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A REMARKABLY STABLE AROMATIC ANION, CYCLOPENT [e JAZULENIDE
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Summary: The titled anion was obtained by n-butyllithium treatment of a
mixture of 1H- and 3H~cyclopent[elazulenes in THF at ~30°C. The 1H-- and
13C—nmr spectra indicate a considerably large peripheral m-conjugation due to

an aromatic 1471 electron structure.

The T conjugation mode in anionic polycyclic systems is of considerable
interest. For example, indenide is a more unstable anion compared with
cyclopentadienide, where a benzene unit fusion to the latter disrupts 6T
electron conjugation of cyclopentadienide ring and does not afford a
peripheral 107 electron system.1 In contrast with this, we now found that

an azulene unit fusion to cyclopentadienide stabilizes a resultant anionic
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spieces, cyclopentlelazulenide (%) due to a peripheral 147 electron
conjugation.

The conjugated acid of %, cyclopent[e] azulene (%) was readily
synthesized from 4,5-cyclopentenocazulene (3)2 according to Scheme 1. Thus, %
was treated with an equimolar lithium diisopropylamide, followed by reaction
with dimethyl disulfide to give c¢a.l:1 mixture of 3'- and 5'-methylthio-sub-
stituted derivatives ((%a) and (f\llb)_)3 in 35% yield. Sodium metaperiodate

oxidation of the mixture in methanol at r.t. afforded the corresponding
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sulfoxides ((ga) and (5\}3))3 in almost quantitaive yield. Subsequent
refluxing of the sulfoxides in CCl4 and purification by column chromatography
on alumina gave a mixture of 1H- and 3H-regioisomers of 2 ((2a) and (2b)) as

a blue oila’4 in 41% yield. The ratio of 2a and 2b in the m1xture5 was

Scheme 1
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determined to be 3:7 from the 400 MHz 1H—nmr spectrum (CDC13): %a § 8.20 (4,

1H, H J=9.8Hz), 7.81 (t, 1H, H J=3.7Hz), 7.60 (4, 1H, H J=9.8Hz), 7.36

4’
or H9, J=2.4Hz), 7.08 (t, 1H, H

8I
or H9, J=3,2Hz), 7.21 (4, 1H, H

6'

(4, 1H, H, ; 5

J=9.8Hz), 6.80 (dt, 1H, H3, J=5.6, 1.8Hz), 6.40 (dt, 1H, H2, J=5.6, 2.2Hz)

and 4.06 (t, 2H, H J=2.0Hz); 2b g 8.29 (4, 1H, H6’ J=9.5Hz), 7.83 (t, 1H,
n

ll
H8’ J=3.7Hz), 7.67 (4, 1lH, H4, J=9.8Hz), 7.53 (d4dtd, 1H, H1 J=5.6, 1.8,
14
0.7Hz), 7.48 (4, 1lH, H7 or Hg, J=3.9Hz), 7.33 (4, 1H, H7 or H9, J=2.9Hz),

7.00 (t, 1H, H., J=9.8Hz), 6.95 (dt, 1H, H J=5.6, 2,1Hz) and 3.73 (bs, 2H,

5 2!
H3).
When 2 was reacted with an equimolar n-butyllithium in ds—THF at -30°C,
n

the solution immediately turned from blue to reddish purple,6 whose

1H— and 13

C-nmr spectra showed the formation of 1. Under a thoroughly
n
oxygen-free condition 1 remained unchanged even at r.t. for a long time ( >1
4%

week). Table I summarizes the nmr spectral data. Both the spectra revealed
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Table I. The 1H- and 13C-nmr spectral data of k in dB—THF at -30°C.
1H-nmr, § (ppm) 13C—nmr (ppm)
H1,9 6.26 (bd, 2H, J=4,2Hz) Cl'9 103.2
H2,8 6.69 (t, 2H, J=4.2Hz) C2’8 124.2
H3,7 6.60 (bd, 2H, J=4.2Hz) C:,"7 109.5
H4,6 7.56 (4, 2H, J=9.6Hz) C4,6 133.3
Hg 6.05 (t, 1H, J=9.6Hz) Cg 107.9, C9a,9b 135.3, c3a,6a 132.3

no change also when measured at -65°C.

group.

The chemical shift values were compared

Obviously, 1 has a C2V symmetry space
4%}

with those of azulene (Fig.

l).7 As seen from Fig. la, all the protons of k shift by 0.2 ~ 1.1 ppm to a

H, ~0.84

H

~0.08 (pPm)
(a)
Fig. 1 The difference in 1H— (a) and 13C—
between % and azulene.
higher magnetic field as compared with those of

shifts
higher

C1 and

of Hl' H2 and H5 protons are remarkable.

magnetic field was also observed for all

C5 atoms revealed a largest shift (ca. 15 ppm) (see Fig. 1b).

(ppm)

(b)

(b) chemical shift values
azulene. In particular, the
The tendency of shift to a
the carbons, among which the

These

results indicate a considerably large m-conjugation on a peripheral framework

due to

by the appearance of diamagnetic ring current on %.

an aromatic 147 electron structure.

Further evidence can be provided

Thus, when compared with

the 1H—chemical shift (8§ 5.2 ~ 5.9) of phenalenide (6),8 a non-aromatic,
"

tricyclic anionic system with an isoelectronic structure to 1, all the
N
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protons of & appear in a fairly lower magnetic field (86.1 v 7.6).

An average pKa of % was approximately estimated by reference to
acidities of other compounds. By the reaction of % with an equimolar lithium
cyclopentadienide in THF at -78°C was obtained a reddish purple solution as
observed above. Treatment of the solution with an excess of methyl iodide
afforded a mixture of 1- and 3- methyl-substituted derivatives of %9 in
quantitative yield. While, the use of lithium malononitrile as a base
revealed no formation of %, thereby suggesting that an average pKa of %
ranges between 12 and 15, the respective pKa's of malononitrile and
cyclopentadiene. It is noteworthy that the stability of % presents a
striking contrast to that of cyclopent[a]azuleneide (Z), one of some isomers
obtained by azulene unit fusion to cyclopentadienide, whose conjugated acid

was estimated to have a very high pKa value (ca. 22)10 comparable with those

of phenalene and indene.
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