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Novel and stereocontrolled asymmetric synthesis of a new
naturally occurring styryllactone, (+)-cardiobutanolide
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Abstract—An efficient and stereodefined strategy is described for the asymmetric synthesis of a new styryllactone from the stem bark
of Goniothalamus cardiopetalus, cardiobutanolide. The synthetic process is based on requisite manipulation of the functionalized
bicyclic lactol–lactone intermediate incorporating the glucuronolactone-derived skeleton in a complete stereoselective manner.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1. Styryllactones.
Trees of genus Goniothalamus of the plant family Anno-
naceae have for a long time aroused considerable
interest as a source of potent biologically active styryl-
lactones1 from a pharmacological point of view.2 These
styryl-types of natural products have been used as a tra-
ditional medicine in Asia to treat rheumatism, edema, as
an abortifacient, and as a mosquito repellent.3 Espe-
cially, lactones isolated can be mainly classified into
two groups related to the size of the lactone ring. The
first group consists of the five-membered lactones such
as cardiobutanolide (1) and goniofufurone (2) as shown
in Figure 1 and the second group consists of the six-
membered lactone moiety, for example, goniotriol (3),
etharvendiol (4), altholactone (5), and goniopyrone
(6). Their unique and intriguing structures coupled with
diverse and useful characteristics as well as their broad
spectrum of activity have made them inviting targets
for synthesis.4 In addition, one of the most useful repre-
sentatives of the plant family Annonaceae, the Indoma-
layan genus Goniothalamus cardiopetalus, has in 2003
given rise to the isolation of a new styryllactone, cardio-
butanolide (1) described above, possessing potentially
biological properties.5 Herein, we wish to communicate
a novel and stereocontrolled asymmetric synthesis of 1
based on nucleophilic Grignard addition to the bicyclic
lactol–lactone elaborated from commercially available
DD-glucuronolactone followed by complete stereoselec-
tive reduction of the crucial hemiketal intermediate
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2005.12.113

Keywords: Styryllactone; Cardiobutanolide; Grignard addition; Ster-
eoselective reduction; Glucuronolactone.
* Corresponding author. Tel./fax: +81 53 478 1150; e-mail: tchyoda@
ipc.shizuoka.ac.jp
obtained in this sequence. To the best of our knowledge,
only one approach to the synthesis of 1 has been
reported6 recently during the course of our synthetic
studies.

In formulating the synthetic plan for 1, we recognized
that the absolute configurations at C(3), C(4), and
C(5) are the same as the configurations at the corre-
sponding centers C(3), C(4), and C(5) of readily avail-
able and inexpensive DD-glucuronolactone (7) as shown
in Figure 2. Further we envisioned that the stereo-
genic center of C(6) in 1 would be constructed through
nucleophilic addition of organometallic reagent to a
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Figure 2. Retrosynthetic pathways.
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Scheme 1. Reagents and conditions: (a) acetone, H2SO4; 95%; (b) 1,
PhOC(S)Cl, DMPA, pyridine, CH3CN; 2, Bu3SnH, AIBN, toluene,
110 �C; 94% (two steps); (c) 1, TFA–H2O (20:1), THF; 89%; 2, TBSCl,
imidazole, DMF; 98%; (d) 1, DIBAL-H, THF, �78 �C; 98%; 2, BnBr,
Ag2O, AcOEt; 3, Bu4NF, THF; 55% (two steps); (e) 1, Ag2CO3,
toluene, Celite, reflux; 88%; 2, BnBr, Ag2O, AcOEt; 96% (12a); TBSCl,
imidazole, DMF; 92% (12b).
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bicyclic lactol–lactone (I) followed by stereoselective
reduction of its hemiketal intermediate, allowing the
synthesis of the lactol derivative (II). Meanwhile, the
construction of (I) would have to be independently set
in chemo- and regioselective manipulation of the start-
ing material 7.

To begin with, an attempt to synthesize the important
intermediate such as the type of lactol–lactone (I) was
designed. The results are summarized in Scheme 1. a-
Hydroxyl function of DD-glucuronolactone (7) was effec-
tively eliminated through successive acetonide7 and
phenylthiocarbonate formations, followed by deoxygen-
ation under radical conditions8 to give the lactone 9 in
89% yield (three steps).4r After exchange of the protect-
ing groups of 9 to the bis-TBS ethers,9 the lactonic
segment of 10 thus obtained was protected as the
lactol–benzyl ether through DIBAL-H reduction, which
was, in turn, submitted to desilylation, leading to the
diol–lactol derivative 11 as a mixture of four anomers.
Then, 11 was effected by chemoselective Fetizon’s oxida-
tion with Ag2CO3 of the lactol function only and the
following hydroxyl protection with two different groups
to provide the desired bicyclic lactol–lactone intermedi-
ates 12 in high yield. Interestingly both 12a and 12b are
obtained as a single anomer product, respectively.10
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Scheme 2. Reagents and conditions: (a) 1, vinylmagnesium chloride, CeCl3
(13a+14a); 68% (two steps) (13b); (b) 1, Bu4NF, THF; 95%; 2, NaH, BnBr, B
THF–H2O (1:1); (d) PhMgBr, CeCl3, THF, �78 �C; 56% (three steps); (e) 70%
AcOEt; 80%.
With the compounds 12 in hand, we next focused our
research on the total synthesis of 1 as shown in Scheme
2. Thus, 12a was initially effected with vinylmagnesium
chloride in the presence of CeCl3

11 at low temperature
to afford the labile hemiketal intermediate, which was
readily treated with NaBH4 also in the presence of CeCl3
at �40 �C, providing the corresponding allyl alcohol
mixture of 13a and 14a with moderately diastereofacial
differentiation (13a:14a = 76:24, determined by 1H
NMR). On the contrary, we were delighted to find that
the use of TBS-protected 12b, ½a�27D +130.8 (c 0.96,
CHCl3), dramatically changed the results and fortu-
nately brought about the desired isomer 13b, ½a�27:6D
+60.65 (c 1.17, CHCl3), as the single product (deter-
mined by 1H and 13C NMR)12 in 68% isolated yield
(two steps) under the same reaction conditions.13 For
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the purpose of reducing the formation of by-products,
the sily group in 13b was next replaced with the benzyl
function together with the same benzyl-protection of
the resulting two hydroxyl moieties. The olefinic part
in 15, ½a�25D +4.57 (c 1.05, CHCl3), thus obtained was
then cleaved via dihydroxylation to afford the aldehyde
intermediate 16, which was successively subjected to
phenyl-Grignard addition at low temperature in the
presence of CeCl3 in expectation of higher stereoselec-
tive results. This effect resulted in the preparation of
the fully functionalized alcohol 17, ½a�25D +4.18 (c 1.16,
CHCl3), as a sole product in 56% yield (three steps) with
the desired configuration14 as well as fortunately com-
plete stereoselectivity.15 Then, the use of 70% acetic acid
underwent chemoselective reaction for hydrolysis to
afford the corresponding lactol 18. Finally, this com-
pound was submitted to Fetizon’s Ag2CO3-oxidation
followed by deprotection of the tribenzyl groups with
H2 on Pd/C to complete the total synthesis of the natu-
ral type of 1, ½a�26D +9.72 (c 1.00, MeOH) {natural 1; ½a�24D
+6.4 (c 0.28, MeOH)5 and synthetic 1, [a]D +5.5 (c 0.3,
MeOH)6} in 80% yield. The spectral data of synthetic
1 were identical to those of the reported natural and
synthetic product.

In summary, this process involves no separation of ste-
reoisomers and was substantially performed under mild
conditions through the entire sequence. Further it con-
stitutes a new synthetic strategy and, in addition, repre-
sents an easily accessible pathway to styryllactone
natural products.
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