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A cyclization reaction between enamides and alkynes
catalyzed by palladium(ll) acetate is described. In this
method, the molecular oxygen serves as efficient oxidant for
the Pd(I1)/Pd(0) catalytic cycle. The simple reaction
conditions permit this methodology to be a general tool for
the preparation of multi-substituted pyrroles.

Pyrrole ring is a core structure featured in a wide variety of
natural products, organic materials and pharmaceuticals.' They
are also important industrial synthetic building blocks.?
Consequently, the synthesis of the multi-substituted pyrroles has
attracted much attention among organic chemists.> Among the
methods developed, metal-mediated or -catalyzed reaction using
enamides as the starting materialsis is one of the best methods to
acccess the pyrrole products.* In 2006, Crawley and co-workers
adapted the “Larock Indole Synthesis” approach and developed
an efficient palladium-catalyzed pyrrole synthesis by the reaction
of 2-amino-3-iodoacrylates with alkynes.> Following this finding,
Stuart and Fagnou reported a rhodium(III)-catalyzed cyclization
of enamides and alkynes to afford the pyrroles.® Simultaneously,
Glorius found that the multi-substituted pyrroles could be
achieved from the coupling of enamines with alkynes using
[Cp*RhCL,], as catalyst via allylic sp° C-H activation of
enamines.” Recently, Wang’s and Ackermann’s research groups
respectively developed a ruthenium-catalyzed pyrrole synthesis
reaction using enamides and alkynes as the starting materials.®
Inspired by these pioneering work, and following our continuing
interest in palladium-catalyzed enamide’s B C-H bond direct
functionalization,” we would like to report a new method to
synthesize the multi-substituted pyrroles via coupling of
enamides with alkynes catalyzed by palladium catalyst by using
molecular oxygen as oxidant.'® In this method, the need to use the
performed halogenated substrates and excess amount of metal salt
as oxidant are avoided.
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The feasibility of the coupling reaction was initially
examined using enamide 1a and diphenylacetylene (Table 1). A
careful examination of the solvents in the presence of 10 mol %
Pd(OAc), and 2 equivalents of NaOAc as additive revealed that
DMSO is a better choice for this reaction (Table 1, entries 1-5).

45 Different palladium catalysts were tested and only Pd(OAc),

could afford only the deacylation product 3a. Other Pd(II)
catalysts afforded the product in poor yield and/or
chemoselectivity (Table 1, entries 7-10). When different bases
were added as additive to promote the reaction, NaHCO; was

so found to efficiently afford a mixture of products (3a:3a’ > 95:5)

Table 1. Optimization of the Reaction Conditions.*

Ph Ph
NHAC U U
A+ Ph—=—rn 0 > M | * !
80°C,2¢h™ ph” N" Ph PN P
3a A%

Ph
entry catalyst (mol%) base solvent 3a/3a’ yield_("/zlh
1 Pd(OAc), (10) NaOAc toluene
2 Pd(OAc), (10) NaOAc dioxane
3 Pd(OAc), (10) NaOAc t-Am-OH
4 Pd(OACc), (10) NaOAc DMF
5 Pd(OAc), (10) NaOAc DMSO >99:1 53
6 Pd(OACc); (10) NaOAc DMSO >99:1  17°
7 Pd(PhCN),Cl, (10) NaOAc DMSO 58:42 36
8 Pd(OTFA); (10) NaOAc DMSO 98:2 32
9 Pd(acac), (10) NaOAc DMSO 60:40 30
10 [Pd(CH3CN)4]1(BF4), (10) NaOAc DMSO 10:90 51
11 Pd(OAc), (10) NaHCO;3 DMSO >95:5 67
12 Pd(OAc); (10) K,CO3 DMSO >95:5 31
13 Pd(OAc); (10) Cs,CO3 DMSO >95:5 <5
14 Pd(OAc); (10) Et;N DMSO >95:5 21
15 Pd(OAc); (10) KOAc DMSO >99:1 67
16 Pd(OAc); (5) KOAc DMSO >99:1 56
17 Pd(OAc); (10) CsOAc DMSO >99:1 72

* Unless noted otherwise, the reaction was carried out on enamide la

55 (0.4 mmol), diphenylacetylene 2a (0.44 mmol), base (2 equiv) with

palladium catalyst (10 mol %) under oxygen (1 atm) in solvent (4.0 mL).
TFA = trifluoroacetyl. ° Isolated yield. © Under latm N, atmosphere.
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Table 1, entry 11). Other bases such as K,COj3, Cs,CO; or Et;N
gave the product in poor yield (Table 1, entries 12-14). But it was
observed that KOAc and CsOAc both could generate only 3a in
good yield (Table 1, entries 15 and 17). When the catalyst

s loading was reduced, a slightly lower yield of the 3a was found
(Table 1, entry 16). Due to the moisture sensitive nature of
CsOAc in air, we decided to use KOAc as the additive.

Table 2. Cyclization of Various Enamides with
10 Diphenylacetylene.?
Pd(OAc); (10 mol%) R
/KAC /Ph KOAc (2 equiy) /U:
Ar + Ph 0,1 a(ml, DMSO Ar N R?
80°C H
1 2a 3
Ph — Ph Ph
110 M I
N" " Ph e N”Ph
Me
3a 3b 3
67%D 65%" 667>
Ph Ph Ph
1 1 11 1 1
N” "Ph N” "Ph N~ ~Ph
o QO :
MeO cl
3d 3e 3f
65%D 74%0 50%P
Ph Ph Ph
1 | BDad
N” " Ph N~ Ph o N
N N N”pn
Br I
3g 3h 3i
56%" 390 29%P
Ph Ph
11 (B
O)\T/(Ph ozr«@mph
H H
MeO,C
3 3k
59%?P 47%P¢

* Reaction conditions: enamide 1 (0.4 mmol), diphenylacetylene 2a

(0.44 mmol), KOAc (2.0 equiv) and Pd(OAc), (10 mol %) in DMSO (4.0

1s mL) under oxygen (1 atm) was heated for 24 h at 80 °C. °® Isolated yields
of the products. © The reaction time is 36 h.

With the optimized reaction conditions in hand, we next
examined the scope of the enamide in this reaction (Table 2). It
was noticed that the substituent on the phenyl ring of the

20 compound 1 affected the product’s yield significantly. The
substrates with electron-donating group favored this cyclization
reaction (Table 2, entries 3b, 3c and 3d). The naphthalene
substituted substrate could also afford the product in good yield
(Table 2, entry 3e). When the halogens were introduced at the

25 para-position of the phenyl ring, the desired cyclization products
were still prefered (Table 2, entries 3f, 3g and 3h). The tolerance
of halogen substituents will permit the product to be able for
further functionalized at the next step. However, a low yield of
the product was obtained when N-(1-(furan-2-yl)vinyl)acetamide

30 was applied in this reaction (Table 2, 3i).

Next, we turned our attention to test the scope of the
acetylene We applied the N-(1-
phenylvinyl)acetamide (1a) to react with different acetylene

derivatives.

derivatives under the standard reaction conditions. As outlined in

35 Table 3, all the symmetrical diarylsubstituted ethyne could afford
the corresponding cyclization products in good yields (Table 3,
entries 1-5). Only 34% yield of the product 4f was obtained when
the 1, 2-bis(2-fluorophenyl)ethyne was used as the coupling
partner. The alphatic-substituted ethyne does not favor this

40 cyclization reaction (Table 3, entry 8). Furthermore, the non-
symmetrical disubstituted ethynes could be successfully
employed in this palladium-catalyzed cyclization reaction. The

Table 3. Cpyclization of Enamide la with Different
45 Disubstituted Alkynes.*

R! R2
A , Pd(OAc), 10 mol%
NHAc = R KOAc (2 cquivl L] |
=z N~ R2? N R
+R! 0; (1 atm), DMSO H andlor H
80 °C
4

1a 2 4

O CF; ‘ F
1 | 1
T PN O 2 Ph™ N O
H
CF; F
b 4b, 53%°
4a,71%
CO,Et
o <
1 1
3 ] 4 PN
Ph” N H
H CO,Et
Cl
4¢, 2% 4d, 78%"°
<8 0
5 T 1 6 L]
S ne "0
H
Ac F
e, 75% 4, 34%°
Me
O n-Bu
7 I 1 8 |I I|
Ph H O Ph” “N” “n-Bu
Me Ac
4g,54%" 4h, 23%°
Ph n-Bu
|I I| | I|
9 Ph” "N” “n-Bu Ph™ "N” "Ph
) H
Ac
4i, 12%P 4i', 26%°
Ph CO,Et
] | I|
10 P >N co,Et Ph™ "N” "Ph
H
4, 43%P 4, 30%°
OMe Ph
1 1
Ph” N
" 1 1 H
Ph” N” Ph OMe
H 4k 26%° 4K, 34%P°

* Reaction conditions: unless otherwise noted, enamide l1a (0.40 mmol),

alkyne (0.44 mmol), KOAc (2.0 equiv) and Pd(OAc), (10 mol %) in

DMSO (4.0 mL) under oxygen (1 atm) was heated for 24 h at 80 °C. °
s0 Isolated yields of the products.

products 4 and 4' could be obtained in reasonable to good yields
but with poor regioselectivities (Table 3, entries 9, 10 and 11).
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Based on the observed results, a possible catalytic cycle was
proposed as shown in Scheme 1. Firstly, a vinylpalladium species
B was formed via the addition of palladium(Il) acetate to the
enamide (A) or via direct vinyl C—H bond activation.”® Next the
alkyne replaces the DMSO and coordinates with palladium center
followed by migratory insertion to give intermediate D. The cis-
configuration of two phenyl groups favors the new C—N bond
formation. After palladium reductive elimination, the final
product was formed under basic hydrolysis.'"' The Pd(0)
generated was oxidized back to Pd(II) and involved in the next
catalytic cycle.

Scheme 1. Possible Mechanism for this Cyclization Reaction
Catalyzed by Palladium(II) Acetate.

N
R\(_Z/Ph
W A
Pd(Il) i No
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)~ R
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Conclusions

In conclusion, we have developed a palladium-catalyzed
cyclization reaction of enamides and internal alkynes to prepare
multi-substituted pyrroles in reasonable yields. The scope of
tolerated substrates in this work is rather broad. Moreover, the
reaction conditions of this method are quite mild in which only
molecular oxygen was used as the oxidant to recycle the
palladium catalyst.
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