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Figure 1. Structures of c-butyrolactones (1–4).
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The first total synthesis of (6Z,9S)-3,4-trans-9-hydroxy-3-methyldodec-cis-6-en-4-olide and (6Z)-3,4-
trans-9-oxo-3-methyldodec-cis-6-en-4-olide was achieved in a convergent pathway. The salient features
of our synthesis include Ohira–Bestmann reaction, regioselective alkyne addition to terminal epoxide,
TEMPO/BAIB mediated oxidative lactonization, and partial hydrogenation.

� 2014 Elsevier Ltd. All rights reserved.
Functionalized non-racemic c-butyrolactones are not only use-
ful starting materials for diverse natural products but also act as
core structure of several potential bio-active compounds.1

Recently four new 13-carbon c-butyrolactones (Fig. 1, 1–4)
were isolated from the cultures of the basidiomycetes family,
Trichaptum pargamenum along with four new cadinane-type
sesquiterpenes.2 The mushroom T. pargamenum was used as a
medicinal fungus for treating cancer, fungal, and bacterial diseases.
The structural similarity of compounds 1–4 having the same
(3R,4S) c-lactone system connected by different Z-olefinic func-
tionalities and its significant activity profile prompted us to
embark on the first total synthesis of 1 and 2.

Retrosynthetic analysis of compounds 1 and 2 is shown in
Scheme 1. Accordingly, the target compounds could be obtained
from 12 by partial hydrogenation,3 deprotection of PMB-ether fol-
lowed by oxidation. While the alkyne 12 in turn could be derived
from deprotection of silyl ether followed by TEMPO/BAIB mediated
intramolecular oxidative cyclization4 of compound 10 that could
be achieved by the coupling of two fragments 7 and 9. Indepen-
dently, the alkyne fragment 9 was synthesized from the commer-
cially available trans-hex-2-en-1-ol, while the epoxy fragment 7
was synthesized from the known epoxy alcohol 5 by employing a
few chemical manipulations.
Scheme 2 depicts the synthesis of epoxide fragment 7 and it
was accessed from the known epoxy alcohol 5.5 Accordingly, epoxy
alcohol 5 on treatment with Me3Al6 resulted in the corresponding
1,2-diol 66b as an exclusive isomer in 85% yield. Next, the diol 6
was subjected to mono tosylation (TsCl/nBu2SnO/Et3N/CH2Cl2) fol-
lowed by methanolysis (K2CO3/MeOH) to afford the desired chiral
epoxide 7 (78% over two steps).

At the same time, synthesis of alkyne fragment 9 was achieved
from the known primary alcohol 87 (Scheme 3). The alcohol 8 was
oxidized under Swern conditions followed by one carbon homolo-
gation reaction using Ohira–Bestmann reagent A8 to furnish the
required alkyne fragment 9 (78% over two steps).
l

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2014.10.066&domain=pdf
http://dx.doi.org/10.1016/j.tetlet.2014.10.066
mailto:prkgenius@iict.res.in
http://dx.doi.org/10.1016/j.tetlet.2014.10.066
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


O
TBDPSO

OH
TBDPSO1 and 2

OH
OHTBDPSO

10

7 95

O

O 12

O

OPMB

OPMB

OPMB

t rans-hex-2-en-1-ol

Scheme 1. Retrosynthesis of c-butyrolactones 1 and 2.
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Scheme 2. Reagents and conditions: (a) Ref. 5; (b) Me3Al, n-hexane, 0 �C, 3 h, 85%; (c) (i) TsCl, nBu2SnO, Et3N, CH2Cl2, 0 �C to rt, 1 h, (ii) K2CO3, MeOH, 0 �C to rt, 3 h, 78% (over
two steps).
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Scheme 3. Reagents and conditions: (a) Ref. 7; (b) (i) (COCl)2, DMSO, Et3N, CH2Cl2, �78 �C, 1 h, (ii) A, K2CO3, MeOH, rt, 4 h, 78% (over two steps).
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Scheme 4. Reagents and conditions: (a) n-BuLi, dry THF, �78 �C, 3 h, 80%; (b) TBAF, THF, rt, 12 h, 85%; (c) TEMPO, BAIB, CH2Cl2/H2O (1:1), 12 h, 83%; (d) H2/Pd–BaSO4,
quinoline, EtOAc, 1 h, 90%; (e) DDQ, CH2Cl2/H2O (19:1), rt, 2 h, 92%; (f) DMP, CH2Cl2, 0 �C, 3 h, 88%.
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The final stage of synthesis is the coupling of two fragments 7
and 9 (Scheme 4) followed by ensuing transformation. Thus, the
alkyne 9 (Scheme 4) on regioselective addition under Yamaguchi
conditions9 to epoxide 7 led to the crucial intermediate 10 (80%).
Compound 10 on desilylation using TBAF afforded diol 11 which
on subsequent TEMPO/BAIB mediated intramolecular oxidative
cyclization4 resulted in the c-lactone 12 (83%).

With the c-lactone 12 in hand, we planned to accomplish the
synthesis of target compounds 1 and 2. Thus, partial hydrogenation
of alkyne functionality in compound 12 using Lindlar’s catalyst3

(Pd/BaSO4-quinoline) resulted in the Z-alkenyl c-lactone 13
(90%). Finally, deprotection of PMB ether under DDQ conditions
led to the natural product 1 (92%) which on Dess–Martin period-
inane oxidation afforded the natural product 2 (88%). Although
the spectral data (1H NMR and 13C NMR) of the synthetic com-
pounds10 were in good agreement with the reported data,2 there
is an inconsistency in the optical rotation value of synthetic com-
pound 1 with the natural compound {Synthetic 1: [a]D

25 �29.4 (c
0.55, MeOH); Natural 1:2 [a]D

24 +18.2 (c 0.20, MeOH)}. However,
the optical rotation value for the synthetic 2 {[a]D

25 +60.8 (c 0.2,
MeOH); Natural 2:2 [a]D

25 +68.4 (c 0.07, MeOH)} nearly matched.
Since, the requisite stereogenic centers garnered in both the
required fragments 7 and 9 involved the well established chemis-
try and unambiguously characterized by their data reported, this
difference could have stemmed erroneously while assigning the
C9 stereogenic center. Based on the analysis of spectral data10,11

a structural revision for isolated compound 1 was felt necessary.
Additionally, a correction in structural names of compounds 1
and 2 is needed. Accordingly, instead of (6Z,11S)-3,4-trans-9-
hydroxy-3-methyldodec-cis-6-en-4-olide it may correctly be
named as (6Z,9S)-3,4-trans-9-hydroxy-3-methyldodec-cis-6-en-4-
olide 1 and (6Z,11S)-3,4-trans-9-oxo-3-methyldodec-cis-6-en-4-
olide as (6Z)-3,4-trans-9-oxo-3-methyldodec-cis-6-en-4-olide 2.

The stereochemistry at C9-stereocenter in compound 1 was
further confirmed by 1H NMR (600 MHz, CDCl3) data and assign-
ments were made with the aid of NOESY experiment.11 The pres-
ence of NOE between C7H and C9H (Fig. 2) suggested the
absolute configuration at C9 as ‘S’. This was further supported
by NOE correlation between C6H and C4H, confirming the struc-
ture of 1 (Fig. 2). Thus the absolute stereochemistry at C9 is
unequivocally established as ‘S’ {Energy minimized structure,
Fig. 2b}. Additional spectral analysis from HMBC correlations
(Fig. 3) also supported the assigned structures of synthetic 1
and 2.11
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Figure 2. (a) NOESY spectrum (in CDCl3) of 1 (b) energy minimized structure of 1.
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Figure 3. Key 2D NMR (HMBC) correlations of compounds 1 and 2.
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In summary, we have reported the first total synthesis
of (6Z,9S)-3,4-trans-9-hydroxy-3-methyldodec-cis-6-en-4-olide 1
and (6Z)-3,4-trans-9-oxo-3-methyldodec-cis-6-en-4-olide 2 using
Ohira–Bestmann reaction, regioselective alkyne addition to termi-
nal carbon atom of epoxide, intramolecular TEMPO/BAIB mediated
oxidative lactonization, and Lindlar’s hydrogenation as the key
steps.
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