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a b s t r a c t

Luminamicin (1) was found to exhibit selective antibacterial activity against anaerobic bacteria by our
group in 1985. The concise structure of 14-membered lactone of 1 was synthesized. Construction of a ver-
satile enol ether moiety was achieved by Stille cross coupling via hydrostanylation of the ethynyl ether,
and a maleic anhydride moiety was derived from the furan constitution by the oxidation after the mac-
rolactonization at a late-stage.

� 2012 Elsevier Ltd. All rights reserved.
In 1985, Luminamicin (1, Fig. 1) was isolated from the fermen-
tation broth of Streptomyces sp. OMR-59 by our group. It was found
to exhibit selective antibacterial activity against anaerobic bacte-
ria, particularly Clostridium sp., with a minimum inhibitory concen-
tration (MIC) value of 3–12 l/mL.1 Two years after its discovery,
McAlpine and co-workers reported the isolation of Coloradocin,
an antianaerobic bactericide from the fermentation broth of
Actinoplanes coloradoensis,2 and showed it to be identical to 1.3

Luminamicin contains a highly functionalized oxa-bridged cis-
decalin ring system, namely 11-oxatricyclo[5.3.1.1,703,8]undecane,
associated with a 10-membered macrolactone moiety possessing
trisubstituted E-olefin and a 14-membered macrolactone with an
enol ether conjugated with a maleic anhydride functionality. In
2005, the absolute configuration of 1 was determined, as shown
in Figure 1, by our group using conformational analysis via high
temperature molecular dynamics, NMR spectroscopy, and the
modified Mosher method.4

Due to its intriguing architectural structure and interesting
biological activity, synthetic studies of the oxa-bridged cis-decaline
core of 1, 11-oxatricyclo[5.3.1.1,703,8]undecane, have been reported
by Kallmerten,5 Gössinger,6 and our group.7 However, no synthetic
study of the 14-membered macrolactone, the C(16–21–29)
ll rights reserved.
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framework with an enol ether, and maleic anhydride functionality
has, as yet, been reported.

Importantly, 1 and the related macrolide, Lustromycin (2),8 ex-
hibit antibacterial activity against anaerobic bacteria, but do not
show antibacterial activity against aerobic bacteria.8,9 In contrast,
Nodusmicin (3)10,11 and Nargenicin (4),12,13 which possess a simi-
lar C(1–9–16) framework, are the reverse, showing antibacterial
activity against aerobic bacteria but not against anaerobic bacte-
ria.14 We thus became interested in which functional groups of 1
play a key role in determining the type of bioactivity shown by
the compound.

One of the most difficult tasks in the synthesis of the 14-mem-
bered macrolactone framework of 1 is construction of enol ether
directly connecting the maleic anhydride unit. Therefore we cre-
ated a simplified 14-membered skeleton compound (5), with a
C(16–21–29) component, including maleic anhydride conjugated
with vinyl ether as a model compound, in order to establish a con-
venient reliable procedure to access the framework as well as
investigate structure–activity relationships. Herein we describe a
concise 14-membered lactone assembly, which allows investiga-
tion of key antibacterial properties of 1, together with antibacterial
assay of 5 and its analogues.

From the retrosynthetic strategy (Scheme 1), we envisioned 5 to
be constructed via oxidation of the furan (6) at the final stage,
accomplished through macrolactonization of the seco acid (7). A
Stille coupling between the iodofuran ester (8) and the stannyl
alkyl ether (11) would be expected to produce the enol ether
carbon–carbon bond of 7. The required ether (11) could be formed
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Scheme 1. Retrosynthetic analysis of model compound 5.
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Figure 1. Structures of Luminamicin (1), Lustromycin (2), Nodusmicin (3), and Nargenicin (4).
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by regioselective hydrostanylation of the ethynyl ether (12), which
can be converted from the alcohol (13).15,16 The necessary 8 can be
converted from commercially available 10.

Substitution of the bromide functionality of 10, which is pre-
pared by modified Keay protocol,17 with PPh3 and CBr4 resulted
in the formation of bromomethylfuran (14)18 in quantitative yield,
followed by a diethylmalonate substitution reaction to produce 9
in 99% yield. Krapcho decarboxylation19 (NaCl and DMAP in H2O
and DMSO) of 9 provided the coupling precursor 8 in 88% yield
(Scheme 2).

Construction of the macrolactone (6), including enol ether with
furan began with introduction of the ethynyl group to 13,20 fol-
lowed by hydrostannylation of 12 to yield both b-O-vinyltin (11)
and a-O-vinyltin (110) (11/110/1100 = 5/4/0), using PdCl2(PPh3)2,
Bu3SnH condition (run 1, Table 1), which are determined by 1H
NMR of the crude product. Although the use of Pd(PPh3)4,21 led
to a similar result (11/110/1100 = 1/1/0; run 2), the use of AIBN
and Bu3SnH predominantly provided the Z selective product (11/
110/1100 = 0/1/20; run 3). However, the desired 11 appeared in
low regioselectivity accompanying the formation of 110 under most
conditions.

Due to instability of 11 and 110, the resulting crude product was
immediately subjected to Stille coupling with 8 in the presence of
PdCl2(PPh3)2 and Et4NCl to yield the coupling product 15 in 37%
yield over two steps from 12 [67% as a theoretical yield given the
ratio of the hydrostannylation (Table 1; run 1)] (Scheme 3). Inci-
dentally, a Stille coupling using Z-b-vinyl stannane (1100) provided
the corresponding furan vinyl ether in 29% yield (not shown), sug-
gesting that the yield of a Stille coupling was found to be signifi-
cantly low, despite the high selectivity of the hydrostannylation
(Table 1; run 3). With 15 in hand, deprotection of the TBS group
with TBAF afforded ethyl ester (16), which was hydrolyzed under
basic condition to produce the seco acid (7), which upon Shiina
macrolactonization22 yielded the desired macrolide compound
(6) in good yield. Toward construction of the oxidative stage of
the model compound 5, we investigated the two-step oxidation
of 6 to the corresponding maleic anhydride. To obtain lactol 17, a
single oxygen protocol23–25 with hv, O2, DBU, and Rose Bengal at
�78 �C, resulted in decomposed products. Likewise, CO(N-
H2)2�H2O2, ReMeO3 oxidation protocol26 provided the same
result . Pleasingly, NaClO2�NaH2PO4 oxidation protocol, reported
by Clive,27,28 afforded the desired lactol 17 in 64% yield as a single
regioisomer, which upon the second oxidation of 17 with
Dess–Martin periodinane29 afforded a desired maleic anhydride
functionality of 5 in 60% yield.

We then turned our attention to antibacterial activity of
compounds 5, 6, 8, 12, and 17 against Clostridium perfringens using
a paper disc agar diffusion protocol.1 Although Luminamicin (1)



Scheme 3. Synthesis of the model compound 5. Reagents and conditions: (a) Iodofuran (8), PdCl2(PPh3)2, Et4NCl, DMF, 80 �C, 1 h, 37% from 12 (67% theoretical yield from 11);
(b) TBAF, THF, rt, 2 h, 86%; (c) 0.2 M NaOH, MeOH, THF, H2O, rt, 1 h; (d) MNBA, DMAP, CH2Cl2, 0 �C, slow addition of 7 over 20 min to a reagents solution, 89% from 16; (e)
NaClO2, NaH2PO4, 2-methyl-2-butene, 2-PrOH, H2O, rt, 8 h, 64%; (f) DMP[O], CH2Cl2, rt, 5 h, 60%.

Table 1
Results of hydrostannylation of ethynyl ether (12), prepared from 13

Runa Reagents Solvents Temp.; Time Products (ratio)b 11:110:1100

1 PdCl2(PPh3)2 (0.05 equiv), Bu3SnH CH2Cl2 rt; 0.5 h 5:4:0
2 Pd(PPh3)4 (0.05 equiv), Bu3SnH CH2Cl2 rt; 1.5 h 1:1:0
3 AIBN (0.2 equiv), Bu3SnH Toluene 80 �C; 40 min 0:1:20

a All the runs were carried out by using 1.05 equiv of Bu3SnH.
b Products ratio was calculated by 1H NMR.

Scheme 2. Synthesis of iodofuran ester 8. Reagents and conditions: (a) PPh3, CBr4, CH2Cl2, 0 �C, 15 min, quant.; (b) diethyl malonate, DMF, THF, rt, 2 h, 99%; (c) NaCl, DMAP,
H2O, DMSO, 180 �C, 19 h, 88%.
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exhibited antibacterial activity against Clostridium perfringens as a
positive control, none of the compounds demonstrated any activity
at all. Based on these results, the C(16–21–29) framework was
deemed not to be responsible for creating bioactivity against
anaerobic bacteria, thereby suggesting the whole framework of 1
and 2 is necessary for bioactivity against anaerobic bacteria.

In conclusion, we have achieved the synthesis of the simplified
model compound 5, possessing vinyl enol ether conjugated with
maleic anhydride functionality, utilizing Stille coupling to con-
struct the furan moiety conjugated with vinyl ether, together with
Shiina macrolactonization to form the 14-membered macrolac-
tone. Additionally, we found that the simplified molecules (5, 6,
8, 12, and 17) do not exhibit antibacterial activity against anaero-
bic bacteria. Further studies toward the total syntheses of 1 and 2
are now in progress.
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Iwai, Y.; Ōmura, S. Tetrahedron Lett. 2007, 48, 5297–5300.
8. Tomoda, H.; Iwata, R.; Takahashi, Y.; Iwai, Y.; Ōiwa, R.; Ōmura, S. J. Antibiot.
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