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ABSTRACT

The Pd-catalyzed isomerization of primary allylic alcohols into the corresponding saturated aldehydes has been achieved at room temperature
for the first time in good to excellent yields under mild conditions. The functional group compatibility in this reaction is studied, and this new
methodology has been successfully applied in the synthesis of a C5-C13 tetrahydropyran ring system of (-)-brevisamide in seven steps.

Palladium-catalyzed transformations are of great importance
in modern synthetic organic chemistry since they tolerate many
functional groups. The value of these reactions can be greatly
enhanced by combining two or more Pd-catalyzed transforma-
tions either in a successive way or as a domino process.1 Clearly,
the latter approach not only is more efficient and elegant but
also has environmental and economical advantages. Aldehydes
are versatile synthetic intermediates for various pharmaceuticals,
agrochemicals, and other fine chemicals.2 The conversion of
allylic alcohols to the corresponding saturated aldehydes or
ketones is a synthetic process which usually requires a two-
step sequence of oxidation and reduction reactions. A one-pot
catalytic transformation equivalent to an internal redox process

is an attractive strategy and a completely atom- economical
process that offers several useful applications in natural-product
syntheses and in bulk chemical processes. Several transition
metal catalysts3 have been utilized to effect the isomerization
reaction of allylic alcohols. In many cases the isomerization
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requires relatively high quantities of catalysts. This coupled
with rather harsh reaction conditions and the use of expensive
metals (for instance Rh,3e Ir3i)3a,b has limited the use of most
of them in this transformation. More importantly, the issue
of functional group compatibility in this reaction has not been
addressed. To the best of our knowledge, there is one
literature precedent4a at elevated temperatures for the isomer-
ization of (Z)-but-2-en-1,4-diol to 4-hydroxy butyraldehyde
using various Pd catalysts. Similarly, one example with
hydrogen preactivated Pd/C is known; this was recognized
in the gas phase4b,c using a flow apparatus (∼180 °C).

Herein, we describe the first catalytic isomerization of
primary allylic alcohols to the corresponding saturated
aldehydes using hydrogen preactivted Pd catalysts (Scheme
1), and we demonstrate the application of this protocol in a

concise synthesis of a C5-C13 tetrahydropyran ring system
of (-)-brevisamide.

The isomerization of allyl alcohol 3 (Table 1) was first
carried out in EtOAc with hydrogen preactivated (for 30 min)

Pd/C at room temperature to furnish saturated aldehyde 4 in
69% yield along with 17% of saturated alcohol 5 within 25
min. The yield of the product was determined after isolating
the pure product by column chromatography.

To optimize the reaction conditions, several parameters
were varied, including solvent, different Pd catalysts, and
the reaction concentration. The reaction was performed in
various solvent systems such as EtOAc, benzene, toluene,
and methanol at room temperature with hydrogen preacti-
vated 10% Pd/C. Benzene was found to be superior to other
solvents in terms of product yield. From Table 1, it is evident
that Pd(OH)2 proved to be more effective than Pd/C as a
catalyst both in reaction time and yield. Moreover the
reaction was found to be very clean with Pd(OH)2, and no
byproduct was detected. The scope of the isomerization
reaction of 9 (Table 2) was studied using a variable

concentration of Pd(OH)2 catalyst. A loading of 12 mol %
of catalyst resulted in a 6.5:3.5 ratio of aldehyde to alcohol,
while, with 3 mol % of catalyst, no reaction was observed.
The ratio of aldehyde to alcohol was increased to 8.5:1.5 by
using 7 mol % of catalyst. 20% Pd(OH)2 over charcoal in
benzene that had been activated for about 30 min at room
temperature under a hydrogen atmosphere. The addition of
allyl alcohol 3 in benzene to freshly activated Pd(OH)2 in

(4) (a) Sedding, B.; Alm, J. J. Prakt. Chem. Band 1987, 329, 711–716.
(b) Delaby, R. Compt. Rend. 1926, 182, 140–142. (c) Kraus, M. Collect.
Czech. Chem. Commun. 1972, 37, 460–465.

Scheme 1. Isomerization of Primary Allylic Alcohols

Table 1. Optimization of the Reaction Conditionsa

isolated yield (%)

entry catalyst solvent t (min) 4 5

1b Pd/C EtOAc 25 69 17
2b Pd/C benzene 20 79 9
3b Pd/C MeOH 30 59 25
4b Pd(OH)2 toluene 10 92 -
5b Pd(OH)2 benzene 10 98 -
6c Pd/C benzene 60 - -
7c Pd(OH)2 benzene 60 - -
a Reactions carried out at 100 mg scale. b H2-preactivated catalyst was

used. c Catalyst was used without activation.

Table 2. H2-Preactivated Pd(OH)2
a,b Catalyzed Isomerization of

Primary Allylic Alcohols

a Reactions carried out for 10 min at room temperature with H2-
preactivated 20% Pd(OH)2/C. b 7 mol % catalyst was used. c Product
ratio (aldehyde:alcohol) was determined after purification by column
chromatography. d 5 mol % of Et3N was used.
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benzene resulted exclusively in the formation of aldehyde 4
within 10 min. When a similar reaction was performed with
a continuous H2-supply using a H2-balloon, the reaction
yielded both aldehyde 4 and saturated alcohol 5 in a 3:2 ratio.
Use of base (NEt3 or Na2CO3) was necessary to prevent
deprotection5 of Bn, PMB, and TBS groups present in the
substrate. However, no reaction was observed using Pd/C
or Pd(OH)2 without activation using H2-gas. A plausible
mechanism is illustrated in Scheme 2.3g

To illustrate the scope of the new protocol, the optimized
conditions were applied to a wide variety of substrates bearing
different sensitive functional groups such as MOM, Bn, PMB,
and TBS ethers. All of these survived the reaction conditions,
producing the desired saturated aldehydes in good to excellent
yield. The results are outlined in Table 2. Cinnamyl alcohol 21
(Table 2) was readily isomerized to 3-phenylpropanal 22 in 92%
yield. In the literature, 3-arylpropanals are usually obtained
indirectly by rather sophisticated and tedious procedures (e.g.,
by the reduction of trans-cinnamaldehyde6 or 3-phenylpropionyl
chloride or its derivatives7 or by the oxidation of 3-arylpropanol8

or the hydroformylation of styrene9), which inhibit its wide-
spread usage. Our method is more effective even in the case of
trisubstituted allyl alcohol 19. In the case of a substrate
containing a free hydroxy group as in 23, a tandem isomeriza-
tion/cyclization process in one step afforded the corresponding
lactol 24 as the sole product in 88% yield. Whereas, Chickos
et. al10 observed formation of saturated 1,4-butane diol along
with 2-hydroxytetrahydrofuran during the hydrogenation of 1,4-
butyne diol using Pd catalysts.

Our methodology was applied to the synthesis of the
C5-C13 tetrahydropyran core unit 35 of (-)-brevisamide
(25) (Figure 1). Marine polycyclic ethers have attracted the

attention of numerous synthetic organic chemists due to their
unique structures and potent bioactivities. Recently, Wright
and co-workers have reported the isolation and characteriza-
tion of brevisamide (25), a new marine cyclic ether alkaloid,
from cultures of Karenia breVis.11 The structure consists of
a single tetrahydropyran ring with 3�-methyl and 5R-
hydroxyl groups, a 3,4-dimethylhepta-2,4-dienal side chain,
and an acetylated terminal amine. Four total syntheses of
25 have been reported12 in the literature in recent years.

The synthesis of the tetrahydropyran unit 35 commenced
with an asymmetric aldol addition reaction of thiazolidi-
nethione propionate 2713 to the benzyloxybutanal 26 using
TiCl4 and (-)-sparteine as the base. This led to aldol product
28 in 90% isolated yield. The secondary hydroxyl group of
28 was protected as silyl ether 29 using TBSOTf and 2,6-
lutidine. Treatment of thioimide 29 with DIBAL-H14 fol-
lowed by Wittig olefination furnished R,�-unsaturated ester
30 in 88% yield over two steps. Hydrogenation of 30 using
Pd/C in EtOAc failed to give the saturated ester 31. It is
assumed that the catalyst was poisoned by the presence of
the residual thiozolidinethione auxiliary, which had proved
to be difficult to fully separate from ester 30 by chromatog-
raphy (Scheme 3).

The ester group in compound 30 was therefore reduced
using DIBAL-H to provide E-allylic alcohol 32 (Scheme 4).
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Scheme 2. Plausible Mechanism for the Isomerization of Allylic
Alcohols

Figure 1. (-)-Brevisamide (25).

Scheme 3. Synthesis of R,�-Unsaturated Ester 30
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The allyl alcohol 32 was subjected to the newly developed
methodology to furnish desired saturated aldehyde 33 in one
pot in 90% yield along with saturated alcohol in 5% yield.
The key tetrahydropyran ring was constructed by means of
R-aminoxylation followed by Horner-Wadsworth-Emmons
(HWE) reaction of an aldehyde and intramolecular oxa-
Michael strategy (IMOM). Thus, direct catalytic asymmetric
aminoxylation15 of the aldehyde 33 by using D-proline as
the catalyst and nitrosobenzene as the oxygen source
followed by HWE reaction gave aminoxy olefinic ester for
which cleavage of the O-N bond was achieved using
Cu(OAc)2 in EtOH at room temperature. This resulted in
γ-hydroxy-R,�-unsaturated ester 34 in 52% yield (99% de).
Exposure of the hydroxy enoate 34 to excess TBAF in
tetrahydrofuran (THF) at rt for 12 h resulted in deprotection-
cyclization in tandem fashion to give the 2,6-cis tetrahydro-

pyran 35 as a single isomer in 86% yield. The relative
configuration of 35 was assigned by spectral studies and was
found identical in all respects to that reported by Lindsley
et al.,12b which is a known intermediate for the synthesis of
the natural product 25. Since the conversion of tetrahydro-
pyran intermediate 35 into (-)-brevisamide (25) is known,
this completed its formal total synthesis.

In summary, we have observed the first example of a
palladium-catalyzed isomerization of primary allylic alcohols
to furnish saturated aldehydes. The approach has been
successfully applied for the synthesis of a tetrahydropyran
core unit of brevisamide (in seven steps), which completes
its formal synthesis. Further applications and extensions of
the methodology are currently ongoing in our laboratory and
will be reported in due course.
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Scheme 4. Synthesis of a C5-C13 Tetrahydropyran Ring
System 35 of (-)-Brevisamide
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