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Summary: Upon treatment with ethanethiol and boron trifluoride etherate, the biphenyl-2-carboxaldehyde 1 has been

found to undergo facile cyclization to the 8-ethyithiofluorenes 2.

During the course of a recent synthetic sludy1 we discovered that treatment of compound 1 with ethanethiol and
boron triflucride etherate led to benzyl ether removal? and concomitant cyclization to the fluorenes 2 {2a:2b, 3:1),3 in
quantitative yield {Scheme 1).4
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in view of the mild conditions required for the cyclization (vide infra) and the ready accessibility of variously
substituted biphenyls,5 we were prompted to investigate this reaction in more detail as a potential route to fluorene
derivatives.

Thus treatment of aldehyde gs in dry dichloromethane at room temperature with EtSH (10 €q.)/BF5.Et50 (8 eq.) led
rapidly (30 min) to flucrenes 4 (4a:4b, 3:1) In 94% yield. Under identical conditions biphenyl-2-carboxaldehyde 5 cyclized
more slowly (16h, r.t.) to give 3-ethyithiofluorene 6 in 3% yield.7 The aldehydes 3 and 5 were recovered unchanged
after 24 hours when exposed to these reaction conditions in the absence of ethanethiol.

The thioacetal 7 was isolated in 80% yield when aldehyde 5 was treated with EtSH (10 eq.)/BF3.Et,0 (8 eq) in
CH,Cly at room temperature for 5 min. When thioacetal 7 was retreated with BF3.E1,0 (8 eq.) in the absence of
ethanethiol, fluorene 6 was produced at a markedly acceleraled rate in comparison with the direct preparation from §
described above. The rate of formation of fluorene 6 from aldehyde § was also significantly enhanced (30 min, r.L.} when
the quantity of thiol used in the original procedure was reduced to 1.2 equivalents.8 These observations are most
consistent with a mechanism in which a thionium intermediate 8 is involved in the cyclization.9

It is of further interest that the cyclic thioacetal g1° was recovered unchanged when treated with BF3.Et;0 (8 eq.) in
CH,Cl, (24h, rt). Also, the dimethylacetal E” did not undergo cyclization to 8-methoxyfluorene 11 when freated with
BF5.E1,0 (8 eq.) in CH,Cl, (20N, r.t.). After aqueous work up the aldehyde 5§ was recovered in excellent yield.
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While the reaction is not restricted to substrates possessing favorably disposed electron-donating substituents on
the ring undergoing electrophilic substitution, as might be anticipated, electron withdrawing substituents do impede
cyclization. Thus prolonged treatment of aldehyde 1212 with EtSH (10 eq.)/BF3.Et,0 (8 eq.) (18h) at ambient
temperature led only 1o the formation of thioacetal 13. When thioacetal 13 was treated with BF5.Et,0 (4 €q.) in benzene
(ca. 0.1M) at reflux, under a stream of argon for 20 min, fluorene 14 was obtained (45% from 2).13

g d SARNC ARG

5. X=H, Y=0 6. X=H, Y=S8E 7. X=H, Y=S8E 8. 9.
12. X=CF3, Y=0 11 X=H, Y=OMe 10. X=H, Y=0OMe
14. X=CFs, Y=SEt 13. X=CF;, Y=8Et

In conclusion, we have discovered a facile cyclization of biphenyl-2-carboxaldehydes which affords a useful
synthetic approach to 8-alkylthiofluorenes. The 9-alkyhthiofluorenes may themselves be further elaborated through
alkylaﬁon14 and the thicalkyl substituent removed through Raney nickel desulfurization.”
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