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ABSTRACT

Pinnatoxins B and C were synthesized from diols (34
extensive analysis of the

@ = \3|4/002H

NH,
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C348-Diastereomer

(R]= ~scoxH
NH,
PnTXC
C34R-Diastereomer

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

S)-
S and 34R, respectively.

Food poisoning due to the ingestion of ediBi@nashellfish

stereochemistry at the macrocyclic core as that of PnTX A.

occurs frequently in the coastal regions of China and Japan.In addition, through NOE studies, they proposed the absolute
In 1995, Uemura and co-workers isolated pinnatoxin A configuration at C34 of natural PnTXs B and C beings34

(PnTX A), one of the major toxic principles responsible for
the Pinna shellfish poisoning. They elucidated its gross
structure and relative stereochemistiys unique molecular
architecture and pronounced biological activity as &'€a
channel activator make PnTX A an intriguing synthetic
target? We previously reported the total synthesis of PnTX

and 3R, respectively. However, the C34 and 'G2ereo-
chemistry of PtTXs A-C were left unassignet.

Our research interests in this area are 2-fold: (1) to
establish the complete stereochemistry of PnTXs B/C and

(2) For the synthetic work on PnTX, see: (a) Hirama group: Sakamoto,

A, thereby not only confirming its gross structure and relative S- Sakazaki, H.; Hagiwara, K.; Kamada, K.; Ishii, K.; Noda, T.; Inoue,

M.; Hirama, M.Angew. Chem., Int. EQ004 43, 6505. Wang, J.; Sakamoto,

stereochemistry but also establishing its absolute configu-s kamada, K.: Nitta, A.: Noda, T.: Oguri, H.: Hirama, Mynlett2003

ration (Figure 1§

In 2001, Uemura and co-workers reported further progress

in this area: (1) isolation of PnTXs B and C froRinna
muricataand (2) isolation of pteriatoxins-AC (PtTXs A—C)
from Pteria penguitf Based on the similarity in thid NMR
characteristics of these new alkaloids with that of PnTX A,
they suggested that PnTXs B/C and PtTXs @ possess

891. Ishiwata, A.; Sakamoto, S.; Noda, T.; Hirama, 3§nlett1999 692.
Nitta, A.; Ishiwata, A.; Noda, T.; Hirama, Msynlett1999 695. Noda, T.;
Ishiwata, A.; Uemura, S.; Sakamoto, S.; Hirama,34nlett1998 298. (b)
Hashimoto group: Nakamura, S.; Inagaki, J.; Kudo, M.; Sugimoto, T.;
Obara, K.; Nakajima, M.; Hashimoto, Setrahedron2002 58, 10353.
Nakamura, S.; Inagaki, J.; Sugimoto, T.; Ura, Y.; Hashimotd,e®rahedron
2002 58, 10375. Nakamura, S.; Inagaki, J.; Sugimoto, T.; Kudo, M;
Nakajima, M.; Hashimoto, SOrg. Lett. 2001, 3, 4075. (c) Murai group:
Ishihara, J.; Horie, M.; Shimada, Y.; Tojo, S.; Murai, 3ynlett2002 403.
Ishihara, J.; Tojo, S.; Kamikawa, A.; Murai, &hem. Commur2001, 1392.

the gross structures shown in Figure 1, with the same Sugimoto, T, Ishihara, J.; Murai, ASynlett1999 541. Ishihara, J.;
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Haino, T.; Kuramoto, M.; Uemura, Dletrahedron Lett1996 37, 4027.
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reported a total synthesis of PtTXsA and disclosed the
experimental evidence to establish unambiguously their
stereochemistry (Figure 2)in this paper, we report a total
synthesis of PnTXs B and C from the intermediates used
for the synthesis of PtTXs AC and present the evidence to
confirm the stereochemistry proposed for PnTXs B/C by
Uemura and co-workers.

Our synthesis of PnTXs and PtTXs diverges after the
intramolecular Diels-Alder reaction to form the carbo-
macrocycle (Scheme ®)To establish the stereochemistry
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Figure 1. Structures of PnTXs and PtTXs. (b) NaCIO,, NaH,PO,
(c) tBUOH, EDC,
DMAP

PtTXs A—C and (2) to secure access to stereochemically
homogeneous PnTXs and PtTXs, thus permitting unambigu-

NH-Alloc

wMe
ous determination of their individual biological profiles. The 0.y Me
naturally occurring PnTXs B/C and PtTXs B/C were isolated Me O,
as an “HPLC-inseparable” mixture. Therefore, the individual 20 CO.Bu!

oo

biological profile of each toxin was not characteriZetio
achieve our goals, we relied on organic synthesis and

envisioned a unified synthetic strategy (Figure 2) to access o "i;A .
n

of the Diels-Alder products, the major diastereomer was

: chemically correlated witlh which is an advanced interme-
D\ zb{p\ar/\ { 34 2 COH diate used in the previous PnTX A synthesighus, the
COH OH sTY . .
H Mo O LI NH, current work also constitutes a formal total synthesis of PnTX
PnTX A U (34S, 2'R)-PITX A A.
We next focused on transformation of the C34/C35-diols

DV L : . D\)OH 3a and3b to the amino acid (Scheme 2). Through a two-
) 3“ COH p\% ) 3“ NH, step sequenc@a was first converted to epoxidea. Based

NFe B © — S com on the literature precederftsye anticipated that ring-opening
(34R)y-PnTX B/C (34R, 2'R)-PITX BIC can be achieved preferentially at the secondary allylic
position in an {2 fashion. Indeed, treatment && with NaN;
yielded azide6a 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 wWitlBoc-Cys-
each of the possible diastereomers in a stereochemically well{SH)-OCHPh took place at both the secondary and primary
defined manner. This strategy will allow us to address the centers to furnish a 2:1 mixture of regioisomeRrotected
C34 and C2configuration independently for all members
of the PNnTX/PtTX-class of marine toxins. Recently, we have

Figure 2. Unified total synthesis of the PNnTX/PtTX class of marine
natural products.
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s the corresponding C34 diastereomer in an extent-cf@®%

Scheme 2 (see colored arrows in Figure 3). Sin8a and 8b were
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Figure 3. Partial'H NMR spectra (500 MHz, CEDD) of the

o
- ¢! PPhg: then Boc,0 | 7 synthetic (3§€)-stereoisomer (panel A) and (R¥stereoisomer
\ N (panel B).
ool v OH 90%
Ry

NHBocc

e diastereomerically homogeneou#! (NMR), the observed
NH-Allo partial epimerization likely took place at the final deprotec-
wMe wMe tion.
TESO )— Me  same HO)— Me Extensive'H NMR analysis revealed that the C29-H, C28-
Me O, ¢ ~asabove, Me O, H, and C36-H are diagnostic to differentiate thegBBnTX

B/C diastereomer from the (B-PnTX B/C diastereomer
Nz (Figure 3). As observed in the PtTXs-AC series? the

N Vo proton signals nearby the ionic centers were found to shift
b 9b = PnTX B significantly depending on the sample preparation and

(34S)-Diastereomer concentration. However, the above-mentioned three charac-

teristics were found to be inert, or at least to be not affected
significantly” 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 3R-diastereomers, respectivélyhis conclusion
coincides with the stereochemistry assigned through NOE
studies by Uemura and co-workérs.

In conclusion, we have completed the first total synthesis
of PnTXs B and C in a stereochemically controlled manner

““OH

amino alcohol7a, available in one step fronfa, was
transformed tdBa 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 (CHBis cleaved prior to the amine
protecting group (Bod) Prior to the formation of the seven-
membered imine, both silyl protecting groups at C15 and
C28 were removed with Hpyr. The final stage of the
synthesis was completed in three steps, i.e., (1) Alloc group (7) Although C32-H and C34-H initially appeared to be useful diagnostic

; ; ; ; signals for comparison purposes, we found that their chemical shifts vary
deprotectlon with P,d(PBh’ AC,OH .t0 glvg the correspondlng significantly depending on the sample preparation and concentration. Thus,
amino ketone, (2) imine cyclization with 2,4,68rsCeH,- unless these spectra were recorded under identical conditions, they cannot

COH-Et:N salt®> and (3) removal of all the remaining be used to differentiate PnTXs B and C. However, we did observe that the
relative chemical shifts of C32-H for PnTXs B and C remain unchanged

protecting groups with TFA in CkCl,. Preparative HPLC | jhder various conditions. For details, see the Supporting Information.

allowed separation and isolation of synthetic Rp#PNTX ( (8) We refjorder? aH NI\f/IR spect;u(;n 01:1 thehsynthetlilc PnTX Cf
: : contaminated with 510% of PnTX B) doped with a small amount o
B/C (9a?' Applying the same synthetic sgquence on Gin| natural PnTX B/C (ca. 1:1 mixture) and observed no signals doubled, except
synthetic (38)-PnTX B/C ©Ob) was obtained after HPLC  that the intensity of C32-H, C29-H, C28-H, and C37-H peaks, corresponding
purification to the contaminated PnTX B, increased noticeably. For details, see the
. : . . . Supporting Information.
With both synthetic PnTX C34-diastereomers in hand, we ~ (9) Upon comparison ofH NMR spectra between the synthetic and
then analyzed theiiH NMR profiles.'H NMR analysis first naturég_?fample?, we Lound thatltlhe Chemigallj_ shifts foréhehC%Srgt;lycl) EFOUDS
. t from the originally reported figures and shou
showed that the synthetic (B% and (34)-PnTX B/C ~ Weredmeren
ppm for PnTX B andd = 1.05 ppm for PnTX C. For details, see the
diastereomers thus obtained were cross-contaminated withsupporting Information.
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Supporting Information Available: Experimental details
and spectroscopic analysis of synthetic PnTXs B/C. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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