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Abstraet - Treatment of several N-protected 2-substituted indoles with n-butyllithium at -78°C leads
to C-3 lithiation, presumably via coordination with the C-2 substituent. Depending on the exact sys-

tem, the 3-lithioindole can either be trapped with electrophiles or suffer ring-opening to an alkyne.

Nitrogen-protected 3-lithioindoles, generated by metal-halogen exchange at Jow temperatures with t-butyllithium, have proven
to be useful intermediates in alkaloid synthesis.! o complement and extend this methodology, we have studied the "directed-
metalation” route? to these intermediates and now report our findings.

Treatment of 1-(phenylsulfonyl)-2-(2-pyridinyl)indole (1)3 with n-butyllithium (n-BuLi) at -78°C in tetrahydrofuran (THF)
affords the relatively stable 3-lithio-1-(phenylsulfonyl)-2-(2-pyridinyljindole (2). Quenching 2 at -78°C with various
electrophiles and workup (NH4Cl} gives the expected 3-substituted pyridinyl indoles 3 in fair to good recrystallized yields
(Table). Despite the gencral propensity of pyridines 1o undergo nucleophilic attack,% no addition of n-Buli to the pyridine
ring was observed. Hydrolysis of the protecting group in 3a {aqueous NaOH, MeCGH) affords the known 3-methyl-2-(2-
pyridinyllindole (4) (96% yieid), mp 101.5-102°C (1it.” mp 100-101°C). As expected, the isomeric 1-(phenylsulfonyl)-2-(4-
pyridinyl)indole did not undergo metalation under these conditions and was recovered essentially unchanged after quenching

with acetaldehyde (35% deprotectton).
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2To a THF solution of 2, prepared by the addition over 5 min of n-BuLi to 1 at -78°C, was added after

1 h of stirring at -78°C the appropriate electrophile. The mixture was stirred overnight while being

allowed to warm slowly to room terperature, and then worked up. bAIl products gave satisfactory

elemental analyses? and spectral data (IR, 'H and 13C NMR) consistent with their assigned structures,

CIsolated and recrystallized material. 4From ethyl acetate-hexane. ¢From chloroform-hexane. THMPA

(1.2 equiv) was added just prior to the addition of N-methoxy-N-methylacetamide. 8From benzene-

petroleum ether.

Surprisingly, and in contrast to 2,3-dilithio-1-(phenylsulfonyl}indole and related heterocycles®, 2 shows an aversion to ring

opetting, even at room temperature, and had to be heated to ~50°C to form $%19 (mp 130.5-132°C) at a convenient rate (65%

yield). The structure of 5 was confirmed by independent synthesis. Thus, 2-ethynylpyridine (6)11 is converted to the

cuprous acetylenide 7 and then coupled with 2-iodoaniline according to Castro's procedurel? to give 2-aminophenyl-2-pyri -

dinylacetylene (8) (27% yield), mp 108-109°C (lit.12 mp 104-105°C). Subsequent reaction of 8 with benzenesulfonyl

chloride (pyridine, 0° -» 25°C, Bh) affords 5 (93% yield), identical {mp, TR, 1H NMR, 13C NMR, ms) with that obtained

from 2.
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The lithiated indole 2, as well as the corresponding Grignard reagent (prepared by transmetalation of 2 with MgBry-Et;0),
failed 1o react with several other electrophiles (Etl, ICH,CH,0OTMS, allyl bromide, ethylene oxide) including several enoliz -

pyridine
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able carbonyl compounds. Likewise, the organocopper species, generated from 2 with CuBr-Me;S, showed a lack of

reactivity and, not unexpectedly, produced small amounts (<20%) of the 3,3-bisindole 9913 mp 243-245°C (dec).
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We have also examined this methodology as a route to the indolo[2,3-a]quinolizine ring system, several examples of which
are zwitterionic alkaloids14, including the antitumor alkaloid flavopereirine (10)15. Accordingly, deprotection of 3f (aqueous
NaOH, MeOH}) gives ketone 112:16 (mp 174-176°C) (97% yield). This same material can also be prepared from alcohol 3d
by oxidation with MnO; (CHClj, reflux, 72 h) (70% yicld) and base hydrolysis. Treatment of 11 with iodine in the presence
of cyclohexene oxide (CCly, teflux, 2 h) affords 12987 (mp 292-295°C dec) in 72% yield.
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We have also examined the metalation of indote amides 13%18 and 14%19. In stark contrast to the behavior of 1, both amides
13 and 14 fragment to alkynes 15%20 (mp 90-92°C) (25%) and 16%:21 (mp 178-180°C) (30%), respectively, upon treatment
with n-BuLi (THF, -78°C). Alkyne 16 could be prepared independently in 62% yield from 2-{phenylsulfonamido)phenyl -

acetylene (17)® by treatment with n-BuLi (2.1 equiv, THF, -78°C) and quenching with t-butylisocyanate.

N NRR' n.BuLi C=C-CONRR' 1. n-Buli C=CH
i THE 2t
PhO,S © 78" C NHSO,Ph +BUNCO NHSO,Ph
13 R=R'=Et 15 R=R =Et 17
14 R=H,R'=tBu 16 R=H,R =tBu

However, by replacing the N-phenylsulfonyl group with the N-methy] group, and thereby circumventing the formation of a
highly stabilized phenylsulfonanilide anion, we were able to lithiate indole amide 18922 Interestingly, it is necessary to
employ sec-butyllithium/teramethylethylenediamine (TMEDA) to generate dilithio species 19, perhaps indicating a synergis -
tic acidifying effect of the N-phenylsutfonyl group in 14. Quenching 19 with acetaldehyde at -78°C gives the acid-sensitive
aleohol 20924 (mp 145.5-147°C) in 60% yield.
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In summary, we have demonstrated for the first time that 3-lithioindoles can be generated via a directed-metalation protocol.
On the basis of related metalation-induced ring fragmentations25, the remarkable stablity of 2 vis-g-vis the anions derived

from 13 and 14 can be ascribed to the superior chelating properties of the pyridine ring in 2,
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