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Two concise routes for the first total synthesis of Sparstolonin

B (SsnB) have been described. The synthesis of SsnB could be O °

accomplished in 5 and 6 steps with 40% and 38% overall HO. | OH

yield, respectively. The rhodium-catalysed oxidative coupling O O

of benzoic acid with internal alkyne was used in both o)

strategies to construct the core structure of SsnB. strategi% SsnB \strategy 2
OH O OH

Sparstolonin B (SsnB) is the first novel bioactive natural small

molecule, isolated from a Chinese herb, Sparganium stoloniferum, by
Liang and coworkers, which selectively blocks toll-like receptors 2
(TLR2) and TLR4 mediated inflammatory signalling by inhibiting the
recruitment of MyD88 to the Toll/ll-1 receptor homologue domains of
TLR2 and TLR4.”® TLRs play an essential part in the perception of
microbes and shape the complex host responses that occur during
infection.* However, the signalling initiated by TLRs is a double-edged
sword since a prolonged and exaggerated response can cause tissue
and organ damage.® Thus, blockade of excessive TLR signalling is a
therapeutic approach being actively pursued for many chronic
inflammatory diseases such as diabetes, Alzheimer’'s disease,
autoimmune colitis and heart and brain ischemia/reperfusion injury.*
3 SsnB, therefore, is a promising lead for the development of selective
TLR antagonist for inflammation control. But the low content of SsnB
in plants hampered the further studies, which attracted us to develop
efficient and practical synthetic methods to prepare SsnB.

Architecturally, the structure of SsnB contains the core structure of

14-18 19-22

both xanthone and isocoumarin. Xanthones and isocoumarins
are key structural motifs in numerous important natural compounds

with various biological activities and great attentions have been

focused on the synthesis of their derivatives, but, to the best of our JJ ° OH OMe
knowledge, the total synthesis of SsnB has not yet been achieved. OMe JJ 9 COOMe
Herein, we wish to report two routes for the first total synthesis of FZ MeO Br OMe
SsnB. The synthesis of SsnB could be accomplished in 5 steps with 40%

overall yield in the first route, which use the intermolecular rhodium- \E:[o

catalysed oxidative coupling of benzoic acid with internal alkyne as OMe 2 8

the key step to form the isocoumarin structure of SsnB. In the second Scheme 1. Retrosynthetic analysis of SsnB.
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route, the B and C rings of SsnB were constructed in a single step via
an intramolecular rhodium-catalysed oxidative coupling of benzoic
acid with internal alkyne, and the synthesis of SsnB could be achieved
in 6 steps with 38% overall yields.

On the basis of conventional retrosynthetic logic, we envisaged SsnB
could be efficiently synthesized by the two strategies shown in sheme
1. In the first strategy, we planned to disconnect the ether bond of the
ring B, which can be constructed through various oxidation-cyclization
reactions such as ceric ammonium nitrate mediated oxidation-

14, 23-28

cyclization. Intermediate 3 was in turn envisioned to be readily

accessible from rhodium-catalysed oxidative coupling of 2,5-
dimethoxybenzoic acid with internal alkyne 2.3* Therefore, the
rhodium-catalysed oxidative coupling would be used to construct ring
C and the oxidation-cyclization reaction would be used to construct
ring B, which would complement the core structure of SsnB.

In the second strategy, the ring B and C could be constructed in a
single step by a intramolecular rhodium-catalysed oxidative coupling
of benzoic acid with alkyne, and the acid-mediated oxidation
cyclization step could be avoid in the synthesis. The alkyne
substituent in intermediate 10 would be installed through palladium
catalysed Sonogashira coupling and the diaryl ether core would be
constructed through a wide range of synthetic methods under both

metal mediated and metal free conditions.
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Scheme 2. The first strategy for the synthesis of SsnB.

Initially, the commercially available 1-bromo-2,5-dimethoxybenzene 1
was converted to 2 through palladium and copper catalysed
Sonogashira coupling in a 9o% yield (Scheme 2). Intermediate 2 was
converted to isocoumarin derivative 3 by ruthenium-catalysed
oxidative alkenylation of 2,5-dimethoxybenzoic acid via twofold C-H
bond cleavages in a 86% yield. The 2-hydroxyporp-2-yl substituent in
2 was found to be crucial for the chemo- and regioselectivity in the
reaction. Replacing the 2-hydroxyporp-2-yl substituent in 2 with
trimethylsilane and hydrogen atom, alkyne dimerization took place
prior to coupling with 2,5-dimethoxybenzoic acid (Scheme 3). The 2-
hydroxyporp-2-yl substituent in 3 could be removed upon treatment
with a palladium catalyst system, which was developed by Miura and

0

co-workers,** and all the methyl protecting groups of phenols in 3
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could be removed upon treatment with boron tribromide to get 5 in
69% yield for the two steps.
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Scheme 3. Ruthenium-catalysed oxidative alkenylation

The key acid-mediated oxidation cyclization of 5 was achieved after
extensive experimentation. We first found 5 could be converted to
SsnB in the presence of pyridine hydrochloride in mesitylene at 160 °C
for 2.5 h in 5% yield. Thus, various Bronsted and Lewis acids such as
Yb(OTf);, Zn(OTf);and ZnCl, were screened in order to improve the
yield. In the presence of 1.0 equivalent of ZnCl,, we found the yield of
SsnB could be improved to 60% when 30 mg of 5 was used.
Unfortunately, it dropped to 20% when the reaction was used to gram
scale synthesis of SsnB. We envisioned the oxidation of one phenol
ring in the intermediate 5 was crucial for the Lewis acid catalysed
cyclization reaction since similar procedures have been reported.*
Therefore, several types of oxidant were added in this transformation,
which were shown in table 1. We glad to found 60% and 65% yield of
SsnB could be obtained on gram scale in the presence of oxygen and
copper (ll) oxide, respectively (Table 1, entries 1 and 4). Finally, the
yield could be improved to 75% when the reaction was carried out in
the presence of 1.0 equivalent pyridinium p-toluenesulfonate in
mesitylene under oxygen at 160 °C for 2.5 h (Table 1, entry 7), and the
total synthesis of SsnB could be completed in 5 steps in a 40% overall
yield.

Table 1. Acid-mediated oxidation cyclization of 5.2

Entry Conditions \((o'/f)'f
1 ZnCl, (1.0 eq), O,, Mesitylene, 160 °C 60
2 ZnCl, (1.0 eq), KBrOs (1.0 eq), Mesitylene, 160 °C 30
3 ZnCl, (1.0 eq), CuO (1.0 eq), Mesitylene, 160 °C 45
4 ZnCl, (1.0 eq), CuO (1.0 eq), THF, 140 °C 65
5 FeCl; (1.0 eq), Mesitylene, 160°C 61
6 p-TsOH (1.0 eq), O,, Mesitylene, 160 °C 61
7 PPTs(1.0 eq), O,, Mesitylene, 160 °C 75

1.0 mmol of 5 was used. ° Isolated yield of SsnB.

In the second route, we first planned to use Ullman reaction to
construct the diaryl ether structure in 8. But we met unexpectedly
difficult to get the desired product by these metal-catalysed protocols.

For most of the tested reaction conditions shown in table 2,3**

no
designed product 8 could be detected no matter bromo- or

iodobenzene derivatives 16 were used to couple with 2-bromo-4-

This journal is © The Royal Society of Chemistry 2012
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methoxyphenol 7. The highest yield we could get was 27% (Table 2,
entry 7), which clearly shown the strategy to construct the diaryl ether
8 by Ullman reaction was not a proper choice in our total synthesis of
SsnB.

OMe OMe COOMe
COOMe Conditions MeO Br OMe
N .
e o
OH X
7 16 8
X=Br, |
Scheme 4 Ullman reaction study
Table 2. Ullman reaction conditions to construct 8.
Entry Conditions \((0'/5)'9
1 Cul, Fe(acac)s, K,CO;, DMF, 120°C, 12 h <5
2 Cul, Cs,CO;3, Ligand 1, 1,2-dioxane, 90 °C, 12 h <5
3 CuO, DMF, 140 °C, 12 h <5
4 CuCl, Cs,CO3, TMHD, DMF/CH;CN, 120 °C, 24 h <5
5 CuO, K,COs, Pyridine, 120 °C, 16 h <5
6 Pd(OAC),, KsPO,, Ligand 2, Toluene, 120 °C, 24 h 21
7 Cu, K,COs, KI, DMF, 110 °C, 24 h 27
8 Cul, K3POy, Picolinic acid, 80°C, 24 h <5

31,0 mmol of 7 was used. ® 1H NMR vyield of 8. Ligand 1 = N,N-
dimethylglycine; TMHD = 2,2,6,6-tetramethyl-3,5-heptanedione; Ligand 2 =
2-[Bis(2-methyl-2-propanyl)phosphino]-1-phenyl-1H-indole

We thought both the steric hindrance of the 2-bromide group of the
phenol 7 and the electron donating property of the methoxyl group of
the halobenzene 16 could be the reason for the low yields. Thus, 4-
methoxyphenol 17 was used in the coupling reaction. As expected,
the designed diaryl ether product 19 was obtained in an 87% yield. But
we finally found the bromine atom could not be installed into the
ortho-position of ether bond, and the meta-bromo substituted
product 20 could be obtained in a good yield when the diaryl ether
was treated with bromine in dichloromethane.

A
a |
T OO

0 8

Scheme 5. Synthetic study of intermediate 8.
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Scheme 6. The second strategy for the synthesis of SsnB.

Fortunately, we found intermediate 8 could be efficiently constructed
by arylation of 2-bromo-4-methoxybenzenol with diaryliodonium salt
6 in a 72% vyield. The diaryliodonium salt 6 could be easily prepared
from methyl 2-methoxybenzoate upon treatment with iodine and 3-
chloroperoxybenzoic acid.** The intermediate 8 could be converted to
9 by palladium catalysed Sonogashira coupling, followed by
treatment with lithium hydroxide to get 10 in 84% vyield for the two
steps. With the intermediate 10 in hand, we started to construct the
ring B and C by rhodium-catalyzed oxidative coupling. We were glad
to see ring B and C could be efficiently constructed in a single step
under the same reaction conditions that were used before for the
construction of intermediate 3, and the key intermediate 11 could be
obtained in 85% yield. The designed product SsnB could be obtained
by removing the 2-hydroxyporp-2-yl and methyl substituents of 11
upon treatment with palladium catalyst system and boron tribromide,

respectively.

Conclusions

In conclusion, two concise routes for the total synthesis of SsnB, a
novel bioactive natural small molecule isolated from a Chinese herb
Sparganium stoloniferum, have been described. The synthesis of
SsnB could be accomplished in 5 steps with 40% overall yield in the
first route, which use the intermolecular rhodium-catalysed oxidative
coupling of benzoic acid with internal alkyne as the key step to form
the isocoumarin structure of SsnB. In the second route, the B and C
rings of SsnB were constructed in a single step via an intramolecular
rhodium-catalysed oxidative coupling of benzoic acid with internal
alkyne, and the synthesis of SsnB could be achieved in 6 steps with 38%
overall yields. The current synthetic methods provide a promising
future to get large quantity of SsnB for a variety of pathological and
physiological studies.
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