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ABSTRACT

Weinreb amides behave as efficient internal electrophiles in Parham-type cycliacylation reactions. Thus, aryl- and heteroaryllithiums generated
by lithium−halogen exchange undergo intramolecular cyclization to give fused indolizinone systems as pyrrolo[1,2-b]isoquinolines, thieno-
[2,3-f]indolizinones, and pyrrolo[1,2-b]acridinones in high yields.

Aryl- and heteroaryllithium compounds1 are interesting
building blocks in synthetic organic chemistry because by
reaction with carbon electrophiles they produce, together with
the formation of a carbon-carbon bond, the transference of
functionality to the electrophilic reagent, so polyfunctional-
ized molecules are prepared in one step. Lithium-halogen
exchange, though mechanistically controversial,2 is a par-
ticularly useful tactic for the metalation of aromatic substrates
because metal-halogen exchange can effectively compete
with the organolithium reaction with internal electrophiles.
Thus, many carbocyclic and heterocyclic ring systems have
been accessed using Parham-type cyclizations, using various
types of internal electrophiles.3 In this context, we had
previously shown4 that iodine-lithium exchange could be
performed onN-(o-iodobenzyl)pyrrole-2-carboxamides, ac-

cessing pyrrolo[1,2-b]isoquinolones by a Parham-type cy-
clization using theN,N-diethylcarbamoyl group as an internal
electrophile. However, moderate yields were obtained, and
the procedure was limited to aromatic rings activated with
donor groups.

With these precedents, we decided to reinvestigate this
protocol using Weinreb amide as an internal electrophile.
This type of amides has been widely used in synthesis,5

although their use in Parham cyclizations is scarce. Thus,
aryl- and heteroaryllithium compounds have been generated
in the presence of this group to give access to benzocy-
clobutenones,6 thieno[2,3-b]thiophenes,7 or methylidenein-
danones.8 Weinreb amides have also been successfully used
as internal electrophiles in cyclization reactions of organo-
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lithiums derived from alkyliodides, accesing cyclic ketones,9

or vinyliodides, in the synthesis of (-)-brunsvigine10 or the
hexahydrobenzofuran subunit of avermeticin.11

N-(o-Iodobenzyl) pyrroles2 were prepared by alkylation
of N-methoxy-N-methylpyrrole-2-carboxamide with benzyl
bromides1a-g12 under standard conditions (Scheme 1).

These benzylpyrroles2 were submitted to metalation-
cyclization conditions using 2.2 equiv oft-BuLi at -78 °C
(Scheme 2) As shown in Table 1, good yields of pyrrolo-

isoquinolones3a-g were obtained when the reaction mixture
was quenched at low temperature after 3 h (method A). If
the reaction mixture was allowed to warm to room temper-
ature before quenching (method B), good yields were also

obtained except when the aromatic ring bears methoxy
groups on C-6 or C-3 (entries 5 and 7). In these cases,
significantly lower yields of cycled products were obtained
probably due to an equilibration of the intermediate orga-
nolithium prior to cyclization. Besides, a larger excess of
t-BuLi (3 equiv) was necessary to achieve complete cycliza-
tion of benzylpyrrole2b (entry 2).

As shown in Table 1, in all cases, the use of Weinreb
amides as internal electrophiles improved our previous results
in the synthesis of pyrrolo[1,2-b]isoquinolones (yields in
parentheses). Amides are generally useful electrophiles in
Parham cyclizations due to a complex induced proximity
effect (CIPE).13 Thus, lithium-iodine exchange could be
favored first by coordination of the organolithium to the
amide group and second by stabilization of the resulting
aryllithium. The better behavior of Weinreb amides as
internal electrophiles in these cyclizations compared toN,N-
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Scheme 1

Scheme 2a

a (a) t-BuLi (2.2 equiv),-78 °C.

Table 1. Synthesis of Pyrrolo[1,2-b]isoquinolines

a Method A: t-BuLi (2.2 equiv),-78 °C, 3 h.b Method B: t-BuLi (2.2
equiv), -78 °C, 3 h; f rt, 4 h. c Yields in parentheses correspond to
products obtained usingN,N-diethylamides (see ref 4).d 3 equiv oft-BuLi
was used.e No cyclization product was obtained. 81% of deiodinated
benzylpyrrole was isolated.
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of the intermediate generated after cyclization by formation
of an internal chelate (Scheme 2).

To extend the scope of this Parham-type cycliacylation,
we tested the feasibility of using heteroaryllithium com-
pounds to access various fused indolizidinone skeletons. For
this purpose, we chose thiophene and quinoline ring systems
that incorporatedN,N-diethylamido andN-methoxy-N-me-
thylamido groups as internal electrophiles. Thus, tenylpyr-
roles4a,b and quinolinylmethylpyrroles6a,b were prepared
by standard procedures and submitted to Parham conditions
(Scheme 3). As indicated above, two sets of experiments

were carried out. Heteroaryllithiums were generated with
t-BuLi (2.2 equiv) at- 78 °C and the reaction quenched at
low temperature (method A) or allowed to warm before
quenching (method B). Results are summarized in Table 2.
As shown for benzylpyrroles, in these substrates theN-
methyl-N-methoxycarbamoyl group turned out to be more
efficient internal electrophile than theN,N-diethylcarbamoyl
group in the metalation-cyclization sequence. Thus better
yields of thieno[3,2-f]indolizinone5 and pyrroloacridinone
7 were obtained from4b and6b, respectively (entries 2 and
4). Besides, in both cases cyclization occurred more ef-
ficiently when the reaction was quenched at low temperature
(method A vs method B). No cyclization products were
obtained when heteroaryllithiums derived from4a and 6a
were allowed to reach rt. In the case of quinolinylmeth-
ylpyrroles6a,b, decomposition was observed when treated
with t-BuLi at -78 °C, and only a low yield of7 was

obtained from6b. However, cyclization of6b took place
rapidly and efficiently when the heteroaryllithium was
generated withn-BuLi at lower temperature and for a shorter
period of time (-90 °C, 5 min) (entry 4).

In summary, it has been shown thatN-(o-iodobenzyl)-
pyrrole-2-carboxyamides tolerate lithium-iodine exchange
reaction conditions, allowing the efficient construction of the
indolizinone nucleus. TheN-methoxy-N-methylcarbamoyl
group behaves as an excellent internal electrophile, improving
the results obtained with other amides. This procedure has
also been extended to heteroaryllithums, opening a new route
to heterocyclic systems with potential pharmacological
properties that could compete with previously reported
strategies.14
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Scheme 3

Table 2. Synthesis of Fused Indolizidinones

entry substrate product
method Aa

yield (%)
method Bb

yield (%)

1 4a 5 42d c,d
2 4b 5 71 49
3 6a 7 28e f
4 6b 7 61e 20

a Method A: t-BuLi (2.2 equiv),-78 °C, 6 h.b Method B: t-BuLi (2.2
equiv),-78 °C, 6 h;f rt. c No cyclization product was obtained. 88% of
deiodinated tenylpyrrole was isolated.d 3 equiv of t-BuLi was used.e n-
BuLi (2.2 equiv),-90 °C, 5 min. f No cyclization product was obtained.
Deiodinated quinolinylmethylpyrrole was isolated (23%).
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