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ABSTRACT

A synthetic method of highly substituted quinolines has been developed from N-(2-alkynylaryl)enamine carboxylates under Cu-catalyzed aerobic
conditions via intramolecular carbo-oxygenation of alkynes. This strategy was further applied for N-alkynylamidines for amino-oxygenation of
alkynes, leading to imidazole and quinazoline derivatives.

Aromatic azaheterocycles are an omnipresent com-
ponent of numerous natural alkaloids and potent
pharmaceutical drugs.1 While diverse synthetic ap-
proaches toward azaheterocycles have been exploited,2

there remains a demand of conceptually novel and
versatile methodologies for chemical synthesis of aro-
matic azaheterocycles from readily available building
blocks.
We have studied copper-mediated oxidative functiona-

lization of carbon�carbon unsaturated bonds under

aerobic conditions using enamine carboxylates,3 N-H
imines,4 and amidines5to construct azaheterocyclic frame-
works (Scheme 1).6 In this context, we became interested in
oxidative functionalizationof carbon�carbon triple bonds
(alkyne)7 under copper-catalyzed aerobic reaction condi-
tions. As shown in Scheme 2, a sequence of intramolecular
carbo(or amino)-cupration8 of alkynes followed by oxy-
genative carbonylation could be envisioned to occur in an
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J. S.; Laffan, D.; Thomson, C.; Williams, M. T. Org. Biomol. Chem.
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unprecedented mode of oxo functionalization of alkynes,
resulting in various acylated cyclic compounds.9,10 Herein,
we report copper-catalyzed aerobic synthesis of aza-aro-
matic heterocycles such as quinolines, imidazoles, and
quinazolines fromN-(2-alkynylaryl)enamine carboxylates
and N-alkynylamidines.

Our study was commenced with the reactions of N-(2-
alkynylaryl)enamine carboxylate 1a under copper-cata-
lyzed aerobic conditions (Table 1). When 1a was treated
with 20 mol% of CuBr•SMe2 in the presence of K2CO3 in
DMFat 60 �Cunder anO2 atmosphere, an intramolecular
carbo-oxygenation11 product, 4-benzoylquinoline 2a was
isolated in 57% yield (entry 1).12 The yield of product 2a
was improved by the addition of nitrogen bases/ligands to

CuBr•SMe2 (entries 2�4). The highest yield of 2a was
achieved using 1,10-phenanthroline (1,10-phen) (entry 4).

The catalytic loading ofCuBr•SMe2 could be reduced to
10 mol% (entries 5 and 6), and quinoline 2awas obtained
in 83% yield with 30 mol % of 1,10-phen (entry 6), where
addition of molecular sieves 4 A (MS 4 A) made the
reaction more reproducible in terms of the reaction rate.13

Using 18O2 as an atmosphere, incorporation of the oxygen
atom fromO2wasobserved in the resulting carbonyl group
of 2a-18O (see Supporting Information for details). Re-
duction of the oxygen partial pressure under an air atmo-
sphere (0.21 atm of O2) did not affect the product yield of
2a, while the reaction rate became slightly longer (entry 7).
It is noted that the reaction under aN2 atmosphere did not
give any cyclized product at all, which suggested that the
presence of molecular oxygen might be indispensable for
initial C�Cbond forming cyclization.14Copper(II) species
also showed the catalytic reactivity toward the present
quinoline formation (entries 8 and 9). It is noted that other
metals such as Fe(III), Co(II), and Pd(II) were not viable
for this transformation (entries 10�12).

Scheme 1. Cu-Catalyzed Aerobic Functionalization of Alkenes
and Benzene Rings

Scheme 2. Cu-Catalyzed Aerobic Oxo Functionalization of
Alkynes (This Work)

Table 1. Optimization of Reaction Conditionsa

entry

Cu salts

[mol %]

ligands

[mol %] additive

time

[h]

yield

[%]b

1 CuBr•SMe2 (20) � K2CO3
c 0.3 57

2 CuBr•SMe2 (20) DABCO (20) � 1 (60)

3 CuBr•SMe2 (20) DMAP (20) � 2 (55)

4 CuBr•SMe2 (20) 1,10-phen (20) � 0.5 (62)

5 CuBr•SMe2 (10) 1,10-phen (20) � 2 (76)

6 CuBr•SMe2 (10) 1,10-phen (30) MS 4 Ad 1.5 83

7e CuBr•SMe2 (10) 1,10-phen (30) MS 4 Ad 4.5 83

8 CuBr2 (10) 1,10-phen (30) MS 4 Ad 1.5 (70)

9 Cu(OAc)2 (10) 1,10-phen (30) MS 4 Ad 24 (60)

10 FeCl3 (10) 1,10-phen (30) MS 4 Ad 24 0

11 CoBr2 (10) 1,10-phen (30) MS 4 Ad 24 (26)

12 Pd(OAc)2 (5) 1,10-phen (30) MS 4 Ad 24 0

aThe reactions were carried out using 0.3 mmol of enamine 1a in
DMF at 60 �C under an O2 atmosphere. b Isolated yields are recorded.
NMRyieldswere shown in parentheses. c 1.1 equiv ofK2CO3was added.
d 100 wt % with 1a. eThe reaction was conducted under an air atmo-
sphere. DABCO = 1,4-diazabicyclo[2.2.2]octane; DMAP = N,N-di-
methyl-4-aminopyridine; 1,10-phen = 1,10-phenanthroline.
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(12) The structure of 2a was secured by X-ray crystallographic
analysis (CCDC-872056); see Supporting Information.

(13) Addition of 2 equiv of H2O rendered the reaction of 1a (using
10 mol % CuBr•SMe2 and 30 mol % 1,10-phen) slow, giving quinoline
2a in 85% yield after 24 h.

(14) A proposed reaction mechanism is discussed in the Supporting
Information.
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With the optimized conditions in hand, we next exam-
ined the substrate scope for the synthesis of highly sub-
stituted quinolines (Scheme 3). By varying substituents R1

of enamines 1, it was shown that both electron-rich and -
deficient benzene rings could be introduced, and a bromine
substituent was tolerated while keeping the C�Br bond
intact (for2b�2f). Severalalkyl groups (for2g�2i) aswell asa
methoxycarbonyl group (for 2j, 2k) were all installed in good
yields.At theC(6)-positionof quinoline frameworks, halogen
atoms as well as a cyano group could be introduced (for
2l�2o). As for R3 on the alkyne moiety, several substituted
benzenes could be used (for 2p�2r), while no cyclization was
observed when substituents R3 were alkyl groups.
Stimulated by the structural analogy of amidines with

enamine carboxylates, amino-oxygenation of alkynes15

could be envisioned to occur by Cu-catalyzed aerobic
reactions of N-alkynylamidines (Table 2). As expected,
the aerobic reactions of N-benzyl-N-propargylamidine
3a with 10 mol % of Cu(OAc)2 and 10 mol % of 1,10-

phenanthroline in DMF at 80 �C provided 4-benzoylimi-
dazole 4a in good yield (entry 1).16 This amino-oxygena-
tion showed an interesting chemoselectivity in the reaction
of N-allyl-N-propargylamidine 3c (entry 3). The cycliza-
tion exclusively selected the alkyne tether to afford
N-allyl-4-benzoylimidazoles 4c. Moreover, 4-benzoylqui-
nazoline 4d could be synthesized in good yield from
N-(2-alkynylphenyl)amidine 3d (entry 4).17

In summary,we have developedCu-catalyzed aerobic oxo-
functionalizationofalkynes that coulddeliveravarietyofaza-
aromatic heterocycles. Further investigation for the scope,
detailedmechanisms, andsynthetic applicationsof thepresent
strategy to other azaheterocycles is currently underway.
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Scheme 3. Substrate Scope for Synthesis of Quinolinesa,b

aReactions were carried out using 0.3�0.6 mmol of enamines 1 with
CuB•SMe2 (10 mol %) and 1,10-phenanthroline (30 mol %) in the
presence of MS 4 A (100 wt %) at 60 �C under an O2 atmosphere.
bIsolated yields are recorded. cThe yield was obtained from the corre-
sponding aryl iodide via Pd-catalyzed Sonogashira coupling followed by
the present Cu-catalyzed aerobic quinoline formation; see Supporting
Information for more details.

Table 2. Cu-Catalzyed Aerobic Reactions of
N-Alkynylamidinesa

aThe reactions were carried out using 0.5�0.6 mmol of amidines 3
withCu(OAc)2 (10mol%) and 1,10-phenanthroline (10mol%) at 80 �C
under an O2 atmosphere. b Isolated yields are recorded.
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Chaudhuri, R.; Bhunia, S.; Narayan Karad, S.; Liu, R.-S. J. Am. Chem.
Soc. 2011, 133, 15372. (b) He, W.; Li, C.; Zhang, L. J. Am. Chem. Soc.
2011, 133, 8482. (c) Ye, L.; He, W.; Zhang, L. Angew. Chem., Int. Ed.
2011, 50, 3236. (d) Hirano, K.; Satoh, T.; Miura,M.Org. Lett. 2011, 13,
2395. (e) Yeom, H.-S.; So, E.; Shin, S. Chem.;Eur. J. 2011, 17, 1764.

(16) The reaction of 3awith CuB•SMe2 (10mol%) and 1,10-phenan-
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in 46% yield.
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