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ABSTRACT

Quinolines, dihydroquinolines, and aza-xanthones can be synthesized efficiently and under mild reaction conditions by means of a reaction
sequence employing Au(III)-catalyzed aldol reactions as the key step.

Polycyclic N-heterocycles form the basic frameworks of
numerous natural product classes and hold a prominent role
in pharmaceutical and agrochemical research.1 In particular,
quinolines and their derivatives often are endowed with
biological activity including compounds with antitumor
activity,2 CysLT (LTD4) receptor antagonists3 and HIV-1

replication inhibitors.4 For quinoline synthesis, the Fried-
länder annulation5 is widely used. It proceeds both in the
presence of Brønsted6 or Lewis acid catalysts7 and under
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noncatalyzed thermal conditions (heating in the presence of
base or heating to temperatures up to 250 °C). In the course
of a program aimed at the development of new methodology
for the synthesis of heterocycle classes endowed with
biological activity8 we were inspired by a recent report on a
gold catalyzed quinoline synthesis9 to explore the versatility
of gold-catalysis10 for the synthesis of a collection of
N-heterocycles. Here, we report our preliminary results on
gold catalyzed condensation reactions leading to quinoline,
dihydroquinoline, and aza-xanthone frameworks.

In initial experiments, the Friedländer-type condensation
of acetophenone (2a) in the reaction with 2-aminoacetophe-
none (1a) leading to quinoline 3a was investigated. While
AuCl3 did catalyze the reaction at room temperature leading
to the desired quinoline 3a in low yield, Au(I) was not

catalytically active under a variety of conditions. Elevation
of the temperature resulted in an increased yield. However
the best results were obtained using AuCl3 and AgSbF6 in a
ratio of 1:3 in acetonitrile/methanol (4:1) at room tempera-
ture. After 8 h, the reaction was complete and yielded 3a in
91% yield (Table 1, entry 1). Both cyclic and acyclic
acetophenones displayed appreciable reactivity under these
reaction conditions yielding quinoline-fused polycycles with
preparatively very useful results (Table 1). For cyclic aryl
alkyl ketones, warming to 50 °C was required.

These Au(III)-catalyzed condensations provide a wider
scope for the synthesis of N-heterocycles than previously
reported similar catalytic transformations which mostly
employed more reactive 1,3-dicarbonyl compounds,9 often
under harsher reaction conditions (e.g., NaAuCl4, 80-140
°C, 0.5 h to 4 d).11 In order to generate diverse N-heterocyclic
systems using gold-catalyzed condensation methodology, we
employed 2-amino-3-formylchromone (4) with acetophenone

(7) (a) Wang, H.-M.; Kang, I.-J.; Chen, L.-C. Heterocycles 2003, 60,
1899–1905. (b) McNaughton, B. R.; Miller, B. L. Org. Lett. 2003, 5, 4257–
4259. (c) Yadav, J. S.; Reddy, B. V. S.; Sreedhar, P.; Rao, R. S.; Nagaiah,
K. Synthesis 2004, 2381–2385. (d) Wu, J.; Zhang, L.; Diao, T.-N. Synlett
2005, 2653–2657.

(8) (a) Koch, M. A.; Schuffenhauer, A.; Scheck, M.; Wetzel, S.; Casaulta,
M.; Odermatt, A.; Ertl, P.; Waldmann, H. Proc. Natl. Acad. Sci. U.S.A.
2005, 102, 17272–17277. (b) Wetzel, S.; Schuffenhauer, A.; Roggo, S.;
Ertl, P.; Waldmann, H. Chimia 2007, 61, 355–360.

Table 1. Synthesis of Quinolines from Aryl Alkyl Ketones

a AuCl3 (5 mol %), AgSbF6 (15 mol %), 2 (1.2 equiv), MeCN/MeOH
(4:1), rt, 8 h. b Isolated yields. c Reaction perforemd at 50 °C, 8 h.

Table 2. Synthesis of Azaxanthones from Aryl Alkyl Ketones

a AuCl3 (5 mol %), AgSbF6 (15 mol %), 2 (1.2 equiv), MeCN/MeOH
(4:1), rt, 8 h b isolated yields.
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using reaction conditions described in Table 1. In the
reaction, the desired azaxanthone 5a was cleanly formed in
81% yield. By analogy, different cyclic aryl alkyl ketones
yielded fused azapolycycles in high yields at room temper-
ature (Table 2). Aza-xanthones are of substantial interest due
to their pronounced biological activity.12

Intriguingly and unexpectedly, the use of R-keto esters
(7, 2.2 equiv) instead of aryl alkyl ketones in the gold
catalyzed condensation with 2-aminoacetophenone (1.0
equiv) and also p-anisidine or aniline itself yielded dihyd-
roquinolines 8 (Scheme 1).13,14 Dihydroquinolines are of
significant interest to medicinal chemistry research,15 and
new synthetic routes to them are highly desired.

These results underscore the synthetic versatility offered by
gold catalysis for the synthesis of such polycyclic heterocycles.
Thus, under the conditions described, a moderate variation in
the structure of the starting materials gives efficient access to a
substantially diverse collection of structurally different, biologi-
cally relevant N-heterocycle classes.

In order to develop a mechanistic rationale for the different
transformations described above we assumed that the con-
densation reactions involve gold-mediated formation of
enolates followed by an addition reaction.16 In order to probe
this notion, we investigated the model reaction of benzal-
dehyde with acetophenone in acetonitrile in the presence of
the gold and silver salts under the conditions described above.

Surprisingly the expected R-�-unsaturated ketone 12 (R
) Ar ) Ph) was obtained only as a minor product, and 1,5-
diketone 11a was isolated in 74% yield (Table 3, entry 1).
Subsequent experiments revealed that various aromatic
aldehydes yielded 1,5-diketones in high yields (Table 3,
entries 1-8). However aldehydes with electron-withdrawing
substituents (e.g., Cl, Br) and aliphatic aldehydes did not
give the analogous products. The reaction of cinnamaldehyde

with acetophenone led to formation of a product mixture.
When phenylacetylene was employed instead of acetophe-
none, compound 11a was obtained in similar yield (70%).
Obviously under these reaction conditions phenylacetylene
is rapidly hydrated to yield acetophenone which then enters
the aldol reaction sequence. This possibility is further
supported by the fact that when Au(PPh3)Cl was used instead
of AuCl3 under strictly anhydrous conditions no reaction with
the alkyne was detected.
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Scheme 1. Gold-Mediated Synthesis of Dihydroquinolines

Table 3. Synthesis of 1,5-Diketones from Aldehydes

a AuCl3 (5 mol %), AgSbF6 (15 mol %), 10 (2.2 equiv), MeCN, rt,
8-12 h b Isolated yields.
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We propose that the gold catalyst serves as Lewis acid in
both formation of ketone enolates and their addition reac-
tions. However, gold catalysis of these particular transforma-
tions under the conditions given significantly differs from
possible catalysis by other Lewis acids. Thus, the use of
ZnCl2, AlCl3 or BF3·OEt2 did not lead to formation of 1,5-
diketones.

By analogy to this mechanistic proposal, the formation of
quinolines detailed above (Scheme 2, A) possibly begins with
imine formation facilitated by the Lewis acidity of the gold
catalyst, followed by enamine addition (13) to the ketone.
Water elimination eventually leads to quinoline formation.
This mechanism is supported by a report of a successful
enamine intermediate isolation in a related gold-catalyzed
reaction.9

Similarly, the reaction of aldehydes with acetophenones
will involve intermediate 14 which is generated after enolate
addition to the aldehyde (Scheme 2, B). Attack of a further
enolate on 14 leads to 1,5-diketones 11. Water elimination
would yield the minor product 12. However, in a separate
reaction of 12 with acetophenone in the presence of the gold
catalyst, formation of 11 was not observed. Also, when 11

was treated under the same reaction conditions but without
acetophenone for 48 h, 12 was not formed. These findings
suggest that both products probably originate from 14.

Dihydroquinoline (8) formation most likely begins with
the generation of an imine from the aniline and the ketoester
(Scheme 2, C), followed by addition of the enolate to the
imine. Keto esters are more reactive substrates than ac-
etophenones and, therefore, should add to the R-imino ester
moiety (to give 16) which is a good electrophile17 in the
presence of a Lewis acid. An electron-rich benzene ring could
add to the keto ester group (to give 17), and water elimination
followed by proton shift would eventually form the dihyd-
roquinoline 8.

In conclusion, we have demonstrated the versatility of
gold-catalyzed aldol condensation reactions for the synthesis
of several different biologically relevant N-heterocycle
classes. Efficiency and ease of operation make these trans-
formations highly useful for the synthesis of compound
collections for chemical biology and medicinal chemistry
research.
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Scheme 2. Proposed Mechanisms for the Gold-Catalyzed
Condensation Reactions
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