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Herein we report that borane reductions of acylpyrroles and
acylindoles that contain a pendant phenol take two different
paths. Acylpyrroles undergo a reductive cyclization to make
unusual chromanyl pyrroles. Treatment of related acylindoles
under identical conditions results in deoxygenation without
cyclization. The results are interpreted in terms of relative
rates of cyclization and reduction of intermediate carbenium
ions, where cyclization of the indole-stablized carbenium ion
is slower.

Previously, we have reported that 2,4-diaryl chromans 3 can
be conveniently obtained from phenols by a three-step procedure
involving hydroarylation of cinnamic acids,1 nucleophilic ring
opening of the resulting lactone, and diastereoselective reduction
using BF3 ·OEt2/R3SiH.2,3 While the reductive deoxygenation
of the phenolic ketone 2 proceeds via a cyclodeoxygenation
path, the reductive deoxygenation of the related amides provides
the open-chain amines exclusively.4 Given our interest in
exploring the biological activity of these derivatives,5 we became
interested in extending this protocol to the use of heteroaromatic

arenes. Herein we report an interesting bifurcation in the
pathway of reductive deoxygenation of heteroaromatic amides
with a pendant phenol.

To begin, we synthesized dihydrocoumarin 1a using our acid-
catalyzed hydroarylation of phenols.1 Next, we investigated the
ring opening of the lactone with pyrrolyl lithium.6 Overall, the
two-step process provided acylpyrrole 6a in 88% yield (Scheme
2).

With these conditions in hand, we extended the ring opening
to the reaction of pyrrolyllithium with several different dihy-
drocoumarins. The results of the ring opening are summarized
in Table 1.

The yields of the ring-opening products seem quite dependent
on the substituents on the dihydrocoumarin core but are
generally acceptable and can be quite high. In addition,
performing the acyl substitution with indolyl lithium reagents
gives yields that are comparable to those obtained using pyrrolyl
lithium (7a,b, Table 1).7 It is interesting that 1H NMR
spectroscopic analysis shows that these products all exist
primarily as the open-chain phenolic amides 6. This is in contrast
to the analogous benzenoid ketones (2), which exist in equi-
librium with the cyclic hemiacetal (eq 1).2 It is perhaps even
more surprising in light of the remarkable stability exhibited
by tetrahedral intermediates derived from acylpyrroles and
acylindoles.8

Next, we subjected the N-acylpyrrole 6a to the conditions
that we had used previously for the reductive deoxygenation of
aliphatic amides (4).4a To our surprise, the major product of
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the reduction was that of reductive cyclization to form the
chroman derivative 8a as a 1:0.9 mixture of diastereomers (eq
2).

Given that we had previously shown that aromatic ketones
undergo reductive cyclization under typical BF3 ·OEt2/R3SiH
deoxygenation conditions,2,3 we hypothesized that acylpyrroles
behave more like aromatic ketones than amides. However,
treatment of substrate 6a with BF3 ·OEt2/Et3SiH, which effected
the reductive cyclization of related aromatic ketones, led to a
complex mixture that did not contain any of the reductive
cyclization product 8a. Similarly, the arylketone substrates (2)
do not give cyclized products when treated with BH3. These
results indicate that the reduction of arylketones and acylpyrroles
proceed via different mechanisms.

Next, we briefly investigated the generality of the reductive
cyclization; the results are shown in Table 2. All substrates react

to give chromanyl pyrroles, and the yields are generally good,
ranging from 60% to 86%.9 Unfortunately, the diastereoselec-
tivities are generally poor, and the pattern of substituents on
the arene rings has little effect on the diastereomeric ratios.
Nonetheless, (pyrrolyl)tetrahyrdropyrans of this type are quite
rare in the literature,10,11 yet they may find uses similar to those
found for the more common (indolyl)tetrahydropyrans.12

With the goal of accessing the (indolyl)benzopyrans through
the same methodology, we treated the acylindole species (7)
under the same conditions that gave rise to reductive cyclization
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TABLE 1. Synthesis of Acylpyrroles and Acylindoles TABLE 2. Reductive Cyclization of Acylpyrroles
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of the acylpyrroles (eq 3). Interestingly, these substrates react
to provide the open-chain indole derivatives (9) that are aromatic
derivatives of the antimuscarinic pharmaceutical tolterodine.13,14

Thus, the reactivity that is observed for the acylindoles is that
expected for the “standard” reductive deoxygenation of amides
with BH3 ·THF.15

Finally, we would like to explain the interesting bifurcation
in reaction paths taken by acylindoles and acylpyrroles. Our
failure to achieve reductive cyclization of acylpyrroles using
Et3SiH/BF3 suggests that the cyclization does not take place
via lactol and oxocarbenium ion intermediates.2 Thus, the
mechanism for reduction of acylpyrroles and acylindoles likely
proceeds through free carbenium ion intermediates. The stabi-
lized carbenium ions can form after hydride reduction of the
carbonyl followed by ionization of the resulting borate (Scheme
3). At this point, the pyrrole stabilized carbenium ion is expected
to be more reactive and more sterically accessible than the
indole-stabilized carbenium ion.16 Thus, intramolecular trapping
of the carbenium ion by the phenol is rapid. In contrast, the
more stabilized and sterically larger indolyl carbenium ion does
not cyclize; rather it reacts with the small borane reducing agent.

In conclusion, we have developed a reductive cyclization of
acylpyrroles that gives rise to chromanyl pyrroles. Evaluation
of the biological activities of compounds having this uncommon
scaffold is ongoing.

Experimental Section

General Procedure for the Addition of Lithium Pyrrol-1-
ide to Dihydrocoumarins. Pyrrole (0.48 mL, 0.96 mmol) was
dissolved in THF (2 mL) and cooled to -78 °C, and LDA (0.48
mL, 0.96 mmol) was added. The resulting solution of pyrrolyl
lithium was added dropwise to a suspension of dihydrocoumarin 1
(0.64 mmol) in toluene (15 mL) at -78 °C. The reaction mixture
was allowed to warm to room temperature, and stirring was
continued for 16 h. At this point, the reaction was quenched by
addition of saturated NaHCO3 (10 mL) and extracted with EtOAc
(50 mL). The resulting organic layer was dried (MgSO4) and
concentrated on a rotary evaporator. The residue was purified by
flash column chromatography.

General Procedure for the Borane Reduction of Subs-
trates 6 and 7. The heteroaromatic amide 6 or 7 (0.15 mmol) was
dissolved in THF (2 mL), and BH3 ·THF (1 M, 2 equiv) was added
dropwise. The resulting solution was heated to 60 °C for 16 h. At
this point the reaction was quenched with methanol (1 mL), and
the solvents were removed under vacuum. The remaining residue
was purified by flash column chromatography.
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