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Abstract: A catalytic asymmetric Claisen rearrangement has been
utilized as key C–C connecting transformation for the synthesis of
a building block in the projected total synthesis of the fungicidal
polyketides curvicollide A–C.
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The curvicollides A–C (1a–c) have been isolated in small
quantities (1a: 6.5 mg, 1b: 2.1 mg, 1c: 3.0 mg) from an
organic extract of solid substrate fermentation cultures of
an isolate of Podospora curvicolla that was originally
obtained from the surface of a sclerotium of Aspergillus
flavus buried in an Illinois cornfield for three years.1 NMR
studies enabled the assignment of the gross structure of
these polyketides (Figure 1). The relative configuration of
the C9–C11 stereotriad of curvicollide A (1a) was de-
duced from NOESY data. The relative configuration of
curvicollide B (1b) and C (1c) was then assigned in anal-
ogy based on the similarity of the corresponding NMR
spectra. Neither the relative configuration of the remain-
ing stereogenic carbon atoms nor the absolute configura-
tion of the curvicollides could be established. Curvicollide
A (1a) exerted antifungal activity against Aspergillus
flavus and Fusarium verticillioides. Due to sample limita-
tions, the fungicidal properties of curvicollides B (1b) and
C (1c) could not be evaluated.

Figure 1 Curvicollides A–C 1a–c, fungicidal polyketides from 
Podospora curvicolla.

In light of the interesting structure and biological activity
of the curvicollides 1a–c, we have initiated a research
program aimed at the unambiguous assignment of the
absolute configuration of the curvicollides 1a–c by enan-

tioselective total synthesis. Furthermore, considering the
unsolved supply issue, an efficient synthetic access to the
natural products and non-natural diastereomers thereof
could enable the comprehensive evaluation of the curvi-
collides 1a–c as potential fungicidal lead compounds. In
this paper, we report the enantioselective synthesis of a
C8–C12 building block utilizing a catalytic asymmetric
Claisen rearrangement (CAC) as the key C–C connecting
transformation.

Our synthetic approach toward the curvicollides 1a–c
relies on a convergent retrosynthetic analysis that requires
the enantioselective access to the central C8–C12 segment
of known relative configuration (Figure 2). We envision
connecting the C1–C7 and the C13–C20 moieties to the
central segment by olefination chemistry. Based on this
analysis, we have identified the highly substituted ketone
2 as suitable building block. Building block 2 features
three contiguous stereogenic carbon atoms including the
secondary hydroxyl group at C11, which we envisioned to
establish by a diastereoselective reduction of the a-keto
ester anti-3. From the outset, we intended to generate the
crucial non-heteroatom-substituted stereogenic carbon at-
oms C9 and C10 in anti-3 by a Claisen rearrangement of
the allyl vinyl ether (E,Z)-4. Based on a chair-like transi-
tion state geometry for the Claisen rearrangement,2 the
relative configuration of the rearrangement product anti-3
was expected to be determined by the double bond config-
uration of the allyl vinyl ether (E,Z)-4. However, since the
allyl vinyl ether (E,Z)-4 is achiral, this approach requires
an external chiral inductor to control the absolute config-
uration of the rearrangement product anti-3.3 Relying on
our previously developed catalytic asymmetric Claisen
rearrangement (CAC),4 we set out to identify a suitable
chiral Lewis acid that would fulfill the role as a chiral in-
ductor in catalytic amounts, thereby establishing the CAC
as the key C–C connecting transformation in the synthesis
of the central building block 2. The projected CAC re-
quires an efficient and diastereoselective synthesis of the
E,Z-configured allyl vinyl ether 4. The diastereoselective
synthesis of a vinyl ether double bond that is not part of a
ring system is often troublesome and no general solution
to this problem exists. We envisioned utilizing an in-
herently E-selective olefination reaction between the
phosphonate 5 and acetaldehyde for this purpose.

The realization of our initial strategy for the synthesis of
the allyl vinyl ether 4 is depicted in Scheme 1. Trimethyl
diazophosphonoacetate (6)5 was converted into the
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2-(allyloxy)phosphonoacetate (5) by a rhodium(II)-cata-
lyzed OH insertion6 using the allylic alcohol 7.7 The reac-
tion afforded the phosphonate 5 in excellent yield on a
small scale (1.8 mmol of 7). However, the yield decreased
significantly when the reaction was performed on a gram
scale. The subsequent Horner–Wadsworth–Emmons re-
action of the phosphonate 5 with acetaldehyde provided
the desired allyl vinyl ether (E,Z)-48 as a 8:1 mixture with
(Z,Z)-4 that was removed by chromatography.9,10

Scheme 1 Synthesis of the allyl vinyl ether (E,Z)-4. 

Though the discussed route provided a diastereoselective
access to the desired E,Z-configured allyl vinyl ether 4, it
was hampered by our inability to scale up the RhII-cata-
lyzed OH-insertion and by the expensiveness of the RhII

catalyst. Therefore, we utilized an alternative route to the
allyl vinyl ether 4 which can easily be performed on large
scale (Scheme 2).11 In the event, aldol addition of the
enolate of the allyloxy-substituted acetic acid ester 8 with
acetaldehyde afforded the b-hydroxy ester 9 in moderate
non-optimized yield as a mixture of diastereomers.
Mesylation of 9 followed by DBU-mediated elimination
provided the desired allyl vinyl ether 4 as mixture of vinyl
ether double bond isomers that were conveniently separat-
ed by preparative HPLC.9

Scheme 2 An aldol strategy toward the 2-alkoxycarbonyl-substitu-
ted allyl vinyl ether 4. DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene.

Having successfully established a synthetic access to the
allyl vinyl ether (E,Z)-4 on a multigram scale, the pivotal
CAC of (E,Z)-4 was investigated (Scheme 3). Under care-
fully optimized conditions, (E,Z)-4 underwent the desired
Claisen rearrangement in the presence of 7.5 mol%
[Cu{(S,S)-tert-Bu-box}](H2O)2(SbF6)2 (10)12 to provide
the a-keto ester (3R,4R)-313 as a single diastereomer
(based on 1H NMR analysis) and enantiomer (based on
HPLC analysis, Chiracel OD 14025, n-hexane–i-PrOH
99.8:0.2, 1 mL/min) in good yield even on a gram scale.
The absolute configuration of 3 was assigned in analogy
to the previously established stereochemical course of the
Cu(box)-catalyzed Claisen rearrangement of 2-alkoxy-
carbonyl-substituted allyl vinyl ether.4

We have recently reported that K-Selectride is particular-
ly useful to reduce 3-substituted 2-oxo ester with a high
diastereoselectivity in favor of the corresponding 2,3-
anti-configured a-hydroxy ester.4c Accordingly, treatment
of the a-keto ester 3 with K-Selectride provided the a-hy-
droxy ester (2R,3R,4R)-11 as a single diastereomer (based
on 1H NMR analysis) in very good yield. As reported
previously,4c the stereochemical course of the reduction
can be explained by the application of the Cram–Felkin–
Anh model.14

Scheme 3 The sequence of the two stereodifferentiating reactions.

Figure 2 Retrosynthetic analysis of the central segment of the 
curvicollides. 

O
O

BnO

OMe

O

O
MeO

BnO

CAC

(MeO)2P
OMe

O

OBn

O O

O
OTBS

BnO

8

12

1a–c

2 anti-3

(E,Z)-45

9
10

10

9

11

8

11
1211

8

9

9
10

O

O
MeO

BnO

(MeO)2P
OMe

N2

O O

OH

BnO

(MeO)2P
OMe

O

OBn

O O

4
(75%, E:Z = 8:1)

5 (86%)

6

(E,Z)-4
preparative HPLC

7

4 mol% Rh2(OAc)4
DCE, reflux, 1 h

LDA, THF, –78 °C
then CH3CHO

OMe
O

OBn

OH O

4
(73%, E:Z = 38:62)

9 (63 %, dr = 69:31)

8

(E,Z)-4 + (Z,Z)-4
preparative HPLC

OMe
O

OBn

O
LDA, THF, –78 °C

then add CH3CHO

1. MsCl, Et3N, CH2Cl2, r.t.

2. DBU, THF, r.t.

OMe

O

O
BnO

OMe

O

OH
BnO

2 SbF6N
Cu

N

OO

t-BuH2O OH2t-Bu

2

(E,Z)-4

(0.92 g)

7.5 mol% 10

(3R,4R)-3
(82%, >90% de, 99% ee)

K[(sec-Bu)3BH]

(2R,3R,4R)-11
(98%, >90% de)

10

THF
–100 °C, 10 min

4 Å mol sieves
CH2Cl2, r.t., 12 h

D
ow

nl
oa

de
d 

by
: F

lo
rid

a 
S

ta
te

 U
ni

ve
rs

ity
 L

ib
ra

rie
s.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



LETTER CAC in Total Synthesis: Curvicollides 123

Synlett 2006, No. 1, 121–123 © Thieme Stuttgart · New York

In order to verify the assumed relative configuration of
(2R,3R,4R)-11, the d-lactone (2R,3R,4R)-12 was prepared
in situ under the conditions of the oxidative removal15 of
the benzyl protecting group (Equation 1). NOESY on the
d-lactone 12 provided NOE that unambiguously support
our mechanism-based assignment of the relative configu-
ration of (2R,3R,4R)-11.

Equation 1 Validation of the relative configuration of 11 is based
on NOESY studies of the d-lactone (2R,3R,4R)-12.

The synthesis of the key building block 2 was concluded
by a five-step sequence from 11 as depicted in Scheme 4.
Thus, the protection of the secondary hydroxyl group as a
silyl ether16 was followed by the reduction of the ester
function to the primary alcohol and a subsequent Dess–
Martin oxidation17 to afford the aldehyde 13. Grignard re-
action between the aldehyde 13 and methylmagnesium
iodide followed by Dess–Martin oxidation17 provided the
desired ketone 2.18

Scheme 4 Final steps toward the desired building block 2.

In conclusion, we have established a highly enantioselec-
tive access to the ketone 2, the central C8–C12 synthon in
the projected total synthesis of the curvicollides 1a–c. We
have demonstrated the efficiency of the catalytic asym-
metric Claisen rearrangement (CAC) in target-oriented
synthesis. Based on the availability of the building block
2, efforts aimed at the completion of the total synthesis of
the curvicollides 1a–c are currently underway in our
laboratory.
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