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Abstract — Anionic rearrangement of diverse heteroaryl ethers is reported. In
many cases, directed metallation followed by formal [1,2]-Wittig rearrangement

provides heteroaryl carbinols in good yield.

We recently described an unusual and unexpected [1,2]-anionic rearrangement of 2-benzyloxypyridines,
in which pyridine-directed metallation of the benzyl ether triggers rearrangement to the a-pyridyl carbinol
(1—2, Scheme 1).’ In a remarkable related process, pyridine-directed carbometallation of enol ether 3
results in an analogous rearrangement.’ The pyridine migration event common to both reactions may be
classified as a [1,2]-Wittig rearrangement.” However, typical [1,2]-Wittig rearrangements are believed to
proceed through a dissociative mechanism involving migration of an alkyl or aryl radical species. In
contrast, the associative mechanism proposed here involves transient hypervalency of the migrating atom,
which more closely parallels the [1,2]-Brook rearrangement,’ as well as [1,2]-acyl migrations and related

processes.” Similar [1,4]-pyridyl migrations have been reported.®

Scheme 1. Rearrangement of 2-pyridyl ethers, triggered by deprotonation (1—2) or
addition (3—2). An associative migration mechanism (via A) is proposed in both cases.

Here we report new studies on the anionic rearrangement of aromatic heterocycles. Specifically, we
explored: (1) the stereochemical fidelity of aryl migration and (2) scope of heterocycles that participate in
this unusual process. Within the context of our proposed mechanism, two alternative stereochemical
hypotheses were devised. If no achiral intermediates are involved, then stereochemical information from

the starting secondary ether may translate to the tertiary alcohol product. Such an outcome would enable
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one to leverage enantioenriched secondary alcohols for the stereocontrolled synthesis of chiral tertiary
alcohols. On the other hand, if the benzyllithium intermediate undergoes transient ionization, then the
achiral benzyl anion would present an opportunity to guide the migration along either enantioface. In such

a circumstance, stereochemical information could be increased by asymmetric induction.
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Our experiments are more consistent with the latter hypothesis (Eq 1). We converted both enantiomers of
I-phenylethanol into pyridyl ethers R-1d and S-1d; racemic 1d was also prepared as a control. Anionic
rearrangement under our previously reported conditions provided chiral tertiary alcohol 2d.” Chiral HPLC
analysis of the alcohol product was inconclusive, so acetylation of the hindered tertiary alcohol was
performed using the Vedejs procedure.’” The resulting acetate (6) was resolvable by chiral HPLC;
enantiomeric starting ethers provide antipodes of the product acetates, but the stereochemical information
was highly eroded. We attribute the loss of stereochemical integrity to a high degree of ionic character in
lithiated derivative of 1d, although other explanations such as a traditional [1,2]-Wittig mechanism
involving a transient pair of radical intermediates cannot be ruled out. Preliminary attempts to bias the

migration using chiral bases'” and additives'”” have thus far been unsuccessful.

Table 1. Anionic rearrangement of various heteroaryl ethers.
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8 H Me Me 65% (2h) 16 2MeO H SN 83% (21)
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* Isolated yield. " Ref. 3. © Starting material decomposed. ¢ Starting material recovered.

The second avenue of investigation related to the scope of heteroaromatic systems that participate in the
migration (Table 1). 2-Alkoxypyridines had been the focus (entries 1-6)," but other heteroaryl ethers can
be employed using the same procedure (entries 7-16)."> Alkyl substituents at C3 (entry 8) and C5 (entry 7)
are tolerated. The lepidyl (4-methylquinolyl) group does not migrate (entry 11) because C4 methyl
deprotonation occurs preferentially. Electron-deficient systems including pyrazyl (entry 12) and
S-nitro-2-pyridyl (entry 10) decomposed under the reaction conditions, and 3-cyano-2-pyridyl underwent
a different rearrangement to aminofuran 7 (entry 9). On the other hand, quinolyl and isoquinolyl groups
showed excellent migratory aptitude (entries 13-15). The 4-pyridyl group also migrated (entry 16) as long
as another heteroatom (cf. 2-MeO) is strategically located to direct metallation at the benzylic position.

In conclusion, we identified an unusual anionic migration of heteroaromatic rings in what is formally a
[1,2]-Wittig rearrangement. Aryl ethers are typically poor substrates in traditional Wittig rearrangements,
which are thought to proceed by dissociative radical mechanisms. The heteroaryl ethers in this study
enable an associative (addition / elimination) mechanism. Such pathways should be considered to expand
the scope of the [1,2]-Wittig rearrangement.”” Moreover, these specific examples'® provide a convenient

alternative to the use of heteroaromatic nucleophiles'* for the synthesis of heteroaromatic carbinols.

EXPERIMENTAL

Representative procedure (Table 1, Entry 14): Quinolyl ether (100 mg, 1.0 equiv) in THF (1 mL) was
added dropwise to a solution of LDA (1.3 equiv) in THF at room temperature, and the solution was stirred
overnight. The resulting mixture was diluted with H,O (5 mL) and extracted with EtOAc (4 x 5 mL). The
combined organic extracts were washed with brine, dried (Na,SO,), filtered, concentrated under vacuum,
and purified on silica gel to yield 2j as a yellow solid (75%); mp 100-102 °C. '"H-NMR (400MHz, CDCl,)
0 8.10 (app. q, J = 8.6, 84, 8.2 Hz, 2H), 7.81-7.73 (m, 2H), 7.57-7.52 (m, 3H), 7.34-7.29 (m, 3H),
7.25-7.21 (m, 1H), 6.72 (bs, 1H), 2.01 (s, 3H); "C NMR (100MHz, CDCl,) & 164.3, 146.5, 145.5, 137.3,
129.9, 128.9, 128.3, 127.5, 127.2, 127.1, 126.6, 126.3, 118.5, 75.0, 28.6; IR (cm™) 3359, 2978, 1619,
1599, 1505, 1446, 1370, 1309, 1216, 1128, 1067, 913, 830, 765, 751, 702; HRMS (EI") Calcd for
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[C,;H,sON]": 249.1154, found: 249.1157.
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