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Solid-phase lithiation of 5-carboxyindoles
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Abstract—Direct functionalization of protected 5-carboxyindole by metalation has been performed for the first time on
solid-phase. The indole moiety has been tethered to aminomethylated polytetrahydrofuran cross-linked polystyrene, forming a
secondary amide, which functions as a directing metalation group. The ortho-lithiated species have been quenched with substituted
benzaldehydes affording resin bound alcohols. After cyclative cleavage regioisomeric mixtures of phthalides were obtained in the

ratio 80:20. © 2003 Elsevier Science Ltd. All rights reserved.

The 4-substituted indole nucleus is widespread in nature
and is found in inter alia the ergot alkaloids.! Although
methods for the introduction of substituents into the 1-,
2-, and 3-positions of indole are well established,? direct
functionalization of the carbocyclic ring, and in partic-
ular the 4-position, has proven more difficult.® Usually
the formation of 4-substituted indoles relies on the
formation of the pyrrole ring from a suitably adorned
benzenoid precursor.* It is rare that a direct functional-
ization of the 4-position can be achieved without a
substituent at the 3-position and according to our
knowledge there are only two previously reported
methods. Widdowson has employed the tricar-
bonylchromium(0) activation of indole® and Snieckus
used a directing group at the 5-position® in their ring
metalation studies. Thallation,” mercuration,® and
lithiation® are also efficient methods to functionalize the
4-position but a substituent at the 3-position was
present in all cases.

Our group has recently published solid-phase methods
for direct functionalization of carboxyindoles at the
3-position!®!! and we are now screening methods for
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Scheme 1. Reagents, conditions and yields: (1) NaH, TIPSCI,
DMF, 0°C-rt, 64%, (ii) n-BuLi, THF, —78°C, (iii) CO,, THF,
H*, -78°C to rt, 68%.
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functionalizing the 4-position. Garibay et al. have
recently published their studies of directed ortho-lithia-
tion on solid-phase'*!* and we decided to explore this
method in our solid supported experiments.
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Scheme 2. Reagents and conditions: (i) HOBt/DIC, DCM/
DMF, rt; (ii) n-BuLi, THF, 0°C; (iii) RCHO/THF, 0°C-rt;
(iv) toluene, 90°C.
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On the basis of previous indole metalation studies'* we
decided to use a bulky N-silyl group to prevent 2-
deprotonation. The solution phase synthesis of the pro-
tected 5-carboxyindole 3'° is illustrated in Scheme 1.

The TIPS-protected acid 3 was immobilized onto Jan-
daJel™-NH, resin (Scheme 2) using a standard HOBt/
DIC procedure and the corresponding secondary amide
4 was ortho-lithiated and quenched with substituted
benzaldehydes yielding alcohols 5 and 5. Cyclative
cleavage occurred when the resin was heated in toluene
and phthalides 6 and 6’ were obtained as inseparable
mixtures in the ratio 80:20 as determined by NMR.

Table 1. Summarization of aldehydes, products and yields

Aldehydes Products Yield?
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?HO
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Cl
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CF;
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HO
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“ Isolated yield of two regioisomers (in all cases the isomer where the
lithiation has occurred at the 4-position is the main isomer) based
on the commercially announced loading.® See Ref. 17 for spectral
data of main isomer.

Five different aldehydes were examined (see Table 1)
and in all cases the product ratio was the same. We
tried to improve the regioselectivity by reducing the
equivalents of n-BuLi and cooling the reaction mixture
but similar results were obtained. Garibay reported'?
that 6-8 equiv. of n-butyllithium were necessary but in
our hands there were no differences in yields when 3
equiv. were used instead of 7 equiv. Boehm and
Showalter!® employed a temperature of 0°C in their
directed ortho-metalation studies and we also found
that this temperature was optimal. When the reaction
mixture was cooled to —78°C the formation of the dark
coloured dianion was very slow. Increasing the metala-
tion time from 5 to 90 min led, after cleavage, only to
traces of the phthalides.

In summary, we have demonstrated that benzenoid ring
functionalization of 5-carboxyindoles is possible on
solid-phase. Although only moderate regioselectivity
was achieved it is obvious that directed ortho-metala-
tion is also a powerful tool in solid-phase chemistry.
We are now in the process of extending our studies
towards different carboxyindoles, different directing
groups and other linker-systems.
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