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Scheme 1 - B-Enaminones as building blocks for the synthesis of 2,3,5-
trisubstituted pyridines (path a); 1,2-disubstituted 4-quinolones (path b); 2,3,4-
trisubstituted pyrroles (path c); 2,3-disubstituted indoles (path d)
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COPPER-
CATALYZED
SYNTHESIS OF

DERIVATIVES:

USE OF B-ENAMINONES

he use of -enaminones in organic synthesis is a subject of great
current interest. Indeed, the ambident nucleophilic character of the
enamine moiety and the ambident electrophilic character of the enone
moiety make them very useful and versatile synthetic intermediates [1].
Many intra- [2] and intermolecular [3] reactions have been performed
taking advantage of their electronic properties including transition
metal-promoted [4] and -catalyzed [5] processes. In the last few years
copper-catalyzed methods have achieved a remarkable place in
organic synthesis, mostly because of the economic attractiveness and
good functional tolerance of this metal [6].
Particularly, it has been shown that by using appropriate ligands a
large number of reactions can be carried out in the presence of cat-
alytic instead of stoichiometric amounts of copper, providing an attrac-
tive alternative to
palladium-cat-
alyzed reactions
and paving the
way to its utiliza-
tion in large scale

Scheme 2

applications. Therefore, because of our continuing interest in the tran-
sition metal-catalyzed construction of heterocyclic rings [7] we
became interested in investigating the feasibility of copper-catalyzed
cyclizations of p-enaminones. Particularly, we envisaged that an
appropriate design of the starting $-enaminone could allow for obtain-
ing several classes of heterocycles as illustrated in Scheme 1.

N-propargylic f-enaminones 1 as common intermediates for the syn-
thesis of pyridines 2 and polysubstituted pyrroles 3 (Scheme 2)[8]

N-propargylic f-enaminones 1 were readily prepared through a three-
step procedure involving: a) a Sonogashira cross-coupling of terminal
alkynes with acyl chlorides [9], b) the conjugate addition of propargy-
lamine with the resultant a,B-enones, 3) another Sonogashira cross-
coupling of the propargyl derivative with aryl halides (Scheme 3). N-
propargylic p-enaminones 1 have always been isolated as Z isomers.
Subjecting N-propargylic p-enaminones 1 to recrystallized CuBr in
anhydrous DMSO at 60 °C under neutral conditions led to the selective
formation of substituted pyridines 2. Our preparative results are sum-
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containing a (2-halophenyl) fragment bound to the carbonyl group as
building blocks for the assembly of the 4-quinolone skeleton 5
(Scheme 6). 1-(2-Bromophenyl)- and 1-(2-chlorophenyl)-3-enam-
inones 4 were prepared through a two-step procedure involving a

Scl

marized in Tab. 1. By analogy with other Cu-catalyzed cyclizations of
acetylenic compounds [12], the proposed mechanism for the formation
of the pyridine ring from 1 involves the following basic steps (Scheme

4): a) coordination of the alkyne moiety with copper to give A, b)
6-endo-dig cyclization of A via the intramolecular nucleophilic
attack of the carbon a to the carbonyl group to the activated C-
C triple bond, c) substitution of the C-H bond for the C-Cu bond
of the resultant vinylic-copper intermediate B affording C with
concomitant regeneration of CuBr, d) oxidation of C to give the
pyridine derivative 2. The cyclization to pyridines does not occur
omitting copper. However, when N-propargylic 3-enaminones 1
were treated with bases in the absence of copper, formation of
free NH pyrroles 3 was observed. The best results were
obtained using Cs,CO3 in anhydrous DMSO at room tempera-
ture (Tab. 2). Most probably [10], this carbocyclization proceeds
through: a) a 5-exo-dig cyclization involving an intramolecular
nucleophilic attack of the C, terminus of the anion generated in
situ from 1 on the closer acetylenic carbon [11]; b) a protonation
step to afford a five-membered ring methylidene intermediate, c)
an isomerization to the pyrrole product 3 (Scheme 5). The differ-
ent behavior of N-propargylic f-enaminones in the presence of
copper (under neutral conditions) compared with that in the
presence of bases (omitting copper) might be due to the coor-
dination of the C-C triple bond to the transition metal that would
decrease its bond order and introduce strain on the transition
state leading to the 5-exo-dig cyclization product thus favoring
the 6-endo-dig cyclization (Fig. 1a). Under basic conditions, one
of the orbitals of the acetylenic system allows for a nearly planar
mode of approach of the nucleophile and the 5-exo-dig cycliza-
tion can take place (Fig. 1b).

Copper-catalyzed cyclization of 1-(2-halophenyl)-3-enaminones
4 to 1,2-disubstituted 4-quinolones 5 (Scheme 6) [13]
In this study, we investigated the potential of -enaminones

Sonogashira cross-coupling of terminal alkynes with commercially
available 2-bromo- and 2-chlorobenzoy! chlorides [9] followed by the
conjugate addition of primary amines with the resultant a,-ynones
6 [5¢] (Scheme 7).
The best results were obtained using Cul, N,N’-dimethylethylendi-
amine (DMEDA) and K,CO5 in DMSO at 80 °C. Under these condi-
tions, the reaction allowed for the preparation of a wide variety of fun-
tionalized quinolones (Tab. 3).
1-(2-Chlorophenyl)-3-enaminones can also be used in this chemistry.
Reaction rates are lower, but yields are equally high to excellent, at
least with the examples that we have tested (Tab. 4). The process can
also be performed in a one-flask fashion, omitting the isolation of
enaminone 4 intermediates, proceeding as follows: after the reaction

cheme

Tab. 1 - Synthesis of polysubstituted pyridines 32

entry substrate 1 and 4 product 3 time (h) R’ yield % of 2°
1 Ve 1a 0.5 p-MeO-CeHa- 2a 69
2 o 1d 9 R 15 m-Br-CeHa- 2b 55
3 M 1c Me: N 0.5 P-MeCO-CgHy- 2c 60
4 Ph r‘mi N 1p PN 2 Ph 2d 61
5 4a 2 H 2e 60
CeHep-CN o R
6 [ ° 1q prcwchm*ﬁ 25  p-MeCO-CeHa 2f 51°
Ph7NH M
=R, Ph N
7 Ph 1h o R 5 p-Cl-CeHa- 2 66
8 o 1k PPN 5 p-Me-CeH,- 2h 60
9 PCsHy” NH r o A‘N 2.5 m-Et0,C-Cg H- 2i 76
10 L=, 1s et 55 m-MeO-Cq Hy- 2j 54
aUnless otherwise stated, reactions were carried out under argon on a 0.2-0.25 mmol
scale using 0.4 equiv of recrystallized CuBr in 3 mL of anhydrous DMSO at 60 °C
bYields are given for isolated products - ¢At 80 °C

Tab. 2 - Synthesis of free NH polysubstituted pyrroles 32

entry substrate 1 and 4 product 2 time (h) R’ yield % of 3*
1 Ve 1a ° 2 p-MeO-CeHa- 3a 75°¢
2 I 1b Ve . 0.5 p-EtOCO-CeH- 3b 65
3 f 1c ,\ 1 p-MeCO-CeHy- 3¢ 69
4 e ~ 1d Ph ﬁ/ 1 m-Br-CeHy- 3d 86
5 4a 0.5 H 3e 69
6 i\ 1e 7 1 m-Me-CeHa- 3f 59

0 Ph: Rs 6714
7 - 1f pﬁ:{ 0.2 mM-EtOCO-CeH,- 3g 81
8 — &, 1g N 0.2 p-NO,-CeHa- 3h 42
9 P 1h o 0.5 p-Cl-CeHa- 3i 69
10 fo 1i ”"ﬁ_ﬁ"ﬁ 0.2 m-CFs-CHa- 3 95
11 e W 1j oL N> 1 3,5-Me,-CoHy- 3k 64
12 b= 1k A 1 p-Me-CeHy- Ell 60
CgHy-p-OMe
13 604p e 1 . ﬁo{& 025  p-MeCO-CeHy- 3m 9%
‘ B
14 PR im Phy 0.5 m-HOCH,-CgH,- 3n 93
=Ry H
CgHy-p-Cl
i so.p 1n . Jz_(& 0.2 3,5-Me,-CeHa- 30 74
[
B
16 W 1o Ph*u 0.2 m-F-CeHa- 3p 75
s

aUnless otherwise stated, reactions were carried out under argon on a 0.2 mmol scale
using 2 equiv of Cs,CO; in 3 mL of anhydrous DMSO at room temperature

bYijelds are given for isolated products - cCarried out on a 0.3 mmol scale using the same
amount of solvent - 9At 60 °C




docarbazole alkaloids
[16] and important ther-
apeutic agents [17].

For example, A-85783
is a potent and selective
antagonist of PAF [14¢]
Scheme 10 and pravadoline is a
non-acidic analogue of
non steroidal  anti-
inflammatory drugs
(NAIDs) [14a]. Although
many methods are

known for their prepara-
tion, most of them are
based on the acylation
Scheme 8
Entry Enaminone 4 (X = Br) Time (h) Yield (%)° of 5
R' R’
1 Ph 4a 2.5 5a93
2 3-CF3-CeHa ab 1.5 5b 92
3 4-MeO-CeH, 4c 2 5¢ 89
4 4-MeCO-C¢H, ad 1.5 5d 87
Cl
5 Ph 4e 2 5e92
6 4-CN-CeHa af 25 5§82
7 2,4-F,-CeHs ag 1.5 5572
8 3,4,5-(Me0);-CgH, 4h 2 5h 81
9 4-Cl-CH, 4i 2 5i91
10 n-Bu 4j 1 5j 86°
11 PhCH, 4k 1 5k 55°
12 Cy 4 2 5136°
13 t-Bu 4m 5 5m -*°
14 3-MeO-CeH, 4an 2.5 5n 87
15 4-Cl-CgH, 4-Me-CgH, 40 1.5 5085
s 16 4-F-CeH, ap 2 5p 87
17 4-Me0,C-CgH, 4q 2.5 5975
. ; ; . ) 18 3-MeO-CeHy 3-CF3-CeHg ar 2.5 5r72
of primary amines with a,f-ynones is completed, the volatile 19 4-F-CgH, as 4 5583
materials are evaporated and DMSO, Cul, DMEDA, and K,COj 20 smecocH, — TOCH: ® g >l
. . ) 21 4-MeO-CeH, 4u 2.5 5u 70
are added to the crude mixture. An example of a quinolone deriv- 22 . Ph 4y 5y -°
“wsf1n of
ative prepared according to this protocol is shown in Scheme 8. A 23 4-MeO-CeHa 4w Sw-
|ike|y mechanism for this quinolone ring formation (Scheme 9), aUnless otherwise stated, reactions were carried out on a 0.25 mmol scale using 0.05
. . . . equiv of Cul, 0.05 equiv of DMEDA, 2 equiv of K,CO; in 2.5 mL of DMSO at 80 °C
which is based on previous observations on related Cu-catalyzed bYields are given for isolated products - °NaO-t-Bu (2 equiv) was used instead of K,CO;
i i i i i i d4m was recovered in 90% yield - ¢1v was recovered in 92% yield - 4 as recovered
heterocyclizations involving C,maic-X bonds [14], begins with the in 91‘;2 Jield veredi oy v w vered | 4 ww v

initial coordination of nitrogen with copper to give the complex D
that undergoes an oxidative addition of the C-X bond to copper to Tab. 4 - Synthesis of 1,2-disubstituted 4-quinolones
afford the Cu(lll) intermediate E. Subsequent reductive elimination [l e DL

. . . b

releases the product with simultaneous regeneration of the Cu(l) Entry " Enaminone 4 (sz= Br) Time (h) Yield (%)” of 5
Species. 1 Ph ax 6 5a95

2 4-MeO-CgH, 4y 7 5c¢83

3 Ph 4-MeCO-C¢H,y 4z 3 5d 83

4 4-Cl-CgH, 4za 3 5i92

P : 5 n-Bu 4zb 4 5j 89
Copper-catalyzed cyclization of N-(2-lodoaryl)lenaminones 7 to
i aUnless otherwise stated, reactions were carried out on a 0.25 mmol scale using 0.05

3-aroylindoles 8 (Scheme 10) [15] equiv of Cul, 0.05 equiv of DMEDA, 2 equiv of K,CO in 2.5 mL of DMSO at 80 °C
B Acylindoles are useful intermediates for the preparation of pyri— bYijelds are given for isolated products - °NaO-t-Bu (2 equiv) was used instead of K,CO,
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of preformed indole derivatives [18]. The direct construction of the
3-acylindole skeleton from acyclic precursors has received less
attention. We showed that treatment of N-(2-haloaryl)enaminones
7, prepared as outlined in Scheme 11, with Cul and 1,10-phenan-
throline as ligand at 100 °C in DMF provides a convenient entry into
this class of compounds. A variety of 3-acylindoles can be pre-
pared in high to excellent yields. Several useful functionalities are
tolerated, including ether, keto, cyano, bromo, and chloro sub-
stituents (Tab. 5). This indole synthesis can also be carried out
through a process that omits the isolation of the enaminone inter-
mediates. Excellent results can be obtained by adding Cul, 1,10-
phenanthroline, K,CO;, and DMF to the crude mixture derived
from the reaction of 2-iodoanilines with a,-ynones after evapora-
tion of the volatile materials (Scheme 12).

A reasonable mechanism for this indole ring formation (Scheme 13)
begins with the initial coordination of carbon with copper. The
resulting complex F undergoes an oxidative addition of the C-X
bond to copper to afford the Cu(lll) intermediate G. Subsequent
reductive elimination releases the product with concomitant regen-
eration of the Cu(l) species.

Another possible mechanism involves the formation of G via oxida-
tive addition of the C-I bond to Cul to produce a Cu(lll) intermedi-
ate followed by nucleophilic displacement of iodide by the anionic
fragment.

Tab. 5 -

Synthesis of 3-acylindoles 8 via copper-catalyzed

cyclization of N-(2-lodoaryl)enaminones 72

Entry Product Time (h) Yield® % Entry Product Time (h) Yield® %
0 o &
e Dl
1 A 2a 25 92 8 N ve 2| 13 86
}Ph m—m‘
H H
) e
2 e F 2b 5 95 9 MG\O Non 2i 8 88
N Z N
H H
= .
Q2 O
3 o\ CFy  2¢ 35 93 10 Me\v‘"\\x&ph ove  2j 4 96
» Ph L
N H
[~ N—F
IS, Nen
4 ‘ N 2d 10 96 11 ME\‘A:I N—pn 2k 8 88
0\ @6
H OMe A
o —
g 2 10 91 12 ¢ O/VV\)\ 21 3 91
5 S e L ome
@ H Ve ‘j .
N H
Oy O e
6 mncw“ 2f 3 87 13 C‘k\ﬂ/ij/\/%:/\)ﬁc“ 2m 2 93
u/ oo
Br,
= N=
oo ) D)
) A
F g N \/J\éo

cr, 2g 4 89 14

N\
Ph Tl
L) AR
H F N
H

aReaction were carried out at 100 °C on a 0.25 mmol scale using 0.05 equiv. of Cul, 0.05
equiv. of 1,10-phenantroline, 2 equiv. of K,COj3 in 2.5 mL of DMF
bYijeld are given for isolated products
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Uso di B-enamminoni nella sintesi rame-catalizzata di composti eterociclici
| p-enamminoni, argomento di ricerca di continuo interesse, sono intermedi sintetici versatili in quanto dotati sia di carattere bidentato di tipo elettrofilo

(nella porzione enonica), che nucleofilo (nella porzione enamminica). Queste proprieta elettroniche ne permettono I'uso in molte reazioni intra- e intermolecolari.

L’accurata progettazione della loro struttura puo consentire di ottenere diverse classi di composti eterocicli attraverso la catalisi dei metalli di transizione.




