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Total synthesis of an antitubercular lactone antibiotic,
(+)-tubelactomicin A
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Abstract—(+)-Tubelactomicin A (1), an antitubercular lactone, has been synthesized from (S)-citronellol (2) and 2-deoxy-LL-ribono-
lactone (18) through intramolecular Diels–Alder reaction, Suzuki–Miyaura coupling, and Shiina macrolactonization.
� 2006 Elsevier Ltd. All rights reserved.
(+)-Tubelactomicin A (1) was isolated from the culture
broth of Nocardia sp. MK703-102F1 to show strong and
specific antimicrobial activities against drug-resistant
Mycobacterium.1 The structure was determined by
X-ray crystallographic analysis to be the 16-membered
lactone fused with a trans decalin skeleton.2 As the
morbidity of tuberculosis with the drug-resistant strains
has increased worldwide, new effective drugs are needed
for treatment of Mycobacterium tuberculosis. The inter-
esting chemical structure, combined with its antituber-
cular activities, has made (+)-tubelactomicin A (1) an
attractive target for synthesis, although the total synthe-
sis has already been accomplished by the Tadano group
using intramolecular Diels–Alder reaction.3
0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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Scheme 1.
Independently, we report herein the total synthesis of
(+)-tubelactomicin A (1).

The approach involves the construction and coupling of
components 7, 10, and 26 (Scheme 1), wherein stereo-
selective Suzuki–Miyaura coupling reaction4 was chosen
for the key C13–C14 bond-forming reaction to assemble
the C1–C13 and C14–C23 subunits5 (17 and 26). The
segments 7 and 10 were derived from (S)-citronellol
(2)6 and 1,3-propanediol (8), respectively, while the seg-
ment 26 was from 2-deoxy-LL-ribonolactone (18).7 The
intramolecular Diels–Alder reaction8–10 of 11 and sub-
sequent stereoselective hydride reduction to give 13
formed the basis for controlling the configuration of 6
.jp

Me Me
H

CO2SE
Me

H

OH

I

17

1
13

3 5

79

11

-L-ribonolactone (18)

Me Me
H

Me

H

OH

CO2H

Me

O
Me

HO

O

(+)-Tubelactomicin A (1)

1

3 5

79

11

13

15

17 19
21

23

e Me
H

Me

H

OH

O O

13

15

17

O
O

O
OH

OMPM

Me

MOMO

Me
OH

B(OH)2

26

14

15

17 19

21

23

mailto:tatsuta@waseda.jp


2440 S. Hosokawa et al. / Tetrahedron Letters 47 (2006) 2439–2442
of 9 stereogenic centers including a quaternary carbon in
(+)-tubelactomicin A (1).

O-Benzylation of 2 successively followed by ozonolysis
and hydride reduction gave alcohol 3 (Scheme 2).

After tritylation, the O-benzyl group was submitted to a
2,3-rearrangement11 with n-butyl lithium to give olefin 4.
Ozonolysis of 4 was followed by reaction with lithio di-
methyl methylphosphonate, methoxymethylation of the
resultant alcohol, and finally de-O-tritylation to provide
phosphonate 6. This was converted into the key segment
7 in four steps: IBX oxidation, Horner–Wadsworth–
Emmons reaction, de-O-methoxymethylation, and then
IBX oxidation.

Segment 10 was readily prepared from 8 by silylation
and oxidation to give aldehyde 9 followed by Wittig
olefination.

The configurations of both segments 7 and 10 were con-
firmed by the 1H NMR studies.
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Scheme 2. Reagents and conditions: (a) BnCl, NaH/DMF, 0 �C, 3 h; (b) O3/C
(c) TrCl, Et3N, DMAP/Cl(CH2)2Cl, 50 �C, 12 h; (d) n-BuLi/THF, �78 �C
�78 �C to rt, 12 h, 95%; (f) dimethyl methylphosphonate, n-BuLi/THF, �7
12 h, 48% in three steps; (i) IBX/PhMe–DMSO, 50 �C, 3 h; (j) triethyl 2-ph
65 �C, 1 d; (l) IBX/PhMe–DMSO, 50 �C, 5 h, 60% in four steps; (m) TBSCl,
(triphenylphosphoranylidene)-propionaldehyde/PhMe, 90 �C, 5 h, 47% in th
130 �C, 3 d; (r) BF3ÆOEt2/MeCN, rt, 10 min, 68% in two steps; (s) NaBH(
MOMCl, i-Pr2NEt/Cl(CH2)2Cl, 50 �C, 6 h, 39% in three steps; (v) TMS(CH2)
2-[N,N-bis(trifluoromethylsulfonyl)amino]-5-chloropyridine, KHMDS/THF,
Cp2ZrHCl/PhH, rt, 1 h, then I2, rt, 1 h, 50% in two steps.
Coupling of 7 and 10 was effected using Ba(OH)2 under
mild conditions12 to give the desired product 11.13 The
intramolecular Diels–Alder reaction of 11 afforded the
requisite adduct as a single product as expected from
the favored transition state.8–10 De-O-silylation of the
adduct gave 12, which was stereoselectively reduced to
13 and then transformed to the methoxymethyl ether
14. Their structures were supported by the 1H
NMR studies. Reaction of 14 with sodium TMS-ethyl-
ate gave the hydroxyl ester 15 without the undesired
lactone formation. The alcohol was oxidized to the
aldehyde, which was treated with Comins’ reagent14 to
give the desired acetylene 16. This was converted to
the key vinyl iodide 17 according to the reported
procedures.15

Synthesis of the segment 26 began with selective O-pro-
tection of 18 and stereoselective introduction of a C-
methyl group16 (Scheme 3). O-Methoxymethylation of
19 and subsequent hydride reduction afforded diol 20,
which was selectively tritylated and then oxidized to
ketone 21. Installation of the trimethylsilylated side
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chain gave the diastereomeric 22, which was converted
into olefin 23.17 The stereochemistry was also confirmed
by the 1H NMR studies.

The terminal vinyl group of 23 was selectively oxidized
to the methyl ketone under Wacker conditions, which
was followed by oxidation of the primary alcohol to give
the intermediary aldehyde. The aldehyde portion re-
acted with CBr4 and PPh3 to give the dibromomethyl-
ene. Sequentially, the methyl ketone portion was
stereoselectively reduced with (S)-CBS to afford the de-
sired 24 with a little undesired isomer.18 Exposure of the
crude sample to the n-butyl lithium provided acetylene
25, which was transformed to the alkenylboronic acid
26 by hydroboration with catecholborane followed by
hydrolysis on silica gel.

Cross-coupling of 17 and 26 gave,4 after deprotection,
the desired seco acid 27 (Scheme 4). Macrolactonization
proceeded smoothly under Shiina’s conditions19 to deli-
ver lactone 28.

To complete the total synthesis, removal of the O-MPM
group was successively followed by selective NiO2 oxi-
dation20 of the resultant allyl alcohol to the carboxylic
acid 29 and de-O-methoxymethylation to give (+)-tube-
lactomicin A (1). The analytical data of 1 were consis-
tent with those reported previously.2,3
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