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A simple and highly efficient stereoselective total synthesis of (+)-garvensintriol, isolated from the stem
bark of Goniothalamus arvensis, is described using Sharpless kinetic resolution, MacMillan a-hydroxyl-
ation, and Horner–Wadsworth–Emmons olefination as the key steps.
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The trees of genus Goniothalamus of the plant family Annona-
ceae have attracted considerable interest as a source of potent bio-
logically active styryllactones.1,2 Due to their proven use in folk
medicine in Taiwan, Malaysia, and India to treat rheumatism, ede-
ma, and as abortifacients and mosquito repellents, there has been
interest in the active ingredients as potential therapeutic targets.3

Styryl lactones are natural heterocyclic compounds with potential
cytotoxicity including antitumor, antifungal, and antibiotic proper-
ties.4 The novel styryl-pyrones, (+)-garvensintriol 1, (+)-etharven-
diol 3, were isolated from the stem bark of Goniothulamus
arvensis.5 Especially, isolated lactones can mainly be classified into
two groups related to the size of the lactone ring. The first group
consists of the six-membered lactones such as (+)-garvensintriol
1, (+)-goniotriol 2, and (+)-etharvendiol 3; the second group con-
sists of the five-membered lactone moiety, for example, (+)-cardio-
butanolide 4 and goniofufurone 5 as shown in Figure 1. Their
unique and intriguing structures coupled with diverse and useful
characteristics as well as their broad spectrum of activity have
made them attractive targets for total synthesis.6 Consequently,
we have recently reported the total synthesis of (+)-garvensintri-
ol.7a Due to the unusual structure and biological significance of this
class of compounds, we were encouraged to continue our program
on the total synthesis of bioactive lactones.7b–h

Herein, we report a concise and flexible stereoselective
synthetic route for the total synthesis of (+)-garvensintriol 1 start-
ing from the readily available homopropargyl alcohol by employ-
ing Sharpless kinetic resolution, MacMillan a-hydroxylation,
ll rights reserved.

: +91 40 27160512.
Horner–Wadsworth–Emmons olefination, and finally, the acid-cat-
alyzed cyclization.

Retrosynthetic analysis of 1 revealed that a key intermediate 14
can be synthesized through MacMillan a-hydroxylation followed
by Horner–Wadsworth–Emmons olefination of the aldehyde de-
rived from the Swern oxidation of 12. The alcohol 12 could in turn
be obtained by opening of epoxy alcohol 9 with dry acetone. This
epoxy alcohol can be prepared from homopropargylic alcohol by
means of Chan alkyne reduction and Sharpless kinetic resolution
(Scheme 1).

Our synthetic approach began with the protection of homoprop-
argyl alcohol as its benzyl ether 6 by treating with NaH and benzyl
bromide. It was then treated with n-BuLi in THF to generate the lith-
ium acetylide, which was subsequently reacted with benzaldehyde
to give the propargyl alcohol 7. Compound 7 was reduced with
LiAlH4 in THF to afford the allyl alcohol 8.8 The key epoxy alcohol 9
was obtained in 45% yield with 96% ee by the Sharpless kinetic res-
olution9 of 8 using L(+)-DET and TBHP. Then compound 9 was treated
with dry acetone in the presence of BF3�Et2O at 0 �C to furnish aceto-
nide 10 in 90% yield. This resulted in fixing of the two hydroxyl
groups as we reported earlier.10 Thereafter, alcohol 10 was protected
as its MOM ether 11 in 92% yield using Hunig’s base and MOMCl in
dry dichloromethane. Debenzylation of ether 11 with 10% Pd–C/H2

gave primary alcohol 12, which was then subjected to Swern oxida-
tion to give aldehyde 13. Treatment of aldehyde 13 with L-proline
and nitrosobenzene gave an intermediate a-oxyamino aldehyde
with high levels of enantioselectivity11,12 by means of a-oxidation.
Olefination of aminoxy aldehyde under Horner–Wadsworth–Em-
mons conditions followed by cleavage of the aminoxy bond gave
the c-hydroxy-a,b-unsaturated ester 14.13 The resulting free hydro-
xyl group of compound 14 was treated with MOMCl in the presence
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Scheme 1. Retrosynthetic analysis of (+)-garvensintriol 1.
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Figure 1. Examples of some lactone-containing natural products.
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Scheme 2. Reagents and conditions: (a) (i) NaH, THF, 0–25 �C, 0.5 h; (ii) BnBr, 0–25 �C, 3 h, 90%; (b) n-BuLi, dry THF, �78 �C, PhCHO, 4 h , 85%; (c) LiAlH4, dry THF, reflux, 3 h,
95%; (d) (+)-diisopropyl-L-tartrate, TBHP, Ti(OiPr)4, dry DCM, �20 �C, 12 h, 45%; (e) BF3�OEt2, dry acetone, 0 �C, 4 h, 90%; (f) MOMCl, DIPEA, dry DCM, 0 �C to rt, 6 h; 92%; (g)
10% Pd/C, H2, EtOAc, rt, 10 h, 92%; (h) Oxalyl chloride, dry DMSO, dry DCM, �78 �C, Et3N, 1 h 85%; (i) nitrosobenzene (1.0 equiv), L-proline (0.4 equiv), DMSO, 20 �C, 25 min,
then triethylphosphonoacetate, DBU, LiCl, 0 �C, 15 min, then MeOH, NH4Cl, Cu(OAc)2, rt, 24 h, 45% (one-pot); (j) MOMCl, DIPEA, dry DCM, 0 �C to rt, 6 h; 90%; (k) 10% Pd/C, H2,
EtOAc, rt, 10 h, 95%; (l) PTSA, MeOH, reflux, 1 h, 75%.
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of base to afford MOM ether 15. Then compound 15 was subjected to
hydrogenation with Pd–C/H2 to provide compound 16 in good yield.
Deprotection of acetonide and MOM groups with concomitant cycli-
zation was achieved using p-TSA in refluxing methanol7c to afford
the target lactone, (+)-garvensintriol 1 in 75% yield from compound
16 as a yellowish oil (Scheme 2). The analytical and spectral proper-
ties of compound 1 were in good agreement with the data reported
in the literature.14

In conclusion, we have developed a stereoselective synthetic
route for the total synthesis of garvensintriol from readily available
homopropargyl alcohol. The salient features of this synthesis in-
clude the use of Sharpless kinetic resolution to yield epoxy alcohol,
MacMillan a-hydroxylation and HWE reaction for the construction
of key intermediate, that is, c-hydroxy-a,b-unsaturated ester in a
single step, which allows the preparation of target molecule in a
short and efficient route.
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