Journal of
SYNTHESIS i
Chemistry REPRINT

With compliments of the Author

@ Thieme



REVIEW

2307

The Phosphine-Catalyzed Alkyne to 1,3-Diene Isomerization Reaction

Cathy Kar-Wing Kwong, Michael Yunyi Fu, Cynthia Sze-L.ok Lam, Patrick H. Toy*
Department of Chemistry, University of Hong Kong, Pokfulam Road, Hong Kong, P. R. of China

Fax +85228571586; E-mail: phtoy @hku.hk
Received 13 February 2008; revised 21 April 2008

Abstract: The alkyne to 1,3-diene isomerization reaction is a pro-
cess in which a nucleophilic phosphine catalyst promotes the rear-
rangement of an electron-withdrawing group activated alkyne to the
corresponding conjugated diene. The origin, mechanism, develop-
ment, and application of this organocatalytic and stereoselective re-
action in the synthesis of complex organic molecules are reviewed.

1 Introduction
2 The Reaction
2.1 Background

2.2 Mechanism

2.3 Development

24 Synthetic Applications
3 Conclusions

Key words: organocatalysis, isomerization reactions, phosphines,
alkynes, 1,3-dienes

1 Introduction

The use of metal-free organic molecules to catalyze or-
ganic molecule transformations has enjoyed a renaissance
in recent years, and many research groups from around the
world have focused their efforts towards discovering new
organocatalytic methods for reactions that previously re-
quired metal-based catalysts.! In this regard, the use of
nucleophilic phosphines as catalysts for a range of reac-
tions has garnered great attention.* The catalytic use of
phosphines has probably been most widely studied and
demonstrated in Morita—Baylis—Hillman reactions in
which an electron-withdrawing group activated alkene 1
adds at its a-position to an electrophile, such as an alde-
hyde 2, to form the densely functionalized product 3
(Scheme 1).>°

In this review, the literature regarding the use of phos-
phines as catalysts in the related isomerization of electron-
withdrawing group activated alkynes 4 to the correspond-

o nucleophilic H OH
B\ . )J\ organic catalyst EWG
EWG R H R
1 2 3

R = alkyl or aryl group
EWG = electron-withdrawing group

Scheme 1
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ing (E,E)-1,3-dienes 5 is surveyed (Scheme 2). Such
dienes are common structural elements in both natural and
unnatural products or can be intermediates in the synthesis
of such compounds. The work in this field by Professor
Xiyan Lu has been summarized in several personal ac-
counts;’ however, the aim of this report is to provide a
complete review of the literature regarding this reaction
from its origins through the end of 2007.

o
phosphine O
R S catalyst )W
AN . - > R 7 7 =1
4 5
R = alkyl, aryl, alkoxy or amino group
R' = alkyl group
Scheme 2
2 The Reaction

The alkyne to 1,3-diene isomerization reaction has a nota-
ble history in that it was discovered independently and
virtually simultaneously by both the Barry M. Trost and
Xiyan Lu research groups on opposite sides of the Pacific
Ocean as they were studying control reactions of isomer-
ization reactions that were originally thought to require a
metal-based catalyst. In the late 1980s, numerous research
groups were studying the isomerization of electron-with-
drawing group activated alkynes to the corresponding 1,3-
dienes using organometallic complexes as catalysts,52
and this work led directly to the reaction reviewed here.

2.1 Background

In 1988, several research groups independently reported
the isomerization of various alkynones 4 to the corre-
sponding conjugated dienones 5 using various metal—
phosphine complexes as catalysts (Scheme 3). Trost and
Schmidt reported that both palladium(Il) acetate and
tris(dibenzylideneacetone)dipalladium(0) [Pd,(dba),]
were effective catalysts for these isomerization reactions
when used together with a phosphine ligand.? Inoue and
Imaizumi found that tris(triphenylphosphine)rutheni-
um(Il) dichloride [RuCl,(PPh;);] was also an effective
catalyst for such transformations,” while Lu and co-work-
ers reported that dihydridotetrakis(triphenylphosphine)ru-
thenium(Il) [RuH,(PPh,),] was similarly useful.'® It
should be noted that all of these catalysts required similar
reaction conditions in terms of temperature and time re-
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quired in order to afford high product yield. Interestingly,
all three of these research groups postulated the generation
of an allenone intermediate prior to final product formation.

Lu and co-workers studied this reaction further and subse-
quently reported that an iridium complex, IrHs[P(i-Pr);],,
was also an efficient catalyst for alkynone to dienone
isomerization reactions, especially in the presence of ex-
cess phosphine.!! They then studied the scope of these cat-
alysts for the conversion of compounds 4 into compounds
5 (Scheme 4)'? and reported the synthesis of both
trienones'® and tetraenones.'* They even applied these re-
action conditions to the isomerization of alkynoates'> and
alkynamides.'®
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IrHs[P(-Pr)slo, Q
phosphine )]\/\/\
_— R = =~ "R

(0]
R)\/\
R
4

R = alkyl, alkoxy or amino group
R' = alkyl group
phosphine = P(/-Pr)s, PBug or PPhg

Scheme 4

Subsequently, Lu and co-workers reported the isomeriza-
tion of numerous propargylic alcohols 6 to the corre-
sponding a,B-unsaturated carbonyl compounds 7
promoted by catalytic RuCl,(PPh;);!” and IrH[P(i-
Pr);],'® (Scheme 5). When a palladium—phosphine cata-
lyst was used to isomerize a,0’-diynols, trienones were
isolated in good yields."” Finally, perfluoroalkylated
dienes could also be prepared from 1-perfluoroalkyl-1-
alkynes in a related process using a palladium catalyst
system.?®

O
catalyst )]\/\
B
6 7

R = hydrogen or alkyl group
R' = alkyl group

catalyst = RuCl,(PPh3)3 + phosphine or IrHs[P(i-Pr)3]o

Scheme 5

With the use of transition-metal catalysts for the isomer-
ization of electron-withdrawing group functionalized
alkynes to the corresponding conjugated diene well estab-
lished, Trost and Kazmaier reported in 1992 that this
isomerization reaction of compounds 4 to products 5 can
be catalyzed by phosphines themselves, without the need
of a metal center.?! In the presence of 0.1 to 0.4 equiva-
lents of triphenylphosphine, electron-poor alkynes, in-
cluding alkynones, alkynoates and alkynamides,
isomerized smoothly in toluene at 80 to 110 °C to afford
the corresponding conjugated dienones, dienoates and di-
enamides, respectively, in high yields (Scheme 6). They
observed that alkynones, both aromatic and aliphatic, re-
acted more readily than alkynoates, and that alkynoates
reacted faster than alkynamides. Higher reaction temper-
atures and the addition of 0.5 equivalents of acetic acid
were necessary for the isomerization of alkynamides.
Thus, the order of reactivity was established to be
alkynones > alkynoates > alkynamides. In addition, the
isomerization reaction was found to be highly chemose-
lective, with no isomerization observed for electron-rich
alkynes. Furthermore, it was found to be highly stereose-
lective, with an (E,E)-1,3-diene usually being the only
product formed. The authors proposed that, as with the
transition-metal-complex-catalyzed reactions, an allene
intermediate was formed, and they supported this notion
by successfully isomerizing an allenoate to the corre-

sponding diene with triphenylphosphine. They also
demonstrated that the nucleophilicity of the catalyst — and
not its basicity — was responsible for catalysis since no
isomerization was observed with tertiary amines, and
phosphites were almost unreactive as catalysts.

0 (o]
R)\/\R, e, RWR'
4 5

10 examples

69-88% yield
R = alkyl, aryl, alkoxy, aryloxy or amino group
R' = alkyl group

Scheme 6

At virtually the same time, Lu and Guo reported a similar
reaction using y-hydroxy-a,B-ynones and y-hydroxy-a,f3-
ynoates as substrates, in which they observed that isomer-
ization of compounds 8 to form diene compounds 5
occurred using a stoichiometric amount of triphenylphos-
phine in benzene at room temperature (Scheme 7).22 It
was proposed that formation of triphenylphosphine oxide
led to an allene intermediate and that, as in Trost and
Kazmaier’s reaction, this intermediate further reacted to
form the final conjugated (E,E)-1,3-diene product.

(o}
O
R \\ + PPhy —— + O=PPhg
R' R N}
OH
8 5
4 examples
83-86% yield
R = alkyl or alkoxy group
R' = alkyl group
Scheme 7

Lu and Guo very soon thereafter followed up with a report
of results, analogous to those of Trost and Kazmaier,
where a series of alkynones, alkynoates and alkynamides
4 rearranged in the presence of a phosphine catalyst to
products 5 (Scheme 8).2 An important observation made
here was that PBu; was a good catalyst for the less reac-
tive alkynamide substrates. A tandem propargyl alcohol/
ynone isomerization reaction was also described.

o}
R PPhs or PBug )]\/\/\
_— -
\\ R N
R
4 5
10 examples
—89%, Vi

R = alkyl, alkoxy or amino group 60-89% yield

R' = alkyl group
Scheme 8
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2.2 Mechanism

The current generally accepted mechanism for the alkyne
to 1,3-diene isomerization reaction, as concisely present-
ed by Kazmaier,?* is depicted in Scheme 9. Initial nucleo-
philic addition by the phosphine catalyst at the alkyne to
form intermediate A, followed by a proton shift from the
v-position of A to its a-position, leads to resonance struc-
tures B and C, which can reversibly eliminate phosphine
to form allene D. Intermediate C can alternatively under-
go additional proton shifts to form E and F sequentially.
Elimination of the catalyst from F affords the final prod-
uct. This mechanism is fully consistent with all reported
experimental observations, especially that allene starting
materials such as D afford the same (E,E)-1,3-diene prod-
ucts as do the corresponding alkynes.

D !
0 O ®FPPhg
~—FPPhs /lU\/
RWR' R /\R,
F

Scheme 9

23 Development

Soon after the initial reports by Trost and Lu, Rychnovsky
and Kim described the use of phenol as a co-catalyst in the
triphenylphosphine-catalyzed isomerization of com-
pounds 4 to products 5, and of enynoates 9 to the corre-
sponding (E,E,E)-2,4,6-trienoates 10 in high yields
(Scheme 10).> They reported that when acetic acid was
used as the co-catalyst, isomerization was sluggish and
substrate decomposition was observed, and that the use of
phenol resolved such issues. Furthermore, the sequential
rearrangement of 2,6-diynone 11 to form conjugated all-E
tetraenone 12 in modest yield was described using phenol
as the co-catalyst. However, various phenol adducts were
reported to be the major products. Reaction of analogous
2,6-diynoate 13 afforded phenol adduct 14 as the major
isolated product. It should be noted that the combination
of triphenylphosphine and phenol is now virtually the
standard catalyst combination for alkyne to 1,3-diene

Synthesis 2008, No. 15, 2307-2317 © Thieme Stuttgart - New York
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3 (1.0 equiv), )]\/\/\
EtO S PhOH (1.0 equiv) g N NF g
S R
4 5
2 examples
80-85% yield
(0] (0]
same )W
MeO 7 X —> MeO R
A
R 10

9
4 examples
70-88% yield

0 CsHhis 2
same WCSH11
N\ 7 “
» 21% yield

+ phenol adducts (28% yield)

9] CsH14

(6]
EO same o~
\\ // —— EtO =7 CoHys
OPh
14
13 .
34% yield

Scheme 10

isomerization reactions, especially for alkynoate sub-
strates.

In an attempt to make the isomerization of alkynoates
more efficient, Kazmaier applied pentafluorophenyl es-
ters as the activating group. As a result of the strongly
electron-withdrawing nature of the pentafluorophenoxy
group, isomerization of alkynoates 15 occurred under
milder conditions, requiring only 0.05 equivalents of the
triphenylphosphine catalyst and no acid co-catalyst to
form the desired products 16 (Scheme 11).2° The isomer-
ization product could then react directly, without isola-
tion, with a range of amines and alcohols to afford the
corresponding amides 17 and esters 18, respectively, or
reduced with diisobutylaluminum hydride to the corre-
sponding allylic alcohols 19.2*

0O

) PPhs (0.05 equiv)
CoFs0”
R
15
0
M DIBAL-H o AN
—_—
CGF5O / / R
6 examples
, 66-96% yield
i NHR'R" \OH
0 0o

R”R'NWR

17 18
5 examples 2 exam‘ples
63-81% yield 64% yield

Scheme 11
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Recently it was reported that alkyne to 1,3-diene isomer-
ization reactions can be performed in water without the
need of an organic solvent.?” Xue and co-workers found
that alkynones were good substrates in such aqueous reac-
tions catalyzed by triphenylphosphine, with their isomer-
ization being complete in two to four hours in refluxing
water (10 examples, 72-89% yield). Unfortunately, ester
group activated alkynes were unreactive when subjected
to similar reaction conditions. This latter observation
highlights the fact that such substrates generally require
an acidic co-catalyst in addition to the nucleophilic phos-
phine catalyst. If an ester group is to be used as the acti-
vating group, it needs to be a strongly electron-
withdrawing one such as a pentafluorophenol derivative.

Considering the recent rise in the use of polymer-support-
ed reagents in general, and polymer-supported phosphines
in particular,?® it is perhaps not surprising that such ma-
terials have been used to catalyze alkyne to 1,3-diene
isomerization reactions. The first example of this was re-
ported by Barrett and co-workers when they described the
preparation and use of ROMPgel-supported triphenyl-
phosphine reagent/catalyst 20 (Scheme 12).>' Polymer 20
was prepared by ring-opening metathesis polymerization
of a phosphine-functionalized norbornene monomer. The
isomerization of alkynoate 21 to 22 was performed using
0.4 equivalents of 20, and 0.5 equivalents of acetic acid in
toluene at 110 °C over 18 hours to afford 22 in 97% yield
and 90% purity.

(@]
20 (0.4 equiv), O

AcOH (0.5 equiv) W
EtO/JL\ESS;\\//A\\ fo” NS

21 22

97% yield
A n

PPh,

Scheme 12

Later Jiang and co-workers reported the use of ‘standard’
commercially available divinylbenzene cross-linked
polystyrene-supported triphenylphosphine (23) as the cat-
alyst for alkyne to 1,3-diene isomerization reactions of
alkynones 4 to products 5 (Scheme 13).3? These reactions
were performed in toluene at 80 °C over 18 hours using
0.2 equivalents of 23. Aromatic, carbocyclic and aliphatic
alkynones were used as substrates 4 and the correspond-
ing dienones 5 were obtained in 47-81% yield, with 82—
93% conversion. It was noted that both electronic and
steric factors strongly affected the reactions. Bulky ali-
phatic alkynones afforded poorer results in terms of both
yield and conversion than did aromatic substrates. They
also studied the recyclability of catalyst 23 in these reac-
tions, and found that the catalytic ability decreased slight-
ly with each reuse (4 cycles). It was suggested that the

23 (0.2 equiv)

B

23— Q—F’Ph3

R = alkyl or aryl group
R’ = alkyl group

o
R)J\MRI

5
6 examples
47-81% yield

(0]
R)\/\
R
4

Scheme 13

observed decline in the performance of 23 was due to its
‘physical destruction’” and the formation of its oxide.

More recently, Jiang et al. screened a series of other poly-
mer-supported phosphine catalysts in the isomerization
reaction of alkynones 4 to products 5 and found that the
best catalyst was JandaJel-supported triphenylphosphine
(24, JJ-PPh;).>*-35 With the use of 0.1 equivalents of het-
erogeneous catalyst 24, the reactions were performed sol-
vent-free at 70 °C over 12 hours (Scheme 14). Aromatic,
carbocyclic, and aliphatic alkynones and symmetrical bis-
alkynones were used as substrates, and the corresponding
dienones were obtained in 31-93% yield, with 49-100%
conversion. Again, bulky aliphatic substrates afforded
poorer results than did aromatic derivatives. They also at-
tempted to recycle 24 in these reactions, but, as before, the
activity of the catalyst decreased slightly in each subse-
quent reaction cycle. It was determined by *'P NMR anal-
ysis of recovered 24 that its poor recyclability was due to
oxide formation.

0}
24 (0.1 equiv) )]\/\/\
X > R R
R
4 5
9 examples
24 = ( ::)_ppha 31-93% yield

R = alkyl or aryl group

R' = alkyl group
Scheme 14

23 Synthetic Applications

The alkyne to 1,3-diene isomerization reaction has been
used on numerous occasions in the context of natural
product synthesis where the resulting diene is either a syn-
thetic intermediate that is further transformed or an actual
structural component of the target molecule, and such ap-
plications are summarized in this section. For clarity, the
carbon—carbon bonds involved in the reaction are high-
lighted in red.

Strunz and Finlay reported the earliest synthetic applica-
tion of the alkyne to 1,3-diene isomerization reaction in
their synthesis of a series of unsaturated amide alkaloids
(Scheme 15).%® Because amides were previously shown
by both Trost and Lu to be rather unreactive in these reac-
tion, alkynoate substrates 25 and 26 were used as starting
materials, with the ester groups being converted, post
isomerization, into the required amide groups. In this way,

Synthesis 2008, No. 15, 2307-2317 © Thieme Stuttgart - New York
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retrofractamide A, dehydropipernonaline, and pellitorine
were expediently synthesized from 25 and 26, via inter-
mediates 27 and 28, as shown. Numerous other naturally
occurring related amides were prepared using analogous
reaction sequences.

o)
EtO [
N Z PPhj (0.34 equiv)
—_—
o)
25
o—/
o}
o NN Z
27 o)
o—/
1. SNIN(TMS)5];
2. piperidine
3. MeOH, H,0, KF 1. LIOH
2. CDI, i-BuNH,
o)

(0]
\(\NWR
H

retrofractamide A
22% overall yield from piperonal

A,
§

dehydropipernonaline
27% overall yield from piperonal

R= 2NF
6]
o—/
(o}
PPhs Q
O (0.34 equiv) )I\/\/\
A > EO & CsH11
CsHi1 28
26
0}
1. LIOH )W
2. CDI, i-BuNH, N NS CsH14
— - H

pellitorine
52% overall yield from propiolic acid

Scheme 15

In their synthesis of (—)-vertinolide, a B-tetronic acid
derivative from Verticillium intertextum, Matsuo and
Sakaguchi used an alkyne to 1,3-diene isomerization reac-
tion to install the required dienone functionality of the fi-
nal product (Scheme 16).%” Isomerization of substrate 29,
prepared from naturally occurring lactic acid, demonstrat-
ed how a metal catalyst was not only unnecessary for the
desired transformation, but also potentially deleterious.
The desired conversion of 29 into 30 occurred with tri-
phenylphosphine catalysis, whereas use of the transition-
metal catalyst palladium(II) acetate afforded only furan
31. Treatment of 30 with acidic methanol completed the
synthesis of (-)-vertinolide.

An application of the alkyne to 1,3-diene isomerization
reaction in synthetic efforts towards the construction of a

Synthesis 2008, No. 15, 2307-2317 © Thieme Stuttgart - New York

l Pd(OAc), (0.06 equiv),

PPh3 (0.5 equiv)

OMOM
30, 88% yield

OMOM

31, 71% yield

5% HCI,
MeOH

(-)-vertinolide

Scheme 16

biologically important compound was reported by Pater-
son et al.*® In this work, a compound corresponding to the
C1-C11 subunit of the marine macrolide aplyronine A
was prepared from alkynoate 32 (Scheme 17). Isomeriza-
tion of 32 using Rychnovsky’s conditions (PPh; and phe-
nol) afforded 33 as a single stereoisomer in excellent
yield. Compound 33 was then further elaborated to a pro-
tected synthetic intermediate that corresponds to the
(E,E)-2,4-dienoic acid containing portion of the natural
product.

o)
i \)J\
(@] OH PPh3 (1.0 equiv),
MeO” "N : PhOH (1.0 equiv)
: oPMB @ — >
32
o)

33, 95% yield

Scheme 17

In an example where the alkyne to 1,3-diene isomeriza-
tion reaction was used to prepare a building block of a
complex molecule that does not contain a diene moiety,
Campagne and Bluet reported the synthesis of a com-
pound that corresponds to the C1-C7 portion of octalactin
A (Scheme 18).% Alkynoate 34 was isomerized using a
combination of triphenylphosphine and acetic acid to af-
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(0]
PPhg,
AcOH
MeO %
OTBS
34
(0]

Shi epoxidation

_— =

MeO)W\/\OTBS

35, 85% yield

O,

OTBS
36

Scheme 18

ford dienoate 35 in good yield. The 3,y-double bond of 35
was then asymmetrically epoxidized using a chiral diox-
irane to form 36.

O’Doherty and Hunter reported a similar strategy for se-
lectively oxidizing the 3,y-double bond of the conjugated
dienoate obtained from an isomerization reaction in the
context of natural product synthesis. For example, isomer-
ization of 37 with triphenylphosphine and phenol afforded
dienoate 38, which in turn was asymmetrically dihydrox-
ylated at the §,y-double bond to yield 39 (Scheme 19).4°

0
Eto)‘\/\/\
OTBS

PPh3 (1.0 equiv),
PhOH (1.0 equiv)

37
(0]
)W\/\ ADmP
EtO OTBS
38, 80% yield
o) OH
)J\/\/\/\ (C1sC0)2CO,
EtO T OTBS pyridine
OH
39
(0}
OTBS
EtoM(\/ EtsN, HCOH,
OYO Pd(0)
O
40

PhCHO, +-BuOK

Ph
o o

Eto)l\/\/\/\OTBS
42

Scheme 19

Conversion of 39 into cyclic carbonate 40, followed by se-
lective reduction, afforded alcohol 41. Reaction of 41 with
benzaldehyde in the presence of base afforded the protect-
ed syn-1,3-diol 42, which was envisioned as a versatile
chiral building block that corresponds to the C5—C11 por-
tion of leucascandrolide A. Overall, this sequence of reac-
tions provides a convenient method for the synthesis of
chiral 3,5-dihydroxy carboxylic acid derivatives from
simple alkyne starting materials.

Later, O’Doherty’s research group used this methodology
in their synthesis of mibemycin B; (Scheme 20).*!
Alkynoate 43, the p-methoxyphenyl analogue of 37, was
isomerized to 44, which was subsequently dihydroxylated
and converted into cyclic carbonate 45, as before. In this
synthesis, the initial carboxylate carbon of 43 was trans-
formed into the acetal carbon of the final product. Most
recently, O’Doherty and Li reported the synthesis of the
macrolide (—)-apicularen A from alkynoate 46, by way of
dienoate 47 and cyclic carbonate 48 (Scheme 21).*> Here
the carboxylate carbon of starting material 46 became C9
of the target molecule. Given the structural differences be-
tween mibemycin ; and (—)-apicularen A, it is clear that
compounds such as 44 and 45, and their structural ana-
logues, are indeed versatile building blocks for the synthe-
sis of a broad range of complex molecules that are readily
prepared from alkynes using the alkyne to 1,3-diene
isomerization reaction.

The macrolactins are a family of 24-membered-ring poly-
ene macrolides produced by a deep sea marine bacterium

o}

EtO)\/\/\
OPMP

43

PPh3 (1.0 equiv),
PhOH (1.0 equiv)

0 (CI3C0),CO,
AD-mix-$ pyridine
EtO)W\/\OPMP

44, 90% yield

o)
J\/ OPMP
Eto \_(\/
OYO -

milbemycin B3

Scheme 20

Synthesis 2008, No. 15, 2307-2317 © Thieme Stuttgart - New York
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(e}
o PPhg (1.0 equiv),
% 0Bn PhOH (1.0 equiv)
46
0 (Cl3C0),CO,

AD-mix-o. pyridine

(—)-apicularen A

Scheme 21

and they possess antiviral and anticancer activity. Thus,
many research groups have been interested in the synthe-
sis of such compounds. Takemoto and co-workers have
reported the enantioselective synthesis of macrolactin A
analogues in which an alkyne to 1,3-diene isomerization
was used to prepare a key intermediate (Scheme 22).4344
In this case, the formed (E,E)-1,3-diene itself is a structur-
al element of the final product and the activating carbonyl
group is reduced to a chiral alcohol. In this work the opti-
mal catalyst for the isomerization of alkynone 49 was
found to be bis(diphenylphosphine)butane (DPPB), rather
than triphenylphosphine. Dienone 50 was isolated in mod-
erate overall yield after removal of an alcohol protecting
group, and was then further elaborated into a series of
macrolactin A analogues.

A very similar strategy was used in the synthesis of the
C4-C24 fragment of macrolactin A by Campagne and co-
workers.*> Interestingly, triphenylphosphine (1.0 equiv)
was used as the catalyst in refluxing toluene for the con-
version of alkynone 51 into 52 (Scheme 23). The obtained
yield of 42% was similar to that observed by Takemoto’s
research group and was reported as being unoptimized.

Most recently, Ma and co-workers reported the asymmet-
ric synthesis of the (13R,14R,19R)-isomer of FR252921,
an immunosuppressive agent, via a trienoate prepared by
a Rychnovsky-type alkyne to 1,3-diene isomerization re-
action (Scheme 24).%¢ Using the catalyst combination of
triphenylphosphine and phenol, 53 was converted into
conjugated triene 54, which represents the C1-C9 portion
of the target molecule, in excellent yield.

Synthesis 2008, No. 15, 2307-2317 © Thieme Stuttgart - New York

OTBS

1. DPPB (0.1 equiv)
2. AcOH

49

50, 49% yield

macrolactin A analogue

Scheme 22

OTBDPS

PPhs (1.0 equiv)

51

OPMB

52, 42% yield

Scheme 23

As discussed at the beginning of this review, the alkyne to
1,3-diene isomerization reaction evolved from a series of
similar alkyne isomerization processes, both catalytic and
stoichiometric. The final few examples from the literature
presented here show how these related reactions of acti-
vated alkynes have been used in the context of natural
product synthesis.
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o} o}
_ PPh3 (1.0 equiv),
PhOH (1.0 equiv)
AllylO NN E0” Xy oBn PPhg
OTBS
53 OH
o 59
. o
AIIyIO)]\/\M/\OTBS > )W\/\/OBH AD-mix-o.
54, 95% yield EtO
47, 73% yield
o}
OM o] OH
: ¥z OBn
/\/\/\/\/U HO HN Eto)k/\H\/\/
M on
O H : 6} 60
Scheme 26
(13R,14R,19R)-FR252921
Scheme 24 bond of 47 (from 59) was dihydroxylated to form chiral
diol 60, which O’Doherty had previously converted into
carbonate 48.
- Finally, in an example that illustrates the sometimes circu-
LS itous nature of chemical research, a report by Deng and
co-workers described the isomerization of synthetic inter-
mediate 61 to 62 using palladium(II) acetate and tri(p-
tolyl)phosphine (Scheme 27).* The authors did not men-
o} _ tion whether they attempted this transformation using
EO )WOBn AD-mix-oc only phosphine catalysis. Dienone 62 was subsequently
cyclized and converted into the structurally related natural
56. 90% vield products (+)-bisorbicillinol, (+)-bisorbibutenolide, and
Y (+)-bisorbicillinolide.
o) OH 2,2-DMP,
/ CSA AD-mix-B
EtO : OBn 3 Conclusions
OH *
57

OBn
EtO

Scheme 25

In their syntheses of fragments of the microsclerodermins
A and B, and palmerolide A, Chandrasekhar et al.*’*3 used
the deoxygenative rearrangement of y-hydroxy-o,f-
ynoates (Scheme 7) originally reported by Guo and Lu to
generate dienoates that were regioselectively and enantio-
selectively dihydroxylated in the manner reported by
O’Doherty (Scheme 25). In their synthesis of a compound
that corresponds to the C1-C20 portion of microsclero-
dermins A and B, the resulting carbon—carbon double
bonds were oxidized sequentially to form selectively pro-
tected polyol 58 from starting material 55, by way of di-
enoate 56 and diol 57. For their synthesis of a C1-C14
palmerolide A fragment (Scheme 26), only the J,y-double

The activated alkyne to (E,E)-1,3-diene isomerization
reaction is one of a growing set of organic-molecule-
catalyzed reactions that is being used in the synthesis of
complex organic molecules and natural products. As
shown in the examples presented in this review, the con-
jugated diene that is formed by this reaction can be further
transformed into intermediate synthetic building blocks or
can be an actual structural element of the synthetic target.
Even (E,E,E)-1,3,5-trienes can be efficiently synthesized
from activated enyne starting materials using such reac-
tions.

Alkynone starting materials are generally reactive enough
to require only a phosphine catalyst (usually triphe-
nylphosphine) at elevated temperature in an aromatic sol-
vent. On the other hand, alkynoates typically require the
addition of an acid co-catalyst (usually phenol), although
pentafluorophenyl esters do not. Such fluorinated esters
also have the advantage that they can be reduced, trans-
esterified or transaminated in situ. Furthermore, recent re-
ports have shown that such reactions can be performed
using water as the reaction medium, and that easily sepa-
rable heterogeneous catalysts can also be used, either with
or without a solvent.
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Pd(OAc), (0.05 equiv),
P(p-tol)3 (0.4 equiv)

62, 92% yield

\ (+)-bisorbicillinol

oH o,

(+)-bisorbicillinolide

(+)-bisorbibutenolide

Scheme 27
Considering the frequent occurrence of the (2E,4E)-2,4- K. Adv. Synth. Catal. 2006, 348, 999. (i) Connon, S. J.
dienoate structural motif in natural products, the general Chem. Eur. J. 2006, 12, 5418. (j) Brogan, A. P.; Dickerson,

T. J.; Janda, K. D. Angew. Chem. Int. Ed. 2006, 45, 8100.
(k) Hayashi, Y. Angew. Chem. Int. Ed. 2006, 45, 8103.
(1) Enders, D.; Grondal, C.; Hiittl, M. R. M. Angew. Chem.

ease of the synthesis of the required starting materials, and
the mild nature and stereoselectivity of the alkyne to 1,3-

diene igomerization r;actiqn, it is. anticipated this organo- Int. Ed. 2007, 46, 1570. (m) Tsogoeva, S. B. Eur. J. Org.
catalytic transformation will be increasingly used in or- Chem. 2007, 1701. (n) Marion, N.; Diez-Gonzélez, S.;
ganic synthesis in the coming years. Nolan, S. P. Angew. Chem. Int. Ed. 2007, 46, 2988.

(o) Blackmond, D. G.; Armstrong, A.; Coombe, V.; Wells,
A. Angew. Chem. Int. Ed. 2007, 46, 3798.
Acknowledgment (p) de Figueiredo, R. M.; Christmann, M. Eur. J. Org. Chem.
2007, 2575. (q) Bertelsen, S.; Nielsen, M.; Jgrgensen, K. A.
Angew. Chem. Int. Ed. 2007, 46, 7356. (r) Gong, L.-Z.;
Chen, X.-H.; Xu, X.-Y. Chem. Eur. J. 2007, 13, 8920.
(s) Ting, A.; Schaus, S. E. Eur. J. Org. Chem. 2007, 5797.
(t) Pellissier, H. Tetrahedron 2007, 63, 9267. (u) Guillena,
G.; Ngjera, C.; Ramon, D. J. Tetrahedron: Asymmetry 2007,
18, 2249.
(4) For reviews of the use of phosphines as organocatalysts,
see: (a) Valentine, D. H. Jr.; Hillhouse, J. H. Synthesis 2003,
317. (b) Methot, J. L.; Roush, W. R. Adv. Synth. Catal. 2004,
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