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Abstract—To design easily cyclizable seco-acid derivatives of lankanolide, the conformation of several model seco-acids was
calculated and the lactonization experiments of the seco-acids were carried out to elucidate the efficiency of the cyclization of the
model seco-acid. © 2003 Published by Elsevier Science Ltd.

The target molecule, lankanolide 2 is the aglicone of
14-membered macrolide lankamycin 1. Lankamycin
was isolated in 1960 by Gaumann et al.,1 and the
relative stereo-structure of the macrolide was deter-
mined in 1972 by Keller-Schlierlein et al. (Fig. 1,
Scheme 1).2 Since then, no report of the total synthesis
of this macrolide has appeared, while synthetic efforts
have been carried out.3 We are interested in the effect
of the structure of the seco-acid derivative on the
efficiency of macrolactonization. In some cases, seco-
acid derivatives did not cyclize to give macrolactone
derivatives. To avoid such a case, we decided to design
the target seco-acid derivatives by computer-aided sim-
ulation before starting the synthesis.4 In our design,
there are two routes depending on whether before
cyclization, C8 is quaternalized (route a) or after
cyclization, an asymmetric center at C8 is introduced

(route b). Route a is via seco-acid II which has a
tertiary alcohol at the C8 position. In route b, macro-
lactone IV is oxidized to prepare a tertiary alcohol at
the C8 after cyclization. The critical point of these two
routes will be the reactivity of seco-acids II and V. To
predict the reactivity of seco-acids II and V, first, we
calculate the conformation of the methyl ester of model
seco-acid derivatives (4, 6 and 8) corresponding to
seco-acids II and V, and the lactones (3, 5, and 7) (Fig.
2).

Recently Goto et al. developed a conformational search
method of chain compounds by stepwise bond rotation
(conflex).5 First, we generated the three-dimensional
structures by using ‘conflex’ and the obtained conform-
ers were classified to conformation clusters.6 As shown
in Figure 3, the simulated conformation of the methyl
ester of the seco-acid 4 showed a conformation cluster
(15.2%) of the seco-acid has a similar conformation to
the corresponding cluster of lactone 3 (conformation
distance=8.7).7,8 On the other hand, the calculated
conformation of diacetonide seco-acid 6 showed no
similar conformation to the corresponding lactone 5
(conformation distance=48.1).8 The simulated confor-
mation of 8 methyl ester also did not contain a similar
conformation to the corresponding lactone 7 (confor-
mation distance=49.7).8 This result suggests that the
seco-acid 4 having a similar conformation to the corre-
sponding lactone will easily cyclize to form macrolac-
tone.8 The seco-acid having a tertiary alcohol at C8 (8)
and diacetonide seco-acid 6 were predicted not to
cyclize easily.

Figure 1. Lankamysin and lankanolide. Lankamysin (1):
R1=D-chalcose, R2=acetylarcanose. Lankanolide (2): R1=
H, R2=H.
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Scheme 1. Retro synthetic analysis of lankanolide.

Figure 2. Model seco-acids and lactones for conformation
calculation.

(12, 14 and 18) were prepared starting from the known
intermediate 9 reported by Paterson et al.,9 as shown in
Schemes 2 and 3. The iodide 9 was converted to
epoxy-acetonide 10 via deoxygenation to form exo-
olefin, following 1,2-reduction of enone to give diol 11
as a single diastereomer. The seco-acid 12 and 14 were
synthesized by a similar method. The diol of 11 was
acetalized with mesitaldehyde dimethylacetal and
hydolyzed with NaOH to form seco-acid 12. Similar
treatment of 11 with 2-methoxypropene, and NaOH
gave seco-acid 14. The seco-acid 18 was also synthe-
sized starting from 9, as shown in Scheme 3. Diol of 9
was protected as a mesitilidene acetal, following reduc-
tion of ketone, and the resulting diol was again pro-
tected as a mesitilidene acetal to give 16. The lactone
and epoxide were reduced with LAH to form a triol,
and the primary alcohol of the triol was protected as a

To test the predicted reactivity of these three types of
seco-acids, we synthesized several model seco-acids,
and performed cyclization experiments. The seco-acids

Figure 3. Conformational distance between the cluster of lactone (3, 5 and 7) and the corresponding seco-acid (4, 6 and 8).
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Scheme 2. Preparation of model seco-acid derivatives 12 and 14. Reagents and conditions : (a) Me2C(OMe)2, PPTS, CH2Cl2, rt, 1
h; (b) aq-NaHCO3, THF, rt, 20 min; (c) CrCl2, acetone–H2O (2:1), rt, 30 min; (d) NaBH4, CeCl3, THF, −25°C, 4.5 h; (e)
MesCH(OMe)2, CSA, CH2Cl2, rt, 6 h; (f) 5N NaOH, DMSO, 90°C, 12 h; (g) 2-methoxypropene, PPTS, CH2Cl2, rt, 45 min; (h)
5N NaOH, DMSO, 90°C, 12 h.

Scheme 3. Preparation of seco-acid derivative 18. Reagents and conditions : (a) MesCH(OMe)2, CSA, CH2Cl2, rt, 30 min. (b)
NaBH4, i-PrOH–AcOEt (2:1), rt, 20 min. (c) MesCH(OMe)2, CSA, CH2Cl2, rt, 5 h. (d) LiAlH4, Et2O, 30°C, 2 h. (e) TBDMSCl,
Et3N, DMAP, CH2Cl2, rt, 24 h. (f) Ac2O, Et3N, DMAP, CH2Cl2, rt, 33 h. (g) n-Bu4NF, THF, rt, 3.5 h. (h) Jones reagent,
acetone, −30°C, 5 h. (i) 15% NaOH, MeOH, rt, 24 h.

Table 1. Cyclization reactions of several seco-acids

Cyclization methodaseco-Acid (mM) Yield (%)Reaction time (h)Reaction temp.DMAP (mol equiv.)

A 2.512 (1.0) 11 96130
813B 312 (1.0) Rt

2.5A14 (1.0) 43 15130
B 2.514 (1.0) Rt 43 0

18 (1.0) A 2.5 130 43 0

a A: high-dilution condition: To a 6 mM toluene solution of DMPA in toluene, was added slowly a 2 mM toluene solution of the mixed anhydride
prepared from seco-acid and 2,4,6-trichlorobenzoyl chloride. B: normal condition: DMAP was added to a 10mM toluene solution of the mixed
anhydride.

TBDMS ether, and the secondary alcohol was acetyl-
ated to give 17. Deprotection of TBDMS and Jones
oxidation followed by deacetylation gave seco-acid 18.
The seco-acids (12, 14 and 18) were subjected to
macrolactonization.

The results of cyclization experiments are shown in
Table 1 and Scheme 4. As we predicted, seco-acid 12
cyclized smoothly to give macrolactone 13 in high
yield, even under the normal concentration conditions.
On the other hand, seco-acid 14 (diacetonide) cyclized
sluggishly to form lactone 15 in low yield even under
the high dilution condition. The seco-acid 18 did not

give 19 at all even under the high dilution condition
(Table 1 and Scheme 4). The compatibility between
computer-simulated reactivity and chemical reactivity
is so important that the computer-simulated conforma-
tion analysis may predict the reactivity of intramolecu-
lar cyclization, and the most preferable model
seco-acid to synthesize lankanolide is the seco-acid 12.
In some cases, computer-assisted conformation analysis
can complement synthetic design. We are continuing
research along this line, and in the following report, we
describe a successful example of total synthesis of
lankanolide via the seco-acid designed according to the
model seco-acid 12.
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Scheme 4. Effect of C8 functional groups on macrolactonization. Reagents and conditions : (a) To a solution of DMAP was added
slowly a dilute solution of the mixed anhydride prepared from seco-acid (12, 14 and 18) and 2,4,6-trichlorobenzoyl chloride.
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