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SYNTHESIS OF 1,3-DIMETHYLAZULENE

Submitted by Nicholas M. Irvine and Marek Majewski*
(03/28/95)

Department of Chemistry, University of Saskatchewan
Saskatoon, Saskatchewan, CANADA, S7N O0W0

Azulene and substituted azulenes (e.g., 1) continue to attract attention of researchers (both

chemists and non-chemists alike) due to their unusual spectral, chemical and physiological properties.'?

Although a number of methods for preparing alkylazulenes exist, many of the older methods incorpo-

rate at least one very inefficient step.!* Amongst the newer methods, the Ziegler-Hafner synthesis from

cyclopentadiene* (annulation of a seven-membered ring) and the enamine method,? based on 3-substi-
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tuted-2H-cyclohepta[b]furan-2-ones (3) being the critical intermediates (annulation of a five-membered
ring), proved very useful. Several other methods of synthesis of substituted azulenes e.g., by
aminoalkylation or acylation of azulene,’ by addition of tropylium cation to allenylsilanes,” by iron
carbonyl-aided coupling of a,a-dibromoketones and enamines,® were also reported. Below, we
describe the application of the enamine method to synthesis of 1,3-dimethylazulene (1).

QO CO,Me CO,Me Me
b c d
O -0 tC
Qe
2a R=0OH Me Me
2bR=OTs>a

2% R=Cl 3 4 1
2d R=0OMe

a) CH,Nj,; b) NaH, CH,(COOMe),; ¢) morpholine, propanal; d) LiAlH4/AICl4

The key intermediate for synthesis of substituted azulenes by the enamine method,
compound 3, can be prepared from either 2-tosyloxy-, 2-chloro-, or 2-methoxytropone (2b, 2¢ or 2d).’
All three precursors must be synthesized from tropolone (2a).? In our hands, the synthesis of 2d from
tropolone and CH,N,, following a known procedure,” was cleaner and gave higher yield (97%) than
the synthesis of 2¢ by chlorination of tropolone. The subsequent condensation of 2-methoxytropone
2d with sodium enolate of dimethylmalonate gave compound 3 in a modest yield (53%). Conversion
of 3 to the azulene carboxylate 4, according to Yasunami’s procedure (condensation with morpholine
and propanal®), proceeded smoothly and the ester 4 was produced in 96% yield. The ester group was
then reduced to the methyl by LiAlH,-AICl,, similar conditions were used earlier by a Japanese team
in reduction of 3-formylguaiazulene to the corresponding alkane.'?

In summary, the enamine method provides a good entry into dialkylazulenes. The four step
synthesis of 1,3-dimethylazulene, described above, proceeded in 43% overall yield (from tropolone)
which compares favorably with other strategies. Other alkyl and dialkylazulenes can be synthesized
by this method using different aldehydes or ketones instead of propanal.

EXPERIMENTAL SECTION

Melting and boiling points are uncorrected. The NMR spectra were obtained on a Bruker AM-300
spectrometer at 300 MHz in CDCl, using TMS as internal standard. Diazomethane was prepared from
Diazald® supplied by Aldrich (CAUTION: explosion hazard. Refer to the Aldrich information sheet
attached to Diazald for a safe procedure or send for Aldrich Bulletin No. AL-180). Tropolone was
purchased from Aldrich and used without purification.

2-Methoxytropone (2d).> - A solution of tropolone (2a, 1.10 g, 9.0 mmol) in Et,0 (30 mL) and
MeOH (3 mL) was treated dropwise over 10 min., with a solution of CH,N, in Et,0. The reaction was
monitored by methanolic FeCl, and was stopped when a drop of the reaction mixture gave no
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coloration of FeCl,. The solvent was removed in vacuo and the residue was distilled under reduced
pressure (Kugelrohr) to afford 1.19 g (97%) of a pale yellow liquid, bp. 17570.5 mm Hg. '"H NMR: §
3.89 (s, 3H), 6.68-7.19 (m, SH).

3-Methoxycarbonyl-2H-cyclohepta[bjfuran-2-one (3).- This compound was prepared according to
a literature procedure.’®< Dimethyl malonate (0.50 mL, 4.4 mmol) was added slowly to a suspension
of NaH (0.10 g, 4.3 mmol) in anhydrous THF (20 mL}) under argon. After 15 minutes, a solution of 2d
(0.30 g, 2.2 mmol) in THF was added and the reaction mixture was gently refluxed for 2 hrs. The
solution was then cooled to rt., diluted with Et,0 (50 mL) and quenched with 10% HCI (10 mL). The
aqueous layer was extracted with Et,0 and the combined organic layers were washed with water and
brine and dried (MgSO,). After removal of the solvent in vacuo, the residue was purified by flash
column chromatography (alumina, 2% acetone in CH,Cl,) followed by recrystallization from EtOH to
afford compound 3 as a yellow solid (0.24 g, 53%), mp. 166-169, lit.>' mp. 173-174°, 'H NMR: &
3.94 (s, 3H), 7.30-7.65 (m, 4H), 8.86 (d, 1H).

Methyl 3-methylazulene-1-carboxylate (4).> - Morpholine (0.64 mL, 7.35 mmol) was added to a
mixture of compound 3 (0.50 g, 2.45 mmol) and propanal (0.53 mL; 7.25 mmol) in dry EtOH (8 mL).
The mixture was refluxed for 3 hrs, cooled to rt., and the solvent was removed under vacuum. The
residue was dissolved in benzene, the resulting solution was washed with H,0, dried (Na,50,), and
the solvent was removed. The crude product was purified by chromatography (SiO,, 10% AcOEt in
hexane) followed by recrystallization from hexane to yield 4 as a dazk violet solid (0.51 g, 96%), mp.
65-68°, lit.>* mp. 69-70° 'H-NMR: & 2.61 (s, 3H), 3.93 (s, 3H), 7.41 (m, 2H), 7.74 (pseudo t, J=10 Hz,
1H), 8.19 (s, 1H), 8.33 (d, J=10 Hz, 1H), 9.54 (d, J=10 Hz, 1H).

1,3-Dimethylazulene (1).- Anhydrous AICI, (0.12 g, 0.88 mmol) was added over 10 min via a side
arm attachment to a suspension of LiAlH, (0.033 g, 0.88 mmol) in anhydrous Et,0 (0.5 mL) at 0°
under Ar. A solution of 4 (0.095 g, 0.44 mmol) in anhydrous Et,0 (2 mL) was then added over 15
min. After an additional 10 min at 0°, Et,0 (10 mL) was added and the mixture was quenched slowly
with aqueous 2N NaOH (1 mL). The organic layer was decanted and the insoluble material was
washed thoroughly with Et,0. The organic layers were combined, washed with brine and dried over
Na,SO,. Purification of the residue by column chromatography (alumina, hexane) provided 1,3-
dimethylazulene (0.066 g, 87%), mp. 53-54°, 1it.>* mp. 54°; 'H NMR: & 2.63 (s, 6H), 6,92 (t, ] = 9.7
Hz), 7.43 (t, J=9.8 Hz, 1H), 7.58 (s, 1H), 8.09 (d, J = 9.3 Hz, 2H).
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NITROBENZO[a]JPYRENE AND NITROBENZO[e]PYRENE
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Hydroxylated and acetoxylated polycyclic aromatic hydrocarbons (PAHs) have been
detected in the environment'? and some of these compounds exhibit higher mutagenic activity than
their respective parent nitro-PAHs.>* Hydroxylated nitro-PAHs are also principal metabolites of nitro-
PAHs.3# Thus, these compounds may pose possible adverse human health effects. Synthetic standards
are required to study their genotoxic and other biological activity. This paper reports the synthesis of
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