The First Total Synthesis of ( —) and
(+)-2-Hydroxy-24-oxooctacosanolide

Using an Effective Lactonization

I[samu Shiina,* Takaaki Kikuchi, and Akane Sasaki

ORGANIC
LETTERS

2006
Vol. 8, No. 21
4955—4958

Department of Applied Chemistry, Faculty of Science, Tokyaessity of Science,

Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan
shiina@ch.kagu.tus.ac.jp

Received August 14, 2006
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Rapid Lactonization Using MNBA with DMAPO

An effective method for the total synthesis of 2-hydroxy-24-oxooctacosanolide, a defensive salivary secretion of the African termite
Pseudacanthotermes spiniger , has been developed. The key lactonization to form a 29-membered ring lactone core is performed using 2-methyl-

6-nitrobenzoic anhydride with a catalytic amount of 4-(dimethylamino)pyridine

N-oxide.

Some diterpenes, such as cubitehpgnd trinervitanes?),
isolated from the frontal gland secretion of a termite soldier

reports on the chemical production of this type of giant-
sized lactone to the best of our knowledge.

are reported as typical defensive substances of termites Recently, we developed a new and rapid lactonization of

against predators (Figure 1j.Related biosynthetic and
chemical synthetic studies on the cyclic terpenoids have

w-hydroxycarboxylic acids using symmetrically substituted
benzoic anhydrides, such as 2-methyl-6-nitrobenzoic anhy-

progressed over the past several decades as reported ifride (MNBA) as a condensation reagént®

excellent articled=3 On the other hand, macrocyclic mol-
ecules, such a8, 4, and5, were also extracted from the
salivary defensive secretion of soldier termités.

These compounds involve peculiar very large-size mac-
rocyclic lactone moieties, however, and there are only a few
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Org. Chem.1984,49, 2077—2079. Synthesis: (e) Shimada, K.; Kodama,
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(g) Mori, K.; Waku, M. Tetrahedron1984,40, 305—309. (h) Parker, K.
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1999,10, 3691—3700. (f) Hoshikawa, M.; Hayashi, K.; Yagi, M.; Kato, T.
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Figure 1. Some defensive substances of termite soldiers.

Scheme 1. Synthesis of 29-Membered Lactone Using Benzoic
Anhydride Method
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After assembling these fragments to form the corresponding
seco-acid, we planned to apply our effective monomer-
selective lactone formation to the seco-acid to generate the
desired 29-membered ring backbone.

First, (S)-malic acid (6) was converted into the corre-
sponding triol by the reduction with B#SMe, in the
presence of B(OMg)according to the literature method

This protocol could be performed using a very simple (Scheme 2}°The triol was protected as its PMP acetal, and
procedure, and the desired lactones are obtained within athe resulting primary alcohol was transformed into the
very short time under mild conditions since the reaction TBDPS ether7. Reductive cleavage of the PMP acetal

quickly proceeds in the presence of a catalytic amount of moiety of 7 with DIBAL regioselectively produced a primary

basic catalysts, such as DMAP or Ksoxide (DMAPO).

alcohol 8, and then the hydroxyl group i® was replaced

In this paper, we now report an effective synthesis of with iodine. Next, cross Coupling between the iod&ieith

2-hydroxy-24-oxooctacosanolids)( the defensive secretion

of the African termitePseudacanthotermes spinideusing

Grignard reagenfA was examined under various reaction
conditions. After several experimental trials combining metal

MNBA lactonization protocol as part of our continuous Salts with ligands, it was found that a complex generated
efforts to apply new synthetic methodology to produce from Cul with 2,2-bipyridyl functions as the best promoter

biologically active macrolactones.

of the coupling reaction to produce the desired 14-carbon

Scheme 1 illustrates the retrosynthetic route to the desiredsegmentL0 in high yield*” Deprotection of the TBS group

lactoneb, in which three kinds of segment$§)¢malic acid
(6), 10-carbon unitA, and 4-carbon uniB, are involved.
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2005, 11, 6601—-6608. (g) Shiina, I.; Hashizume, Metrahedron2006,
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of 10, substitution of the hydroxy group with iodine to
transform iodidell, and successive cross coupling 1df
with Grignard reagenA were repeated in the presence of
the copper complex to afford the 24-carbon segnient
Next, the further conversion of the 24-carbon linear
segmentl2to an elongated 28-carbon seco-atidwvas tried
as follows: the TBS group ofl2 was cleaved with
hydrochloric acid, and the formed primary alcohol was
oxidized with PCC to yield an aldehydeS. Elongation of
the 4-carbon unit ontd3 was attained by the addition of
Grignard reagenB to 13 as shown in Scheme 2. The
resulting secondary alcohdl4 was protected as its THP
ether. Deprotection of the terminal TBDPS groupl&fby
the treatment with a mixture of TBAF and acetic acid
smoothly occurred to give the corresponding primary alcohol
16, which was directly oxidized to form a carboxylic acid.

(15) Tsuchikawa, H.; Matsushita, N.; Matsumori, N.; Muraka, M.; Oishi,
T. Tetrahedron Lett2006,47, 6187—6191.

(16) Toshima, H.; Maru, K.; Saito, M.; Ichikawa, Aetrahedronl999,
55, 5793—5808.

(17) Ito, M.; Kibayashi, CTetrahedron1991,47, 9329—-9350.
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Scheme 2. Synthesis of 2-Hydroxy-24-oxooctacosanolide (5)
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Finally, deprotection of two THP groups of the carboxylic 18remarkably increased to 77% when the same reaction was
acid was simultaneously achieved using hydrochloric acid carried out at 500C as described in entry 5. Thus, it was
to afford the diol17, the desired seco-acid, in good yield. shown that the combination of MNBA with a catalytic
Optimization of the reaction conditions for the lactoniza- amount of DMAPO at a relatively high temperature was the
tion of 17 was carried out as shown in Table 1. When a most effective conditions for lactonization of seco-atid
solution of 17 in THF was slowly added to the reaction to produce the desired 29-membered lactb8e
mixture of 1.2 equiv of MNBA and 3.0 equiv of DMAP in To compare the efficiency of this procedure for the key
dichloromethane over a 12 h period at 8D (bath temp), lactonization forming the 29-membered ring with that of
the corresponding monomeric lactof8 was obtained in other generally effective protocols, two additional lacton-
69% vyield (entry 1). Further examination to decrease the izations were carried out. When tl&epyridyl ester method
amount of DMAP to 20 mol % using an excess amount of was applied to the cyclization of seco-adid using (PyS)
triethylamine (3.0 equiv) afforded a somewhat lower yield and PRP followed by addition to gently refluxing toluene
(64%) of the desired lactore8 (entry 2). On the other hand, over 12 h under the standard reaction conditions (2.0 AfM),
when DMAPO, anN-oxide of DMAP, was employed the desired lacton&8 was prepared in low yield (35%).
together with MNBA, the desired monomeric lactdi&was Furthermore, Yamaguchi lactonization also afforded the
obtained in low yield (38%) as shown in entry 3. Although
the catalytic use of DMAPO with an excess amount of  (18) (a) Corey, E. J.; Nicolaou, K. . Am. Chem. So¢974 96, 5614~
triethylamine at room temperature unfortunately afforded a ?g%g'gg)zzczo_rgg;k'z('cféofg‘fg i';;BFr'Jf]gﬁter"%‘j JJ.;' g&rﬁ?ﬁgggr%d%nc'
poor result (entry 4), the yield of the 29-membered lactone Lett. 1976,17, 3405—3408.
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Table 1. Synthesis of 29-Membered Lactot8 from 17 Using
MNBA

MNBA
(1.2 equiv)

DMAP
or
DMAPO
CH,Clo/THF [2:3] (2 mM)
slow addition {12 h)

0.
@)

PMBO
OH

temp yield
entry catalyst co-base (°C) (%)
1 DMAP (3.0 equiv) none 50 69
2 DMAP (0.2 equiv) Et3N (3.0 equiv) 50 64
3 DMAPO (3.0 equiv) none 50 38
4 DMAPO (0.2 equiv) EtsN (3.0 equiv) rt 29
5 DMAPO (0.2 equiv) EtsN (3.0 equiv) 50 77

lactone18 in 29% vyield via the generation of the mixed
anhydride using 2,4,6-trichlorobenzoyl chloride with triethyl-
amine, although favorable conditions were employed for the
ring closing reaction of the mixed anhydride by addition to
a solution of DMAP (3.0 equiv) in gently refluxing toluene
over 12 h under highly dilute concentration (2.0 mi).

The facile oxidation 0f18 with TPAP/NMO was then
carried out to produce a keto lactone, which was in turn
converted to the final target lactone }-5 by deprotection
of the PMB group with DDQ/HO. All spectral data,
including the'H and'3C NMR chemical shifts, IR absorption,
and mass spectra of the syntheti§{5, correspond to those
of the natural 29-membered lactoh&he produced (—)-5

(19) (a) Inanaga, J.; Hirata, K.; Saeki, H.; Katsuki, T.; Yamaguchi, M.
Bull. Chem. Soc. Jprl979,52, 1989—-1993. See also: (b) Parenty, A,;
Moreau, X.; Campagne, J.-MChem. Re»2006,106, 911—939.
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was further converted into its benzodi®to determine the
optical purity. The Mitsunobu inversion of—)-5 using
benzoic acid in the presence of DEAD andPlproduced

the corresponding antipode estant-19in good yield. An
HPLC analysis of the pair of enantiomerk9(and ent-19)
showed that these esters have a very high enantiopurity
(>99% ee). This result revealed that the synthBtand all

the other intermediates described in Scheme 2 have very high
optical purities. Furthermore, (+)-5, an enantiomer of (—)-
5, was also produced via Mitsunobu inversion at the C2
position followed by selective cleavage of the benzoate
group.

Thus, the substituted benzoic anhydride method was
successfully applied to the formation of the 29-membered
lactonel8in good yield under mild reaction conditions. The
combination of MNBA, a powerful dehydrating reagent, with
DMAPO, a novel basic catalyst, functions as a very effective
promoter for the intramolecular dehydration condensation
to form the giant cyclic skeleton dé. Through the total
synthesis, the unusual 29-membered rind @iroposed by
Braekman et al. has been unambiguously confirmed. Further
investigations on the absolute stereochemistry of natural
macrocyclic molecules are now in progress in this laboratory.
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