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AROMATIC ANNELATION. SYNTHESIS OF NAPHTHALENES

Marcus A. Tius" and Jorge Gomez-Galeno
Department of Chemistry, University of Hawaii,
Honolulu, Hawaii 96822, U.S.A.

Summary: An efficient cationic cyclization reaction has been developed to prepare
substituted naphthalenes. The method has been used to prepare a phenanthrene and will be
useful for the synthesis of polynuclear aromatic hydrocarbons and C-glycosyl anthraquinones.
The elaboration of aromatic rings from non-aromatic precursors is an area of current
research interest.1 General methods for the preparation of phenols, pyridines and
substituted benzene rings have been disclosed.1 Efforts from our laboratories have led to
methods for the elaboration of 2-unsubstituted ketones to phenols, catechol monoethers,
pyridines, biphenyls, m-terphenyls, methylphenyls and hydroxy g—quinonesz. It would be
particularly useful to apply this method to the synthesis of C-glycosyl naphthalenes. There
is a lack of general methodology for preparing C-glycosyl aromatics.3 The synthesis of this
functional array would be useful for preparing C-glycosidic anthracycline antibiot.ics.4
The elaboration of unsubstituted naphthalenes from 2-unsubstituted ketones was the first
object.ive.5 Cycloheptanone was condensed with ethyl formate to produce 2-hydroxymethylene
ketone 1 (R=H, Scheme 1I). This compound was treated with a 1/1 (v/v) mixture of
chlorotrimethylsilane and triethylamine to produce the hydrolytically labile trimethylsilyl
vinylogous ester 1 (R=TMS) which was immediately added to an excess of benzylmagnesium
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chloride at -55°C. Workup with aqueous sodium dihydrogen phosphate provided tertiary alcohol
2. The acid catalyzed cyclization reaction was expected to require more vigorous conditions
than had been used in our earlier wot'k,za because the aromatic stabilization of the benzene
ring would be lost in the reaction intermediate. It was most convenient to convert 2 to
a,B-unsaturated aldehyde 3 by brief treatment with pyridinium tosylate (PPTS)6 prior to
cyclization. Treatment of 3 with boron trifluoride etherate ‘in anhydrous nitromethane at
23°C produced naphthalene 4 in a clean but slow reaction. The best results were obtained
with titanium tetrachloride in dichloromethane. Naphthalenes 4 - @ were prepared in this
manner (Scheme II). It is noteworthy that both geometric isomers of the a,B-unsaturated
aldehyde precursor underwent cyclization to 2-ethyl-3-methyl-naphthalene 5. The lowest
yield was observed for the cyclization of 6. Low yields had been observed for
cyclopentanone in the benzoannelation reaction as we11,2a perhaps because of a less
favorable geometry for overlap between the aldehyde carbonyl carbon and the phenyl ring
carbon.

The efficacy of this procedure for the preparation of other aromatics has been

demonstrated by preparing a phenanthrene (Scheme I). 2-Chloromethylnaphthalene was treated

- Scheme II
z 8 3
65%; Ref 9 54%; Ref 10 70%; Ref 7
s 4 £l
15%; Ref 8 84%; Ref 14 67%; Ref 11
with tributylstannyllithium.12 The 2-tributylstannylmethyl naphthalene was isolated in 57%

yield after flash chromatography on silica gel. Transmetallation with 0.9 equiv of
n-butyllithium in THF at -78°C furnished 2-naphthylmethyllithium which was treated with 1
(R=tert-butyldimethylsilyl, 0.8 equiv). The reaction product 10 was treated briefly with an
excess of PPTS 6 to give 11 in 68-80% overall yield. Cyclization .of 11 with TiCl4 in

CH?_Cl2 for 15 min at -40 to -30°C furnished 70% of phenanthrene lgla along with 15% of
recovered 11. This result demonstrates the utility of the method for the synthesis of
polynuclear aromatic hydrocarbons. General experimental procedures follow.
1-Formyl-2-benzylcyclohept-l-ene (3). A solution of 295 mg (2.1 mmol) of 1 (R=H) in 50 mL
of ether was treated with 0.45 mL (1.2 equiv) of a 1:1 (v/v) mixture of chlorotrimethlysilane

and triethylamine. After 2 min the resulting white suspension was added to 50 mL of a 0.32 M
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solution of benzylmagnesium chloride in THF (16.0 mmol, 7.6 equiv) at -55°C. The solution
was stirred for ca. 1 min, then poured onto ice cold saturated aqueous NaHZPOQ. The
product was partitioned between ether and water. The ethereal phase was washed with brine,
dried over K2C03 and evaporated to produce an oil which was dissolved in 5 mL of
dichloromethane and added dropwise to 10 equiv of PPTS. After 0.5 h at 23°C, agqueous workup
followed by flash chromatography on silica gel afforded 293 mg (65% yield) of 3 as a
colorless oil.

2,3-Cycloheptenonaphthalene (4). To a solution of 101 mg (0.47 mmol) of aldehyde 3 in 5 mL
of CH2C12 cooled to -30°C was added 158 4L (1.4 mmol, 3.0 equiv) of Ticlq. The
solution was allowed to warm to 23°C during 2.5 h. The reaction mixture was decanted onto

saturated aqueous NaHCOs. Extraction with CH2012 followed by drying over Mgso“ and
14

flash chromatography furnished 77 mg (84% yield) of naphthalene 4 (mp 104-105°C)” .
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