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The total synthesis of hyptolide, a naturally occurring a,b-unsaturated six-membered d-lactone substi-
tuted with a polyoxygenated chain, is described. Sharpless kinetic resolution and opening of two different
epoxy alcohols under two different conditions—Swern oxidation conditions and a radical reaction using
Cp2TiCl—fixed the stereocenters at C-9, C-11, and C-12, respectively. Brown’s asymmetric allylation reac-
tion installed the remaining stereocenter at C-6. A RCM protocol was used for construction of the a,b-
unsaturated six-membered d-lactone moiety of the molecule.

� 2008 Elsevier Ltd. All rights reserved.
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Figure 1.
In recent years, naturally occurring six-membered a,b-unsatu-
rated d-lactones substituted with a polyoxygenated chain have
attracted considerable attention from synthetic as well as
bioorganic chemists, because of their interesting structures and
important biological activities.1,2 Representative examples of this
class of molecules are hyptolide (1),3 spicigerolide (2),4 anamarine
(3)5 and synrotolide (4)6 (Fig. 1).

These compounds were isolated from species of Hyptis, Syncol-
ostemon, and related genera of the family Lamiaceae, and show
interesting pharmacological properties.3–6 As a result, many syn-
thetic approaches have been reported for their syntheses, where
mostly carbohydrates were used as chiral pool starting materials.7

Recently, we developed an efficient methodology by which a
chiral 4-hydroxy-2,3-unsaturated carbonyl compound C (Scheme
1) could be obtained via opening of a 3,4-epoxy alcohol A under
Swern oxidation conditions.8 We have also demonstrated another
method for the synthesis of chiral 1,3-diols,9 such as D, via a radi-
cal-mediated opening of a 2,3-epoxy alcohol B using Cp2TiCl10 as
shown in Scheme 1. In this Letter, we report the total synthesis
of hyptolide (1)11 to demonstrate the practical utilities of these
two methodologies developed by us (see Scheme 2).

Our synthesis started from compound 6, which was prepared
from alcohol 5 according to the reported procedure8 involving
Sharpless asymmetric kinetic resolution,12 followed by protective
group manipulations. With chiral epoxy alcohol 6 in hand, it was
subjected to oxidation under Swern conditions13 to afford exclu-
sively the trans enal, (4R,5S,E)-5-(tert-butyl-dimethylsilyloxy)-4-
hydroxy-hex-2-en-1-al (7) in 90% yield. Reduction of the aldehyde
functionality with DIBAL-H followed by selective protection of the
ll rights reserved.
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resultant primary alcohol as a TBDPS-ether furnished compound 8
in 81% yield in two steps. Stereoselective epoxidation of 8 with
mCPBA afforded the epoxide 9 (90%, 2:1 in favor of the required
isomer). The stage was now set to carry out the crucial radical-
mediated epoxide opening from the hydroxy side to give the req-
uisite 1,3-diol. Accordingly, when compound 9 was treated with
Cp2TiCl, generated in situ from Cp2TiCl2 and Zn dust,9,10 diol 10
was obtained in 85% yield. Acetonide protection of the 1,3-diol of
10 gave 11. The 13C NMR spectrum of 11 showed the chemical
shifts of the methyl carbons of the acetonide function at 19.82
and 29.9 ppm and that of the ketal carbon at 98.28 ppm, thereby
confirming it to be a ‘1,3-syn’ acetonide.14 This, in turn, proved that
the major epoxide obtained during the mCPBA epoxidation of 8
was indeed the syn-epoxy alcohol 9. Chemoselective deprotection
of the TBDPS-ether using TBAF in THF afforded the primary alcohol
11a, which was converted to alkene 12 in two steps. Oxidation of
11a was followed by selective Z-olefination following Still’s proto-
col,15 using the ketophosphonate (CF3CH2O)2P(O)CH2CO2Me, to
give 12 as the major product in a Z:E ratio of 95:5. The minor

mailto:chakraborty@iict.res.in
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


R
CHO

OP

R OP'

OP

O OHSwern oxidationCp2 TiCl
R OP'

OP OH

CA: P= protecting group and P' = H

B: P = Hand P' = protecting group
D

Scheme 1.

OTBS

O
OHOPMB

OH

i

CHO

OTBS

OH

OTBS

OH
OTBDPS

OTBS

OH

OTBDPS
O

OTBS

OH
OTBDPS

OH

OTBS

O

OR

O

OTBS

O O
COOMe

OTBS

O O
CHO

OTBS

O O

OH

OTBS

O O

O O
OTBS

O O

O O

1

9 (syn:anti = 2:1)

ii

iii, iv v vi

vii ix

x xi xii

xiii xiv

5 6 7

8

10
11: R = TBDPS

12

13 14

15 16

11a: R = H
viii

(ref.8) (ref.8)

Scheme 2. Reagents and conditions: (i) Ref. 88; (ii) (COCl)2, DMSO, Et3N, CH2Cl2, �78 �C, 1 h, 90%; (iii) DIBAL-H, CH2Cl2, �78 �C, 0.5 h; (iv) TBDPSCl, Et3N, DMAP (cat), CH2Cl2,
0 �C to rt, 3 h, 81% over two steps; (v) mCPBA, CH2Cl2, 0 �C, 12 h, 90% (2:1 in favor of the required isomer); (vi) Cp2TiCl2, Zn, ZnCl2, THF, �20 �C to rt, 12 h, 85%; (vii) 2,2-
dimethoxypropane, CSA (cat), CH2Cl2, rt, 1 h; (viii) TBAF, THF, 0 �C to rt, 1 h, 85%, over two steps; (ix) (a) (COCl)2, DMSO, Et3N, CH2Cl2, �78 �C, 2 h; (b)
(CF3CH2O)2P(O)CH2CO2Me, NaH, THF, �78 �C to 0 �C, 1.5 h, 80% (Z:E = 95:5) over two steps; (x) (a) step iii; (b) DMP, CH2Cl2, 0 �C to rt, 0.5 h, 85% over two steps; (xi) (+)-
Ipc2B(allyl), Et2O, �78 �C, 1 h, 70%; (xii) acryloyl chloride, Et3N, DMAP, CH2Cl2, 0 �C; 15 min, 70%; (xiii) Grubbs’ 1st generation catalyst, CH2Cl2, 42 �C, 5 h, 85%; (xiv) (a) PPTS,
MeOH, rt, 24 h; (b) Ac2O, Et3N, DMAP (cat), CH2Cl2, 0 �C to rt, 0.5 h, 80% over two steps.
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isomer could be removed chromatographically after the reduction
step. The a,b-unsaturated aldehyde 13 was obtained from 12 in
two steps. DIBAL-H reduction of 12 afforded the corresponding pri-
mary alcohol, which on oxidation with Dess Martin periodinane
(DMP)16 furnished aldehyde 13. Asymmetric allylation of 13 using
Brown’s protocol17 afforded the secondary alcohol 14 as the only
diastereomer as determined by 1H NMR. Alcohol 14 on acylation
with acryloyl chloride afforded bis-olefinic compound 15 in 49%
yield over the two steps.

Ring-closing metathesis (RCM) of 15 using Grubbs’ 1st genera-
tion catalyst18 furnished the a,b-unsaturated d-lactone 16 in 85%
yield, which was converted to hyptolide 1 in two steps—global
deprotection followed by acetylation of the resulting triol to afford
1 in 80% yield. The spectral and analytical data of 119 were in good
agreement with those reported in the literature.

In conclusion, we have shown the utility of 2,3-epoxide opening
reactions under two different conditions for the total synthesis of
hyptolide. Further applications of these methodologies to the syn-
thesis of other natural products are in progress, and the results will
be reported in due course.
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