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Stereoselective synthesis of (+)-boronolide
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Abstract—An efficient enantio- and stereocontrolled total synthesis of (+)-boronolide from valeraldehyde is described. The key steps
include a Sharpless asymmetric dihydroxylation, a chelation controlled Grignard reaction followed by Sharpless asymmetric
epoxidation and a ring closing metathesis.
� 2005 Elsevier Ltd. All rights reserved.
a-Pyrones (5,6-dihydro-2H-pyran-2-ones) possessing
polyhydroxy or polyacetoxy side chains have attracted
much attention from synthetic and medicinal chemists
due to their broad range of biological activities. Exam-
ples of such compounds include (+)-boronolide 1 and
its deacetylated and dideacetylated derivatives 2 and 3
(Fig. 1). Boronolide 1 is an a,b-unsaturated C-12 lactone
isolated from the leaves and branches of Tetradenia
fruticosa1 and from the leaves of Tetradenia barberae,2

which have been used as local folk medicines in Mada-
gascar and South Africa.3 Deacetylated 2 and dideacet-
ylated boronolide 3 have been obtained from Tetradenia
riparia,4 a Central African species typically employed by
the Zulu as an emetic, which is an infusion of the leaf
has also been reported to be effective against malaria.
The relative stereochemistry of 1 was determined by
X-ray analysis.5 The R-configuration at the C-6 position
was proposed by application of Hudson�s lactone rule to
the molecular rotation. Later, the stereochemistry at the
C-6 position was confirmed by the chemical
degradation.2
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1 : R1 = R2 = Ac
2 : R1 = R2 = H
3 : R1 = H; R2 = Ac
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Figure 1.
Various methods for the synthesis of (+)-boronolide 1
have been described in the literature.6 The first synthesis
of 1 was reported from an acrolein derivative6a in race-
mic form. Most of the enantioselective syntheses known
for boronolide derive the asymmetry from chiral pool
starting materials such as glucose,6b mannitol,6e,i tartaric
acid,6d,j DD-glucono-lactone6j and LL-erythrulose,6f etc.
However synthetic approaches involving achiral sub-
strates as starting materials are rather scarce. One ap-
proach deals with the asymmetric aldol reaction of
hydroxyacetyl furan and valeraldehyde using a novel di-
zinc catalyst.6h In another approach Honda et al.6c em-
ployed the Sharpless asymmetric dihydroxylation for the
construction of all four contiguous asymmetric centres.

As a part of our research program aimed at developing
enantioselective syntheses of naturally occurring lac-
tones7 and amino alcohols,8 we have accomplished a
stereoselective total synthesis of (+)-boronolide 1 from
commercially available valeraldehyde employing a
Sharpless asymmetric dihydroxylation, a chelation con-
trolled vinyl Grignard reaction followed by a Sharpless
asymmetric epoxidation and ring closing metathesis as
the key steps.

According to the synthetic plan (Scheme 1), valeralde-
hyde was subjected to Horner–Emmons olefination with
triethyl ester phosphonate 5 to furnish the (E)-a,b-
unsaturated ester 6 in excellent yield. The ester 6 was
treated with osmium tetroxide and potassium ferricy-
anide as co-oxidant in the presence of (DHQ)2PHAL li-
gand under AD conditions9 to give the diol 710 in 96%
yield with 97% ee; ½a�25D �8.8 (c 0.9, CHCl3). Treatment
of diol 7 with 2,2-dimethoxypropane in the presence of
p-TSA gave the acetonide ester 8, which on reduction
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Scheme 1. Reagents and conditions: (a) Et2P(O)CH2CO2Et, 5, LiBr,

Et3N, THF, rt, overnight, 89%; (b) (DHQ)2PHAL, K2CO3,

K3Fe(CN)6, MeSO2NH2, OsO4 (0.1 M in toluene), t-BuOH–H2O

(1:1), 0 �C, 24 h, 96%; (c) p-TSA, 2,2-DMP, CH2Cl2, 95%; (d) DIBAL-

H, CH2Cl2, 0 �C to rt, 2 h, 91%; (e) (COCl)2, DMSO, Et3N, CH2Cl2,

�78 �C to �60 �C, 95%.
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with DIBAL-H furnished the alcohol 9 in 91% yield.
The alcohol 9 was subjected to oxidation under Swern
conditions11 to give the aldehyde 10 in excellent yield.
To establish the third stereogenic centre with the re-
quired stereochemistry, it was thought worthwhile to
examine stereoselective vinylation (Scheme 2). Thus
treatment of aldehyde 10 with vinylmagnesium bromide
in THF in the presence of MgBr2ÆEt2O at �78 �C fur-
nished the allylic alcohol 11 in 92% yield with moderate
diastereomeric selectivity (dr = 75:25; syn:anti)12a as an
inseparable mixture of diastereomers.12b Subsequently
several attempts were made to achieve better selectivity
with the use of additives such as ZnCl2 or TiCl4 and
employing vinyl lithium as alkylating reagent with differ-
ent solvent systems (CH2Cl2 or diethyl ether). However,
the required syn selectivity could not be improved. The
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Scheme 2. Reagents and conditions: (a) CH2@CHMgBr, MgBr2ÆEt2O,

THF, �78 �C, 5 h, 92%; (b) Ti(OPr-i)4, (+)-DIPT, t-BuOOH, dry

CH2Cl2, �20 �C, 48 h, 78% (yield based on 75% of syn compound); (c)

TBSCl, imidazole, cat. DMAP, CH2Cl2, 0 �C to rt, 98%; (d)

CH2@CHMgBr, CuI, THF, �20 �C, 90%; (e) Acryloyl chloride,

Et3N, cat. DMAP, CH2Cl2, 0 �C to rt, 91%; (f) 10 mol% (PCy3)2-

Ru(Cl)2@CH–Ph, Ti(OPr-i)4,CH2Cl2, reflux, 6 h, 89%; (g) (i) aq HF,

CH3CN, rt, 5 days, 65%; (ii) Ac2O, DMAP, i-Pr2NEt, CH2Cl2, 0 �C,
88%.
formation of the major syn-diastereomer can be ex-
plained by the formation of the chelated five-membered
transition state (Fig. 2).13

In order to generate the final stereogenic centre with an
appropriate functionality, a Sharpless asymmetric epox-
idation was employed in the next step. Thus, allylic alco-
hol 11 was treated with titanium tetraisopropoxide and
tert-butyl hydroperoxide in the presence of (+)-DIPT
under Sharpless asymmetric epoxidation conditions14

to give the epoxide 12 in good yield and high diaster-
eomeric excess (de = >95%) as judged by 1H and 13C
NMR spectral analysis.15 As expected the Sharpless ki-
netic resolution in the epoxidation reaction has a pro-
nounced effect in enhancing the diastereomeric purity
of the desired product. After protection of the hydroxyl
group as the tert-butyldimethylsilyl ether, epoxide 13
was treated with vinylmagnesium bromide in the pres-
ence of a catalytic amount of CuI in THF at �20 �C
to furnish the homoallylic alcohol 14 in excellent yield.
Treatment of 14 with acryloyl chloride and Et3N in
the presence of a catalytic amount of DMAP in CH2Cl2
provided the acrylate 15 in 91% yield. Olefin metathesis
of 15 with commercially available Grubbs� first genera-
tion catalyst16 (10 mol%) in the presence of Ti(OPr-i)4
(0.3 equiv) in refluxing CH2Cl2 afforded the a,b-unsatu-
rated-d-lactone 16 in 89% yield. Finally, all the protect-
ing groups in compound 16 were removed6h and the
resulting triol was acetylated with acetic anhydride to
give (+)-boronolide 1. The physical and spectroscopic
data of 1 were identical with those reported.6h

In conclusion, a practical and enantioselective total syn-
thesis of (+)-boronolide has been achieved via Sharpless
asymmetric dihydroxylation and a chelation controlled
vinyl Grignard reaction followed by a Sharpless asym-
metric epoxidation and ring-closing metathesis. The syn-
thetic strategy described has significant potential for
further extension to various isomers and other related
a-pyrone derivatives. Currently, studies are in progress
in this direction.
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