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ABSTRACT: The first total synthesis of biselyngbyolide B, an 18-membered macrolide, was
achieved. The 18-membered ring structure was constructed by esterification using the Shiina

reagent and an intramolecular Stille coupling reaction.

iselyngbyaside (1, Figure 1), an 18-membered macrolide
glycoside, was isolated from the marine cyanobacterium
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Figure 1. Structure of biselyngbyaside and biselyngbyolide B.

Lyngbya collected at Okinawa. Biselyngbyaside exhibited
growth-inhibitor?f activity against HeLa (0.30 uM) and HL60
(0.31 uM) cells.” In a recent study, we clarified that 1 strongly
inhibited the ATPase activities of SERCAla and 2a, and
determined the X-ray crystal structure of 1 with SERCAla.”
Specifically, the 1,3-diene moiety and the side chain play
important roles in the high affinities and unique binding mode,
which is supported by the ICS0 values of biselyngbyasides C
(>10 uM, HeLa) and F (3.1 uM, HeLa).’

Synthetic studies of biselyngbyasides have been reported by
Maier* and Chandrasekhar,” and we achieved the total
synthesis of biselyngbyolide A (the analog without sugar) in
2014.° Herein, we report the first total synthesis of
biselyngbyolide B, the aglycone of biselyngbyaside, via a
modification of the previous synthetic route.

Our synthetic strategy toward biselyngbyolide B is illustrated
in Scheme 1. The 18-membered ring was constructed in the
final step using an intramolecular Stille coupling reaction.” The
precursor was obtained from stannane 3 and vinyl iodide 4 via
esterification. The vinyl iodide 4 was synthesized from aldehyde
s, oxazolidinone 6,° and phosphonate 7.

The synthesis of stannane 3 began with the Horner—
Wadsworth—Emmons reaction for aldehyde 8° (Table 1). In
the reaction using normal phosphonate” (Table 1, entries 1 and
2), we could not obtain the desired compound and the
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Scheme 1. Retrosynthetic Analysis of Biselyngbyolide B
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Table 1. Horner—Wadsworth—Emmons Reaction

OHC R &
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NS

OTBDPS

aldehyde, 8° 39N OTBDPS
THF
R = temp X | R
o= . 187
P(OR"), %
phosphonates OTBDPS
entry R R’ reagents yield (%) (selectivity)
1 CO,Et Et NaH 27 (only 18Z)
2 CO,Et Et DBU, LiCl 13 (only 18Z)
3 CO,Et Ph NaH 69 (only 18Z)
4 CN iPr NaH 87 (18E/18Z = 4:1)

conversions seemed to be very slow. To achieve good
selectivity and a good conversion rate, we used Ando’s type
phosphonate'® (Table 1, entry 3). Although the reaction
proceeded smoothly, the product was obtained as an undesired
18Z compound. As a result, only the reaction using the
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phosphonate with a nitrile group (Table 1, entry 4) gave a good
yield and selectivity. The selectivity may be caused by the high
reactivity of the phosphonate (kinetic control). While the
isomers were not separable at this stage, they were separated in
the next step.

The mixture of nitrile 9 was reduced using DIBAL (Scheme
2) and sodium borohydride, and the isomers were then

Scheme 2. Synthesis of Stannane 3
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separated by silica gel chromatography to give alcohol 10
(37%) and its isomer (25%). Partial isomerization might
occur.'’ The geometry of the trisubstituted double bond was
determined by an NOE experiment for alcohol 10 (see the
Supporting Information).

Deoxygenation of the alcohol gave good results in the
reaction of the corresponding bromide with lithium triethylbor-
ohydride (62% in three steps). Finally, the TBDPS group was
removed (83%) and the alkyne was converted to stannane 3
using Pd(PPh;), (37%). In the previous study, the stannane
was obtained as an inseparable mixture of 18Z and E.
Otherwise, we could investigate the new synthesis of the pure
stannane using the Horner—Wadsworth—Emmons reaction and
reduction followed by separation of the isomers.

The vinyl iodide 4 was synthesized as follows (Schemes 3
and 4): Enantiopure aldehyde 13, prepared from 1,3-propane
diol in seven steps,'” was treated with phosphorane 14 to give
ester 15 (99%) (Scheme 3). The ester was reduced by DIBAL
(92%), and the obtained alcohol 16 was oxidized by Dess-
Martin periodinane to give aldehyde S (quant). The aldol
reaction between aldehyde § and oxazolidione 6 provided the
desired diastereomer of alcohol 17 (quant). The thiomethyl
group was removed by BuiSnH and AIBN (92%), and the
alcohol 18 was converted to methyl ether using Meerwein
reagent (82%). Removal of the chiral auxiliary using LiBH, gave
alcohol 20 (90%). At this stage, the relative configuration
between C-7 and C-10 was determined by comparison of the
'H NMR spectra with reported data' (see the Supporting
Information). The primary alcohol was oxidized by TEMPO
and BAIB to give aldehyde 21 (94%).

The coupling reaction between aldehyde 21 and phospho-
nate 7, which was synthesized from 1,3-propane diol in four
steps (see the Supporting Information), gave the enone 22
(83%) (Scheme 4). Stereoselective reduction with Corey—
Bakshi—Shibata reagent, 23," delivered alcohol 24 (92%). The
stereochemistry of the C-3 hydroxyl group was determined by a
modified Mosher method'* (see the Supporting Information).
The hydroxyl group was protected by a TBS group (quant),
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Scheme 3. Synthesis of Aldehyde 21
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and the benzyl group was selectively removed in the presence
of the PMB group with lithium di-tert-butylbiphenylide
(LiDBB)"® (82%). Oxidation (89%) of the resulting alcohol
26 followed by the Takai reaction'® gave vinyl iodide 28 (78%).
In the Takai reaction using THF as a solvent, the product was
obtained as an inseparable mixture of E/Z (ca. 4:1) isomers. On
the other hand, the use of dioxane gave a low yield, albeit with
good selectivity. After an examination of the solvents, the mixed
solvent gave vinyl iodide 28 in good yield and selectivity. The
PMB group was cleaved by DDQ, and the resulting primary
alcohol 29 was oxidized by Dess-Martin periodinane (71% in
two steps). Finally, Pinnick oxidation of aldehyde 30 gave
carboxylic acid 4.

With the two segments in hand, we tried to construct the 18-
membered ring of biselyngbyolide B. First, we used the Stille
coupling reaction between stannane 11 and vinyl iodide 28.
The coupling reaction gave the desired diene, but the diene
moiety was too sensitive to deprotection of the PMB and
TBDPS groups and gave the corresponding seco acid
compound. Thus, we decided to construct the diene moiety
in the final stage.

The esterification reaction between alcohol 3 and carboxylic
acid 4 using the Shiina reagent gave ester 31 (87%)(Scheme 5),

Scheme 5. Total Synthesis of Biselyngbyolide B
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which was cyclized by an intramolecular Stille coupling reaction
under high dilution conditions (1.7 mM in DMF)’ to give
protected biselyngbyolide B 32 (94%). The TBS group was
removed by tetrabutylammonium fluoride with acetic acid to
provide biselyngbyolide B (1) (75%). The spectroscopic data
("H and C NMR, HRMS, and optical rotation) for the
synthetic biselyngbyolide B were fully consistent with those of
the natural product.

In summary, we have achieved the first synthesis of
biselyngbyolide B, the aglycone of biselyngbyaside (27 linear
steps from commercially available 1,3-propane diol and 11%
overall yield in 20 steps from aldehyde 13 based on the longest
linear sequence).
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Experimental procedures, spectroscopic data, and 'H and
3C NMR spectra (PDF)
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