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One pot reaction of anilines, benzaldehydes and 2-pyrrolines
under lanthanide triflate catalysis affords substituted hexa-
hydropyrrolo[3,2-c]quinolines in good to excellent yields.

Multi-component coupling reactions are of growing interest in
synthetic organic chemistry, because of their applications in
combinatorial chemistry.1 Those reactions that provide access
to novel heterocyclic structures are particularly useful, because
of the importance of heterocycles as scaffolds in pharmaceutical
development. However, there are relatively few examples of
such reactions, and a need exists to expand the repertoire of
multi-component coupling methods leading to heterocycles.
Accordingly, we now report a versatile one-pot synthesis of
substituted hexahydropyrrolo[3,2-c]quinolines utilizing a
Lewis acid promoted three component coupling reaction.2

We have become interested in hexahydropyrrolo[3,2-c]qui-
nolines because of the recent isolation of the alkaloids
martinelline 1 and martinellic acid 2 from the roots of the

Amazonian plant Martinella iquitosensis.3 These compounds
are the first natural products containing a hexahydropyr-
rolo[3,2-c]quinoline core structure. Tetrahydroquinolines and
4-aminoquinolines, of which 1 is an example, are found in a
number of pharmaceutically active compounds.4 Indeed, marti-
nelline has antibiotic activity, affinity for several G-protein
coupled receptors, and was the first example of a naturally
occurring non-peptidic bradykinin receptor antagonist.3,5 The
core structure is thus of pharmaceutical interest, with the
potential for functionalization of the rigid heterocyclic scaffold
and/or the two differentiated amine groups.

Although there are several reports of the synthesis of
pyrrolo[3,2-c]quinolines, these usually require a number of
steps, proceed in modest yields, and do not give compounds at
the same oxidation state as 1.6 We envisaged a highly
convergent route, involving a three-component coupling reac-
tion of anilines 3, benzaldehydes 4, and the N-substituted
2-pyrroline 5, for the synthesis of differentially substituted
analogs 6 (Scheme 1). The in situ formed imine generated upon
condensation of 3 and 4 can act as a diene, in a formal hetero-
Diels–Alder reaction with the electron-rich dienophile 5.7 This
approach is analogous to the formation of 4-alkoxytetrahy-
droquinolines, such as the BF3·OEt2 and EtAlCl2 promoted
reaction of 2,3-dihydrofuran and the imine formed between
aniline and benzaldehyde.8 Recent findings by Kobayashi have
shown that lanthanide triflates9 will similarly catalyze the
reaction of cyclopentadiene or dihydrofuran with in situ formed
imines derived from anilines and aldehydes.10

Endocyclic enamine derivatives such as 511 have not
previously been employed in these reactions, and we were
delighted to find that lanthanide triflates catalyze their addition
(Table 1). Treatment of PhCHO (1.4 equiv.), PhNH2 (1.4
equiv.) and 5 with Dy(OTf)3 (0.07 equiv.) afforded 6a‡ in 91%
yield as an approximately 1 : 1 mixture of readily separable endo
and exo diastereomers, where H3a and H4 have a cis and trans
relationship respectively.12 The reaction is remarkably facile,
and because of the air and water stability of the catalyst, the
reaction requires no special precautions. There is little effect on
the choice of lanthanide triflate catalyst on the outcome of the
reaction, although Dy(OTf)3 gives marginally better yields.
Deprotection of the BnO2C group in the adducts is readily
achieved by hydrogenolysis with Pearlman’s catalyst. For
example, deprotection of the endo and exo diastereomers of 6a
occurs in 87 and 98% yield, respectively.

The mechanism for the three component coupling reaction
presumably involves complexation of the in situ formed imine
by the lanthanide triflate catalyst, promoting stepwise nucleo-
philic addition of the electron-rich 2-pyrroline 5 (i.e. formation
of the C3a–C4 bond), followed by electrophilic aromatic
substitution of the aniline ring by the incipient N-acyl iminium
ion intermediate (i.e. formation of the C9a–C9b bond). The
initial addition step thus controls the diastereoselectivity of the
reaction. The diastereoselectivity is strongly solvent dependent
(Table 2). Although there is relatively little effect using dry
solvents, a significant change in diastereoselectivity in favor of
the endo product was observed using water as a co-solvent
(entries 6–8, Table 2). The use of THF–water (4 : 1) as solvent
results in an enhancement of the de to 92%, but occurs in lower
yields (entry 8, Table 2). The origin of the enhanced
diastereoselectivity is unclear, but the hydrophobic effect13

would presumably favor the more compact transition state
leading to the endo products.

Interestingly, we have found that in the absence of an
aldehyde, anilines 3 will couple with two equivalents of
endocyclic enamines such as 5. For example, treatment of
methyl 4-aminobenzoate with 5 gave 7 in excellent yield as
mainly the endo diastereomer (Scheme 2).14 Deprotection of 7
proceeded smoothly with Pearlman’s catalyst to yield the free
amine 8 in 88% yield as an 85 : 15 mixture of diastereomers in
favour of the endo product (Scheme 2). The formation of 7 is the
first example of a coupling of this type, and presumably occurs
via the imine formed on condensation of the aniline with the in
situ hydrolysis product of 5. This imine may also form directly

† To whom correspondence concerning crystal data should be addressed. Scheme 1
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via addition of aniline to protonated 5, followed by ring-
opening. The structural similarities of 7 with 1 may indicate an
analogous process occurs in the biosynthesis of martinelline.

In summary, a convergent method for the synthesis of
hexahydropyrrolo[3,2-c]quinolines has been established, using
a lanthanide triflate catalysed three-component coupling reac-
tion. Further studies towards control of the  diastereoselectivity
of this process for the synthesis of 1, and other multi-component
coupling reactions of endocyclic enamine derivatives, will be
reported in due course.
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Notes and references
‡ The synthesis of 6a is representative. To a solution of Dy(OTf)3 (32 mg,
0.05 mmol) in MeCN (2.0 ml) at 4 °C was added PhCHO (100 ml, 0.98
mmol) and PhNH2 (89 ml, 0.98 mmol) in MeCN (1.0 ml) via cannula. After
stirring for 5 min, a solution of 5 (108 mg, 0.705 mmol) in MeCN (1.0 ml)
was added via cannula. The reaction was stirred under N2 for 16 h at 4 °C.
The reaction was quenched with H2O and extracted with CH2Cl2 (3 3 30
ml). The combined organic extracts were washed with brine, dried,
concentrated in vacuo and filtered through a plug of silica gel. The crude
products were purified via flash chromatography (silica gel, EtOAc–
hexanes, CH2Cl2 or CH2Cl2–MeOH) to yield the two separable diaster-
eomers. Ratios of diastereomers were determied via 1H NMR analysis of the
crude mixtures.
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Table 1 Synthesis of substituted hexahydropyrrolo[3,2-c]quinolines 6a,b

Compound R1 R2 R3 R4 R5 Yield (%) endo : exo

6a Ph H H H H 91 51 : 49
6b 3,4-Cl2C6H3 H H H H 93 57 : 43
6c 4-MeOC6H4 H H H H 84 50 : 50
6d 2-MeC6H4 H H H H 96 42 : 58
6e 4-O2NC6H4 H H H H 96 53 : 47
6f Ph H H MeO2C H 61 50 : 50
6g 3,4-Cl2C6H3 Cl H Cl Cl 47 40 : 60
6h 3,4-Cl2C6H3 H O2N H H 65 55 : 45
6i 3,4-Cl2C6H3 –NNCHCHNCH– H H 78 63 : 37

a Conditions: 5 (1.0 equiv.), 3 (1.4 equiv.), 4 (1.4 equiv.), Dy(OTf)3 (7 mol%), MeCN, 4 °C, 16 h. b Yields are for chromatographically pure material,
and diastereomeric ratios are based upon NMR analysis of the crude products.

Table 2 Solvent effects on the diastereoselectivity of the formation of 6a

Entry Solventa Dr (endo : exo)b Yield (%)c

1 MeCN 51 : 49 91
2 CH2Cl2 54 : 46 72
3 MeNO2 45 : 55 86
4 DMF 70 : 30 35d

5 CF3CH2OH 45 : 55 73
6 MeCN–H2O (9 : 1) 65 : 35 55
7 DMF/H2O (4 : 1) 97 : 3 26
8 THF–H2O (4 : 1) 96 : 4 47
a Conditions: [5] = 0.14 m, 3a (1.4 equiv.), 4a (1.4 equiv.), Dy(OTf)3 (7
mol%), 4 °C, 16 h. b Diastereomeric ratios are based upon NMR analysis of
the crude products. c Yields are for chromatographically purified material.
d Material isolated was 95% pure by 1H NMR analysis.

Scheme 2
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