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Abstract—Stereoselective isomerization of a,b-ynones was catalyzed by polymer-supported tertiaryphosphines under solvent-free
conditions. (E,E)-a,b-c,d-Dienones were obtained with up to 93% isolated yields when JJ-TPP was employed.
� 2007 Elsevier Ltd. All rights reserved.
In order to protect human health and the environment,
the emerging area of green chemistry envisages mini-
mum hazard as a performance criterion for the design
of new chemical processes.1 One of the approaches for
achieving this target is to explore alternative reaction
conditions, catalyst and media to accomplish the desired
reactions.2 Thus, the use of catalytic processes with high
atom efficiency, simple work-up procedures, immobi-
lized catalysts, as well as organic solvent-free conditions,
is highly desirable to minimize hazard.

Conjugated dienes are important intermediates in or-
ganic synthesis3 and biologically active natural com-
pounds.4 Among a variety of approaches for their
preparation, the triphenylphosphine-catalyzed isomeri-
zation of electron-deficient alkynes to conjugated dienes,
one of the useful methods with atom economy, has been
studied in detail by many famous groups such as Trost’s
group,5 Lu’s group,6 Rychnovsky’s group7 and
Kazmaier’s group.8 Furthermore, the immobilized
triphenylphosphine such as polystyrene-supported tri-
phenylphosphine (PS–TPP) could make the isomeriza-
tion undergo with simple work-up procedures.9 The
separation of products and the recovery of catalysts be-
come easier than before. However, the utilization of
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toxic and volatile toluene or benzene as solvent is still
a serious challenge to the protection of human health
and the environment. Toward the target of green chem-
ical processes, herein we continue our ongoing research
and report a solvent-free heterogeneous organocatalysis
for the stereoselective isomerization of a,b-ynones to
(E,E)-a,b-c,d-dienones.

The immobilized catalyst screening protocol employed
the isomerization reaction of 1-phenyl-non-2-yn-1-one
(1a) to 1-phenyl-nona-2,4-dien-1-one (2a). At first, we
examined the relationship between catalyst efficiency
and polymer backbone. As depicted in Table 1, the
polarity of resin backbone affected the isomerization
of 1a (Table 1, entries 1–6). Using poly(ethylene gly-
col)-supported phosphine 3a (PEG–TPP) and poly-
mer-supported diphosphinoamine 3c (PS–PNP),10 no
isomerization product was detected (Table 1, entries 1
and 3). Amphilic resins 3b (PS–PEG–DPP)11 afforded
the corresponding product in only 17% yield (Table 1,
entry 2). These facts promoted us to test weak polar
immobilized phosphines. Just as expected, catalyst 3d
(PS–DPP), 3e (PS–TPP) and 3f (JJ-TPP) could give
the desired product 2a in 38–95% GC yields (Table 1,
entries 4–6). Excitingly, triphenylphosphine supported
on JandaJel resin (JJ-TPP), previously used as the cat-
alyst for the Aza-Baylis–Hillman reaction,12 was found
for the first time to efficiently catalyze the isomerization
of 1a under solvent-free conditions (Table 1, entry 6).
Even if reaction scale was increased to 5 mmol
(1.07 g), the reaction could proceed smoothly with
96% GC yield and 93% GC purity.
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Table 2. JJ-TPP-catalyzed isomerization reaction of ynone 1a under
different reaction time and temperaturea

O

n-Bu

JJ TPP

1a

O

n-Bu

2a

Entry Cat.
(mol %)

Time
(h)

Temperature
(�C)

Conv.b (%) Yieldb

(%)

1 20 48 80 100 95
2 10 24 80 100 92
3 5 24 80 31 25
4 10 12 80 100 94
5 10 6 80 86 82
6 10 12 70 100 99
7 10 12 60 100 95
8 10 18 50 97 86
9 10 24 40 92 84

10 10 24 30 0 0

a Reaction conditions: 1-Phenyl-non-2-yn-1-one (0.25 mmol) and JJ-
TPP (10 mol %) under solvent free conditions.

b Determined by GC.

Table 1. Isomerization reaction of 1a under different immobilized
catalystsa

O

n-Bu

1a

Catalyst

80 °C, 48 h

O

n-Bu

2a

Entry Catalystd Cat. (mol %) Yieldb (%)

1 PEG–TPP 3ac 0.02 g 0
2 PS–PEG–DPP 3b 20 17
3 PS–PNP 3c 20 0
4 PS–DPP 3d 20 38
5 PS–TPP 3e 20 76
6 JJ-TPP 3f 20 95

a Reaction conditions: 1-Phenyl-non-2-yn-1-one (0.25 mmol) and cat-
alyst (20 mol %) at 80 �C for 48 h under solvent free conditions.

b Determined by GC.
c Loading amount of phosphorous is unknown.
d PEG–TPP, PS–DPP and JJ-TPP were purchased from Fluka or

Aldrich.
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We next optimized reaction conditions including a com-
parative study of the amount of catalyst JJ-TPP, reac-
tion time and temperature (Table 2). When the
amount of the catalyst was reduced from 20 mol % to
5 mol %, the yields of 2a were sharply dropped from
95% to 25% (Table 2, entries 1–3). The reaction time
and temperature could affect the isomerization to some
extent. The proper time is beyond 12 h. Decreasing the
temperature to 30 �C resulted in no reaction. Thus, the
optimized reaction conditions are 10 mol % of JJ-TPP
at 70 �C for 12 h, which yield (E,E)-a,b-c,d-dienone 2a
Table 3. Scope of the JJ-TPP- catalyzed isomerization synthesis of (E,E)-a,

70 °C, 12

R

O

n-Bu

JJ TP

1

Entry Products C

1

2a

O

n-Bu 1

2

2b

O

n-Bu

Cl

3

O

n-Bu

O2N 2c

4

2d

O

n-Bu

NO2
in 100% conversion and 99% GC yield under solvent-
free conditions (Table 2, entry 6).

Under these optimized reaction conditions, a variety of
ynones were applied for the isomerization reaction by
using JJ-TPP as a catalyst to the desired products with
isolated yields of 31–93% (Table 3).13,14 Investigation of
representative ynones demonstrates that the transforma-
tion is feasible for aromatic and aliphatic ynones. The
aromatic ynones with different substituents on the aryl
b-c,d-dienonesa

 h

P

O

n-BuR

2

onv.b (%) Yieldc (%) Selectivity for 2b

00 93d 100

98 72 94

97 68 90

95 65 95



Table 3 (continued)

Entry Products Conv.b (%) Yieldc (%) Selectivity for 2b

5

2e

O

n-Bu

F

FF

F

F

93 75 100

6

O

n-Bu

2f

51 40 100

7

O

n-Bu

2g

78 42 94

8

O

O

n-Bu

2h

49 31 100

a Reaction conditions: Ynone (0.25 mmol) and JJ-TPP (10 mol %) at 70 �C for 12 h under solvent free conditions.
b Determined by GC.
c Isolated yields.
d Without further purification.
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ring could be isomerized to the corresponding products
with high conversions and selectivities (Table 3, entries
1–5), but the aliphatic substitutional ynones showed rel-
atively lower conversions and yields (Table 3, entries 6–
8). The increased steric hindrance of the substrates may
be responsible for the decreased yields especially for ste-
rically encumbered 2-methoxy-2,6-dimethyl-hexadec-9-
yn-8-one (1h). These experimental results showed that
JJ-TPP could be employed as an efficient organocata-
lyst under solvent-free conditions.

To verify that the optimized conditions can be applied
to other types of ynone, the symmetrical bis-ynone 1i
was treated with 10 mol % of JJ-TPP to generate 2i in
55% isolated yield (Scheme 1).

We finally investigated the reusability of JJ-TPP under
solvent-free conditions. Catalyst 3f could be recovered
easily by simple filtration and reused in the isomeriza-
tion of 1a. It was found that the JJ-TPP, reused twice,
gave 2a in 67% and 35% GC yields, respectively.

To examine whether some leaching of the active species
of catalyst occurred during the reaction, the phosphine
O

1i

70 °C, 12

O

JJ TP

Scheme 1.
content of crude product was analyzed using elemental
analysis, which showed P<0.5%. Compared to heteroge-
neous catalyst, the isomerization of 1a was performed
with 3 mol % of homogeneous catalyst PPh3 in toluene
at 70 �C for 12 h and the product was obtained in only
20% GC yield.

The solid state 31P NMR spectrum of the JandaJel resin-
supported triphenylphosphine (CPMAS spectrum) after
the first recycling was also examined, which showed a
26.4 ppm signal corresponding to JandaJel resin-sup-
ported triphenylphosphine oxide.

Therefore, the oxidation of tertiaryphosphine15 and the
leaching of catalyst amount might be responsible for the
sharp decrease in yield. It remains a problem as to how
to keep the catalytic activity of JJ-TPP in its recycles.

In summary, we have developed a simple and effective
solvent-free heterogeneous organocatalytic process. In
this process, polymer-supported triphenylphosphine
(JJ-TPP) is the best catalyst for the stereoselective isom-
erization of a,b-ynones to (E,E)-a,b-c,d-dienones. The
protocol offers several advantages such as solvent-free
 h

P

O

O 2i (55% isolated yield)
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conditions, easy isolation, the high stereoselectivity,
compatibility to various substrates and simple work-up
procedures making it an appealing alternative to cur-
rently available methods.
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