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Introduction

Termites have rigidly structured societies that consist of a
king, a queen, workers, fertile pairs, and soldiers. Termite
soldiers are sterile males or females, and their heads are
very different in shape and size from those of the termite
workers. The primary role of the soldiers is to protect their
colony from intruders and predators. To do this, the soldiers
of some termite species produce chemical secretions, such as
terpenes, alkanes, alkenes, quinines, nitroalkenes, b-ketoal-
dehydes, vinyl ketones, and macrocyclic lactones.[1]

Some diterpenes isolated from the frontal gland secretion
of a termite soldier, such as cubitene (1) and trinervitanes 2,
are reported to be typical defensive substances used by the
termites against predators (Scheme 1).[2,3] Related biosyn-
thetic and chemical synthetic studies of cyclic terpenoids
have progressed over the last few decades, as reported in ex-
cellent articles.[1]

On the other hand, macrocyclic molecules such as 3, 4,
and 5 were also extracted from the salivary defensive secre-
tion of termites.[4,5] a- and b-Hydroxylactones 3 and 4 were

prepared from a crude mixture of the crushed heads of sol-
dier Armitermes neotenicus, a species that inhabits the Re-
public of Guyana,[4] and a-hydroxy-24-oxolactone 5 was iso-
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lated from the salivary defen-
sive secretion of the soldiers of
the African termite Pseuda-
canthoterme springer.[5]

These compounds involve
very large and peculiar macro-
cyclic lactone moieties; howev-
er, to the best of our knowl-
edge, there are only a few re-
ports that discuss the chemical
production of this type of giant
lactone. Furthermore, only a
very small amount of these lac-
tones have been isolated from
the termites; therefore, abso-
lute configurations of these
lactones as well as their optical
rotations have not yet been de-
termined.
Recently, we developed a

new and rapid lactonization of
w-hydroxycarboxylic acids by
using symmetrically substitut-
ed benzoic anhydrides, such as
2-methyl-6-nitrobenzoic anhy-
dride (MNBA), as a condensa-
tion reagent.[6,7] This protocol
can be performed by using a
very simple procedure, and the
desired lactones can be ob-
tained within a very short
period of time under mild con-
ditions, as the reaction quickly
proceeds in the presence of a
nucleophilic promoter such as 4-(dimethylamino)pyridine
(DMAP) or its N-oxide (DMAPO).
In this paper, we report the effective syntheses of 2-hy-

droxytetracosanolide (3) and 2-hydroxy-24-oxooctacosano-
lide (5)[6h] by using the MNBA lactonization protocol as part
of our continuing effort to apply new synthetic methodolo-
gies to produce biologically active macrolactones.

Results and Discussion

The retrosynthetic routes to the desired lactones 3 and 5,
which involve three types of segments, (S)-malic acid (6),
10-carbon unit A, and 4-carbon unit B, are depicted in
Scheme 2. After assembling these fragments to form the cor-
responding seco-acids, we planned to apply our effective
monomer-selective lactone formation with MNBA to the
precursors to generate the desired macrocyclic backbones.
First, (S)-malic acid (6) was converted into the corre-

sponding triol by reduction with BH3·SMe2 in the presence
of B ACHTUNGTRENNUNG(OMe)3 according to the literature method
(Scheme 3).[8] The triol was protected as its PMP acetal, and
the resulting primary alcohol was transformed into the

TBDPS ether 7. Reductive cleavage of the PMP acetal
moiety of 7 with DIBAL regioselectively produced primary
alcohol 8, and the hydroxy group in 8 was then converted
into iodine.
Next, to determine the suitable reaction conditions for

the cross-coupling between iodide 9 and Grignard reagent
A, several copper catalysts were examined for the reaction
of b-phenethylhalides with nBuMgBr as model cases
(Table 1). Although the reactions we attempted by using b-
phenethylbromide with nBuMgBr did not proceed at all
(Table 1, entries 1 and 2), employment of b-phenethyliodide
instead of b-phenethylbromide produced a much better
result by forming the desired compound in 2% yield in the
coupling reaction (Table 1, entry 3). Finally, it was found
that the complex generated from CuI with 2,2’-bipyridyl is
the best promoter for the coupling reaction of b-phenethyl-
ACHTUNGTRENNUNGiodide with the Grignard reagent (Table 1, entry 4).[9]

On the basis of the above results, the coupling reaction
between 9 and Grignard reagent A was attempted in the
presence of the complex consisting of CuI and 2,2’-bipyridyl,
and the desired 14-carbon segment 10 was successfully ob-
tained in high yield. After the TBS group of 10 was re-
moved, the resulting hydroxy group was replaced with

Scheme 2. Synthesis of 25- and 29-membered ring lactones 3 and 5 with benzoic anhydride.
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iodine. The successive cross-coupling of 11 with Grignard re-
agent A was carried out again under reaction conditions
similar to those of step d to afford the 24-carbon segment
12.
Further conversion of the linear molecule 12 into the pre-

cursor of lactone 3 was then examined. First, the TBS group
was deprotected to form the corresponding alcohol 13, and
it was then acetylated to produce the intermediate 14. After
the TBDPS group was removed with TBAF, the generated
alcohol 15 was oxidized to the corresponding carboxylic acid
with TEMPO. Methanolysis of the acetyl moiety of 15 with

K2CO3 gave the desired seco-
acid 16. Next, optimization of
the reaction conditions for the
lactonization of 16 was carried
out as shown in Table 2.
When a solution of 16 in

THF was slowly added to a re-
action mixture of 1.2 equiva-
lents of MNBA and a catalytic
amount of DMAP (20 mol%)
with an excess amount of tri-
ACHTUNGTRENNUNGethylamine (3.0 equiv) in di-
chloromethane over a 12 h
period at 50 8C (bath tempera-
ture), the corresponding mono-
meric lactone 17 was obtained
in 69% yield (Table 2, entry 1).
Further examination with a
stoichiometric amount of
DMAP afforded a better yield
(87%) of the desired lactone
17 (Table 2, entry 2).
Furthermore, the catalytic

use of DMAPO, the N-oxide
of DMAP, with an excess
amount of triethylamine at
room temperature or 50 8C
also produced the cyclized
product effectively, with rea-
sonable yields of 63 and 76%,
respectively. On the other
hand, in the presence of a stoi-
chiometric amount of
DMAPO, the MNBA-mediat-
ed dehydration at 50 8C afford-

ed the desired monomeric lactone 17 in lower yield (53%;
Table 2, entry 5). Thus, it was proved that stoichiometric
quantities of DMAP or a catalytic amount of DMAPO with
the combined use of MNBA at a relatively high temperature
are the most effective conditions for the lactonization of
seco-acid 16 to produce the desired 25-membered lactone 17

Scheme 3. Synthesis of 3 and ent-3. Reagents and conditions: a) i) BH3·SMe2, B ACHTUNGTRENNUNG(OMe)3, THF, room tempera-
ture (97%); ii) PMPCHACHTUNGTRENNUNG(OMe)2, CSA, CH2Cl2, room temperature (81%); iii) TBDPSCl, imidazole, DMF,
room temperature (83%); b) DIBAL, CH2Cl2, �78 8C (92%); c) I2, Ph3P, imidazole, benzene, room tempera-
ture (96%); d) A, CuI, 2,2’-bipyridyl, THF, room temperature (90%); e) i) 1m HCl, THF, room temperature
(96%); ii) I2, Ph3P, imidazole, benzene, room temperature (92%); f)A, CuI, 2,2’-bipyridyl, THF, room temper-
ature (96%); g) 1m HCl, THF, room temperature (99%); h) Ac2O, DMAP, pyridine, room temperature
(97%); i) TBAF, AcOH, THF, room temperature (quant.); j) i) TEMPO, NaClO2, NaOCl, acetnitrile, 35 8C
(88%); ii) K2CO3, MeOH, room temperature (87%); k) MNBA, DMAP, CH2Cl2/THF, 50 8C (87%); l) DDQ,
CH2Cl2/H2O, room temperature (99%); m) i) 3,5-dinitrobenzoic acid, DIAD, Ph3P, THF, room temperature
(71%); ii) Et3N, MeOH, room temperature (96%). DDQ=2,3-dichloro-5,6-dicyano-p-benzoquinone, DIAD=

diisopropyl azodicarboxylate, DIBAL=diisobutylaluminum hydride, DMF=N,N-dimethylformamide, PMB=

p-methoxybenzyl, PMP=p-methoxyphenyl, TBAF= tetra-n-butylammonium fluoride, TBDPS= tert-butyldi-
phenylsilyl, TBS= tert-butylsilyl, TEMPO=2,2,6,6-tetramethylpipedinyloxy.

Table 1. Model reactions with copper catalysts for the cross-coupling.

Entry y RX Catalyst z Additive Yield [%]

1 1.0 Ph ACHTUNGTRENNUNG(CH2)2Br CuI 2.0 none NR[a]

2 3.0 Ph ACHTUNGTRENNUNG(CH2)2Br CuBr·SMe2 3.0 none NR[a]

3 3.0 Ph ACHTUNGTRENNUNG(CH2)2I CuBr·SMe2 3.0 none 2
4 3.5 Ph ACHTUNGTRENNUNG(CH2)2I CuI 0.1 2,2’-bipyridyl 64

[a] No reaction.
Table 2. Synthesis of the 25-membered macrocyclic lactone 17 from 16
with MNBA.

Entry Catalyst ([equiv]) Cobase ([equiv]) T [8C] Yield [%]

1 DMAP (0.2) Et3N (3.0) 50 69
2 DMAP (3.0) none 50 87
3 DMAPO (0.2) Et3N (3.0) RT 63
4 DMAPO (0.2) Et3N (3.0) 50 76
5 DMAPO (3.0) none 50 53
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(Table 2, entries 2 and 4). Although the MNBA lactoniza-
tion provided the desired macrocycle 17 in high yield (87%;
Table 2, entry 2), other closure protocols, such as the S-pyr-
idyl ester method and the Yamaguchi stepwise cyclization in
refluxing toluene gave 17 in medium and good yields (50
and 75%, respectively).
Finally, the PMB group of 17 was removed with DDQ to

produce the target molecule, (S)-2-hydroxytetracosanolide
(3), in high yield. All spectral data, including the 1H and
13C NMR chemical shifts and the mass spectra of synthetic
(�)-3, correspond to those of the natural 25-membered lac-
tone.[4] (R)-2-Hydroxytetracosanolide ((+)-3), an enantio-
mer of (�)-3, was also prepared from the synthetic sample
by Mitsunobu inversion followed by debenzoylation. The
enantiopurity of each compound was determined by chiral
HPLC of its benzoate derivative.
Further conversion of the 24-carbon linear segment 13

into the elongated 28-carbon seco-acid 22 was then attempt-
ed as follows (Scheme 4): Compound 13 was oxidized with
PCC to yield aldehyde 18. Elongation of the 4-carbon unit
was attained by the addition of Grignard reagent B to 18.
The resulting secondary alcohol 19 was protected as its THP
ether. Removal of the terminal TBDPS group of 20 by treat-
ment with a mixture of TBAF and acetic acid smoothly oc-
curred to give the corresponding primary alcohol 21, which
was directly oxidized to form the carboxylic acid. Finally, re-
moval of the two THP groups of the carboxylic acid was si-
multaneously achieved with hydrochloric acid to afford the
diol 22, the desired seco-acid, in good yield.
Optimization of the reaction conditions for the lactoniza-

tion of 22 was eventually carried out as shown in Table 3.
First, a solution of 22 in THF was slowly added to the reac-
tion mixture containing 1.2 equivalents of MNBA and 0.2 or
3.0 equivalents of DMAP in dichloromethane over a 12 h

period at 50 8C, and the corresponding monomeric lactone
23 was obtained in 64 or 69% yield, respectively (Table 3,
entries 1 and 2).
On the other hand, when DMAPO was employed togeth-

er with MNBA at room temperature, the yield of the de-
sired monomeric lactone 23 decreased to only 29%
(Table 3, entry 3). Although the stoichiometric use of
DMAPO without triethylamine at 50 8C gave a significantly
lower yield (38%; Table 3, entry 5), the yield of the 29-
membered lactone 23 increased remarkably to 77% when
the same reaction was carried out at 50 8C in the presence of
a catalytic amount of DMAPO with 3.0 equivalents of tri-
ACHTUNGTRENNUNGethylamine (Table 3, entry 4).
As a conclusion concerning the lactonization of 22, it was

revealed that the use of MNBA with either a stoichiometric
amount of DMAP or a catalytic amount of DMAPO at
50 8C is the most effective combination to afford the desired
29-membered lactone 23 (Table 3, entries 2 and 4). These

conditions, suitable for the pro-
duction of the giant lactone 23,
are similar to the best reaction
conditions for the synthesis of
the 25-membered lactone 17
(see Tables 2 and 3).
To compare the efficiency of

this procedure for the key lac-
tonization to form the 29-
membered ring to that of the
other generally effective proto-
cols, two additional lactoniza-
tions were carried out. When
the S-pyridyl ester method was
applied to the cyclization of
the seco-acid 22 with (PyS)2
and Ph3P followed by slow ad-
dition to gently refluxing tolu-
ene over 12 h under the stan-
dard reaction conditions
(2.0 mm),[10] the desired lactone
23 was prepared in low yield
(35%). Furthermore, Yamagu-

Scheme 4. Synthesis of 5. Reagents and conditions: a) PCC, CH2Cl2, room temperature (85%); b) B, THF,
0 8C (81%); c) DHP, TsOH, CH2Cl2, room temperature (86%); d) TBAF, AcOH, THF, room temperature
(96%); e) i) TEMPO, NaClO2, NaOCl, MeCN, CH2Cl2, 35 8C; ii) 1m HCl, THF, room temperature (56%,
2 steps); f) MNBA, DMAPO, Et3N, CH2Cl2/THF, 50 8C (77%); g) i) TPAP, NMO, 4-N molecular sieves,
CH2Cl2, 0 8C (94%); ii) DDQ, CH2Cl2/H2O, room temperature (80%). DHP=3,4-dihydro-2H-pyran, NMO=

N-methylmorpholine N-oxide, PCC=pyridinium chlorochromate, THP=2-tetrahydropyranyl, TPAP= tetra-n-
propylammonium perruthenate, Ts=p-toluenesulfonyl.

Table 3. Synthesis of the 29-membered macrocyclic lactone 23 from 22
with MNBA.

Entry Catalyst ([equiv]) Cobase ([equiv]) T [8C] Yield [%]

1 DMAP (0.2) Et3N (3.0) 50 64
2 DMAP (3.0) none 50 69
3 DMAPO (0.2) Et3N (3.0) RT 29
4 DMAPO (0.2) Et3N (3.0) 50 77
5 DMAPO (3.0) none 50 38

Chem. Asian J. 2008, 3, 462 – 472 A 2008 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemasianj.org 465

Total Synthesis of Macrocyclic Lactones



chi lactonization also afforded lactone 23 in 29% yield
through the generation of the mixed anhydride by using
2,4,6-trichlorobenzoyl chloride with triethylamine, although
favorable conditions were employed for the ring-closing re-
action of the mixed anhydride by slow addition to a solution
of DMAP (3.0 equivalents) in gently refluxing toluene over
12 h under high dilution (2.0 mm).[11]

The facile oxidation of 23 with TPAP/NMO was then car-
ried out to produce a keto lactone, which was in turn con-
verted into the final target lactone (�)-5 by removal of the
PMB group with DDQ/H2O. All spectral data, including the
1H and 13C NMR chemical shifts and IR and mass spectra of
synthetic (�)-5, correspond to those of the natural 29-mem-
bered lactone.[5] The (�)-5 produced was further converted
into its benzoate 24 to determine the optical purity
(Scheme 5). Mitsunobu inversion of (�)-5 with benzoic acid

in the presence of DEAD and Ph3P produced the corre-
sponding antipode ester ent-24 in good yield. HPLC analysis
of the pair of enantiomers (24 and ent-24) showed that these
esters have very high enantiopurity (>99% ee). This result
reveals that synthetic 5 and all of the other intermediates
described in Scheme 3 have very high optical purities. Fur-
thermore, (+)-5, an enantiomer of (�)-5, was also produced
by Mitsunobu inversion at the C2 position, followed by se-
lective cleavage of the 3,5-dinitrobenzoate group
(Scheme 5).

Conclusions

The substituted benzoic anhydride method was successfully
applied to the formation of the 25- and 29-membered lac-
tones 17 and 23 in good yields under mild reaction condi-
tions. The combination of MNBA, a powerful dehydrating
reagent, with DMAP or DMAPO, a novel nucleophilic cata-
lyst, functions as a very effective promoter for the intramo-
lecular dehydration condensation that creates the giant
cyclic cores of 3 and 5. On the basis of these total syntheses,

the structures of the basic skeletons of 3 and 5 proposed by
Prestwich et al.[4] and Braekman and co-workers[5] were un-
ambiguously confirmed. Further investigations into the ab-
solute stereochemistry of the natural macrocyclic molecules
are now in progress in this laboratory.

Experimental Section

General Methods

All reactions were carried out under argon atmosphere in dried glass-
ware, unless otherwise noted. Dichloromethane was distilled from di-
phosphorus pentoxide then calcium hydride and dried over 4-N molecu-
lar sieves, benzene, toluene, and DMF were distilled from diphosphorus
pentoxide and dried over 4-N molecular sieves, and THF was distilled
from sodium/benzophenone immediately prior to use.

Column chromatography was performed on silica gel 60 (Merck) or Wa-
kogel B5F. Thin-layer chromatography was performed on Wakogel B5F.
1H and 13C NMR spectra were recorded with tetramethylsilane (TMS),
chloroform (in [D]chloroform), or benzene (in [D6]benzene) as internal
standard.

Starting materials

All reagents were purchased from Tokyo Kasei Kogyo Co., Ltd., Kanto
Chemical Co., Inc., or Aldrich Chemical Co., Inc. and used without fur-
ther purification, unless otherwise noted. MNBA was purchased from
Tokyo Kasei Kogyo Co., Ltd. (TCI, M1439).

Syntheses

(S)-(�)-1,2,4-Butanetriol:[8] Trimethylborate (12.5 mL, 110 mmol) and
THF (25 mL) were added to a solution of borane–dimethylsulfide com-
plex (11.4 mL, 120 mmol) at 0 8C. The reaction mixture was stirred for
15 min at 0 8C, and then (S)-malic acid (6 ; 5.00 g, 37.3 mmol) was added.
After the reaction mixture had been stirred for 23 h at room tempera-
ture, methanol was added at 0 8C. The solvent was removed by evapora-
tion, and then the residue was filtered through a short pad of silica gel
(dichloromethane/methanol=4:1). The filtrate was concentrated, and the
residue was filtered again through a short pad of absorbent cotton (di-
chloromethane/methanol=9:1). Evaporation of the solvent gave (S)-(�)-
1,2,4-butanetriol (3.84 g, 97%) as a colorless oil. The crude product was
instantly used in the following reaction without further purification.

(2S)-2,4-[(S)-p-Methoxybenzylidenedioxy]butanol:[8] Camphorsulfonic
acid (CSA; 799 mg, 3.44 mmol) was added to a solution of (S)-(�)-1,2,4-
butanetriol (3.64 g, 34.3 mmol) and p-methoxybenzaldehyde dimethylace-
tal (11.6 mL, 68.1 mmol) in dichloromethane (36.4 mL) at room tempera-
ture. After the reaction mixture had been stirred for 19 h at room tem-
perature, triethylamine was added. The mixture was concentrated by
evaporation of the solvent, and then the crude product was purified by
column chromatography (hexane/ethyl acetate=1:1) to afford (2S)-2,4-
[(S)-p-methoxybenzylidenedioxy]butanol (6.25 g, 81%) as a colorless oil:
1H NMR (C6D6): d=7.56 (ddd, J=9.0, 3.0, 2.5 Hz, 2H, PMP), 6.82 (ddd,
J=9.0, 3.0, 2.5 Hz, 2H, PMP), 5.32 (s, 1H, CHPMP), 3.94 (ddd, J=12.0,
5.0, 1.0 Hz, 1H, 4-H), 3.58 (dddd, J=12.5, 6.0, 4.0, 2.5 Hz, 1H, 2-H), 3.49
(ddd, J=12.0, 11.5, 3.0 Hz, 1H, 4-H), 3.48 (dd, J=11.5, 6.0 Hz, 1H, 1-H),
3.44 (dd, J=11.5, 4.0 Hz, 1H, 1-H), 3.29 (s, 3H, OMe), 2.21 (br s, 1H,
OH), 1.62 (dddd, J=13.0, 12.5, 11.5, 5.0 Hz, 1H, 3-H), 0.85 ppm (dddd,
J=13.0, 3.0, 2.5, 1.0 Hz, 1H, 3-H); HRMS (ESI-TOF): m/z calcd for
C12H16O4Na: 247.0941 ACHTUNGTRENNUNG[M+Na]+ ; found: 247.0941.

7:[8] A solution of (2S)-2,4-[(S)-p-methoxybenzylidenedioxy]butanol
(754.6 mg, 3.36 mmol) in DMF (6.68 mL) was added to a solution of imi-
dazole (555 mg, 8.15 mmol) and tert-butylchlorodiphenylsilane (1.03 mL,
4.01 mmol) in DMF (6.68 mL) at 0 8C. The reaction mixture was stirred
for 1.5 h at room temperature, and then water was added at 0 8C. The
mixture was extracted with ethyl acetate, and the organic layer was
washed with water and brine and dried over sodium sulfate. After filtra-
tion of the mixture and evaporation of the solvent, the crude product was

Scheme 5. Synthesis of ent-5. Reagents and conditions: a) i) 3,5-dinitro-
benzoic acid, DIAD, Ph3P, THF, room temperature (71%); ii) Et3N,
MeOH, room temperature (96%); b) Bz2O, DMAP, CH2Cl2, room tem-
perature (quant.); c) BzOH, DEAD, Ph3P, THF, room temperature
(quant.). Bz=benzoyl, DEAD=diethyl azodicarboxylate.
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purified by column chromatography on silica gel 60N (spherical, neutral,
Kanto Chem. Co., Inc.) (hexane/ethyl acetate=10:1) to afford (2S)-1-
(tert-butyldiphenylsiloxy)-2,4-[(S)-p-methoxybenzylidenedioxy]butane (7;
1.29 g, 83%) as a colorless oil. 1H NMR (C6D6): d=7.84–7.80 (m, 4H,
TBDPS), 7.68 (ddd, J=9.0, 3.2, 2.1 Hz, 2H, PMP), 7.24–7.19 (m, 6H,
TBDPS), 6.82 (ddd, J=9.0, 3.2, 2.1 Hz, 2H, PMP), 5.39 (s, 1H, CHPMP),
3.98 (ddd, J=11.4, 5.4, 1.2 Hz, 1H, 4-H), 3.86 (dd, J=9.9, 5.4 Hz, 1H, 1-
H), 3.78 (dddd, J=12.0, 5.4, 4.8, 2.1 Hz, 1H, 2-H), 3.68 (dd, J=9.9,
4.8 Hz, 1H, 1-H), 3.52 (ddd, J=11.4, 11.1, 2.7 Hz, 1H, 4-H), 3.26 (s, 3H,
OMe), 1.70 (dddd, J=12.3, 12.0, 11.1, 5.4 Hz, 1H, 3-H), 1.18 (s, 9H,
TBDPS), 1.13 ppm (dddd, J=12.3, 2.7, 2.1, 1.2 Hz, 1H, 3-H); HRMS
(ESI-TOF): m/z calcd for C28H34O4SiNa: 485.2119 [M+Na]+ ; found:
485.2124.

8 :[8] A solution of DIBAL in dichloromethane (1.0m, 75.7 mL,
75.7 mmol) was added to a solution of 7 (7.05 g, 15.2 mmol) in dichloro-
methane (75.7 mL) at �78 8C. After the reaction mixture had been
stirred for 4.5 h at �78 8C, methanol was added. The mixture was allowed
to warm to room temperature, and then saturated aqueous potassium
sodium tartrate was added. The mixture was extracted with dichloro-
ACHTUNGTRENNUNGmethane, and the organic layer was washed with brine and dried over
sodium sulfate. After filtration of the mixture and evaporation of the sol-
vent, the crude product was purified by column chromatography
(hexane/ethyl acetate=2:1) to afford (3S)-4-(tert-butyldiphenylsiloxy)-3-
(p-methoxybenzyloxy)butanol (8 ; 6.46 g, 92%) as a colorless oil. [a]23D =

�30.4 (c 1.03, benzene); IR (neat): ñ=3436 cm�1; 1H NMR (CDCl3): d=

7.71–7.66 (m, 4H, TBDPS), 7.48–7.36 (m, 6H, TBDPS), 7.23 (d, J=

8.4 Hz, 2H, PMP), 6.88= (d, J=8.6 Hz, 2H, PMP), 4.66 (d, J=11.3 Hz,
1H, PMB), 4.44 (d, J=11.3 Hz, 1H, PMB), 3.80 (s, 3H, OMe), 3.78–3.65
(m, 5H, 1-H, 3-H, 4-H), 2.41 (br s, 1H, OH), 1.92–1.71 (m, 2H, 2-H),
1.08 ppm (s, 9H, TBDPS); 13C NMR (CDCl3): d=159.2 (PMP), 135.6
(Ar), 135.6 (Ar), 133.3 (Ar), 133.2 (Ar), 130.4 (Ar), 129.8 (Ar), 129.5
(Ar), 129.4 (Ar), 127.7 (Ar), 127.7 (Ar), 113.8 (PMP), 78.4 (C3), 71.8
(PMB), 65.9 (C4), 60.5 (C1), 55.3 (OMe), 34.1 (C2), 26.8 (TBDPS),
19.2 ppm (TBDPS); HRMS (ESI TOF): m/z calcd for C28H36O4SiNa:
487.2275 [M+Na]+ ; found: 487.2293.

9 : Iodine (6.07 g, 24.0 mmol) was added to a solution of 8 (5.56 g,
12.0 mmol), imidazole (2.05 g, 30.1 mmol), and triphenylphosphine
(7.88 g, 30.1 mmol) in benzene (60 mL) at 0 8C. The reaction mixture was
stirred for 5 h at room temperature, and then saturated aqueous sodium
thiosulfate was added. The mixture was extracted with diethyl ether, and
the organic layer was washed with water and brine and dried over
sodium sulfate. After filtration of the mixture and evaporation of the sol-
vent, the crude product was purified by column chromatography
(hexane/ethyl acetate=20:1) to afford (2S)-1-(tert-butyldiphenylsiloxy)-4-
iodo-2-(p-methoxybenzyloxy)butane (9 ; 6.66 g, 96%) as a colorless oil.
[a]21D =�10.0 (c 0.313, benzene); IR (neat): ñ =3071, 2928, 2855 cm�1;
1H NMR (CDCl3): d=7.68–7.63 (m, 4H, TBDPS), 7.46–7.34 (m, 6H,
TBDPS), 7.25–7.23 (m, 2H, PMP), 6.87–6.84 (m, 2H, PMP), 4.57 (d, J=

9.7 Hz, 1H, PMB), 4.39 (d, J=9.7 Hz, 1H, PMB), 3.86–3.75 (m, 1H, 1-
H), 3.81 (s, 3H, OMe), 3.79–3.54 (m, 1H, 2-H), 3.72 (dd, J=9.3, 4.6 Hz,
1H, 1-H), 3.35 (dd, J=9.5, 4.9 Hz, 1H, 4-H), 3.31 (dd, J=7.7, 3.9 Hz,
1H, 4-H), 1.96–1.71 (m, 2H, 3-H), 1.05 ppm (s, 9H, TBDPS); 13C NMR
(CDCl3): d =159.2 (PMP), 135.6 (Ar), 135.6 (Ar), 133.3 (Ar), 133.3 (Ar),
130.6 (Ar), 129.7 (Ar), 129.5 (Ar), 129.4 (Ar), 127.7 (Ar), 127.7 (Ar),
113.8 (PMP), 78.4 (C2), 71.8 (PMB), 65.9 (C1), 55.3 (OMe), 34.1 (C3),
26.8 (TBDPS), 19.2 (TBDPS), 3.34 ppm (C4); HRMS (FAB): m/z calcd
for C28H35O3ISi: 574.1400 [M+H]+ ; found: 574.1298.

10 : A solution of 9 (100 mg, 0.179 mmol) in THF (5 mL) was added to a
solution of copper(I) iodide (3.42 mg, 18.0 mmol) and 2,2’-bipyridyl
(2.81 mg, 18.0 mmol) in THF (1 mL) at room temperature. After the reac-
tion mixture had been stirred for 5 min at room temperature, a solution
of Grignard reagent A (0.90m, 0.70 mL, 0.63 mmol) was added at �20 8C.
The reaction mixture was stirred for 1 h at room temperature, and then
saturated aqueous ammonium chloride was added. The mixture was ex-
tracted with diethyl ether, and the organic layer was washed with brine
and dried over sodium sulfate. After filtration of the mixture and evapo-
ration of the solvent, the crude product was purified by thin-layer chro-
matography (hexane/ethyl acetate=20:1) to afford (2S)-14-(tert-butyldi-

methylsiloxy)-1-(tert-butyldiphenylsiloxy)-2-(p-methoxybenzyloxy)tetra-
decane (10 ; 116.1 mg, 90%) as a colorless oil. [a]23D =�14.5 (c 0.800, ben-
zene); IR (neat): ñ=3071, 2928, 2855 cm�1; 1H NMR (CDCl3): d=7.70–
7.67 (m, 4H, TBDPS), 7.45–7.34 (m, 6H, TBDPS), 7.23 (d, J=8.9 Hz,
2H, PMP), 6.85 (d, J=8.9 Hz, 2H, PMP), 4.60 (d, J=11.3 Hz, 1H,
PMB), 4.44 (d, J=11.1 Hz, 1H, PMB), 3.80 (s, 3H, OMe), 3.73 (dd, J=

10.5, 5.7 Hz, 1H, 1-H), 3.65–3.53 (m, 1H, 1-H), 3.60 (t, J=4.1 Hz, 2H,
14-H), 3.50–3.42 (m, 1H, 2-H), 1.56–1.48 (m, 5H), 1.39–1.12 (m, 17H),
1.06 (s, 9H, TBDPS), 0.90 (s, 9H, TBS), 0.05 ppm (s, 6H, TBS);
13C NMR (CDCl3): d =160.9 (PMP), 135.6 (Ar), 133.7 (Ar), 131.0 (Ar),
129.6 (Ar), 129.3 (Ar), 127.6 (Ar), 113.7 (PMP), 79.5 (C2), 71.8 (PMB),
66.0 (C1), 63.4 (C14), 55.3 (OMe), 32.9 (C13), 31.7 (C3), 29.6 and 29.5
(C5–C11), 26.8 (TBDPS), 26.0 (TBS), 25.8 (C12), 25.3 (C4), 19.5
(TBDPS), 18.4 (TBS), �5.3 ppm (TBS); HRMS (FAB): m/z calcd for
C44H70O4Si2: 718.4813 [M+H]+; found: 718.4709.

ACHTUNGTRENNUNG(13S)-14-(tert-Butyldiphenylsiloxy)-13-(p-methoxybenzyloxy)tetradeca-
nol: Hydrochloric acid (1m, 60 mL) was added to a solution of 10
(868 mg, 1.21 mmol) in THF (120 mL) at 0 8C. The reaction mixture was
stirred for 6 h at room temperature, and then saturated aqueous sodium
hydrogencarbonate was added at 0 8C. The mixture was extracted with di-
ethyl ether, and the organic layer was washed with brine and dried over
sodium sulfate. After filtration of the mixture and evaporation of the sol-
vent, the crude product was purified by column chromatography
(hexane/ethyl acetate=3:1) to afford (13S)-14-(tert-butyldiphenylsiloxy)-
13-(p-methoxybenzyloxy)tetradecanol (710 mg, 96%) as a colorless oil.
[a]23D =�16.5 (c 1.00, benzene); IR (neat): ñ=3374 cm�1; 1H NMR
(CDCl3): d=7.72–7.64 (m, 4H, TBDPS), 7.40–7.32 (m, 6H, TBDPS),
7.26–7.17 (m, 2H, PMP), 6.87–6.81 (m, 2H, PMP), 4.60 (d, J=11.3 Hz,
1H, PMB), 4.44 (d, J=11.1 Hz, 1H, PMB), 3.80 (s, 3H, OMe), 3.73 (dd,
J=10.5, 5.9 Hz, 1H, 1-H), 3.68–3.60 (m, 3H, 1-H, 14-H), 3.53–3.43 (m,
1H, 2-H), 1.66–1.18 (m, 23H), 1.11 ppm (s, 9H, TBDPS); 13C NMR
(CDCl3): d =160.9 (PMP), 135.6 (Ar), 133.7 (Ar), 131.0 (Ar), 129.6 (Ar),
129.3 (Ar), 127.6 (Ar), 113.7 (PMP), 79.5 (C2), 71.8 (PMB), 66.0 (C1),
63.1 (C14), 55.3 (OMe), 32.8 (C13), 31.7 (C3), [29.7, 29.6, and 29.4] (C5–
C11), 26.8 (TBDPS), 25.7 (C12), 25.4 (C4), 19.4 ppm (TBDPS); HRMS
(FAB): m/z calcd for C38H56O4Si: 604.3948 [M+H]+ ; found: 604.3848.

11: Iodine (595 mg, 2.35 mmol) was added to a solution of (13S)-14-(tert-
butyldiphenylsiloxy)-13-(p-methoxybenzyloxy)tetradecanol (710 mg,
1.17 mmol), imidazole (200 mg, 2.93 mmol), and triphenylphosphine
(770 mg, 2.93 mmol) in benzene (9.4 mL) at 0 8C. The reaction mixture
was stirred for 30 min at room temperature, and then saturated aqueous
sodium thiosulfate was added. The mixture was extracted with diethyl
ether, and the organic layer was washed with water and brine and dried
over sodium sulfate. After filtration of the mixture and evaporation of
the solvent, the crude product was purified by column chromatography
(hexane/ethyl acetate=30:1) to afford (2S)-1-(tert-butyldiphenylsiloxy)-
14-iodo-2-(p-methoxybenzyloxy)tetradecane (11; 770 mg, 92%) as a col-
orless oil. [a]21D =�6.61 (c 0.947, benzene); IR (neat): ñ=3070, 3048,
2998, 2927, 2854 cm�1; 1H NMR (CDCl3): d=7.71–7.63 (m, 4H, TBDPS),
7.46–7.33 (m, 6H, TBDPS), 7.26–7.23 (m, 2H, PMP), 6.88–6.84 (m, 2H,
PMP), 4.61 (d, J=11.3 Hz, 1H, PMB), 4.44 (d, J=11.1 Hz, 1H, PMB),
3.80 (s, 3H, OMe), 3.73 (dd, J=10.5, 5.9 Hz, 1H, 1-H), 3.63 (dd, J=10.5,
4.6 Hz, 1H, 1-H), 3.53–3.43 (m, 1H, 2-H), 3.19 (t, J=7.0 Hz, 2H, 14-H),
1.82 (dt, J=7.0, 5.9 Hz, 2H, 3-H), 1.60–1.18 (m, 20H), 1.07 ppm (s, 9H,
TBS); 13C NMR (CDCl3): d =160.9 (PMP), 135.6 (Ar), 133.6 (Ar), 131.2
(Ar), 129.6 (Ar), 129.3 (Ar), 127.6 (Ar), 113.6 (PMP), 79.4 (C2), 71.8
(PMB), 66.4 (C1), 55.3 (OMe), 33.6 (C13), 31.6 (C3), 30.5 (C12), [29.7,
29.6, and 29.4] (C5–C10), 28.5 (C11), 26.8 (TBDPS), 25.4 (C4), 19.2
(TBDPS), 7.4 ppm (C14); HRMS (FAB): m/z calcd for C38H55O3Si:
714.2965 [M+H]+ ; found: 714.2864.

12 : A solution of 11 (3.57 g, 5.00 mmol) in THF (10 mL) was added to a
solution of copper(I) iodide (285 mg, 1.50 mmol) and 2,2’-bipyridyl
(235 mg, 1.50 mmol) in THF (1.1 mL) at room temperature. After the re-
action mixture had been stirred for 5 min at room temperature, a solution
of Grignard reagent A (0.555m, 18.4 mL, 10.2 mmol) was added at
�17 8C. The reaction mixture was stirred for 1 h at room temperature,
and then saturated aqueous ammonium chloride was added. The mixture
was filtered through a short pad of celite, and the filtrate was extracted
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with diethyl ether. The organic layer was washed with brine and dried
over sodium sulfate. After filtration of the mixture and evaporation of
the solvent, the crude product was purified by column chromatography
(hexane/ethyl acetate=10:1) to afford (2S)-24-(tert-butyldimethylsiloxy)-
1-(tert-butyldiphenylsiloxy)-2-(p-methoxybenzyloxy)tetracosane (12 ;
4.10 g, 96%) as a colorless oil. [a]21D =�12.1 (c 1.01, benzene); IR (neat):
ñ=3071, 3049, 2999, 2926, 2854 cm�1; 1H NMR (CDCl3): d=7.72–7.65
(m, 4H, TBDPS), 7.46–7.35 (m, 6H, TBDPS), 7.26–7.23 (m, 2H, PMP),
6.88–6.84 (m, 2H, PMP), 4.61 (d, J=11.3 Hz, 1H, PMB), 4.45 (d, J=

11.3 Hz, 1H, PMB), 3.81 (s, 3H, OMe), 3.74 (dd, J=10.5, 5.9 Hz, 1H, 1-
H), 3.63 (dd, J=10.5, 4.6 Hz, 1H, 1-H), 3.61 (t, J=6.8 Hz, 2H, 24-H),
3.54–3.43 (m, 1H, 2-H), 1.63–1.49 (m, 4H), 1.37–1.19 (m, 38H), 1.08 (s,
9H, TBDPS), 0.91 (s, 9H, TBS), 0.06 ppm (s, 6H, TBS); 13C NMR
(CDCl3): d =159.0 (PMP), 135.6 (Ar), 133.6 (Ar), 131.2 (Ar), 129.6 (Ar),
129.3 (Ar), 127.6 (Ar), 113.6 (PMP), 79.4 (C2), 71.8 (PMB), 66.3 (C1),
63.3 (C24), 55.2 (OMe), 32.8 (C23), 31.6 (C3), [29.7, 29.6, and 29.4] (C5–
C21), 26.8 (TBDPS), 26.0 (TBS), 25.8 (C22), 25.4 (C4), 19.2 (TBDPS),
18.4 (TBS), �5.3 ppm (TBS); HRMS (ESI-TOF): m/z calcd for
C54H90O4Si2Na: 881.6270 [M+Na]+ ; found: 881.6249.

13 : Hydrochloric acid (1m, 14.8 mL) was added to a solution of 12
(254 mg, 0.296 mmol) in THF (30 mL) at 0 8C. The reaction mixture was
stirred for 6 h at room temperature, and then saturated aqueous sodium
hydrogencarbonate was added at 0 8C. The mixture was extracted with di-
ethyl ether, and the organic layer was washed with brine and dried over
sodium sulfate. After filtration of the mixture and evaporation of the sol-
vent, the crude product was purified by thin-layer chromatography
(hexane/ethyl acetate=5:1) to afford (23S)-24-(tert-butyldiphenylsiloxy)-
23-(p-methoxybenzyloxy)tetradecanol (13 ; 216 mg, 99%) as a colorless
oil. [a]27D =�9.90 (c 1.03, benzene); IR (neat): ñ=3357 cm�1; 1H NMR
(CDCl3): d=7.75–7.72 (m, 4H, TBDPS), 7.51–7.35 (m, 6H, TBDPS),
7.29–7.26 (m, 2H, PMP), 6.90–6.87 (m, 2H, PMP), 4.64 (d, J=11.3 Hz,
1H, PMB), 4.48 (d, J=11.3 Hz, 1H, PMB), 3.82 (s, 3H, OMe), 3.81–3.61
(m, 2H, 1-H), 3.65 (t, J=6.6 Hz, 2H, 24-H), 3.56–3.46 (m, 1H, 2-H),
1.65–1.18 (m, 42H), 1.11 ppm (s, 9H, TBDPS); 13C NMR (CDCl3): d=

159.0 (PMP), 135.6 (Ar), 133.6 (Ar), 131.1 (Ar), 129.6 (Ar), 129.3 (Ar),
127.6 (Ar), 113.6 (PMP), 79.4 (C2), 71.7 (PMB), 66.3 (C1), 63.0 (C24),
55.2 (OMe), 32.7 (C23), 31.6 (C3), [29.7, 29.6, and 29.4] (C5–C21), 26.8
(TBDPS), 25.7 (C22), 25.3 (C4), 19.2 ppm (TBDPS); HRMS (ESI-TOF):
m/z calcd for C48H76O4SiNa: 767.5405 [M+Na]+ ; found: 767.5406.

14 : Acetic anhydride (0.300 mL, 3.22 mmol) was added to a solution of
13 (1.20 g, 1.61 mmol) and DMAP (39.9 mg, 0.327 mmol) in pyridine
(16 mL) at 0 8C. The reaction mixture was stirred for 1 h at room temper-
ature, and then saturated aqueous sodium hydrogencarbonate was added.
The mixture was extracted with ethyl acetate, and the organic layer was
washed with saturated aqueous copper sulfate, water, saturated aqueous
sodium hydrogencarbonate, and brine. The organic layer was dried over
sodium sulfate and then filtered. After evaporation of the solvent, the
crude product was purified by column chromatography (hexane/ethyl
acetate=20:1) to afford (23S)-24-(tert-butyldiphenylsiloxy)-23-(p-meth-
ACHTUNGTRENNUNGoxybenzyloxy)tetracosyl acetate (14 ; 1.23 g, 97%) as a colorless oil.
[a]22D =�14.0 (c 1.04, benzene); IR (neat): ñ=2925, 2853, 1741, 1614,
1514, 1465, 1363, 1246, 1112, 1037 cm�1; 1H NMR (CDCl3): d=7.71–7.67
(m, 4H), 7.44–7.25 (m, 6H), 7.23 (d, J=8.4 Hz, 2H), 6.85 (d, J=8.4 Hz,
2H), 4.61 (d, J=11.4 Hz, 1H), 4.45 (d, J=11.4 Hz, 1H), 4.06 (t, J=

6.8 Hz, 2H, 24-H), 3.79 (s, 3H), 3.74 (dd, J=10.4, 5.8 Hz, 1H, 1-H), 3.64
(dd, J=10.4, 4.8 Hz, 1H, 1-H), 3.51–3.45 (m, 1H, 2-H), 2.04 (s, 3H),
1.66–1.44 (m, 3H), 1.36–1.24 (m, 39H), 1.06 ppm (s, 9H); 13C NMR
(CDCl3): d=171.1 (Ac), 159.0 (PMB), 135.6 (Ar), 135.5 (Ar), 133.6 (Ar),
133.6 (Ar), 131.2 (Ar), 129.5 (Ar), 129.3 (Ar), 127.6 (Ar), 113.6 (PMB),
79.4 (C2), 71.7 (PMB), 66.3 (C1), 64.6 (C24), 55.2 (OMe), 31.6 (C3),
[29.7, 29.6, 29.5, and 29.2] (C5–C21), 26.8 (TBDPS), 25.9 (C22), 25.3
(C4), 20.9 (C23), 19.2 ppm (TBDPS); HRMS (ESI-TOF): m/z calcd for
C50H78O5SiNa: 809.5516 [M+Na]+ ; found: 809.5511.

15 : Acetic acid (0.270 mL, 4.65 mmol) and a solution of TBAF in THF
(1.0m, 4.70 mL, 4.70 mmol) were added to a solution of 14 (1.22 g,
1.55 mmol) in THF (15.5 mL) at 0 8C. After the reaction mixture had
been stirred for 41 h at room temperature, saturated aqueous sodium hy-
drogencarbonate was added. The mixture was extracted with ethyl ace-

tate, and the organic layer was washed with water and brine and dried
over sodium sulfate. After filtration of the mixture and evaporation of
the solvent, the crude product was purified by column chromatography
(hexane/ethyl acetate=4:1) to afford (23S)-24-hydroxy-23-(p-methoxy-
benzyloxy)tetracosyl acetate (15 ; 851 mg, quant.) as a white solid. M.p.:
66–67 8C (hexane); [a]23D =++6.92 (c 1.00, benzene); IR (KBr): ñ=3444,
2917, 2850, 1730, 1615, 1517, 1472, 1250, 1180, 1104, 1035 cm�1; 1H NMR
(CDCl3): d=7.27 (d, J=8.8 Hz, 2H), 6.88 (d, J=8.4 Hz, 2H), 4.56 (d, J=

11.2 Hz, 1H), 4.48 (d, J=11.2 Hz, 1H), 4.06 (t, J=6.8 Hz, 2H, 24-H),
3.80 (s, 3H), 3.67 (br d, J=10.0 Hz, 1H, 1-H), 3.54–3.45 (m, 2H, 1-H, 2-
H), 2.04 (s, 3H), 1.66–1.57 (m, 3H), 1.36–1.22 ppm (m, 39H); 13C NMR
(CDCl3): d =171.1 (Ac), 159.2 (PMB), 130.6 (PMB), 129.3 (PMB), 113.6
(PMB), 79.5 (C2), 71.1 (PMB), 64.6 (C1), 64.2 (C24), 55.2 (OMe), 30.8
(C3), [29.6, 29.5, 29.4, 29.2, and 28.5] (C5–C21), 25.8 (C22), 25.3 (C4),
20.9 ppm (C23); HRMS (ESI-TOF): m/z calcd for C34H60O5Na: 571.4338
[M+Na]+ ; found: 571.4333.

(2S)-24-Acetoxy-2-(p-methoxybenzyloxy)tetradecanoic acid: TEMPO
(2.8 mg, 18 mmol) and phosphate buffer (pH 7, 0.49 mL) were added to a
solution of 15 (71.2 mg, 0.130 mmol) in acetonitrile (1.30 mL) at room
temperature. After the reaction mixture had been warmed to 35 8C, a so-
lution of sodium chlorite in water (2.0m, 0.260 mL, 0.520 mmol) and a so-
lution of sodium hypochlorite in water (available chlorine>0.25%,
68.0 mL, 5.19 mmol) and THF (0.500 mL) were added. The mixture was
stirred for 2.5 h at 35 8C, and then water (0.97 mL) was added at room
temperature. A solution of 6% sodium sulfite in water was added to the
reaction mixture at 0 8C, and the solution was acidified to pH 6 by addi-
tion of 1m hydrochloric acid. The mixture was extracted with diethyl
ether, and the organic layer was washed with brine and dried over
sodium sulfate. After filtration of the mixture and evaporation of the sol-
vent, the crude product was purified by thin-layer chromatography
(chloroform/methanol=10:1) to give (2S)-24-acetoxy-2-(p-methoxyben-
zyloxy)tetradecanoic acid (64.5 mg, 88%) as a colorless solid. M.p.: 70–
72 8C (hexane); [a]23D =�23.7 (c 0.99, benzene); IR (KBr): ñ =2919, 2849,
1747, 1731, 1613, 1516, 1472, 1250, 1174, 1093, 1035 cm�1; 1H NMR
(CDCl3): d=7.25 (d, J=7.6 Hz, 2H), 6.89 (d, J=7.6 Hz, 2H), 4.62 (br s,
1H), 4.40 (br s, 1H), 4.05 (t, J=6.8 Hz, 2H, 24-H), 3.91 (br s, 1H), 3.78
(s, 3H), 2.04 (s, 3H), 1.73 (br s, 1H), 1.61 (dt, J=6.8, 6.8 Hz, 2H), 1.35–
1.22 ppm (m, 39H); 13C NMR (CDCl3): d=177.6 (C1), 171.3 (Ac), 159.4
(PMB), 129.7 (PMB), 129.3 (PMB), 113.8 (PMB), 79.5 (C2), 71.1 (PMB),
64.7 (C24), 55.2 (OMe), 32.6 (C3), [29.7, 29.6, 29.5, 29.3, 29.2, and 28.6]
(C5–C21), 25.9 (C22), 25.1 (C4), 20.9 ppm (C23); HRMS (ESI-TOF):
m/z calcd for C34H58O6Na: 585.4131 [M+Na]+ ; found: 585.4127.

16 : Potassium carbonate (32.7 mg, 0.237 mmol) was added to a solution
of (2S)-24-acetoxy-2-(p-methoxybenzyloxy)tetradecanoic acid (64.5 mg,
0.115 mmol) in MeOH (1.6 mL) at 0 8C. The reaction mixture was stirred
for 20 h at room temperature and then stirred for 22 h at 40 8C. The solu-
tion was acidified to pH 6 by addition of 1m hydrochloric acid, the mix-
ture was extracted with dichloromethane, and the organic layer was
washed with brine and dried over sodium sulfate. After filtration of the
mixture and evaporation of the solvent, the crude product was purified
by thin-layer chromatography (chloroform/methanol=9:1) to afford
(2S)-24-hydroxy-2-(p-methoxybenzyloxy)tetradecanoic acid (16 ; 51.9 mg,
87%) as a white solid. M.p.: 81–82 8C (hexane/benzene); [a]24D =�36.0 (c
0.99, EtOH); IR (KBr): ñ =3370, 2915, 2849, 1731, 1612, 1585, 1514,
1468, 1303, 1249, 1176, 1097, 1033 cm�1; 1H NMR (CDCl3): d=7.25 (d,
J=8.8 Hz, 2H), 6.85 (d, J=8.8 Hz, 2H), 4.62 (d, J=11.6 Hz, 1H), 4.37
(d, J=11.6 Hz, 1H), 3.91 (t, J=6.4 Hz, 1H, 2-H), 3.77 (s, 3H), 3.61 (t,
J=6.8 Hz, 2H, 24-H), 2.04 (s, 3H), 1.74 (dt, J=7.2, 6.4 Hz, 2H, 3-H),
1.54 (dt, J=6.8, 6.8 Hz, 2H), 1.42–1.23 ppm (m, 38H); 13C NMR
(CDCl3): d =176.9 (C1), 159.5 (PMB), 129.7 (PMB), 129.3 (PMB), 113.8
(PMB), 77.3 (C2), 72.0 (PMB), 63.0 (C24), 55.2 (OMe), 32.6 (C3), 32.6
(C23), [29.6, 29.5, 29.4, and 29.2] (C5–C21), 25.6 (C22), 25.1 ppm (C4);
HRMS (ESI-TOF): m/z calcd for C32H56O5Na: 543.4025 [M+Na]+ ;
found: 543.4031.

17: A solution of 16 (86.7 mg, 1.67 mmol) in THF (48 mL) was slowly
added to a solution of MNBA (74.6 mg, 0.217 mmol) and DMAP
(60.9 mg, 0.499 mmol) in dichloromethane (33 mL) at 50 8C with a me-
chanically driven syringe over a 12-h period. After the reaction mixture
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had been stirred for 1 h at 50 8C, saturated aqueous sodium hydrogencar-
bonate was added at 0 8C. The mixture was extracted with dichloro-
ACHTUNGTRENNUNGmethane, and the organic layer was washed with water and dried over
sodium sulfate. After filtration of the mixture and evaporation of the sol-
vent, the crude product was purified by column chromatography
(hexane/ethyl acetate=20:1) to afford (2S)-2-(p-methoxybenzyloxy)tetra-
cosanolide (17; 72.5 mg, 87%) as a colorless solid. M.p.: 56–57 8C (metha-
nol); [a]23D =�41.5 (c 0.99, benzene); IR (KBr): ñ =2922, 2851, 1736,
1614, 1514, 1475, 1249, 1233, 1146, 1110, 1033 cm�1; 1H NMR (CDCl3):
d=7.28 (d, J=8.6 Hz, 2H), 6.84 (d, J=8.6 Hz, 2H), 4.63 (d, J=11.6 Hz,
1H), 4.34 (d, J=11.6 Hz, 1H), 4.23 (dt, J=10.8, 6.4 Hz, 1H, 24-H), 4.10
(dt, J=10.8, 6.0 Hz, 1H, 24-H), 3.91 (t, J=6.4 Hz, 1H, 2-H), 3.80 (s, 3H),
1.78–1.72 (m, 2H), 1.68–1.61 (m, 2H), 1.39–1.26 ppm (m, 38H);
13C NMR (CDCl3): d =173.0 (C1), 159.3 (PMB), 129.8 (PMB), 129.6
(PMB), 113.8 (PMB), 77.8 (C2), 71.7 (PMB), 64.7 (C24), 55.2 (OMe),
33.0 (C3), [29.2, 29.1, 29.0, 29.8, 28.7, 28.6, 28.5, 28.2, 28.1, 28.0, and 27.8]
(C5–C22), 26.0 (C23), 24.9 ppm (C4); HRMS (ESI-TOF): m/z calcd for
C32H54O4Na: 525.3920 [M+Na]+ ; found: 525.3914.

(�)-3 : DDQ (8.30 mg, 36.6 mmol) was added to a suspension of 17
(16.3 mg, 32.4 mmol) in dichloromethane (0.6 mL) and water (0.06 mL) at
0 8C. The reaction mixture was stirred for 8 h at room temperature, and
then phosphate buffer (pH 7) was added. The mixture was extracted with
dichloromethane, and the organic layer was washed with water and brine
and dried over sodium sulfate. After filtration of the mixture and evapo-
ration of the solvent, the crude product was purified by thin-layer chro-
matography (hexane/ethyl acetate=5:1) to afford (2S)-2-hydroxytetraco-
sanolide ((�)-3 ; 12.3 mg, 99%) as a white solid. M.p.: 67–68 8C (acetoni-
trile); [a]19D =�11.2 (c 0.93, benzene); IR (KBr): ñ=3448, 3405, 2921,
2852, 1739, 1722, 1463, 1406, 1224, 1141, 1095 cm�1; 1H NMR (CDCl3):
d=4.34 (dt, J=10.6, 7.2 Hz, 1H, 24-H), 4.18 (dd, J=5.2, 5.6 Hz, 1H, 2-
H), 4.05 (dt, J=10.6, 5.6 Hz, 1H, 24-H), 2.80 (d, J=5.2 Hz, 1H, OH),
1.82–1.59 (m, 4H), 1.48–1.13 ppm (m, 40H); 13C NMR (CDCl3): d=175.6
(C1), 70.4 (C2), 65.7 (C24), 34.3 (C3), [29.3, 29.2, 29.1, 29.0, 28.8, 28.6,
28.5, 28.4, 28.1, 28.0, and 27.8] (C5–C22), 26.0 (C23), 24.3 (C4) ppm;
HRMS (ESI-TOF): m/z calcd for C24H46O3Na: 405.3339 [M+Na]+ ;
found: 405.3337.

3 :[4] 1H NMR (CDCl3): d=4.31 (ddd, J=5–6 Hz each, 1H, 24-H), 4.17
(ddd, J=4.7, 5.2, 6.0 Hz, 1H, 2-H), 4.06 (ddd, J=5–6 Hz each, 1H, 24-
H), 2.70 (d, J=6.0 Hz, 1H, OH), 1.6–0.9 ppm (m, 46H); 13C NMR
(CDCl3): d=175.7 (C1), 70.5 (C2), 65.9 (C24), 34.5 (C3), [29.3, 29.1, 28.9,
28.7, 28.6, 28.5, 28.2, and 27.9] (internal methylenes), 26.1 (C4 or C23),
24.5 ppm (C23 or C4).

(2R)-2-(3,5-Dinitrobenzoyloxy)tetracosanolide: Diisopropyl azodicarbox-
ylate (15.0 mL, 28.8 mmol) was added to a solution of 3 (5.5 mg, 14 mmol),
triphenylphosphine (8.5 mg, 32 mmol), and 3,5-dinitrobenzoic acid
(15.1 mg, 71.2 mmol) in THF (0.29 mL) at 0 8C. The reaction mixture was
stirred for 22 h at room temperature, and then saturated aqueous sodium
hydrogencarbonate was added. The mixture was extracted with hexane,
and the organic layer was washed with water and brine and dried over
sodium sulfate. After filtration of the mixture and evaporation of the sol-
vent, the crude product was purified by thin-layer chromatography twice
(benzene/diethyl ether=20:1 then hexane/ethyl acetate=5:1) to afford
(2R)-2-(3,5-dinitrobenzoyloxy)tetracosanolide (5.9 mg, 71%) as a color-
less solid.

(+)-3 : Triethylamine (7.40 mL, 52.9 mmol) was added to a solution of
(2R)-2-(3,5-dinitrobenzoyloxy)tetracosanolide (6.10 mg, 10.6 mmol) in
methanol (0.1 mL) at room temperature. The reaction mixture was
stirred for 30 min at room temperature, and then saturated aqueous
sodium hydrogencarbonate was added at room temperature. The mixture
was extracted with ethyl acetate, and the organic layer was washed with
brine and dried over sodium sulfate. After filtration of the mixture and
evaporation of the solvent, the crude product was purified by thin-layer
chromatography (hexane/ethyl acetate=5:1) to afford (2R)-2-hydroxy-
ACHTUNGTRENNUNGtetracosanolide ((+)-3 ; 4.3 mg, 96%) as a colorless solid. [a]21D =++11.3 (c
0.86, benzene).

18 : PCC (43.3 mg, 0.201 mmol) was added to a solution of 13 (100 mg,
0.134 mmol) in dichloromethane (1.5 mL). The reaction mixture was
stirred for 22 h at room temperature and then diluted with diethyl ether.

After filtration of the mixture through a short pad of celite and evapora-
tion of the solvent, the crude product was purified by thin-layer chroma-
tography (hexane/ethyl acetate=3:1) to afford (23S)-24-(tert-butyldi-
ACHTUNGTRENNUNGphenylsiloxy)-23-(p-methoxybenzyloxy)tetradecanal (18 ; 85.0 mg, 85%)
as a colorless oil. [a]22D =�14.3 (c 1.03, benzene); IR (neat): ñ=

1727 cm�1; 1H NMR (CDCl3): d =9.76 (s, 1H, CHO), 7.70–7.67 (m, 4H,
TBDPS), 7.45–7.34 (m, 6H, TBDPS), 7.23 (d, J=8.7 Hz, 2H, PMP), 6.85
(d, J=9.0 Hz, 2H, PMP), 4.60 (d, J=11.4 Hz, 1H, PMB), 4.44 (d, J=

11.4 Hz, 1H), 3.80 (s, 3H, PMB), 3.73 (dd, J=11.9, 5.9 Hz, 1H, 1-H),
3.62 (dd, J=10.8, 4.8 Hz, 1H, 1-H), 3.50–3.44 (m, 1H, 2-H), 2.42 (dt, J=

7.4, 1.8 Hz, 2H, 23-H), 1.65–1.44 (m, 4H, 3-H, 22-H), 1.35–1.18 (m, 38H,
4-H to 21-H), 1.06 ppm (s, 9H, TBDPS); 13C NMR (CDCl3): d=203.0
(C24), 159.0 (PMP), 135.6 (Ar), 133.6 (Ar), 131.2 (Ar), 129.6 (Ar), 129.3
(Ar), 127.6 (Ar), 113.6 (PMP), 79.4 (C2), 71.7 (PMB), 66.4 (C1), 55.2
(OMe), 43.9 (C23), 31.6 (C3), [29.70, 29.63, 29.59, 29.41, 29.34, and 29.14]
(C5–C21), 26.8 (TBDPS), 25.4 (C4), 22.1 (C22), 19.2 ppm (TBDPS);
HRMS (ESI-TOF): m/z calcd for C48H74O4SiNa: 765.5249 [M+Na]+ ;
found: 765.5270.

19 : A solution of Grignard reagent B (0.556m, 3.0 mL, 1.67 mmol) was
added to a solution of 18 (565 mg, 0.760 mmol) in THF (2.5 mL) at 0 8C.
The reaction mixture was stirred for 1.5 h at 0 8C, and then saturated
aqueous ammonium chloride was added. The mixture was extracted with
diethyl ether, and the organic layer was washed with brine and dried
over sodium sulfate. After filtration of the mixture and evaporation of
the solvent, the crude product was purified by column chromatography
(hexane/ethyl acetate=10:1) to afford (2S)-1-(tert-butyldiphenylsiloxy)-2-
(p-methoxybenzyloxy)-28-(tetrahydro-2H-pyran-2-yloxy)octacosan-24-ol
(19 ; 557 mg, 81%) as a colorless oil. IR (neat): ñ=3448 cm�1; 1H NMR
(CDCl3): d=7.78–7.64 (m, 4H, TBDPS), 7.47–7.33 (m, 6H, TBDPS),
7.28–7.20 (m, 2H, PMP), 6.89–6.81 (m, 2H, PMP), 4.61 (d, J=11.1 Hz,
1H, PMB), 4.59 (s, 1H, THP), 4.45 (d, J=11.1 Hz, 1H, PMB), 3.93–3.36
(m, 8H, 1-H, 2-H, 24-H, 28-H, THP), 3.80 (s, 3H, OMe), 1.89–1.15 ppm
(m, 54H); 13C NMR (CDCl3): d =159.0 (PMP), 135.6 (Ar), 133.6 (Ar),
131.2 (Ar), 129.6 (Ar), 129.3 (Ar), 127.6 (Ar), 113.6 (PMP), 98.9 (THP),
79.4 (C2), 71.7 (PMB), 67.5 (C24), 66.4 (C1), 64.3 (C28), 62.3 (THP),
55.2 (OMe), 37.5 (C23), 37.1 (C25), 31.6 (C3), 30.7 (C27), [29.7 and 29.6]
(C5–C21), 26.8 (TBDPS), [25.6 and 25.3] (C4 or C26), 22.3 (C22), 19.6
(TBDPS), 19.2 ppm (THP); HRMS (ESI-TOF): m/z calcd for
C57H92O6SiNa: 923.6555 [M+Na]+ ; found: 923.6554.

20 : p-Toluenesulfonic acid monohydrate (32.7 mg, 0.190 mmol) was
added to a solution of 19 (1.38 g, 1.53 mmol) and 3,4-dihydro-2H-pyran
(0.200 mL, 2.19 mmol) in dichloromethane (6 mL) at 0 8C. The reaction
mixture was stirred for 2 h at room temperature, and then saturated
aqueous sodium hydrogencarbonate was added. The mixture was extract-
ed with dichloromethane, and the organic layer was washed with brine
and dried over sodium sulfate. After filtration of the mixture and evapo-
ration of the solvent, the crude product was purified by column chroma-
tography (hexane/ethyl acetate=15:1) to afford (2S)-1-(tert-butyldiphen-
ACHTUNGTRENNUNGylsiloxy)-2-(p-methoxybenzyloxy)-24,28-di(tetrahydro-2H-pyran-2-yl-
ACHTUNGTRENNUNGoxy)octacosane (20 ; 1.30 g, 86%) as a colorless oil. IR (neat): ñ =3070,
3044, 2924, 2853 cm�1; 1H NMR (CDCl3): d=7.71–7.67 (m, 4H, TBDPS),
7.47–7.35 (m, 6H, TBDPS), 7.26–7.17 (m, 2H, PMP), 6.88–6.80 (m, 2H,
PMP), 4.60 (d, J=11.1 Hz, 1H, PMB), 4.58 (s, 1H, THP), 4.44 (d, J=

11.3 Hz, 1H, PMB), 3.92–3.32 (m, 8H, 1-H, 2-H, 24-H, 28-H, THP), 3.80
(s, 3H, OMe), 1.88–1.11 (m, 54H), 1.07 ppm (s, 9H, TBDPS); 13C NMR
(CDCl3): d =158.9 (PMP), 135.6 (Ar), 133.6 (Ar), 131.1 (Ar), 129.6 (Ar),
129.3 (Ar), 127.6 (Ar), 113.6 (PMP), 100.5 (THP), 95.4 (THP), 79.4 (C2),
71.8 (PMB), 67.5 (C24), 66.4 (C1), 62.7 (C28), 62.2 (THP), 62.1 (THP),
55.3 (OMe), 35.0 (C23), 34.8 (C25), 30.8 (C3), 30.7 (C27), [29.9 and 29.5]
(C5–C21), 26.8 (TBDPS), [25.5 and 25.0] (C4 or C26), 22.3 (C22), 20.0
(TBDPS), 19.7 (THP), 19.6 ppm (THP); HRMS (ESI-TOF): m/z calcd
for C62H100O7SiNa: 1007.7131 [M+Na]+ ; found: 1007.7123.

21: Acetic acid (0.12 mL, 2.10 mmol) and a solution of TBAF in THF
(1.0m, 2.00 mL, 2.00 mmol) were added to a solution of 20 (655 mg,
0.664 mmol) in THF (7.2 mL) at 0 8C. After the reaction mixture had
been stirred for 22.5 h at room temperature, saturated aqueous sodium
hydrogencarbonate was added. The mixture was extracted with ethyl ace-
tate, and the organic layer was washed with water and brine and dried
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over sodium sulfate. After filtration of the mixture and evaporation of
the solvent, the crude product was purified by column chromatography
(hexane/ethyl acetate=3:1) to afford (2S)-2-(p-methoxybenzyloxy)-
24,28-di(tetrahydro-2H-pyran-2-yloxy)octacosanol (21; 474 mg, 96%) as
a colorless oil. IR (neat): ñ=3466 cm�1; 1H NMR (CDCl3): d=7.27 (d,
J=8.4 Hz, 2H, PMP), 6.91–6.86 (m, 2H, PMP), 4.67–4.62 (m, 1H, THP),
4.60–4.55 (m, 1H, THP), 4.56 (d, J=11.3 Hz, 1H, PMB), 4.46 (d, J=

11.1 Hz, 1H, PMB), 3.95–3.34 (m, 10H, 1-H, 2-H, 24-H, 28-H, THP),
3.81 (s, 3H, OMe), 1.86–1.38 (m, 20H, 3-H, 23-H, 25-H, 27-H, THP),
1.38–1.16 ppm (m, 40H); 13C NMR (CDCl3): d=159.2 (PMP), 130.6
(PMP), 129.3 (PMP), 113.8 (PMP), 98.8 (THP), 97.6 (THP), 79.4 (C2),
71.1 (PMB), 67.5 (C24), 64.3 (C1), 62.7 (C28), 62.3 (THP), 62.2 (THP),
55.3 (OMe), 35.0 (C23), 34.8 (C25), 30.8 (C3), 30.7 (C27), [29.9 and 29.5]
(C5–C21), [25.5 and 25.0] (C4 or C26), 22.3 (C22), 20.0 (THP), 19.6 ppm
(THP); HRMS (ESI-TOF): m/z calcd for C46H82O7Na: 769.5953 [M+

Na]+ ; found: 769.5953.

(2S)-2-(p-Methoxybenzyloxy)-24,28-di(tetrahydro-2H-pyran-2-yloxy)octa-
cosanoic acid: TEMPO (18.0 mg, 0.110 mmol) and phosphate buffer
(pH 7, 2.95 mL) were added to a solution of 21 (588.1 mg, 0.787 mmol) in
acetonitrile (3.9 mL) at room temperature. After the reaction mixture
had been warmed to 35 8C, a solution of sodium chlorite in water (2.0m,
1.58 mL, 3.15 mmol) and a solution of sodium hypochlorite in water
(available chlorine >0.25%, 0.414 mL, 31.5 mmol) were added. The mix-
ture was stirred for 8.5 h at 35 8C, and then water (5.9 mL) was added at
room temperature. A solution of 6% sodium sulfite in water was added
to the reaction mixture at 0 8C, and the solution was acidified to pH 6 by
addition of 1m hydrochloric acid. The mixture was extracted with diethyl
ether, and the organic layer was filtered through a short pad of silica
(chloroform/methanol=10:1). Evaporation of the solvent gave (2S)-2-(p-
methoxybenzyloxy)-24,28-di(tetrahydro-2H-pyran-2-yloxy)octacosanoic
acid (604 mg, quant.) as a colorless oil. The crude product was instantly
used in the following reaction without further purification. For the analy-
sis, the carboxylic acid was purified by column chromatography
(CH2Cl2!5% MeOH in CH2Cl2) on silica gel 60N (spherical, neutral,
Kanto Chem. Co., Inc.) to give pure (2S)-2-(p-methoxybenzyloxy)-24,28-
di(tetrahydro-2H-pyran-2-yloxy)octacosanoic acid as a colorless oil. IR
(neat): ñ=3446, 1700 cm�1; 1H NMR (CDCl3): d=7.27 (d, J=8.7 Hz, 2H,
PMP), 6.89 (d, J=8.7 Hz, 2H, PMP), 4.58 (s, 2H, THP), 4.55 (d, J=

11.3 Hz, 1H, PMB), 4.47 (d, J=11.1 Hz, 1H, PMB), 3.93–3.34 (m, 8H, 2-
H, 24-H, 28-H, THP), 3.80 (s, 3H, OMe), 1.95–1.16 ppm (m, 60H);
HRMS (ESI-TOF): m/z calcd for C46H80O8Na: 783.5745 [M+Na]+ ;
found: 783.5739.

22 : Hydrochloric acid (1m, 4 mL) was added to a solution of crude (2S)-
2-(p-methoxybenzyloxy)-24,28-di(tetrahydro-2H-pyran-2-yloxy)octacosa-
noic acid (604 mg, 0.793 mmol) in THF (40 mL) at 0 8C. The reaction
mixture was stirred for 71 h at room temperature. The mixture was ex-
tracted with ethyl acetate, and the organic layer was washed with brine
and dried over sodium sulfate. After filtration of the mixture and evapo-
ration of the solvent, the crude product was purified by column chroma-
tography (dichloromethane/methanol=10:1) to afford (2S)-24,28-dihy-
droxy-2-(p-methoxybenzyloxy)octacosanoic acid (22 ; 262.3 mg, 56% over
2 steps) as a white solid. M.p.: 62–63 8C; IR (KBr): ñ=3416, 1716 cm�1;
1H NMR (CDCl3): d =7.29–7.26 (m, 2H, PMP), 6.92–6.87 (m, 2H, PMP),
4.60 (d, J=11.4 Hz, 1H, PMB), 4.46 (d, J=11.4 Hz, 1H, PMB), 3.98 (t,
J=5.9 Hz, 1H, 2-H), 3.81 (s, 3H, OMe), 3.67 (t, J=6.3 Hz, 2H, 28-H),
3.61 (m, 1H, 24-H), 1.82–1.72 (m, 2H), 1.61–1.25 ppm (m, 48H);
13C NMR (CDCl3): d =174.7 (C1), 159.3 (PMP), 129.8 (PMP), 129.0
(PMP), 113.9 (PMP), 72.3 (C2), 72.0 (PMB), 70.0 (C24), 62.8 (C28), 55.3
(OMe), 37.5 (C23), 36.9 (C25), 32.3 (C3), [29.6 and 29.4] (C5–C21), 29.2
(C27), [25.6 and 24.8] (C4 or C26), 21.8 ppm (C22); HRMS (ESI-TOF):
m/z calcd for C36H64O6Na: 615.4595 [M+Na]+ ; found: 615.4597.

23 : A solution of 22 (31.8 mg, 53.6 mmol) in THF (16.3 mL) was slowly
added to a solution of MNBA (24.8 mg, 72.0 mmol), DMAPO (1.7 mg,
12.3 mmol), and triethylamine (0.02 mL, 0.161 mmol) in dichloromethane
(9.6 mL) at 50 8C with a mechanically driven syringe over a 12 h period.
After the reaction mixture had been stirred for 1 h at room temperature,
saturated aqueous sodium hydrogencarbonate was added at 0 8C. The
mixture was extracted with dichloromethane, and the organic layer was

washed with water and brine and dried over sodium sulfate. After filtra-
tion of the mixture and evaporation of the solvent, the crude product was
purified by thin-layer chromatography (hexane/ethyl acetate=3:1) to
afford (2S)-24-hydroxy-2-(p-methoxybenzyloxy)octacosanolide (23 ;
23.6 mg, 77%) as a colorless oil. IR (neat): ñ =3446, 1636 cm�1; 1H NMR
(CDCl3): d=7.28 (d, J=8.5 Hz, 2H, PMP), 6.88 (d, J=8.5 Hz, 2H,
PMP), 4.63 (d, J=11.0 Hz, 1H, PMB), 4.34 (d, J=11.0 Hz, 1H, PMB),
4.22–4.18 (m, 1H, 28-H), 4.16–4.09 (m, 1H, 28-H), 3.90 (t, J=6.5 Hz, 1H,
2-H), 3.80 (s, 3H, OMe), 3.66–3.55 (m, 1H, 24-H), 1.76–1.26 ppm (m,
48H); 13C NMR (CDCl3): d =174.0 (C1), 159.3 (PMP), 131.9 (PMP),
129.7 (PMP), 113.7 (PMP), 77.4 (C2), 71.8 (C24), 71.6 (PMB), 64.7 (C28),
55.3 (OMe), 37.3 (C23), 36.8 (C25), 33.0 (C3), [29.4, 29.43, 29.2, 29.1,
29.0, 28.9, 28.9, 28.8, 28.7, 28.6, and 28.6] (C5–C21), 25.4 (C26), 25.3
(C4), 25.0 (C22), 22.1 ppm (C27); HRMS (ESI-TOF): m/z calcd for
C36H62O5Na: 597.4489 [M+Na]+ ; found: 597.4489.

(2S)-2-(p-Methoxybenzyloxy)-24-oxooctacosanolide: NMO (1.84 mg,
15.7 mmol) was added to a mixture of 4-N molecular sieves (3.1 mg) and
23 (3.20 mg, 5.57 mmol) in dichloromethane (0.5 mL) at room tempera-
ture. After the reaction mixture had been stirred for 5 min at room tem-
perature, TPAP (0.37 mg, 1.05 mmol) was added at 0 8C. The reaction
mixture was stirred for 30 min at 0 8C and then filtered through a pre-
cooled short pad of silica gel (ethyl acetate). After the solvent was
evaporated, the crude product was purified by thin-layer chromatography
(benzene/diethyl ether=3:1) to afford (2S)-2-(p-methoxybenzyloxy)-24-
oxooctacosanolide (3.0 mg, 94%) as a colorless oil. [a]22D =�34.4 (c 0.753,
benzene); IR (neat): ñ=1737, 1712 cm�1; 1H NMR (CDCl3): =7.30–7.26
(m, 2H, PMP), 6.90–6.84 (m, 2H, PMP), 4.62 (d, J=11.1 Hz, 1H, PMB),
4.33 (d, J=11.3 Hz, 1H, PMB), 4.20–4.07 (m, 2H, 28-H), 3.89 (t, J=

6.5 Hz, 1H, 2-H), 3.80 (s, 3H, OMe), 2.45 (t, J=7.0 Hz, 2H, 25-H), 2.38
(t, J=7.4 Hz, 2H, 23-H), 1.78–1.50 (m, 10H), 1.45–1.18 ppm (m, 34H);
13C NMR (CDCl3): d =210.8 (C24), 173.0 (C1), 159.3 (PMP), 132.7
(PMP), 129.7 (PMP), 113.3 (PMP), 71.9 (C2), 64.4 (C28), 55.3 (OMe),
42.8 (C23), 42.0 (C25), 33.0 (C3), [29.3, 29.2, 29.2, 29.1, 29.0, 28.8, 28.7,
28.6, and 28.6] (C5–C21), 28.2 (C26), 25.2 (C4), 23.8 (C22), 20.3 ppm
(C27); HRMS (ESI-TOF): m/z calcd for C36H60O5Na: 595.4333 [M+

Na]+ ; found: 595.4333.

(�)-5 : DDQ (1.43 mg, 6.30 mmol) was added to a suspension of (2S)-2-
(p-methoxybenzyloxy)-24-oxooctacosanolide (3.00 mg, 5.20 mmol) in di-
chloromethane (0.47 mL) and water (0.05 mL) at 0 8C. The reaction mix-
ture was stirred for 2.5 h at room temperature, and then phosphate
buffer (pH 7) was added. The mixture was extracted with dichloro-
ACHTUNGTRENNUNGmethane, and the organic layer was washed with water and brine and
dried over sodium sulfate. After filtration of the mixture and evaporation
of the solvent, the crude product was purified by thin-layer chromatogra-
phy (benzene/diethyl ether=3:1) to afford (2S)-2-hydroxy-24-oxooctaco-
sanolide ((�)-5 ; 1.9 mg, 80%) as a white solid. M.p.: 67–68 8C; [a]21D =

�9.6 (c 0.96, benzene); IR (KBr): ñ=3445, 1739, 1713 cm�1; 1H NMR
(CDCl3): d =4.28–4.24 (m, 1H, 28-H), 4.18–4.16 (m, 1H, 2-H), 4.13–4.09
(m, 1H, 28-H), 2.45 (t, J=7.0 Hz, 2H, 25-H), 2.40 (t, J=7.5 Hz, 2H, 23-
H), 1.81–1.75 (m, 2H, 3-H), 1.69–1.63 (m, 2H, 27-H), 1.67–1.61 (m, 2H,
26-H), 1.61–1.56 (m, 2H, 22-H), 1.56–1.45 (m, 2H, 4-H), 1.45–1.17 ppm
(m, 34H, 5-H to 21-H); 13C NMR (CDCl3): d=210.7 (C24), 175.6 (C1),
70.4 (C2), 65.4 (C28), 42.8 (C23), 42.0 (C25), 34.4 (C3), [29.4, 29.3, 29.3,
29.2, 29.1, 29.0, 28.9, 28.9, 28.8, 28.7, 28.7, 28.7, 28.6, 28.6, and 28.5] (C5–
C21), 28.1 (C26), 24.7 (C4), 23.7 (C22), 20.2 ppm (C27); HRMS (ESI-
TOF): m/z calcd for C28H52O4Na: 475.3758 [M+Na]+ ; found: 475.3758.

5 :[5] Amorphous solid. 1H NMR (CDCl3): d=4.24 and 4.10 (m, 2H, 28-
H), 4.15 (m, 1H, 2-H), 2.73 (d, J=5 Hz, 1H, OH), 2.44 (t, J=6.5 Hz, 2H,
25-H), 2.38 (t, J=7 Hz, 2H, 23-H), 1.76 and 1.63 (m, 2H, 3-H), 1.65 (m,
2H, 27-H), 1.63 (m, 2H, 26-H), 1.58 (m, 2H, 22-H), 1.45–1.30 (m, 2H, 4-
H), 1.25 ppm (m, 34H, 5-H–21-H); 13C NMR (CDCl3): d=211.4 (C24),
176.2 (C1), 71.1 (C2), 66.0 (C28), 43.5 (C23), 42.7 (C25), 35.1 (C3), 29.0
(C5–C21), 28.8 (C26), 25.3 (C4), 24.4 (C22), 20.8 ppm (C27); MS: m/z
calcd for C28H5O4: 452.3865 [M]+ ; found: 452.3867.

24 : DMAP (0.60 mg, 4.9 mmol) and benzoic anhydride (1.43 mg, 6.30
mmol) were added to a solution of (�)-5 (1.00 mg, 2.21 mmol) in dichloro-
methane (0.2 mL) at 0 8C. The reaction mixture was stirred for 21 h at
room temperature, and then saturated aqueous sodium hydrogencarbon-
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ate was added. The mixture was extracted with dichloromethane, and the
organic layer was washed with water and brine and dried over sodium
sulfate. After filtration of the mixture and evaporation of the solvent, the
crude product was purified by thin-layer chromatography (hexane/ethyl
acetate=5:1) to afford (2S)-2-benzoyloxy-24-oxooctacosanolide (24 ;
1.2 mg, quant.) as a colorless oil. IR (neat): ñ =1757, 1726 cm�1; 1H NMR
(CDCl3): d=8.10–8.07 (m, 2H, Bz), 7.65–7.55 (m, 1H, Bz), 7.48–7.31 (m,
2H, Bz), 5.21 (t, J=6.8 Hz, 1H, 2-H), 4.23–4.16 (m, 2H, 28-H), 2.43 (t,
J=6.8 Hz, 2H, 25-H), 2.38 (t, J=7.3 Hz, 2H, 23-H), 1.82–1.48 (m, 2H, 3-
H), 1.70–1.62 (m, 2H, 26-H), 1.70–1.62 (m, 2H, 27-H), 1.62–1.48 (m, 2H,
22-H), 1.62–1.48 (m, 2H, 4-H), 1.27–1.25 ppm (m, 34H, 5-H to 21-H);
HRMS (ESI-TOF): m/z calcd for C35H56O5Na: 579.4020 [M+Na]+ ;
found: 579.4020; HPLC (CHIRALCEL OD-H*2, iPrOH/hexane=1:20,
flow rate=0.3 mLmin�1): tR=46.6 (<1%), 47.6 min (>99%).

ent-24 : DEAD (5.00 mg, 28.3 mmol) was added to a solution of (�)-5
(1.40 mg, 1.89 mmol), benzoic acid (1.40 mg, 11.4 mmol), and triphenyl-
phosphine (2.30 mg, 8.70 mmol) in THF (0.1 mL) at 0 8C. The reaction
mixture was stirred for 9 h at room temperature, and then saturated
aqueous sodium hydrogencarbonate was added. The mixture was extract-
ed with diethyl ether, and the organic layer was washed with water and
brine and dried over sodium sulfate. After filtration of the mixture and
evaporation of the solvent, the crude product was purified by thin-layer
chromatography (hexane/ethyl acetate=5:1) to afford (2R)-2-benzoyl-
ACHTUNGTRENNUNGoxy-24-oxooctacosanolide (ent-24 ; 1.7 mg, quant.) as a colorless oil. IR
(neat): ñ=1752, 1730 cm�1; 1H NMR (CDCl3): d=8.10–8.07 (m, 2H, Bz),
7.65–7.55 (m, 1H, Bz), 7.48–7.31 (m, 2H, Bz), 5.21 (t, J=6.8 Hz, 1H, 2-
H), 4.23–4.16 (m, 2H, 28-H), 2.43 (t, J=6.8 Hz, 2H, 25-H), 2.38 (t, J=

7.3 Hz, 2H, 23-H), 1.82–1.48 (m, 2H, 3-H), 1.70–1.62 (m, 2H, 26-H),
1.70–1.62 (m, 2H, 27-H), 1.62–1.48 (m, 2H, 22-H), 1.62–1.48 (m, 2H, 4-
H), 1.27–1.25 ppm (m, 34H, 5-H–21-H); HRMS (ESI-TOF): m/z calcd
for C35H56O5Na: 579.4020 [M+Na]+ ; found: 579.4020; HPLC (CHIRAL-
CEL OD-H*2, iPrOH/hexane=1:20, flow rate=0.3 mLmin�1): tR=46.6
(>99%), 47.6 min (<1%).

(2R)-2-(3,5-Dinitrobenzoyloxy)-24-oxooctacosanolide: to a solution of
(�)-5 (5.40 mg, 11.9 mmol), triphenylphosphine (6.50 mg, 24.8 mmol), and
3,5-dinitrobenzoic acid (6.50 mg, 30.6 mmol) in THF (0.12 mL) at room
temperature was added diisopropyl azodicarboxylate (4.80 mg, 23.9
mmol). The reaction mixture was stirred for 2 h at room temperature, and
then saturated aqueous sodium hydrogencarbonate was added. The mix-
ture was extracted with hexane, and the organic layer was washed with
water and brine and dried over sodium sulfate. After filtration of the
mixture and evaporation of the solvent, the crude product was purified
by thin-layer chromatography (hexane/ethyl acetate=3:1) to afford (2R)-
2-(3,5-dinitrobenzoyloxy)-24-oxooctacosanolide (6.0 mg, 78%) and re-
covered (�)-5 (1.2 mg, 22%) as colorless oils.

(2R)-2-(3,5-Dinitrobenzoyloxy)-24-oxooctacosanolide: IR (neat): ñ=

1736, 1714, 1547 cm�1; 1H NMR (CDCl3): d=9.26 (t, J=2.0 Hz, 1H, Ar),
9.19 (t, J=2.0 Hz, 2H, Ar), 5.32 (dd, J=12.5, 5.0 Hz, 1H, 2-H), 4.24–4.21
(m, 1H, 28-H), 4.18–4.15 (m, 1H, 28-H), 2.45 (t, J=6.0 Hz, 2H, 25-H),
2.40 (t, J=7.0 Hz, 2H, 23-H), 2.08–2.03 (m, 2H, 3-H), 1.67–1.66 (m, 2H,
27-H), 1.67–1.66 (m, 2H, 26-H), 1.55–1.49 (m, 2H, 4-H), 1.48–1.39 (m,
2H, 22-H), 1.35–1.25 ppm (m, 34H, 5-H–21-H); HRMS (ESI-TOF): m/z
calcd for C35H54N2O9Na: 669.3722 [M+Na]+; found: 669.3722.

(+)-5 : Triethylamine (6.5 mL) was added to a solution of (2R)-2-(3,5-dini-
trobenzoyloxy)-24-oxooctacosanolide (6.00 mg, 9.28 mmol) in methanol
(0.1 mL) at room temperature. The reaction mixture was stirred for
30 min at room temperature, and then saturated aqueous sodium hydro-
gencarbonate was added at 0 8C. The mixture was extracted with ethyl
acetate, and the organic layer was washed with brine and dried over
sodium sulfate. After filtration of the mixture and evaporation of the sol-
vent, the crude product was purified by thin-layer chromatography
(hexane/ethyl acetate=3:1) to afford (2R)-2-hydroxy-24-oxooctacosano-
lide ((+)-5 ; 3.5 mg, 83%) as a colorless solid. M.p.: 69–70 8C; [a]22D =

+9.54 (c 0.44, benzene); HRMS (ESI-TOF): m/z calcd for C28H52O4Na:
475.3758 [M+Na]+ ; found: 475.3758.
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