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Abstract
Pinnatoxins B and C were synthesized from diols (34 R)-3b and (34 S)-3a, respectively, in a
stereochemically controlled manner. Through extensive analysis of the 1H NMR spectra of synthetic
PnTXs B and C, the diagnostic NMR signals were first identified to differentiate (34 S)- and (34
R)-diastereomers and then used to establish the C34 configuration of natural PnTXs B and C as 34
S and 34 R, respectively.

Food poisoning due to the ingestion of edible Pinna shellfish occurs frequently in the coastal
regions of China and Japan. In 1995, Uemura and coworkers isolated pinnatoxin A (PnTX A),
one of the major toxic principles responsible for the Pinna-shellfish poisoning. They elucidated
its gross-structure and relative stereochemistry.1 Its unique molecular architecture and
pronounced biological activity as a Ca2+-channel activator make PnTX A an intriguing
synthetic target.2 We previously reported the total synthesis of PnTX A, thereby not only
confirming its gross-structure and relative stereochemistry, but also establishing its absolute
configuration (Figure 1).3

In 2001, Uemura and coworkers reported further progress in this area: (1) isolation of PnTXs
B and C from Pinna muricata and (2) isolation of pteriatoxins A–C (PtTXs A–C) from Pteria
penguin.4 Based on the similarity in the 1H NMR characteristics of these new alkaloids with
that of PnTX A, they suggested that PnTXs B/C and PtTXs A–C possess the gross structures
shown in Figure 1, with the same stereochemistry at the macrocyclic core as that of PnTX A.
In addition, through NOE studies, they proposed the absolute configuration at C34 of natural
PnTXs B and C being 34S and 34 R, respectively. However, the C34 and C2’ stereochemistry
of PtTXs A–C were left unassigned.4

Our research interests in this area are two-fold: (1) to establish the complete stereochemistry
of PnTXs B/C and PtTXs A–C and (2) to secure access to stereochemically homogeneous
PnTXs and PtTXs, thus permitting unambiguous determination of their individual biological
profiles. The naturally occurring PnTXs B/C and PtTXs B/C were isolated as a “HPLC-
inseparable” mixture. Therefore, the individual biological profile of each toxin was not
characterized.4 In order to achieve our goals, we relied on organic synthesis and envisioned a
unified synthetic strategy (Figure 2) to access each of the possible diastereomers in a
stereochemically well-defined manner. This strategy will allow us to address the C34 and C2’
configuration independently for all members of the PnTX/PtTX-class of marine toxins.
Recently, we have reported a total synthesis of PtTXs A–C and disclosed the experimental
evidence to establish unambiguously their stereochemistry (Figure 1).5 In this letter, we report
a total synthesis of PnTXs B and C from the intermediates used for the synthesis of PtTXs A–
C and present the evidence to confirm the stereochemistry proposed for PnTXs B/C by Uemura
and coworkers.
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Our synthesis of PnTXs and PtTXs diverges after the intramolecular Diels-Alder reaction to
form the carbo-macrocycle (Scheme 1).5 In order to establish the stereochemistry of the Diels-
Alder products, the major diastereomer was chemically correlated with 4 which is an advanced
intermediate used in the previous PnTX A synthesis.3 Thus, the current work also constitutes
a formal total synthesis of PnTX A.

We next focused on transformation of the C34/C35-diols 3a and 3b to the amino acid (Scheme
2). Through a two-step sequence, 3a was first converted to epoxide 5a. Based on the literature
precedents,6 we anticipated that ring-opening can be achieved preferentially at the secondary
allylic position in an SN2 fashion. Indeed, treatment of 5a with NaN3 yielded azide 6a as a sole
product. This result is a sharp contrast to the ring-opening behavior observed in the PtTX
synthesis, where the epoxide-ring opening with N-Boc-Cys(SH)-OCHPh2 took place at both
the secondary and primary centers to furnish a 2:1 mixture of regioisomers.5 Protected amino
alcohol 7a, available in one step from 6a, was transformed to 8a through oxidation and
protection of the resultant carboxylic acid.

The particular combination of the two protecting groups at the amino acid moiety was chosen
to ensure the carboxylic acid protecting group (CHPh2) is cleaved prior to the amine protecting
group (Boc).5 Prior to the formation of the 7-membered imine, both silyl protecting groups at
C15 and C28 were removed with HF·pyr. The final stage of the synthesis was completed in 3
steps, i.e., (1) Alloc group deprotection with Pd(PPh3)4, AcOH to give the corresponding
amino-ketone, (2) imine-cyclization with 2,4,6-(i-Pr)3C6H2CO2H-Et3N salt,5 and (3) removal
of all the remaining protecting groups with TFA in CH2Cl2. Preparative HPLC allowed
separation and isolation of synthetic (34R)-PnTX B/C (9a). Applying the same synthetic
sequence on diol 3b, synthetic (34S)-PnTX B/C (9b) was obtained after HPLC purification.

With both synthetic PnTX C34-diastereomers in hand, we then analyzed their 1H NMR
profiles. 1H NMR analysis first showed that the synthetic (34R)- and (34S)-PnTX B/C
diastereomers thus obtained were cross-contaminated with the corresponding C34
diastereomer in an extent of 5~10% (see colored arrows in Figure 3). Since 8a and 8b were
diastereomerically homogeneous (1H NMR), the observed partial epimerization likely took
place at the final deprotection.

Extensive 1H NMR analysis revealed that the C29-H, C28-H, and C36-H are diagnostic to
differentiate the (34S)-PnTX B/C diastereomer from the (34R)-PnTX B/C diastereomer (Figure
3). As observed in the PtTXs A–C series,5b the proton signals nearby the ionic centers were
found to shift significantly depending on the sample preparation and concentration. However,
the above-mentioned three characteristics were found to be inert, or at least to be not affected
significantly.7 Focusing on these diagnostic signals, we then analyzed the NMR data reported
for a ca. 1:1 mixture of the natural PnTXs B/C. This comparison allowed us to conclude that
the C34 stereochemistry of PnTXs B and C corresponds to 34S- and 34R-diastereomers,
respectively.8 This conclusion coincides with the stereochemistry assigned through NOE
studies by Uemura and coworkers. 9

In conclusion, we have completed the first total synthesis of PnTXs B and C in a
stereochemically controlled manner and presented the experimental evidence to address the
C34 stereochemistry.10 Combined with our recently reported synthesis of PtTXs A–C,5 we
have completed a unified synthesis of the PnTX/PtTX-class of marine natural products, and
unambiguously established their stereochemistry.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Structures of PnTXs and PtTXs.

Matsuura et al. Page 4

Org Lett. Author manuscript; available in PMC 2008 September 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Unified Total Synthesis of the PnTX/PtTX-Class of Marine Natural Products.
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Figure 3.
Partial 1H NMR spectra (500 MHz, CD3OD) of the synthetic (34S)-stereoisomer (Panel A)
and (34R)-stereoisomer (Panel B).
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Scheme 1.
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Scheme 2.
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