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Synthesis of Furoquinolines by a One-Pot Multicomponent Cascade Reaction
Catalyzed by Platinum Complexes

Jos� Barluenga,* Abraham Mendoza, F�lix Rodr�guez, and Francisco J. FaÇan�s[a]

Tetrahydroquinolines have been found as a key structural
unit in many bioactive natural products and pharmaceuti-
cals.[1] In particular, furoquinoline derivatives are alkaloids
mainly isolated from Rutaceae and Solanaceae plant spe-
cies.[2] Owing to the relevant biological properties of both
natural and synthetic analogues of these molecules,[3] which
include antitumoral, antimicrobial, antibacterial, insecticide,
analgesic, antipyretic, antiplatelet, and cytotoxic activities,
the isolation and synthesis of new furoquinoline derivatives
is an active and rewarding research area.[4] In this connec-
tion, the Povarov reaction is a powerful transformation that
offers an easy entry to the furoACHTUNGTRENNUNG[3,2-c]quinoline skeleton
through a formal [4+ 2] cycloaddition between N-arylaldi-
mines (as diene) and 2,3-dihydrofuran (as dienophile).[5]

One of the main limitations of this reaction stems from the
enol ether counterpart, since very few functionalized 2,3-di-
hydrofuran derivatives are available. In fact, the great ma-
jority of the furo ACHTUNGTRENNUNG[3,2-c]quinoline derivatives synthesized by
this strategy are derived from the commercially available
2,3-dihydrofuran and basically no effort has been directed to
the synthesis and study of the biological activity of furo ACHTUNGTRENNUNG[3,2-
c]quinoline derivatives substituted at the furan ring. In this
context, we thought that an easy entry to this kind of com-
pounds could be a Povarov reaction[6] in which a functional-
ized furan was generated in situ from an alkynol derivative
by a cycloisomerization reaction. Thus, we have recently re-
ported a new synthesis of spirofuranquinoline derivatives by
reaction of in situ generated N-arylaldimines and exocyclic
enol ethers in a process in which a platinum complex and a
Brønsted acid are used as catalysts (Scheme 1).[7] Further
studies in this field led us to discover an unprecedented plat-

inum-catalyzed three-component coupling reaction that
allows the easy and diastereoselective synthesis of function-
alized furoquinoline derivatives (Scheme 1),[8] and details of
this process are given herein.

As previously reported,[7] cationic platinum complexes
were appropriate catalysts for the in situ formation of enol
ethers by intramolecular hydroalkoxylation reactions. In
that work the cationic platinum catalyst was formed from
[(cod)PtMe2] (cod= 1,5-cyclooctadiene) by treatment with a
protic acid. Another possibility for the in situ generation of
the cationic platinum complex is the treatment of
[(cod)PtCl2] with a silver salt under nonacidic conditions.

Accordingly, in an initial experiment we treated pentynol
derivative 1 a with two equivalents of the imine 2 a in the
presence of a cationic platinum complex generated in situ
by mixing 5 mol % of [(cod)PtCl2] and 10 mol % of AgSbF6.
This reaction led to a 3:1 mixture of the spirofuranquinoline
derivative 3 a and the furo ACHTUNGTRENNUNG[3,2-c]quinoline 4 a (Table 1,
entry 1). Bearing in mind our previous results,[7] the forma-
tion of compound 3 a, as a mixture of two diastereoisomers,
could be considered as expected. Much more surprising was
the isolation of the styryl-substituted furoquinoline 4 a. The
formation of this compound supposes the coupling of three
components, a unit of the alkynol 1 a and two units of the
imine 2 a, in a process in which a molecule of 4-methoxyani-
line is delivered. Moreover, furoquinoline 4 a was formed as
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Scheme 1. Two different quinoline derivatives obtained from alkynols
and N-arylaldimines.
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a single diastereoisomer and remarkably, a quaternary ste-
reocenter is generated. All these interesting structural fea-
tures led us to consider the possibility of steering the reac-
tion toward the formation of the vinyl-substituted furoqui-
noline 4 a. Thus, we tried the reaction under different condi-
tions. We observed that the addition of one equivalent of
the protic acid HBF4 led to the exclusive formation of the
spirofuranquinoline 3 a (Table 1, entry 2). In contrast, the
amount of compound 3 a was decreased by the addition of
an excess (4 equiv) of the starting imine 2 a (Table 1,
entry 3). In particular, formation of compound 3 a was prac-
tically suppressed by the slow addition, over a period of 7 h,
of the alkynol 1 a to a solution of the imine 2 a and the cata-
lyst (Table 1, entry 4). However, using the slow addition
conditions but reducing the amount of imine 2 a to two
equivalents, led to a 1:1 mixture of 3 a and 4 a (Table 1,
entry 5). Thus, we have suitable conditions to direct the re-
action to the formation of the spirofuranquinoline 3 a (by
adding a protic acid) or to the vinyl-substituted furoquino-
line 4 a (by using a fourfold excess of the starting imine 2 a
under slow addition conditions).

As previously mentioned, the structure of the vinyl-substi-
tuted furoquinoline 4 is very attractive and thus the sub-
strate generality was examined under the optimized condi-
tions. Various kinds of alkynols 1 and imines 2 were tested,
and, as shown in Scheme 2, several vinyl-substituted furoqui-
noines 4 were synthesized and isolated in high yield and as
single diastereoisomers in all cases attempted. Structural as-
signments of these new compounds were based on a series
of NMR studies. Additionally, the structure of compound 4 i
was confirmed by single-crystal X-ray diffraction analysis.[9]

Those products containing fluorine atoms in their structure
(4b,d,g) may prove to be particularly interesting, and the
chlorine-substituted products 4 c, f, h, i could be interesting

for further functionalization by well-established carbon–
carbon couplings. The furoquinolines 4h, i are also remark-
able as they are derived from a chiral alkynol derivative. In
these cases, we only observed the formation of a single dia-
stereoisomer corresponding to those structures shown in
Scheme 2. These results indicate that the substrate-con-
trolled synthesis of enantiomerically pure furoquinoline de-
rivatives 4 is possible.

A catalytic mechanism that explains the formation of fu-
roquinolines 4 is shown in Scheme 3 (for simplicity substitu-
ents on the alkynol derivative 1 and the imine 2 are not con-
sidered). In this reaction, we suppose the formation of a re-
active cationic platinum complex from [(cod)PtCl2] by reac-
tion with AgSbF6.

[10] The reaction is initiated by coordina-
tion of the metallic complex to the triple bond of the
starting alkynol 1 to form intermediate 5. Intramolecular ad-
dition of the hydroxy group to the internal carbon of the

Table 1. Platinum-catalyzed reaction of alkynol 1a and imine 2a under
different conditions.

Entry Equiv 2a Additive Conditions Ratio 3 a :4a[a]

1 2 none standard[b] 3:1
2 2 HBF4 (1 equiv)[c] standard[b] >20:1
3 4 none standard[b] 1:2
4 4 none slow addition[d] 1:>20
5 2 none slow addition[d] 1:1

[a] Determined by 1H NMR analysis of the crude reaction mixture.
[b] All reagents mixed at room temperature and the reaction mixture
was stirred for 24 h. [c] Reagents mixed at �30 8C. [d] Alkynol 1 a slowly
added to a solution of imine 2a and the catalyst over a period of 7 h at
room temperature. The reaction mixture was stirred for an additional
17 h.

Scheme 2. Furoquinolines 4 obtained by a catalytic three-component cou-
pling reaction.
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triple bond generates 6. Protodemetallation of the latter af-
fords the enol ether 7 and releases the catalytic species.[11]

Once enol ether 7 is formed, it enters the second catalytic
cycle. Thus, the coordination of the nitrogen atom of the
imine 2 to the platinum catalyst forms 8 and favors the addi-
tion of the enol ether 7 to give the intermediate 9 through a
Mannich-type process.[12] Further reaction of the basic nitro-
gen atom with one of the acidic protons in the a-position to
the oxonium group leads to the amine derivative 10. An
elimination of aniline in 10 gives the diene intermediate 11
which reacts with the previously formed imine complex 8
through a typical Povarov process to furnish the intermedi-
ate 12.[13] Intramolecular nucleophilic addition of the elec-
tron-rich aromatic ring to the oxonium ion, followed by
rearomatization and protodemetallation leads to the final
product 4 closing the second catalytic cycle. To explain the
stereochemistry observed in products 4 we suppose that the
cyclization step in 12 occurs through a chairlike conforma-
tion in which the phenyl group occupies an equatorial posi-
tion (see 12A in Scheme 3; bold bonds were drawn to facili-
tate the visualization of the chairlike conformation).

Formation of the spirofuranquinoline 3 a under acidic con-
ditions (see Table 1, entry 2), is easily understood by a
mechanism analogous to that discussed in our previous
work.[7] In a similar way, under neutral conditions, formation
of the spirofuranquinoline 3 a could be explained by intra-
molecular nucleophilic addition of the aromatic ring to the
oxonium ion in 9. When an excess of imine 2 is used, and in
particular under the slow addition conditions previously de-
scribed, the concentration of imine 2 in the reaction media
is high and we suppose that the ligand-exchange reaction in
9 to form 8 and the product 10 is favored. Thus, under the
slow addition conditions, the intramolecular protonation in
9 seems to be more favored than the intramolecular nucleo-
philic addition of the aromatic ring to the oxonium ion.

In summary, we have developed a new platinum-catalyzed
reaction for the diasteresoselective construction of furo ACHTUNGTRENNUNG[3,2-

c]quinoline derivatives. The reaction is very straightforward,
the starting materials are simple, and the products obtained
cannot be easily synthesized by other methods. The new
process supposes a one-pot three-component coupling reac-
tion between a unit of an alkynol derivative and two units
of an N-arylaldimine. Formally, the reaction could be con-
sidered a Povarov reaction in which the enol ether counter-
part is generated in situ. This strategy allows the functionali-
zation of the furan ring and leads to diastereomerically pure
furoquinoline derivatives, thereby surpassing some of the
limitations of the conventional Povarov reaction. Moreover,
the presence of a vinyl moiety in the final products would
allow further functionalization. The easy generation of mo-
lecular diversity coupled with the importance of furoquino-
line derivatives in medicinal chemistry makes the reaction
described herein an appropriate alternative for the synthesis
of potentially bioactive compounds.
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