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The stereoselective total synthesis of bio-active pectinolide H (1) is described. Midland’s asymmetric
reduction, Sharpless dihydroxylation reactions are involved in generating the stereogenic centers at
C-40, C-5 and C-10. Other key steps in the synthesis are Sonogashira cross coupling, Z-selective Still–Gen-
nari olefination, one-pot acetonide deprotection–lactonization, and Lindlar’s reaction. This offers a dis-
tinctive strategy for the synthesis of c-lactones.
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Five membered lactone having a substitution at the c-position
is an important structural subunit in many bio-active compounds.1

c-Lactone containing natural products are known to exhibit vari-
ous biological activities,2 including anti-fungal, anti-bacterial,3 anti
tumor,4 cytotoxic,5 cyclooxygenase, or phospholipase A2 inihibi-
tion.6 Pectinolide H (1), a structurally distinctive c-lactone having
three stereogenic centers has been isolated from the chloroform
extract of the aerial parts of a Mexican terrestrial plant Hyptis
pectinata,7 which is used in traditional Mexican medicine for a
multipurpose remedies in the treatment of skin infections, fevers,
gastric disturbances,8 and lung congestion.9 Pectinolides A–C
(2–4; Fig. 1) are also isolated from the same plant and known to
show cytotoxic and antimicrobial properties.10 In particular, pecti-
nolide H (1) displayed significant antimicrobial activity against a
panel of multidrug-resistant strains of Staphylococcus aureus.7

The structure and stereo chemistry of 1 were established on the
basis of spectral, chiroptical data, and chemical evidence.

In continuation of our interest in the total synthesis of bio-active
natural products,11 the significant biological properties and impor-
tant structural features of 1 prompted us to explore the synthesis
of this molecule. To the best of our knowledge, there is no report
on the synthesis of 1. Herein, we describe a simple and efficient
approach for the stereoselective total synthesis of 1.

The retro synthetic analysis of 1 is depicted in Scheme 1. The
target molecule 1 can be easily envisaged from the cis olefinic ester
(5) by one pot acetonide deprotection and lactonization followed
by Lindlar’s reaction. The intermediate 5 in turn can be obtained
from the Z-selective Still–Gennari olefination and other sequential
ll rights reserved.
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reactions of diol (6). The compound 6 was prepared from the Sono-
gashira cross coupling of alkyne (7) and iodoallylic alcohol (17).
Further, compound 7 was prepared from the acetylenic ketone
(8) by stereoselective asymmetric reduction (Scheme 1).

As outlined in Scheme 2, the synthesis of 1 commenced from
the acetylenic ketone (8)12 and the first stereogenic center was
generated by the enantioselective reduction of 8 with (S)-alpine
borane (18) and provided the chiral propargyl alcohol (9) in a
75% yield (enantiomeric ratio S:R = 87:13).13 The alcohol (9) was
protected as corresponding TBS ether (7).12b Thus obtained
compound (7) was subjected to Sonogashira cross coupling with
(17)14,15a in the presence of [Pd(PPh3)4], CuI to afford allylic alcohol
(10)15 in an 88% yield. The primary alcohol in 10 was protected
with p-methoxybenzyl chloride using NaH in dry THF to afford
compound 11 in a 93% yield. Sharpless dihydroxylation of (11)
with AD-mix-a at 0 �C furnished diol (6)16 in an 82% yield (de
96%), which was protected with 2,2-dimethoxy propane in the
presence of a catalytic amount of PTSA to yield compound (12)
Pectinolide C; R1=H, R2=Ac 4

Figure 1. Structures of pectinolides H and A–C.
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Scheme 1. Retrosynthetic analysis of pectinolide H.
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Scheme 2. Reagents and conditions: (a) (S)-18, THF, 8 h, rt, 75%; (b) imidazole, TBDMSCl, DCM, rt, 3 h; (c) 17, iPr2NH, Pd(PPh3)4, CuI, dry benzene, rt, 2 h, 88%; (d) NaH, PMBCl,
dry THF, 0 �C to rt, 4 h, 93%; (e) AD-mix-a, MeSO2NH2, t-BuOH/H2O (1:1), 0 �C, 24 h, 82%; (f) 2,2-dimethoxypropane, PTSA, dry DCM, rt, 12 h, 90%; (g) TBAF, THF, rt, 2 h, 97%;
(h) Ac2O, pyridine, rt, 4 h, 96%; (i) DDQ, DCM/H2O (10:1), rt, 2 h, 95%; (j) (1) Dess–Martin periodinane, DCM, 0 �C to rt, 2 h, 94%; (2) (F3CCH2O)2POCH2COOMe, 18-crown ether,
KHMDS, dry THF, �78 �C, 4 h, 86%; (k) 80% AcOH, 0 �C to rt, 20 h, 96%; (l) Lindlar’s catalyst, quinoline, ethyl acetate, rt, 2 h, 88%.
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with a 90% yield. The tert-butyldimethylsilyl ether group in (12)
was removed using TBAF in THF to give secondary alcohol (13) in
a 97% yield, which was acetylated using acetic anhydride in pyri-
dine to afford compound 14 in a 96% yield. The p-methoxybenzyl
group in 14 was removed employing DDQ in DCM/H2O (10:1) to
give primary alcohol 15 in a 95% yield. The alcohol (15) was oxi-
dized with Dess–Martin periodinane (DMP) in DCM to afford alde-
hyde, which was further subjected to Z-selective Still–Gennari
olefination17 by employing bis((2,2,2-trifluoroethyl)(methoxycar-
bonylmethyl phosphonate)), 18-crown ether, KHMDS in THF to af-
ford cis-olefinic ester (5) in an 86% yield. Deprotection of acetonide
group and lactonization were achieved in one pot using 80% AcOH
to give acetylenic lactone (16) with a 96% yield. Finally, partial
hydrogenation of triple bond in compound 16 over Lindlar’s cata-
lyst furnished the target natural product, pectinolide H (1) in an
88% yield (Scheme 2). The spectral data18 and optical rotation
{½a�25

D �43.7 (c 0.18, CHCl3)} of synthetic pectinolide H (1) were
in good agreement with the reported data of the natural product.7

In conclusion we have reported a simple and efficient approach
for the total synthesis of pectinolide H (1) in a stereoselective man-
ner. This protocol involves the use of enantioselective Midland’s
asymmetric reduction, Sonogashira cross coupling, Sharpless
dihydroxylation, Z-selective Still–Gennari olefination, one pot ace-
tonide deprotection–lactonization, and Lindlar’s reaction as key
steps.
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