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SYNTHETIC STUDIES ON TETRODOTOXIN (1)
STEREOCONTROLLED SYNTHESIS OF
THE CYCLOHEXANE MOIETY

Minoru Isobe,* Toshio Nishikawa, Stanislaw Pikul®¥ and Toshio Goto
Laboratory of Organic Chemistry, Faculty of Agriculture,

Nagoya University, Chikusa, Nagoya 464, Japan

Abstract Tetrodotoxin is a potent neurotoxin, for which we planned a chemical
synthesis in the optically active form. The key steps are i} Diels-Alder
cycloaddition to form the optically active system with the cyclohexane moiety,
ii) introduction of one-carbon fragment in the form of nitrile and iii)
stereoselective hydroxyl group introductions. Stereocontroled synthesis of the
cyclohexane part was accomplished.

Tetrodotoxin (TTX, 1) has long been known as one of the most famous food toxins
caused by puffer fish, Spheroides rubripes.! TTX is responsible for blocking the sodium ion
current in the nervous system of mammals,2 and the extensive biochemical studies on the
sodium channel protein have recently culminated in the elucidation of the 1820 amino acid
sequence of this protein.? Recently, the origin of this toxin was identified to be a gram
negative bacteria.t The chemical approach to uncover biologically significant problems will
be best achieved chemically by preparing labeled tetrodotoxin, which should play central
roles in understanding nerve cell mechanism in molecular level. Therefore, we became inter-
ested in the chemical synthesis of TTX which will allow incorporation of 13C’s or C’s into
specific positions of the molecule. In this paper we deal with a new design for the total
synthesis of optically active tetrodotoxin.

The key feature in the designing of this chemical synthesis lies in the elaboration of
the chiral cyclohexane, for which we have developed a strategy involving Diels-Alder
cycloaddition to a chiral dienophile, levoglucosenone (2).5 The adduct 3 was converted into
the enone 6 via 4 and 5 by the same route as in the case that has been developed for
the indole alkaloid synthesis.5 Ci;-Fragment was introduced at the C-6 position instead of
the C-8 position for the alkaloid.s?
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Scheme 1

a) heat at 80°C5t. b) NaBH;. c¢) NaOMe. d) MnOs.
NaBHs; MezC(OMe)z/CSA. h) DIBAL-H. i)
Ac20/Py. m) Ac:0/TFA. n) NHNH;/DMF;

e) Bry EtsN. f) KCON/NHCl g)
LiAlHs. j) BzCl/Py. k) AcOH-THF-Hz0. 1)

Jones. o) 8e0; p) Cr0;-2Py. q) NaBHs,
CeCls; Ac20/Py. r) 0s0a/NMO; Ac:0/Py. s) Swern. t) NaBHa, Aci0/Py.
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The enone bromide 7 was obtained from the enone 6 by addition of 1 equiv. bromine
in dichloromethane solvent at 0°C and then by treatment with triethylamine (96%).6 The addi-
tion with 2 equiv. of KCN was run in EtOH in the presence of ammonium chloride at room
temperature to give crystalline 8 in 96% yield. Reduction of the carbonyl group in 8 with
sodium borohydride (86%) was followed by protection of the diol with 2,2-dimethoxypropane
and camphorsulfonic acid as catalyst to yield 9. Two step reduction of the nitrile group
into hydroxy methyl was effected by diisobutylaluminum hydride (1.5M toluene) in dich-
loromethane (to 10) and subsequently by lithiumaluminum hydride (1.2M in THF) in THF. The
product alcohol 11 was obtained in 67% overall yield as crystals: mp 110°C, [alp= +21.18°
(c=0.97, CHCIls). After the alcohol was protected as its benzoate, 12 (wp 119°C) and the
acetonide was hydrolized in a mixture of acetic acid, water and THF (8:1:4), the diol 13 was
finally protected as the acetate 14, [alp= +21.78° (c=1.01, CHCIs).

Introduction of a hydroxyl group at .ne C-5 position of TTX may be possible from a
precursor olefin with C-5/C~6 double bond. In Scheme 2, is illustrated a possible route
directed to 26 from 11. Treatment of the acetate 23 with N-bromosuccinimide in aq.
acetonitrile gave the bromide 24, which was heated with a base (1,8-diazabicycloundecene)
to afford the epoxide 25 (epoxidic H at §3.13(d, J= 6Hz)).7 After benzylation of this al-
cohol, epoxide ring in 25 was opened with lithium diethylamide to give the desired olefin 26
(*H nmr & 5.98(m)ppm), but in a low yield. The unexpected low reactivity of the epoxide 25

suggests remarkable strain caused by the tetracyclic ring system.

24

Scheme 2
a) Acz0. b) NBS. c¢) DBU; BnBr. d)Et:NLi

Attempted allylic oxidation at the C-5 position of 12 and 14 in Scheme 1 was difficult
again due to the rigid conformation of the ring system.# We determined to cleave the 1,6~
anhydro bridge to change the fixed conformation. Tri-cyclic 14 was hydrolyzed with tri-
fluoroacetic acid and acetic anhydride to afford the bicyclic 15 in 96% yield.® Acidic
hydrolysis of the anomeric acetate yielded the corresponding hemiacetal (in a maximum 70%
yield) but with a side product.’® The selective hydrolysis was better achieved with
hydrazine (1.2 equiv. in DMF at 60°C).}! Jones oxidation of this hemiacetal afforded the lac-
tone 16 in 55% overall yield. The crucial allylic oxidation of I6 with Se0: was successful
from the inverted chair-chair conformation (Js,12=12 Hz)1?2 in refluxing xylene to yield 17
(48% yield). The hydroxy group in 17 was inverted in the following two steps involving
oxidation of the alcohol with Cr03;-2Py to give the ketone 18 and reduction with NaBH,-CeCls
to the alcohol which was isolated as the corresponding acetate 19 in 79% overall yield. At
this moment, the conformation of the ring system altered into boat-chair judging from the
coupling constants in !H nmr Jjua into 5Hz.

The last oxidation of the double bond in 19 was catalyzed with 0804 in a mixture of

CH;CN and water in the presence of N-methylmorpholinium oxide. The configuration of the
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secondary hydroxy group in the diol 20 was simply inverted into the tetrodotoxin type via
Swern oxidation (2I) and then sodium borohydride reduction and acetylation into 22'? in 39%
overall yield. The final product 22 in this paper is drawn as 22a for comparison of the
stereochemistry with tetrodotoxin 1la. Stereochemical problems on the cyclohexane ring have
been solved in these studies. Introduction of the nitrogen functionality {(22a Rz NH:) is

currently studied.
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