Tartaric Acid as a Useful Chiral Template in Total
Synthesis of Natural Products: Application to
Total Syntheses of Bengamide E,Secosyrins,and
Syributins
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Abstract

Commercially available D-tartaric acid diisopropyl ester has two chiral centers which
could be successfully incorporated in target molecules. In order to complete stereoselective
synthesis of target molecules, we took advantage of inherent properties of alkyne-cobalt
complex, namely (i) sterical bulkiness, (ii) stabilization of propargyl cation. Thus we have
accomplished a highly stereoselective total synthesis of (+)-bengamide E, isolated from a
Choristid sponge collected in the Fiji Islands, and the first total synthesis of (+)-secosyrins 1
and 2, thereby confirming their stereochemistry. In addition we could develop a new procedure

for synthesis of (+)-syributins 1 and 2.

Introduction

There are several natural resources available which would be useful building blocks in
organic synthesis. Among these natural resources tartaric acid is particularly intriguing one
because tartaric acid has two carboxylic moieties and two hydroxy groups in a system of C2-
symmetry and actually has been extensively used in the total synthesis of natural products. The
other benefit of tartaric acid is that it is commercially available at reasonable price. This
valuable precursor is a simple natural product readily available in both enantiomeric forms. We
have been able to incorporate this inexpensive starting material in our target molecules and
completed a highly efficient total syntheses of natural products.



The stable alkyne-cobalt complexes can be prepared from the reaction of the
corresponding alkyne and dicobaltoctacarbonyl at ambient temperature. In this thesis we used
the major fabulous properties of the stable alkyne-cobalt complexes such as easy generation,

stabilization of the propargyl cation, and its bulkiness.

Highly stereocontrolled total synthesis of (+)-bengamide E.

Bengamides have been isolated from a Choristid sponge collected in Fiji Islands. The
biclogical screening showed that they possess significant anti-infectious, antiparasitic, and
antimicrobial activity. At the outset, commercially available diisopropyl D-tartrate 1 was
converted to the monosilyl-protected alcohol 2. Swern oxidation of 2 followed by Corey and
Fuchs' dibromoolefination produced the olefin 3. Transformation of the dibromoolefin moiety
into a triple bond was realized by treatment of 3 with n-BuLi to give the acetylene derivative 4
(Scheme 1). The next step required for our synthesis was the introduction of an isopropyl group
at the triple bond terminus of 4. The acetylide anion of 4 was generated with n-BuLi and
subsequently trapped with acetone to furnish 5. The hexacarbonyldicobalt complexation of the
triple bond in 5 followed by reductive deoxygenation proceeded effectively to yield the

deoxygenated product 6
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The presence of a bulky hexacarbonyldicobalt-complexed triple bond would differentiate
between the two oxygen functionality at the C-2 and C-3 positions of 7 during the next aldol
condensation. This differentiation would favor the five-membered ring transition state with the
o-oxygen functionality over that of the six-membered ring transition state with the B-oxygen
functionality. On the basis of these considerations, 6 was desilylated to afford the alcohol
which was oxidized under Swern conditions to produce the corresponding aldehyde 7.
Aldehyde 7 was subsequently exposed to the aldol conditions using O,S-acetal 8 leading to the
exclusive formation of the cobalt-complexed aldol product 9. It should be mentioned that no
diastereoisomers could be detected in the reaction mixture. Complete stereocontrol was realized
by using the cobalt-complexed aldehyde. The intermediate 9 was then easily converted to
bengamide E (10). The synthetic (+)-bengamide E was identified with an authentic specimen

by comparison of the NMR and IR spectra.

First total synthesis of (+)-secosyrins 1 and 2 in a highly stereoselective manner

and total synthesis of (+)-syributins 1 and 2.

In 1993, syringolides 1 and 2 (11 and 12, respectively), novel nonproteinaceous low
molecular weight metabolites, have been isolated from Pseudomonas syringae pv. tomato. Two
years later since the first report on isolation of syringolides 1 and 2, Sims and co-workers
isolated four structurally related compounds secosyrins 1 and 2 (13 and 14, respectively), and

syributins 1 and 2 (15 and 16, respectively) from the same medium (Figure 1).
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As our point of departure, the known acetonide 17 derived from D-tartaric acid was
converted to the nitro compound 18 in a highly efficient manner. Treatment of 18 with

KOH/KMnO4 and NaBH4 effected conversion of nitromethyl group into aldehyde



functionality, reduction, and spontaneous lactone formation to provide the y-lactone derivative
(+)-19 in 72% yield. Compound 19 was then transformed to 15 and 16 efficiently. Synthetic

syributins 1 and 2 were identified with corresponding natural ones by comparison of lH NMR
spectra.
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Several efforts to convert the simplest monocyclic butenolide derivatives into the
corresponding more complex bicyclic spiro derivatives according to the retrobiosynthetic
pathway were attempted, but no spiro derivative could be detected. Therefore, we devised an

alternative synthetic pathway for spiro derivatives, secosyrins 1 (13) and 2 (14).
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After transforming the alcohol 2 to the ketone 20, stereoselective introduction of C2-unit
was realized by treatment of 20 with lithium enolate, derived from ter:-butyl thioacetate, to
provide 21 as a sole product. Configuration of the newly generated quaternary carbon center of
21 was established as depicted in Scheme 3, thereby 21 was shown to have undesired
stereochemistry at the quaternary carbon center. To invert this stereocenter, 21 was subjected to
desilylation followed by dicobalthexacarbonyl complexation to provide 22. Exposure of 22 to
BF3-Et20 in CH2Cl2 at room temperature effected ring closure with iniversion of configuration
at the quaternary center to provide tetrahydrofuran derivatives with cobalt complex, which were
demetallated by treatment with CAN to afford the desired 23 in 74% yield together with the
undesired 24 in 15% yield. The compound 23 was efficiently converted to secosyrins 1 and 2.
Synthetic secosyrins | and 2 were identified with the corresponding natural ones by comparison

of their spectral data.

Conclusion

In this thesis we accomplished a highly stereocontrolled total synthesis of (+)-bengamide
E starting from diisopropyl D-tartrate. We have also succeeded in not only first total synthesis
of (+)-secosyrins | and 2, but also total synthesis of (+)-syributins 1 and 2. Our first
stereoselective total synthesis established unambiguously the stereochemistry of secosyrins 1
and 2 to be (+)-(3R,45,5R)-4-hexanoyloxy-3-hydroxy-1,7-dioxaspiro[4.4]nonan-8-one and (+)-
(3R,4S5,5R)-4-octanoyloxy-3-hydroxy-1 ,7-dioxasp.iro[4.4]nonan—8-one, respectively.

The procedure developed for the total synthesis of secosyrins and syributins will provide
a good chance to screen their accurate biological activity as well as examining their structure

activity relationship.
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