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pseudoAZULENES CONTAINING TWQ FUSED FIVE-MEMBERED RINGS
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REPLACEMENT of a C=C unit in the seven-membered ring of azulene by
an atom X, which can supply two m~electrons to the aromatic decet, gives
rise to the Rseudoazulenes(l) I and II. Representatives of all these
heterocyclic systems, in which X = 0, N, or S, are now known(2 - 7) and
these compounds closely resemble azulenes. The introduction of a second
hetero-atom ¥ = 0, N, or S, results in the novel pseudoazulenes IIT and
IV, the most noteworthy feature of which is that a classical structure
can be written for IITI but not for IV. Theory suggests that such a

molecule is best represented as an internal ylide IVa (see below).
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Examples of Type III and of Type IV have now been prepared.

+
QI+, 4> T
O W :

Ph Ph

v
O Tt =
N7 NN
Ph Ph
Vi Vi1
(8)

1,3-Dioolar addition of 1,3-diphenylnitrilimine to pyrrolidino-
indene afforded the pyrazole V, m.p. 174° (Foimd: C,85.9; H,5.3; N,9.1.
022H16N2 raguires C,85.7; H,5.2; N,9.1%). Methylation to the pyrazolium
cation VI, followed by treatment with alkali gave the indenopyrazole VII,
dark red needles, m.p. 169 - 1700 (Pound: €,85.7; H,5.4; N,0.1. C23H18N2
requites C,85.7; H,5:65 N,8.7%), ) . 462 (ethanol), 490 mp(cyclo-
hexane). The new pseudoazulene is indefinitely stable in air, it resists
the action of hot alkali, acids protonate it to the colourless cation VI.
Preliminary experiments indicate that it can be acetylated and coupled

with diazordum salts.

A representative of Type IV was obtained from 2—phenylindeno[},2—é]—

thiazole (VIII)(g) by methylation to form the nearly colourless
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thiazolium perchlorate IX, m.p..244 - 245.50 (Founds C,56.1; H,3.8;
N,3.7; S,8.6. Cl7Hl4ClNO4S requires C,56.1; H,3.9; N,3.85; S,B.B%), and
subsequent treatment with alkali, which yielded the anhydro—base'x as an
unstable, light-sensitive dark purple sclid which decomposes above 1640.
(Found: N,4.9; S,11.9. v017Hl3NS requires N,5.3; $,12.2%). Acids rege-

nerate the cation IX.
S,uPh
Vi1

e = Qoo

X X

The position of the longest-wave absorption band in the spectrum of
X is shifted to shorter wave-lengths with increasing polarity of the
solvent: /\ max 550 (benzene), ca.540* (acetone), ca.490* (ethunol),
ca.480% T/L(methanol), indicative of intramolecular charge-transfer, with
a greater charge separation in the ground-state than in the first excited
state. This is borne out by MO calculations on this molecule (but
lacking the C-phenyl group): in the ground-state the total charge cn
the heterocyclic ring is +0.84, on the cyclopentadiene ring -0.54, on the
benzene ring -0.30. In the first excited state the charges are reduced

to +0.14, -0.11, and -0.03, respectively.

* Inflexion.
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TABLE 1

MO Calculations on pseudoAzulenes

Type 1 Type II Type III Type IV
CHARGES
Aton 1 + 0.315 + 0.257 + 0.190 + 0.301
2 + 0.221 + 0.337 + 0,285 + 0.373
3 - 0.061 + 0.044 + 0.242 + 0.301
4 + 0.172 - 0.040 - 0.124 - 0.150
5 - 0,086 - 0.053 - 0.209 -~ 0.248
6 - 0.211 - 0.196 - 0.10% - 0.3179
7 - 0.090 - 0.082 - 0.23% - 0.248
8 - 0.227 - 0.184 - 0.044 - 0.150
9 - 0.033 - 0.084 -- -
BOND ORDERS
Bond 1,2 0.514 0.530 0.199 0.590
2,3 0.705 0.414 0.566 0.590
3,4 0.642 0.749 0.646 Q.301
4,5 0.604 0.505 0.501 0.611
5,6 0.531 0.634 0.723 0.645
6,7 0.707 0.613 0.586 0.645
7,8 0.598 0.705 0.67% 0.611
8,9 0.570 0.527 - -
1,8 - - 0.356 0.301
1,9 0.364 0,657 - -
4,8 -- - 0.489 0.597
5,9 0.475 0.441 - -
Delocalizetion energy 2.7958 2.7688 2.3178 2.3438
(Azulene, 3.3648)
Charge separation 0.588 0.530 0.634 0.825
between tke rings
(Azulene, 0.420)
Energy of x—) n* 0.9018 0.9438 0.9938 1.1578

transition
(Azulene, 0.8788)
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The results of MO calculations by the standard Hlickel method on the

systems I - IV are summarised in the Table.* The parameters used were

4 - @ =d, -a-= 1.5

= 0.88

and are appropriate for the cases X,Y = N or S.(lo) For each molecule
one obtains five bonding molecular orbitals which are filled with the

ten m-electrons.

The results indicate a decrease in stability in the order
azulene) I>II> IV)III, the extent of bond order variztion shows
that the aromatic character decreases in the same seguence. The unequal
distribution of charges, while qualitatively similar to thnt calculated
for azulene, is much accentuated in I »nd IT and even more so in TII
and IV, Nucleaphilic suvbstitution on the heterocyclic ring and proton-
ation and electronhilic substitution in the cyvelorentadiene rinc has keen
observed in all *the pseudnazulsnes investicated, The sredicted
se uence in the long-wave absorption: azulenp)‘[} Y|>,1]1> 1V ras

(5,6) '

found in the sevies azulnne~>]'>11. (x =) and (X = &}.“Vﬂ

1)
¥ Similar calculations have been carriad ond on I and IT (X = s)\’l’ gnd

on I (x=0).12)
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