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AROMATIC ANNELATION; APPLICATION TO THE
SYNTHESIS OF UNSYMMETRICAL BIPHENYLS.

Marcus A. Tius
Department of Chemistry, University of Hawaii, Honolulu, Hawaii, 96822, U.S.A.

Summaz¥: A procedure for the preparation of unsymmetrical biphenyls by elaboration of aromatic
rings from aryl alkyl ketones is described.

The formation of cyclic products from acyclic precursors is an important objective in
organic synthesis. Ring forming reactions play a prominent role in the total synthesis of
natural products. Although diverse methods for the elaboration of 6-membered carbocycles
exist, to date there is a lack of methodology for converting an a-methylene ketone to the
corresponding aromatic ring (equation 1). Modifications of the Diels-Alder reaction and the
Robinson annelation for the preparation of substituted aromatics and phenols from aliphatic
precursors have been published.1 A synthesis of phenyl rings using a cationic cyclization and
its application to the preparation of unsymmetrical biphenyls will be described in this note.2

,?\ (1)
R; — g

R, R,

The impetus for this study was provided by our early observation of C=C participation
during the acid catalyzed hydrolysis of B-propenyl a,B-unsaturated acetals. Although the
yields of aromatic products formed during this process were low, we predicted that a slight
modification of the substrate would lead to improvement. The addition of allyltrimethylsilyl-
lithium3 at -78°C in tetrahydrofuran (THF) to ketoacetals 1 (equation 2) produced vinyl silanes
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Table 12
Starting Material Product Isolated Yieldb
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(a) A1l materials gave satisfactory ir, g nmr and mass spectra,

(b) Yields refer to products purified by column chromatography .

(c) Melting points were determined on sublimed samples and are not corrected.

(d) M. Gomberg and J. C. Pernert, J. Am. Chem. Soc., 48, 1372 (1926); m.p. 47.7°C
{e) M. Guyot and C. Mentzer, Bull. Soc. Chim. Fr., 1843 (1967); m.p. 102°C.
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2 in 67-91% yield after column chromatography on silica gel. The ketoacetals were prepared in
ﬂigh yield from the corresponding ketones according to published procedures.4 Treatment of the
vinyl silanes 2 with titanium tetrachloride or stannic chloride in dichloromethane solution
containing ca. 10% ether at -78°C followed by gradual warmming to 0°C gave the biphenyl compounds
4 (See Table I).5 Initial complexation of the Lewis acid with the acetal presumably is
;ollowed by intramolecular attack to form the stabilized carbonium ion 3. Subsequent loss

of the elements of methanol and water leads to the observed product.

A variety of protic and Lewis acids were examined in an attempt to optimize the yield for
this process. Boron trifluoride etherate, ethylaluminum dichloride, camphor-10-sulfonic acid,
titanium tetraisopropoxide and titanium dichlorodiisopropoxide6 were all found to be less
effective than titanium tetrachloride. An interesting observation was made when the vinyl
silane derived from 6-methoxy-1-tetralone (Table I, entry 5) was treated with perchloric acid
at 23°C in aqueous THF. Equal amounts of the anticipated product, a,8-unsaturated aldehyde S,
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and of another compound, identified as olefin 6, were formed.7 Evidently ionization of the
tertiary alcohol takes place with subsequent fragmentation to give 6 and oxonium ion 7 (equa-
tion 3). This novel fragmentation did not take place during the Lewis and catalyzed reaction.
The utility of this short new procedure for the direct annelation of a phenyl ring onto
an a-methylene ketone has been demonstrated by the examples cited in Table 1. Experimental
details follow.
4-Methylbiphenyl: A solution of 270 mg of the vinyl silane precursor (Table I, entry 1)

in a minimm amount of dry methylene chloride was transferred by cannula to a stirred solution
of 280 ul (3 equiv) of titanium tetrachloride in 8 ml of methylene chloride and 0.8 ml of
ether at -78°C (Argon atmosphere). The solution was stirred at this temperature for 0.5 h and
was subsequently allowed to warm to 0°C during ca. 4 h. The reaction mixture was poured onto
sodium bicarbonate solution and ice, filtered to remove the titanium dioxide precipitate, and
extracted (3 x 10 ml) with methylene chloride. Drying (K2C03) followed by concentration
furnished the crude product. Column chromatography on silica gel, eluting with hexane, fur-
nished 83 mg of crystalline 4-methylbiphenyl (593). mp 47-48°C; ir, 1600, 1485 anL; W e
(CDC13) 2.39 6§ (s, 3H, CHS), mass spectrum m/e 168 (p), 167 (p-1), 153 (p- CHS)
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