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A palladium-catalyzed cycloisomerisation reaction of 1,6-enyne acetic esters have been
developed. This cyclization reaction shows excellent regioselectivity and good functional group
tolerance to obtain five-membered nitrogenated heterocyclic conjugated trienes in moderate to
excellent yields. The resulting conjugated trienes could be facilely converted to highly
substituted benzenes through Diels- Alder reactions.

2009 Elsevier Ltd. All rights reserved.

1. Introduction

Five-membered nitrogenated heterocycles play an important
role in organic chemistry, not only as key motifs in many
biologically active natural products and pharmaceuticals such as
domoic acid, ' kainic acid > and conessine ° (Figure 1), but also as
useful building blocks in synthetic chemistry. * During the past
several decades, a plenty of methods based on simple acyclic
building blocks to synthesize five-membered nitrogenated
heterocycles have been developed. Within this synthetic toolbox,
transition metal-catalyzed cyclization of enynes represent
extremely attractive processes due to their atom-economy, high
efficiency and environmental sustainability. >
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Figure 1. Natural products with five-membered nitrogenated
heterocycles motifs.
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1, 6-enynes, which are well known for their transition metal-
catalyzed cycloisomerisation reactions, are a specific class of
building blocks to construct cyclic and polycyclic structures. °
The propargylic structures of 1, 6-enynes could be easily
activated by transition-metal and subsequent react with olefin to
form carbon-carbon bond. For example, Liang’ group has
developed a palladium-catalyzed divergent cyclization reactions
of 1, 6-enyne carbonates to construct five- or six-membered
heterocyclic allenes. ' Tenaglia and co-works have reported
ruthenium-catalyzed 1, 6-enynes cyclization in the presence of
terminal alkyne to achieve highly substituted five-membered
cyclics with a 1, 5-enyne motif. * Tong and co-works have
synthesized a series of five- or six-membered heterocyclic
compounds bearing sulfonyl group through the cycloaddition
reactions of 1, 6-enynes and sulfonyl chlorides by rhodium
catalysts. ° Although many efforts of cycloisomerisation of 1, 6-
enynes have been made to synthesize novel cyclic compounds, '
five-membered nitrogenated heterocycles with a high degree of
structural complexity, such as conjugated trienes (useful
synthetic building block), have been rarely reported. '

Herein, we report a novel and efficient palladium-catalyzed
cycloisomerisation of 1, 6-enyne acetic esters to construct five-
membered nitrogenated heterocyclic conjugated trienes. To our
delight, the resulting conjugated trienes could be converted to
highly substituted benzenes by a Diels-Alder process.
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2. Results and Discussion

Table 1. Optimization of the palladium-catalyzed cyclization of 1, 6-enyne acetic esters 1a *

Pd, ligand, base

/
TsN oj< TN
— < o solvent, heat ‘
1a Ph 2a Ph
Entry Catalyst(mol %) Base Ligand (mol %) Solvent T(°C) Yield(%)"

1 Pd(PPh;), (10) KOAc (p-CF3);P" (10) DMF 85 16
2 Pdx(dba)s (5) KOAc (p-CF5)3P (10) DMF 85 57
3 PdL (5) KOAc (p-CF;);P (10) DMF 85 61
4 Pd(dba), (10) KOAc (p-CF;);P (10) DMF 85 70
5 Pd(dba), (10) NaOAc (p-CF;);P (10) DMF 85 55
6 Pd(dba), (10) Na,CO; (p-CF;);P (10) DMF 85 48
7 Pd(dba), (10) KOH (p-CF;);P (10) DMF 85 —°
8 Pd(dba), (10) KOAc (3.5-CF3); P (10) DMF 85 39
9 Pd(dba), (10) KOAc (p-CFs); P(10) DMSO 85 60
10 Pd(dba), (10) KOAc (p-CF;); P(10) DMF 75 57
11 Pd(dba), (10) KOAc (p-CF;); P(10) DMF 95 65
12 Pd (dba),(20) KOAc (p-CF;); P(20) DMF 85 90

* The reaction was carried out with 1a (0.2 mmol), Pd catalysts, phosphine ligand and 2 equiv of basein solvent (2 mL) at 85°C for 4 h under argon.

® tris(4-(trifluoromethyl)phenyl)phosphine. © tris(3,5-bis(trifluoromethyl)phenyl)phosphine.

4 Isolated yields. ¢ Decomposed.

We first investigated the cyclization of methyl 5-(4-methyl-N-
(3-methylbut-2-en-1-yl)phenylsulfonamido)-2-phenylpent-3-
ynoate la in the presence of 10 mol % Pd(PPhs),, 10 mol % (p-
CF;)5P [tris(4-(trifluoromethyl)phenyl)phosphine] and 2 equiv of
KOACc in DMF at 85°C under an argon atmosphere. (E)-3-(prop-
1-en-2-yl)-4-styryl-1-tosyl-2, 5-dihydro-1H-pyrrole 2a was
isolated in 16 % yield (Table 1, entry 1). Next, the catalytic
activity of palladium catalyst was tested (entries 2-4), Pd(dba),
was the most effective catalyst of for this reaction and the yield
of 2a increased to 70 %. Other base such as NaOAc and Na,CO;
were less efficient and using KOH as<the base led to a

decomposed (entries 5-7). When (3, 5-CF;);P was used as
phosphine ligand, no improvement was found (entry 8).
Changing the solvent from DMF to DMSO also did not enhance
the yield of 2a (entry 9). During a survey of the temperature of
the reaction, it was determined that 85°C gave the best yield
(entries 10, 11). To our delight, significant improvement was
achieved by increasing the amount of catalyst to 20 mol %, a
good yield of 90 % of 2a was obtained after 4 h. The optimum
reaction conditions for 2a thus for developed employ 20 mol %
Pd(dba),, 20 mol % (p-CF;);P and 2 equiv of KOAc in DMF at
85°C under argon.

Table 2. Palladium-catalyzed cyclization of 1, 6-enyne acetic esters 1a *

/
o O{ 20% Pd(dba)z, 20% (p-CF3)sP _—a
= g0 2 eq o |
1 R equiv KOAc, DMF, 85°C 2 R R2
Entry 1 R' R? 2 Yield (%)°

1 1a H Ph- 2a 90

2 1b H p-MeCeHs- 2b 72

3 1c H m-MeCgHs- 2¢ 80

4 1d H 0-MeCgH,- 2d 96

5 le H p-CIC¢Hs- 2e 65

6 1f H m-CICgHy- 2f 69

7 1g H 0-CIC¢H,- 2g 78

8 1h H p-MeOCHs- 2h 83

9 1i H 0-MeOC¢H4- 2i 99

10 1j H 3,4-dimethylphenyl- 2j 82

11 1k H 2,6-dimethoxyphenyl- 2k 91

12 11 H Furyl- 21 50

13 Im H Thienyl- 2m 58

14 In H Naphthyl- 2n 76

15 1o H Styryl- 20 42

* The reaction was carried out with 1a (0.2 mmol), 20 mol % Pd(dba),, 20 mol % (p-CF;);P and 2 equiv of KOAc in DMF (2 mL) at 85°C for 4 h under argon.

® Isolated yields.
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Scheme 1. Cyclization of 1p to form five-membered allene 2p. ’

With the optimized conditions in hand, various 1, 6-enyne
acetic esters 1 were surveyed to clarify the scope of this reaction,
as shown in Table 2. A tandem carbon-carbon bond formation of
1, 6-enyne acetic esters la-1o proceeded smoothly to provide
corresponding  E-five-membered  nitrogenated heterocyclic
conjugated trienes 2a-20 in moderate to excellent yields. The
reaction worked well with a variety of functional groups such as
methyl-, chloro-, methoxyl- at the ortho-, meta-, and para-
positions of the phenyl moiety in substituted R> group (2b-2i),
whereas ortho-positions give a better yields (2d vs 2b, 2¢; 2g vs
2e, 2f; 2i vs 2h). Electron-donating aromatic groups showed
better results than those with an electron-withdrawing group in
this reaction (2d, 2i vs 2h). The structure of 2f was confirmed by
X-ray crystal structure analysis (Figure 2). 2 The substrate scope
can also be extended to naphthyl- and styryl-enyne acetic esters
(2n, 20). To our delight, substrate with heteroaromatic R groups
can also afford the desired products 2l and 2m in 50 % and 58 %
yields, respectively. However, the substrate with aliphatic R' and
R? groups cannot afford the desired product, a five-membered
allene was obtained in 52 % yield, which had been reported (2p,
Scheme 1). 7 When propyl group is used at R> positon (R'=H), no
product is achieved. It seems that aromatic substituent groups are
indispensable for the synthesis of conjugated triene products.

Figure 1. X-Ray Structure of 2f.

To our surprise, when the substrate la was reacted in the
presence of 20 mol % Pd(dba),, 20 mol % (p-CF;);P and 2 equiv
of KOAc in DMSO (2 mL) at 85°C for 4h under argon, then 2
equiv of CuO was added to the solution and the reaction
continued for another 2h at 150°C under oxygen, 4-methyl-6-
phenyl-2-tosylisoindoline 3a was obtained in 53% yield (Scheme
2), this result is beneficial to further researches of five-membered
nitrogenated heterocyclic conjugated trienes. To further acquire
the information with respect to the mechanism, we conducted
some deuterium-labeling studies. As shown in Scheme 3, 1q was
reacted under identical conditions with la to afford desired
deuterium-substituted products 2q and 3q. These data suggested
that the hydrogen in o position of products were obtained from
the carbon-carbon double bond of 1p through a proton migration.

1.20% Pd(dba),, 20% (p-CF3)3P 2 equiv KOAC,
DMSO, 85°C, 4h, Ar

3a
yield: 53%

Ph

v
TsN [}
s\%<_<O
1a Ph

2. 2 equiv CuO, O,, 2h, 150°C

Scheme 2. Cyclization of 1a and intramolecular Diels-Alder reaction.
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Scheme 3. Deuterium-labeling experiments.

Based on the above observations, a plausible mechanism is
proposed in Scheme 4. It might be rationalized in terms of the
following steps: (a) transformation of 1, 6-enyne acetic ester 1 by
Pd(0)-catalyzed generates allenylpalladium intermediate A; (b)
olefin as a nucleophile attacks the intermediate A to form a five-
membered palladium complex B; (c) reductive elimination of B
gives a five-membered allene compound C and regenerates the
Pd(0) catalyst; (d) isomerization of the compound C to form the
desired product 2.
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Scheme 4. Plausible mechanism.

3. Conclusions

In summary, we have developed a Pd-catalyzed
intramolecular cyclization reaction of 1, 6-enyne acetic esters to
afford a straightforward approach to (E)-five-membered
heterocyclic conjugated trienes. Deuterium-labeling experiments
show that intramolecular proton migration is occurred to
construct conjugated triene structures. The resulting conjugated
trienes could be oxidated to polysubstituted benzene in one-pot.
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Importance of five-membered nitrogenated
heterocyclics as pharmaceutical and bioactive
agents.

A one-pot to construct five-membered
nitrogenated heterocyclics bearing conjugated
trienes motif.

The reactions show excellent regioselectivity,
good functional group tolerance and high
yields.

The resulting conjugated trienes could be
facilely converted to highly substituted

benzenes through Diels-Alder reactions.



