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PREPARATION AND TRAPPING OF 3-LITHIUM-O-LITHIOPHENOXIDE

Harold G. Selnick,* Michelle L. Bourgeois, John W. Butcher, and Ellen M. Radzilowski

Merck Research Laboratories, West Point, Pennsylvania 19486

Abstract: 3-Bromophenol and 3-Bromothiophenol are converted into the title compounds by
proton abstraction followed by halogen-metal exchange with tert-butyllithium. The resulting
dianions are then trapped on carbon with various electrophiles.

While exploring the synthesis of compounds with anti-viral activity, it was desirable to
make use of a synthon such as 2. In principle this material should be easily derived from 3-
bromophenol (or 3 - bromothiophenol) by deprotonation and then halogen-metal exchange. The
preparation of ortho and para lithium-O-lithiophenoxide and lithium-S-lithiothiophenoxide has
been previously reported.1 The pioneering work of Gilman demonstrated that these dianionic
species can indeed be generated by metal - halogen exchange with n-butyllithium. The dianions
are then conveniently trapped by carbon dioxide at carbon. Talley has since explored the
reactivity of the ortholithium-O-lithiophenoxide with aldehydes and ketonesZ and Posner3 has
reported the preparation of ortholithium-O-lithiophenoxide by directed ortho deprotonation.
Recently, a number of publications presenting the directed ortho lithiation of thiophenols to give
ortholithium-S-lithiothiophenoxide have appeared."'
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Curiously, the preparation and reactions of the corresponding meta isomers (eg Eqn. 1)have
not been described. Protected forms of 3-bromophenol (methylS or sily16 ether) have been used
for the halogen-metal exchange. The resulting anions were trapped with an electrophile, and
the protecting groups were subsequently removed. The ability to generate unprotected 2 or its
equivalent would obviate the neéd for protecting group manipulations. This paper describes the
convenient preparation and trapping of these species.

When 3-bromophenol was treated under the standard conditions for halogen-metal
exchange (>2 eq. n-Buli, ether or THF, 0’ or room temperature, 1-2 hours),1,2 starting material
was the primary material isolated after aqueous workup. However, when tert-butyllithium was
used, both 3-bromophenol and 3-bromothiophenol underwent a rapid and clean conversion to the
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corresponding dianions at -78° €. T reactions van e carried owt in ety of THF and formacion
of the dianion is essentially complete within 15 minutes at this temperature.’ Addition of an
appropriate electrophile and warming results in trapping on carbon. Initially there was concern
that halogen-metal exchange might compete with deprotonation of the acidic phenolic hydrogen
as the first event. This was not the case as treatment of the 3-bromophenol with one equivalent of
tert-butyllithium in ether at -78°C and then aqueous workup gave only recovered starting
materiai {HPLC, NMR).

In the present study the dianions generated at -78° C were trapped with 2-nonanone,
dimethylacetamide, isovaleraldehyde, and several N,0-dimethylhydroxamides. 8 The results are
shawn in the table.310 The vields ceported are for tsatated and purified matecials and are based
on the amount of starting electrophile. Higher yields of product are obtained if the dianionic
intermediate 5 vsed 0 eXress as 30me Proionanion oi e AMMIE species prior 10 reacnon appears
to be unavoidable in our hands. The major byproduct in the case of the Weinreb type amides is the
result of fragmentation of the N,O-dimethylhydroxamide to give the N-methyl amide due to excess
tert-buty-lithium.12 In the case of the para-lithio examples (entries 8 and 10), the use of tert-
butyllithium greatly accelerates the rate of formation of the dianion and is therefore an
improvement aver The pubiisned procedures. Tor tne tniopnenot exampies (entries ¥ and 107 the
workup included treatment with acetyl chloride. The products were then characterized as their
thioacetates.
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The deprotonation step was presumably complete within seconds. The halogen-metal
exchange step was assumed to be complete in 5 - 10 minutes. If ether is used as solvent the
dianion tends to precipitate at low temperatures,
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All products were characterized by the appropriate spectral and analytical means and,
when available, by comparison to authentic materials.

Typical experimental procedures are provided for entries 3 and 9:

For entry 3: A solution of 3-bromophenol (346 mg, 2 mmole) in THF (30 mL) was cooled to
-78° C under an inert atmosphere, A solution of freshly opened tert-butyllithium (4 mL of a
1.7 M solution, 6.8 mmole) was then added via syringe. The pale yellow solution was stirred
at -78°C for 5 minutes. A solution of N-methyl-N-methoxy-2-picolinamide (332 mg, 2
mmole)in THF (5 mL) was then added and the reaction warmed to room temperature. The
mixture was poured into saturated sodium bicarbonate (100 mL) and extracted with ethyl
acetate (3 * 30 mL). The combined organic extracts were dried over anhydrous magnesium
sulfate, filtered and concentrated at reduced pressure. The residue was chromatographed
on silica gel using 2% methanol/chloroform as eluent to give 198 mg (50 %). MP: 97-100°C
(Ether/Hexane); IR 3330.3, 1666.3, 1582.1, 1448.6, 1315.5 cm™1; INMR (CDCI3) & 8.68 (app d, ]
=4 He, 1H), 8.05 (appd, J=7.5Hz, 1 H),7.95 (dt, J= 2, 7.5 Hz, 1 H), 7.58 - 7.48 (m, 2 H), 7.41-7.39
(m, 1 H), 7.28 (t, ] = 7.8 Hz, 1 H), 7.02 - 6.94 (m, 1 H) 6.3 (br s, 1 H); Analysis calcd. for
C12H9NO2: C, 72.35; H, 4.55; N, 7.03. Found: C, 72.40; H, 4.63; N, 7.02.

For entry 9: To a solution of m-bromothiophenol (1.5 gm, 7.93 mmole) in anhydrous THF
(40ml) under argon and at -78°c was added 1.7M tert-butyllithium/pentane (9.33 ml. ,15.86
mmole). The light yellow solution was stirred at -78°C for 5 min. afterwhich a solution of
cyclohexyl-N,0-dimethylhydroxyamide (0.453 gm., 2.64 mmole) in THF (10ml) was slowly
added. The reaction was stirred an additional 10 min. followed by addition of acety! chloride
(1.13 ml,, 15.86 mmole). The reaction was allowed to warm to room temperature, poured into
water (50ml) and product extracted with ethyl acetate (2 * 50 ml). The ethyl acetate was
dried over sodium sulfate, filtered, concentrated, and chromatographed on silica (5% ethyl
acetate/hexane) to give 0.49 gm. (71%). MP: 75-76 °C(Hexane); IR 2930.8, 2853.6, 1708.3,
1681.0 (cm~1);1H NMR (CDC13) & 7.92-8.0 (m, 2H) ,7.59(d t, J=7.6 and 1.5 Hz, 1H), 7.52(t, J=6.6
Hz, 1H), 3.23 (t t, J=11.1 and3.2 Hz, 1H), 2.46 (s,3H), 1.2-2.0(m, 10H). Anal. Calcd. for
C15H1802S: C, 68.67; H, 6.92. Found C, 68.20; H, 6.88. FAB HRMS Calcd. for C15H1802S: 263.1106.
Found: 263.1119

Authentic material purchased from Aldrich chemical company.
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