 4n polycncs and related pol~cychc systems. 
For example. it can be similarly demonstraIcd that s)s. 

terns of the gcncral lye (2591 can onl! hc reprcwnted as 

mesomcric betaines and ~111 be associated unh ;I 
YRYO: other systems can bc predicted 

f.cl us now return IO Ihc X-memhcrcd cyclic 
mcsomcric bclaines of general slructure 253 and 254 and 
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ionstdcr the consequences of intramolecular unwn 
across unsrorred atoms. c.g. 253 -261. 2sJ- 262 and 

254 + 263. Since the NBMO IS finite and m phase a~ these 
positron\. union results in a bondmg interaction (IX. 
250~•26Ob. ‘The hicyclic s)ctems (261, 262 and 263) arc 
not. therefore, aswctatcd with a KHMO: the HOW0 urll 

be lower m cncrgy. Becauw union takes place acre\\ 
un\t;rrrcd posttions iI IS possible that the resulImp s)s- 

tcms can be represented by classical structures in M htch 

one double bond hnks unstarred atoms (the parent 

hydrocarbon is not alternantl. In fact inspectton of the 
structures 261. 262 and 263 demonstrates that INO of 

these systems. (261 and 262). are indeed wttsfactoril! 
rcprewntcd by classical structures. ‘Ihc thud s) stem 
12631. tihich HS nou rccogmsc ;I\ ii Iype I) hctcropcn 

IAns mesomeric betiiine. cannel hr reprcsentctl classi. 
call!. Furthermore. HC should no% rccopnise that the 

t)pe 1) hctcropcntalcnc mewmertc bctauws 12631. tn that 
the) are not aswciated N ith ;I SBMO. are fundament;rll) 

Jiffcrcnt from the type A. H and C hcteropentalcns 
mewmcric hetaincs 12%. 257 and 258). ‘Ihu\. uhcrc;l\ 
the tp A. t3 and (’ \)stcms have man! sirnilarltw In 
their chsmical and spectroscopic properties. us might 

c~pcct the ~)pc I) \vstcms IO bc rather dtffercnt in 
sharactcr 
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fb) Semiempirical molecular orbital calcufations. 
Quantitative theoretical studies of heteropentalenc 
mcsomeric betaines have been made using the Huckel 
(“M(j),L’.‘“.WJ 

CNW/2’OJ” 
Pariser-Parr-Pople (PPP)“.‘“.“’ and 

methods and the results are in good 
agreement with the qualitative analysis described above. 

‘The HMO method. in spite of being of doubtful vahdity 
for non-alternant hydrocarbons or hcterosystems. pro- 

vides useful insight into the n-bonding: as expected. type 
A, B and C molecules of general structure (256258) are 
associated with non-bonding molecular orbitals. 
However. since the PPP and CNDO/Z approximations 

arc sounder models for non-alternant hetcrosystems. 
only results obtained using these methods will be in- 

cluded in this section. 

CNDWZ calculations’4’ for the nitrogen derivatives 
(264-267; Fig. 2) have been carried out and the calculated 

atnergy levels are as show-n in Fig. 2. The geomelries of 
the spccics 264-267 were based upon standard bond 

lengths and bond angles. Since the energy and symmetry 
of n molecular orbitals are fairly insensitrve to small 
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changes in molecular geometry. the results (Fig. 2) 
should provide a reasonable picture of the n-bonding in 
these systems. Figure 2 clearly demonstrates the elcc- 
tronic similarities of the type A, B and C systems (26& 

266). Fach of these systems (264266) is associated with 
a HOMO which is non-bonding in character (co. 
- 8.1 eV) and it is interesting to note that the type C 
system (266) has energy levels intermediate between 

those of the type A (264) and type B (269 systems. This 

latter observation provides another demonstration of the 
hybrid character of the type C systems. Figure 2 also 

clearly demonstrates that the electronic structure of the 
type D system (267) is fundamentally different to that of 

the mcsomeric betaines (264-266); the HOMO of the 
type D molecule (267) is substantially lower in energy 
and is topologically different to that of the type A, B and 

C molecules. 
Since the HOMO of the type A, B and C systems 

(256258) vanishes at starred positions, the energy of this 

molecular orbital might be expected to be insensitive to 
changes in the nature of atoms at these positions. This is 

La.40 -j- --------- 

(260 (265) 

TYPE 1 TYPE R 

(266) 

TYPE c 

(267) 

TYPE D 

Fig. !. ‘Ihc energy levels of atkctrons rn hcteropentalenc mcsomenc betames calculated by the CNDCX? method 
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not the case for the unstarred positions of the hctero- 

pentalene skeletons (2562Sfl) and it is of interest IO 

consider the effect of substituting N atoms at these 
positions. Using the CNDOI? method, this heteroatom 

effect has been investigated for the type A species (26% 

272; Table S) and the results are shown in Table 5.“* 
InIroduction of N atoms results in a progressive lowering 

of the energy of the HOMO and this perturbation can be 
expected IO have a marked influence on Ihc reactivity of 

type A systems with 1,3-dipolarophiles (Section VIII, Cl. 

The calculated effect of hcteroatoms on the HOYO- 
LUMO splitting of the type A systems (Table 5) is also 

informative. Increasing the number of h’ atoms (26W72l 
results in a small but progressive increase in the HOMO 
LUMO separation. This effect is reflected in the colour 
of type A molecules. Those systems associared with C 

aIoms at unstarred positions (e.g. 256) are highly 

coloured undoubtedly due to a HOMO-LUMO tran- 

sirion. Typical examples (Table 6) are the purple 
thieno[3,6c]thiophene (273) and the red thicnol3.4- 
c]pynole (274). Introduction of N atoms results in a shift 

of the visible absorption band to shorter wavelengths. 
Thus. the Ihieno(3&c]pyrazole (275) is orange. the py- 

razolo[4.3-c]pyrazole (276) is pale yellow and ultimately 
the triazolo[Wd]Iriazole (277) is colovrfess. 

CNDOEW and PPP”~“‘)~“’ calculations on sulphur 
systems have been reported. Results using the PPP 
method suggest that the thieno[ 3,4-c ]Ihiophcnc 

(278) “)~‘4’ and the thicno[3.4-clpyrrolc (279)” systems 
should be considerably less stable than classical isomers. 
In fact these calculations predicted that the unsubstitutcd 

systems (278 and 279) should have a triplet ground state. 

Tahk S.Thcmtlucnccof hcrcroaromronthe HOWand I.L’htOof r)pc A hcreropcnralcncscalculatcd hyrhcCNDoI2 
melhod 

HOMOlcVl HOMO~I.LMO Scparauon (eVl 

7.6 9.95 

10.04 

10.0s 

Table 6. The effccr of hcleroaloms on the v&k absorption of type A hereropentalenc rncsomeric lxlaincs 

Appearance Au. (nm) Solvent 

n3 purple needles (?I (log t3.92)” CHCI, 

n4 red needles .(33(l0gr3.ISY’ CHCI, 

275 orange prisms 465 (log cJ.44)” &OH 

WCI.C&i. 276 pale yellow crystals 3% Clog r4.33)” CHCl, 

n colourksr kallels 342 (log r4.W” EIOH 
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although subsequently spectroscopic studies on deriva- 
tives of 278 and YT9 have demonstrated a singlet ground 
state. This discrepancy between calculated and observed 

properties may possibly be attributable either to the 
neglect of d-orbitals in these calculations or to the 

influence of phcnyl substitucnts in the experimental stu- 
dies. 

Cava et aI.% have employed the CNLXX method with 
inclusion of sutphur d-orbitals to investigate the struc- 

lure of the sulphur hetcrocycles (278. 279 and Zso). The 

rcsuhs of this study arc consistent with the view that 

d-orbitals make a significant contribution to the n-bond- 

ing. In particular, a substantial parI of the n-bonding 
between carbon and sulphur was attributable to dn - pz 
overlap. 

+srJJ +sm 
278 n9 

(c) d-Orbital parricipation. The question of the extent 

of the participation of sulphur d-orbitals in the bonding 
of hetcroaromatic systems is a vexing one. It has been 

suggested that sulphur 3dorbuals make an important 
contribution to the bonding of thieno[3.4-clthiophenes 

(89) and related hetcropentalene mcsomeric betaines (69. 
85. 107. 139. 156. 159 and 163)“.“‘.‘U but a critical, 
quanutative assessment of the extent of this conuibution 

is not yet available. In the opinion of rhe author. an 
understanding of this interesting aspect of sulphur che- 
mislry will be gained by a COmparisOn Of spectroscopic 

propcrues of a wide variety of structural types; the value 
of molecular orbital studies in these investigations is 

questionable since these models often beg the question. 
Cava and lakshmikantham” have succinctly sum- 

marised the current situation regarding the nature of the 
sulphur bonding in these systems: “further insight inro 
fhis problem will hesr he gained. nor by polemics huf 

by new experimenral work.” A qualitative analysis of the 

facrors governing the role of d-orbit& is included here 
bum it would be premature 10 attempt a definitive ap- 

praisal. 

In a valence bond description. the participation of 
sulphur d-orbit& in the bonding of rhieno(3.4c]thio- 
phcncs (89) is included by assuming that canonical forms 

of the type t81 make a significant contribution. Alter- 
natively. in a molecular orbital treatment d-orbital parti- 
cipation arises from a mixing of the KBMO of the 
hetcropentalcne framework (e.g. 2I32) with a combination 
of the topologically favourable sulphur d,, orbitals (e.g. 
2&J): weaker interactions may also arise betuecn the 
sulphur d,. orbitals and suitable z molecular orbitals hut 
these are of secondary importance. For quantnative 
studies of the importance of d-orbitals. this molecular 
orbital picture provides an attractive model and the 
whole question of the factors influencing the contribution 
of 3d-orbitals can be directed to those faclors which 
govern d,,-NBMO mixing (Fig. 3). 

If the introduction of sulphur d-orbitals is considered 
as a perturbation in the bonding of hcteropentalenes. 
then in accord with second order perturbation theory the 

S w S 
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extent of mixmg of the component orbitals (NBMO and 
d,,) is inversely proportional IO their difference in energy 
UE: Fig. 3) and is dependent on their overlap. Cn- 

doubtedly. the NBMO is very favourahle for interaction 

with sulphur d,, orbitals. being high in energy and having 
suitable symmetry. The problem, therefore. lies with the 
sulphur d-orbit& themselves. Arc they of low enough 

energy and is the overlap integral with the NHMO large 
enough for them IO make a significant contribution IO the 
s-bonding? 

Participation of d-orbitals certainly seems IO be im- 

portant in systems where the sulphur atom is associated 
with a positive charge (e.g. sulphur ylides)“‘-“’ or is 

directly bonded to electronegative elements (e.g. SF,L’~ 

In such molecules the charge associated with the sulphur 
atom appears lo result in a lowering of the d-orbital 
energy as well as a contraction of the orbital sire making 
overlap more effective. However, in systems where the S 

atom is associated with little or no charge the suitability 
of the d-orbit& for bonding interactions is nor clear. 

Admittedly. dn -_pz bonding appears IO stabilise dithi- 
ane anions (RSCHS-R) bul in these systems the car- 

banionoid orbital is extremely high in energy and da - 
prr overlap is good. It could be argued that sulphur 

d-orbitals are particularly important in the bonding of 
1.2.5 - thiadiazolo[3.4-cj . I,?.5 - thiadiazolc (159) due IO 

the effect of electronegative nitrogen atoms but these 
atoms will also have the effect of making the HOMO 
substantially lower in energy than a NBMO. 

In conclusion. perhaps the following point is worth 
including. There is no lau of nature which requires that 
molecules be represented by purely covalent structures. 
The observation that without inclusion of d-orbitals the 

thieno[ 3.4clthiophencs can only bc represented as 
mesomeric belaincs (2781 is not sufficient justificalion. 
without other cvidencc. for invoking d-orbital participa- 

tion. Indeed. the preparation of pyrazolo[4.3-rlpyrazolcs 

(117) and 12.3 - uiarolo[J.!-d] - 12.3 - triaroles (I-86) 
demonstrates that d-orbit& arc not essential for the 

Frg. 3. The mrxtng of sulphur d,, orbIds and a NBhlO rn the 
ahoeding of hercropenlalcne mcsomcric b&ncs. 
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stability of type A hcteropentalenc mesomcric betaines 
(37). Undoubtedly d-orbitab are involved in the bonding 

of the thicno[3,4_c]thiophcnes (27t3) and related sulphur 

heterocycles but whether their contribution is large 

enough to significantly influence their structure and 

reactivity or to justify their representation by structures 

of the type 281 remains to bc seen. 

(C) I.!-Dipolar c~clooddifion reacfions 

‘Ihe structural features and orbital topology of the 
hereropentalene mcsomcric betaincs provide the oppor- 

tunity for I .3-dipolar cycloaddition reactions which lead to 
novel s1ruc1ural types. These cploaddition reactions have 

been discussed in previous sections hut it is informative to 

cnaminc the general factors which govern the rcactiviry 
and selccrivi1y. ‘Iwo factors seem to be of primary 

imporrancc: (i) the energy and symmetry of the HOMO of 
1hc hr1eropenralenc: (ii) the thermodynamic stability of the 

cycloadduct. Fron1ier molecular orbital (FM()) 
,hcor).‘W.“8’ has heen successful in accounting for rhe 
reactivity of 1.3.dipolar systems in terms of HOMO- 

I.CMO interactions and it is instructive IO consider 1hc 
cycloaddi1ion reactions of 1hc hctcropentalcnc mcsomcric 

betames in rhcse terms. 

The rcactivities of the mesomcric betaincs (high 
energy HOYO) with electron deficient dipolarophilcs 

tlow energy LUMO) arc controlled by the magnitude of 

the interaction between the mesomeric betaine HOMO 
and the dipolarophilc LUMO.‘%.” The magnitude of 

this orbital interaction is inversely proportional to the 
energy diticrence and dependent on the orbital overlap. 

and in rhis connection it is significant that the HOMO’s 

of the type A. B and C hetcropentalcne mcsomeric 

betaincs have nodal properties (255) suitable for overlap 
with anribonding orbitals of dipolarophiles. large intcr- 

iictions betvvcen the frontier orbitals are expected to 
facilitalc l.3-dipolar cycloadditions. 

‘This depcndcnce of reactivity upon the energy and 

topology of the mcsomeric betaine HOMO is demon- 
strated by 1he reactions of type A systems. Thus, the 

1hieno(3.4-cjpyrroles (69). the thieno[f+c]furans 185) 
and the thicno[3.4-cjthiophcncs 039). in which the 

HOMO is closely related to NBMO. react readily with 

clcctron dchcient alkencs and alkynes. and a simdar 
reactivity is observed for the thicno[3&]pyrazoles 

(107). CS’DOI! calcula1ionc’4’(!5ection VIII. B. b) indicate 

1ha1 1hc inrroduction of N atoms into the bicychc frame- 
work (Table 51 progressively lowers the energy of the 

HOMO and this i\ reflected in the chemistry of ala 
dcriiarives. In the thieno[3.4-clthiadiazolc system (139). 
\rhcrc I%(~ ni1rogen atoms perturb the HOMO. cyclo- 
addi1ion is “sluggish”” and the retra-arapentalcnes 
(p)ra?olo(4.3-cjp)ra~olcs) (117) and the hcxa-arapen- 

1alencs (triarolo[45c]tria7oles) (Iti) do not appear lo 
show any I.3dipolar reactivity. 

Some caution must be taken in assigning lack of 1.3- 
dipolar reactivity to the nature of the HOMO since the 
thcrmody namic stability of the adduct is also an influcn- 
tial facror. This thermodynamic control may well ac- 
count for the mode of addition to those type A systems 
which arc associated with IWO discrete 1,3dipolar frag 
mcnts (e.g. 2IJ&+285). Thus. the thicno[3.4-c]furans (85) 

and the thieno[3&c]pyrazolcs (107) react as carbonyl 
glides (85~) and thiocarbonyl ylidcs (107b) respectively 
although. in principle. alternative modes of addition are 
possible. The factors which govern the relative ther- 
modynamic stability of isomeric adducts (e.g. 286 and 

287) arc not clear. however. Particularly amusing sys- 
tems are the thieno[3,4_c]pyrrolcs (69) which with 

olctines react either as azomethine ylidcs (69s) or thio- 

carbonyl ylides (69&r) depending upon the reaction con- 

ditions. Thus, in low boiling solvents. such as benrene. 

addition occurs across the azomcthinc ylide fragment. 
This mode of reaction is attributable IO kinctrc control of 
the product. the governing fac1or being the relative 

magnitude of the HOMO coefficients at the two alter- 
native reaction centrcs. With higher boiling solvents. 

such as tolucnc, addition takes place across the thiocar- 
bony1 ylidc; a process which is clearly thcrmodynami- 

tally controlled although it would be difficult to predict 
this result u priori. 

Type R and.typc C systems hate also been dcmon- 

strated to participate in l.3-dipolar cycloaddition reac- 

tions and the controlling factors seem IO bc esscr.tially 

those described above. In the type H scrics. the py- 

rarolo[ 1.2-u jpyraroles 1164) and the pyralolo(I.Z-u ltri- 
azolcs (179) react with acetylenes giving tricyclic adducts 

of the general type 289 although it is conceivable that 

some of these reactions 1t88+t89) may proceed via a 
dipolar intermediate rather than a truly concerted mc- 

chanism. Considering the rigidity and apparently strained 

nature of the adducts (289). it is remarkable that the type 
B systems react in this manner at all. 

This thermodynamic factor is almost certainly decisive 

in controlling cycloadditions of the type C hctcropen- 

talcnc mcsomcric betaincs where addition resembling the 
type A mode rather than the type H mode IS favoured. 

* 
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IX. coNc1LsM?y 

The hctcropentalcne mcsomcric betaincs arc intrm- 
sicahy interesting molecules. particularly from the point 
of view of their clectromc structure and their parti- 
cipation in 1.3-dipolar cycloaddition reactions. Numerous 
possible examples of this type of bicyclic species arc still 
unknown and the existence of many novel tricyclic and 
polycyclic mcsomcric betaines can also be predicted. It 
is hoped that future attempts IO prepare new systems will 
be rewarding and that a study of their physical and 

chemical properties will enrich the organic chemists’ 
concepts of bonding in hetcrocyclic systems as well 3s 
providing novel synrhctic transformations. 
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It is intended that this review and a recent review of 
meso-ionic compound? be parts of a trilogy covering 
the chemistry of hetetocyclic mesomeric betaines. In the 
third article it is hoped to complete this survey by 
discussing the chemistry of the general class of 
mcsomcric betaines which are isoelectronic with odd 

alternant hydrocarbon anions.“’ 
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This appcnd~n exIends Ihc lircralure coverage 10 Scprcmbcr reference IO the mam ICXI. New herdIngs arc used for new 
1977. RcpresenInIivcr of IWO new rypc A hcIeropcnIakne classes of compound. 
bcrames ryrIems have been reporred; their sIruc1ures are given A comprehensive review of rbc chcmisrry of he1eropcnIakncr 
in Table A-1. Se&n headmgs arc used IO facdiIaIe dircc1 having hridgehcad nirrogcn atoms is IO be published.“’ 

Table A.1. AppcndIx IO Tahk I 

AIom or group 

Parent syslem 

Thkno[3.4-c]isoIhiazoks 
.Seknolol3.4~r]seknophenes 

HeIerocyck a b c d e f g h 

(291) ClG s CR C CR S CR 

(2%) C CR .Sc CR C CR Se CR 

.srllOY II mIermediaIc pnmary adducrs. WiIh alkencs the primary adducIs 

IA) hfonoonions (2%) are slabk and can be IsolaIed.‘” 
The isolation and characIensaIion of Ihc IIIhium Salk of the 

S-merhyl-I-IhlapcnIalcnyl amon 1290) has been reponed ‘” IN) Sl/mok,(3.41]srlcnophnr (2%) 

2% See Tabk A- I 297 

Base caralysed dchydralton of the sulphoxIdc (80 apparently 
gives compound (U: R’ = R? = R’= R’= Phi In solution. This 

provider an alIcrnaIive IO dehydraIlon using aceIic anhydrIde.“’ 

Dehydrarion of Ihc scknoxides (297, gives Ihe reknolol3.+ 
c]scknophencs (296: R’ = R’ = Me, CO,Er. R’ = R’ = Hl in solu- 
Iion bu1 isola1h-m of Ihere species has no1 been achieved. These 

specks (296) can apparently be trapped as Iheir N-phenyl- 
makimlde adducIs.“’ 

(Cl ~hirno[3,4_c]rhiophre~ (89) 

A useful altcrnallve IO accIic anhydride catalyscd dehydrauon 

of Ihc sulphoxidcs (90) IO rhc bctaines 0391 is a novel base 
caIalyxd dehydrarion In benzene solurmn Grignard rcagcnrs and 
methyl IiIhium give low yields bu1 IilhIum diisopropylamldc or 

aqueous sodium hydroxide and phaw Iransfcr iaralysl gIvc good 
yields.“’ 

(A) Pyra:olo[ I .!-a]pyro:oles (164) 
Sew dibcnzo[b.fl[l. S] dtazocine denvariver (17% have been 

reportcd.‘y~‘y 

(Dl 1.2.3-~no:oIo[ 1.2-al-rri4.-o/e~ (226) 

The E;MR spccIrum of 1hc dibenzo derivalive (23ll has been 
recorded and analyscd.“’ 

291 See Tabk A-l 

Ph 

293 

Ph 

ViokI needles (AZ;“‘: 5 29 nm) of ~hc Inphenyl denvalive (291: 

R’ = R’ = R’ : Ph) have been prepared by I. 3dipokr cycload- 
dIIkn of dibcnzoykcerykne IO the meso-ionic 1.3.!~oxaIhia~ol-!- 
one (293. R’ = Phi and IreafmenI of Ihe rerulring 3,4dIbcnzoyl-S- 
phenylisoIhiazole (292: R’ = R’ = R’ = Ph) wiIh phosphorus pen. 
tasulphidc-pyridme. Ace~ylcncr add IO compound (291: R’ - R’ 7 
R’= Phi across IRK Ihiocarbonyl ylidc fragmen1 giving 
bcnro[r]isoIhiarolc derivarivcs (294~)) wirhour isolalion of the 

FEcTw)nl vfn (1) . . 
(a) Quoliroricr ospccrs of rhr bondrng In hrrcmptnralmr 

mcsomtti6 baoinrr. lo connecIion wiIh sysrcms of fhe general 
type (259) II is InIcresIing IO note IhaI rhc Incychc sysIem CnSl 
appears IO have been prepared many years ago by oridarion of 
Ihc m.phen~kncdiamine dcri\aIivc (299) using cupric sulphale in 
pyridinc.“’ 

lb) Seminnpinrol molcculor orb&al rolculorionr Funher 
examples of PPP and C MM12 MO calculalions on pyralolol I ..?- 
alpyraroles (164) and l.!.3-triazolo[l.2-b)-12.3-Iriazolcs (286) 
have come IO rhe aurhor’s aIIenIIon.“L’Y 

(cl d-Orbird poniciporion. An Importan sIudy of Ihc ekc- 
Ironic sIrucIure of rhe Ihieno~3.Cc~Ihlophener (II)) employing Ihc 
CNDOIS melhod and UK phoIockcuon spectrum of rhc Ictra- 
phenyl denvaIive #99; R’ = R’ = R’ = R’ = Ph) has been reported 
The high energy of rhc HOMO is demonsIraIed II IS concluded 
thaw these species are aromaIic like Ihiophcnc and Ihnf d-orhi~als 
do no1 play an importan part in rhcir bonding.‘*‘ 


