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(�)-Lardolure and (2R,4R,6R,8R)-2,4,6,8-tetramethylundecanoic acid have been synthesized via lipase
catalyzed desymmetrization strategy to create two methyl chiral centers. Other key steps involved in
the synthesis are Wittig reaction, Evan’s asymmetric alkylation, Grignard reaction, Pd-catalyzed isomer-
ization of primary allylic alcohol to corresponding saturated aldehyde, and PhNO/proline catalyzed Mac-
Millan a-hydroxylation.
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Figure 1. Chemical structures of lardolure (1), acid (2), and some related natural
products containing deoxypropionates.
Polydeoxypropionate chains have been found in numerous biolog-
ically relevant compounds and are of great interest for the last few
decades in respect of their stereocontrolled synthesis.1 A syn/syn-
deoxypropionate unit can be found in many natural products, such
as lardolure (1), (2R,4R,6R,8R)-2,4,6,8-tetramethylundecanoic acid
(2), siphonareinal (3), siphonarienone (4), pectinatone (5), siphonari-
enolone (6), and supellapyrone (7). Mite pheromones have been
intensively investigated predominantly by Kuwahara’s group.2,3 They
isolated (�)-lardolure (1) as the aggregation pheromone of the acarid
mite, Lardoglyphus konoi, identified as the primary pest for stored
products with high protein content in 1982.4 The relative and abso-
lute stereochemistry of (�)-lardolure was confirmed by Mori and
Kuwahara.5 Extensive studies in 1960s on the preen gland waxes of
water fowl revealed the chemotaxonomic utility of waxes. During
the studies (2R,4R,6R,8R) 2,4,6,8-tetramethylundecanoic acid (2)
was isolated as preen secretion of graylag goose anser anser by
Murray6 and Odham7 independently. The structure and stereochem-
istry was established synthetically by Mori et al.8 and absolute
configuration was proposed by Odham7 (Fig. 1).

There are four reports9 for the total synthesis of (�)-1 so far includ-
ing iterative conjugate addition of MeMgBr to a,b-unsaturated
ll rights reserved.
thioesters and interconversion of 1 to 2 and vice versa.10 Recently,
we have demonstrated enzymatic desymmetrization strategy for
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Scheme 1. Retrosynthetic analysis of (�)-lardolure (1) and (2R,4R,6R,8R)- 2,4,6,8-
tetramethylundecanoic acid (2).
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Scheme 3. Synthesis of (�)-lardolure (1).

2.NaClO2, NaH2PO4, tBuOH
rt, 75% for two steps

OH

1.Pre activated Pd(OH)2/C
Et3N, Benzene, rt

8

J. S. Yadav et al. / Tetrahedron Letters 53 (2012) 5952–5954 5953
the total synthesis of biologically active natural products containing
polydeoxypropeonates.11

To further highlight the synthetic utility of the protocol, herein,
we report the syntheses of both the pheromone 1 and 2 of preen
gland waxes from a common methyl branched chiral allylic alcohol
intermediate 8.

The retrosynthetic path (Scheme 1) shows that the targeted
molecules 1 and 2 could be easily synthesized from the common
allylic alcohol intermediate 8 which has three chiral methyl
groups. Furthermore, 8 could be obtained from the known primary
alcohol 9, which was synthesized earlier in our group using a
known precursor 10 by means of Wittig reaction and Evan’s alkyl-
ation reaction.11a

Our synthesis began with the known precursor 10 which was
synthesized in four steps starting from cis-4,6-dimethyl cyclohex-
an-1,3-dione following a known protocol.12–14 Primary alcohol 9
was synthesized from 10 by following a reported protocol devel-
oped in our group.11a Primary hydroxyl group present in 9 was pro-
tected as its tosyl derivative by TsCl/Et3N in the presence of
catalytic amount of DMAP. It was then subjected to Grignard reac-
tion15 with EtMgBr in Et2O in the presence of 5 mol % Li2CuCl4 to
afford 11 in 90% yield. Silyl deprotection of 11 by TBAF yielded long
chain alcohol which was subjected to Swern oxidation followed by
ref. 12, 13, 14
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Scheme 2. Synthesis of allylic alcohol intermediate 8.
Wittig reaction to obtain a,b-unsaturated ester 12 in 80% yield over
three steps. The ester 12 was reduced with DIBAL-H in CH2Cl2 to
afford the corresponding common allylic alcohol intermediate 8
in 90% yield (Scheme 2).

At first we targeted the total synthesis of 1 from the common
intermediate 8 (Scheme 3). Pd(OH)2/C in benzene was used for
the conversion of allylic alcohol 8 to the saturated aldehyde16

(which was not isolated) and subsequent a-hydroxylation with
PhNO and 10 mol % D-proline afforded the desired diol 13 as a ma-
jor diastereomer17 with 50% yield in three steps (d.r., >99%, as
determined by HPLC analysis). Selective tosyl protection of the pri-
mary alcohol of 1,2-diol 13 was achieved by TsCl, Et3N and the cat-
alytic amount of Bu2SnO and then LiAlH4 reduction of the tosylate
yielded secondary alcohol 14 in 82% yield over two steps. Second-
ary alcohol 14 was formylated by mixing 14 with formic acid at
65 �C to furnish the targeted pheromone (�)-lardolure (1) in 85%
yield. The NMR (1H and 13C) analysis and optical rotation
(½a�25

D = �3.2) of 118 were in good agreement with the literature
value.9

Next we initiated the total synthesis of (2R,4R,6R,8R)-2,4,6,8-
tetramethyl undecanoic acid 2 starting from the common allylic
alcohol intermediate 8 (Scheme 4).

Accordingly, the allylic alcohol 8 was subjected to Pd-mediated
oxidation as mentioned earlier,16 followed by transformation of
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Scheme 4. Synthesis of (2R,4R,6R,8R)-2,4,6,8- tetramethylundecanoic acid (2).
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aldehyde to the corresponding acid 15 under Pinnick conditions
using NaClO2, NaH2PO4, in tBuOH/H2O (2:1) with 75% yield in
two steps. Coupling of acid 15 with Evan’s (R)-oxazolidinone using
pivaloyl chloride in the presence of Et3N and LiCl furnished the re-
quired compound 16 in 95% yield. Methylation of the Na-enolate of
compound 16 with MeI afforded compound 17 in 91% yield. Final-
ly, treatment of compound 17 with LiOH/H2O2 in THF/H2O (4:1)
furnished the desired (2R,4R,6R,8R)-2,4,6,8-tetramethylundecanoic
acid (2)7,8,18 in 91% yield and >99% d.r. and ee (as determined by
HPLC analysis).

In conclusion, concise total syntheses of (�)-lardolure and
(2R,4R,6R,8R)-2,4,6,8-tetramethylundecanoic acid have been
accomplished from a common intermediate. The key reactions in-
volved for the syntheses of 1 and 2 are enzymatic desymmetriza-
tion of meso-diol, Wittig reaction, Evan’s alkylation, palladium
hydroxide catalyzed isomerization of primary allylic alcohol to
aldehyde, and a-hydroxylation.
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