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ABSTRACT
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A general, catalytic method for the diastereoselective synthesis of functionalized 1H-pyrrolo[1,2-a]indoles via an intramolecular Friedel—Crafts
alkylation of N-acyl indoles is reported. Products were obtained in excellent yields (up to 98%) with high diastereoselectivities (up to >25:1 dr).

[a]-Annelated indoles are unique structural features
present in a wide range of heterocyclic compounds that
play important roles in medicinal chemistry and organic
synthesis.! Among [a]-annelated systems, the pyrrolo[1,2-a]-
indole scaffold is a primary target for synthetic chemists
due to its structural diversity (Figure 1).> For example,
pyrrolo[1,2-alindoles are primarily characterized by three
isomeric structures (the 9H-pyrrolo[1,2-a]indoles 1, the
3H-pyrrolo[1,2-alindoles 2, and the 1H-pyrrolo[l,2-a]-
indoles 3) or by the two reduced forms 4 and 5. Moreover,
compounds specifically containing a 1 H-pyrrolo[1,2-a]-
indole core demonstrate interesting physiological and
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therapeutic properties.” For example, mitomycin C (6)*
exhibits strong antitumor activity; yuremamine (7)° shows
hallucinogenic and psychoactive effects; isatisine A (8)°
possesses antiviral activity; and flinderole C (9)” acts as a
selective antimalarial agent (Figure 2).
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Figure 1. Representative pyrrolo[1,2-alindole frameworks.

Numerous routes to the pyrrolo[1,2-a]indoles have been
reported in recent years,® underlining the continued im-
portance of this framework to the synthetic community.
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Figure 2. Representative examples of biologically active

1 H-pyrrolo[1,2-alindole-based natural products.

However, a general and efficient method that allows for
a variety of functionality to be incorporated about the
1 H-pyrrolo[1,2-alindole skeleton has yet to be achieved.’

Scheme 1. Intramolecular Friedel—Crafts Alkylations of
Methyl 2-(1 H-Indole-1-carbonyl)acrylates
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Toward this end, we report an efficient and diasterco-
selective approach to functionalized 1 H-pyrrolo[l,2-a]-
indole-3(2H)-ones via an In(OTf);-catalyzed intramole-
cular Friedel—Crafts (FC) alkylations of methyl 2-(1H-
indole-1-carbonyl)acrylates (Scheme 1). The Michael-type
FC reaction of indoles with a,-unsaturated carbonyl
compounds is a powerful strategy in the total synthesis of
complex products.'” While intermolecular examples of
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these reactions are prevalent in the literature,'! the lesser
studied intramolecular variants offer tremendous utility for
the synthesis of complex indole-containing polycycles.'?
We recently reported an efficient synthesis of hydropyrido-
[1,2-a]indole-6(7H)-ones via an In(Ill)-catalyzed tandem
cyclopropane ring-opening/intramolecular FC alkylation
sequence.'® Encouraged by this previous work, we reaso-
ned that an intramolecular FC reaction should occur if the
corresponding methyl 2-(1H-indole-1-carbonyl)acrylates
12 were employed as the cyclization precursors.

Adding credence to this hypothesis, Hadjipavlou-Litina
and Papaioannou recently reported the unexpected forma-
tion of a 1 H-pyrrolo[1,2-alindole-3(2 H)-one from treatment
of a N-cinnamoyl indole derivative with an excess of TFA
in dichloromethane.'* This reaction only occurred when
the aryl portion of the cinnamate had electron-donating
ortho- and para-methoxy substituents. When no methoxy
group was present or if the aryl ring had only one methoxy
group in the ortho- or para-position, no cyclization
occurred.'® In hopes of circumventing this limitation and
given that alkylidene malonates have been shown to offer
enhanced reactivity as Michael acceptors in comparison to
simple o.,S-unsaturated alkenes,'® we synthesized N-acylated
indoles 12 according to Scheme 2. Treatment of an indole
with methyl malonyl chloride afforded the S-ester-amide
11, and Knovenagel condensation with a suitable aldehyde/
ketone furnished the desired acrylates 12.

Scheme 2. Substrate Synthesis
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With a facile method in hand to prepare the acrylates,
we chose the 4-methoxyphenyl derivative 12a (from
p-anisaldehyde) as the test substrate to develop and opti-
mize the reaction conditions. After several experimental
iterations, the conditions for efficient and timely conver-
sion were determined to be 10 mol % In(OTf); in 1,
2-dichloroethane at reflux.'”

Table 1 shows the scope and limitations of the cycliza-
tion when aromatic groups are present on the acrylate.
Using the optimized conditions, the 1 H-pyrrolo[1,2-a]indole
product 13a (derived from our test substrate 12a) was
formed in 95% yield with a 15:1 trans/cis dr'® (entry 1)."
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To determine whether the substituent on the aryl group
conveys an effect upon product formation, the phenyl sub-
strate 12b and the electron-withdrawing 4-bromophenyl
12¢, 4-trifluoromethylphenyl 12d, and the 4-nitrophenyl
substrates 12e were synthesized. The phenyl derivative
cyclized to form 13b in 97% yield with a 16:1 dr (entry 2).
Similarly, the electron-deficient arenes 12c—e also effi-
ciently afforded products 13c—e in high yields (84—93%)
with > 16:1 dr (entries 3—5). Therefore, no discernible elec-
tronic effect of aryl substitution was observed.
Electron-rich heteroaromatics, such as the 2-substituted
furanyl derivative 12f and 2-thienyl derivative 12g, proved
to be suitable substrates, providing 1 H-pyrrolo[1,2-a]indole
products 13fand 13gin 97% and 98% yield, respectively, with
high dr (entries 6 and 7). In contrast, the 2-pyridyl substrate
12h did not undergo any appreciable cyclization (entry 8).
This lack of reactivity may be attributed to inductive effects,
given that the 2-pyridyl group prefers to serve as an elec-
tron acceptor. Moreover, the nitrogen of the pyridine could
serve to deactivate the In catalyst by forming a stable complex.

Table 1. Friedel—Crafts Alkylation with Aromatic Acrylates®

o o 9 ﬁ\
QJ\I J\EU\OMe In(OTf)3 (10 mol %) @ﬁ OMe
= R2 DCE, 80 °C 7 re
A R 43
dr¢
entry 12 13 time (h) yield (%)? (wrans:cis)

1 12a 13a 1.0 95 15:1
(R! = Me; R? = 4-MeOPh)

2 12b 13b 1.0 97 16:1
(R! = Me; R? = Ph)

3 12¢ 13¢ 3.0 93 16:1
(R! = Me; R*> = 4-BrPh)

4 12d 13d 30 9 20:1
(R! = Me; R* = 4-CF;Ph)

5 12e 13e 2.5 84 19:1
(R = Me; R? = 4-NO,Ph)

6 12f 13f 2.0 97 18:1
(R! = Me; R* = 2-furyl)

7 12g 13g 2.0 98 24:1
(R'=Me; R>= 2-thienyl)

8 12h -- 24.0 NR
(R! = Me; R? = 2-pyridyl)

9 12i 13i 4.0 96 14:1
(R! = CH,CH,NPhth; R2 = 4-MeOPh)

10 12§ 13j 120 69 251
(R! = CH,CH,Br; R? = 4-MeOPh)

11 12k 13k 3.0 93 13:1
(R! = CH,CO,Me: R? = 4-MeOPh)

12 121 B 10 98 10:1

(R! = H; R? = 4-MeOPh)

“Reactions run with substrate (1 equiv) and In(OTf); (10 mol %) in
1,2-dichloroethane at reflux. ”Isolated yields after column chromato-
graphy. ¢ Diastereoselectivities determined from "H NMR of the crude
reaction mixture and represent trans/cis diastereomeric ratio.

The cyclization is also amenable to substituent changes
about the 3-position of the indole moiety. For example,
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when the phthalimide-protected tryptamine derivative 12i
was subjected to the reaction conditions, 1 H-pyrrolo[1,2-a]-
indole product 13i was generated in 96% yield with 14:1 dr
(entry 9). Moreover, 13i can then be readily deprotected
to provide the free amine, which is important for several
natural product targets, such as the flinderoles 9. The
3-(2-bromoethyl)-1H-indole derivative 12j also provided
its cyclization product 13jin 69% yield with a 25:1 dr (entry 10).
The methyl acetate substituted indole derivative 12k gen-
erates its cyclized product 13k in 93% yield with 13:1 dr
(entry 11). Finally, when 121 (derived from indole) was em-
ployed, cyclization readily occurred to afford 13l in 98%
yield and 10:1 dr (entry 12).

While pleased with the performance of the aromatic
substrates, we were determined to expand the substrate
scope to include nonaromatic substrates (Table 2). In
particular, we were interested in systems derived from
alkyl aldehydes and cinnamaldehyde. The ethyl substi-
tuted acrylate 12m was the first nonaromatic substrate
synthesized. Unfortunately, subjecting 12m to the opti-
mized reaction conditions only led to long reaction times
(> 24 h)without any conversion to the desired 1 H-pyrrolo-
[1,2-alindole. After some optimization, we found that the
cyclization could be achieved more efficiently at a slightly
higher catalyst loading (15%) in toluene at reflux. Under
these new conditions, the cyclized product 13m was furn-
ished in 89% yield as the trans isomer (entry 1). Similar
reactivity was observed for the corresponding propyl sub-
stituted derivative 12n (entry 2). The parent compound,
methyl 2-(1 H-indole-1-carbonyl)acrylate 120 (derived
from formaldehyde), gave the 1 H-pyrrolo[l,2-a]indole
product 130 in 47% yield. Cinnamate 12p (from cinna-
maldehyde) afforded its product 13p in 71% yield with 8:1
dr (entry 4). We were extremely pleased to find that the 2,
2-disubstituted acrylate 12q (derived from 3-pentanone)
cyclized to generate product 13q, which now contains a
quaternary carbon, in 98% yield (entry 5). Thus, this method
isamenable to substrates derived from ketones and offers a
powerful method to generate a functionalized quaternary
carbon, particularly, if an unsymmetric ketone is used.

An interesting result was obtained when acrylate 12r
(derived from isobutyraldehyde) was subjected to the same
conditions. While we formed the anticipated trans-1H-
pyrrolo[1,2-alindole product 13r in 86% yield, we also
observed a small amount of the hydropyrido[l,2-a]-
indole product 14 (Scheme 3). This product seemingly
arises from a putative carbocationic intermediate I that
undergoes a 1,2-hydride shift to generate carbocation
I1, an intermediate observed in our tandem cyclopro-
pane ring-opening/intramolecular FC cyclization.'? II
then undergoes an intramolecular FC reaction to gen-
erate the six-membered ring in 14. Frontier recently
noted this type of transformation for alkenyl 2-furyl
and alkenyl 2-benzofuryl ketones in the presence of a
highly Lewis acidic Ir'"" catalyst.?’ Both examples high-
light the existence of two possible pathways that depend

(20) Vaidya, T.; Manbeck, G. F.; Chen, S.; Frontier, A. J.; Eisenberg,
R. J. Am. Chem. Soc. 2011, 133, 3300.
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Table 2. Reaction Scope with Nonaromatic Acrylates”

QI\‘)YKOM IN(OTf) (15 mal %) N ‘-«-"kOMe
== | B PR?
R R2 Toluene, 110 °C R
Ve Me 13
dr¢
entry 12 13 time (h) yicld (%)? (rrans:cis)
1 12m 13m 12.0 89 -
(R'=H; R2=Et)
2 12n 13n 12.0 84 -
(R'=H:R>=Pr)
3 120 130 1.0 47 -
(R’ =H;R>=H)
4 12p 13p 12.0 71 8:1
(R' = H; R? = B-styryl)
5 12q 13q 1.0 98
(R'=Et; R* = Ef)

“Reactions run with substrate (1 equiv) and In(OTf); (15 mol %) in
toluene at reflux.  Isolated yields after column chromatography. ¢ Dia-
stereoselectivities determined from 'H NMR of the crude reaction
mixture and represent trans/cis diastereomeric ratio. ¢ Only one diaster-
eomer observable by crude NMR.

on both the aromatic character of the heteroaryl moiety
and the Lewis acid catalyst.

Scheme 3. An Alternative Reaction Pathway
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Finally, to expand the scope of this synthetic approach,
we performed a preliminary test on a different substrate.

(21) Hall, G.; Sugden, J. K.; Waghela, M. B. Synthesis 1987, 10.
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Given that the cyclization readily occurs with indoles, we
anticipated that pyrroles would behave similarly under the
reaction conditions to form 1 H-pyrrolizin-3(2 H)-ones.
Pyrrolizine derivatives, many of which are naturally occur-
ring, have attracted considerable attention from both
synthetic and medicinal chemists for their interesting bio-
logical activities and therapeutic potential.>' To our satis-
faction, when N-acyl pyrrole 15 was treated with In(OTf);
in 1,2-dichloroethane at reflux, the expected pyrrolizine
product 16 was obtained in 54% yield** (unoptimized)
with 13:1 dr (Scheme 4).

Scheme 4. Pyrrole as an Effective Substrate
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4 MeOPh 54% 4-MeOPh
16 (dr = 13:1)

In summary, we have developed a diastereoselective,
Lewis acid-catalyzed intramolecular Friedel—Crafts reac-
tion that efficiently generates functionalized 1H-pyrrolo-
[1,2-alindole-3(2H)-ones in high yields (up to 98%) with
high diastereoselectivities (up to >25:1 dr) from simple,
readily available starting materials. Efforts to employ
chiral catalyst complexes to promote enantioselectivity as
well as further examination of the cationic rearrangement
pathway are currently underway. Future application of
this reaction toward the synthesis of natural products will
be reported in due course.
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