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Diastereoselective Synthesis of the GH Ring Part of Ciguatoxin
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Abstract: Substrate-controlled stereoselective synthesis of the GH ring
part of ciguatoxin 1 was achieved.

Ciguatoxin 1 has been isolated as a food poisoning principle of ciguatera
from the moray eel Gymnothorax javanicus.! The compound, which was
structurally determined by T. Yasumoto ez al. in 1989,2 is one of the most
attractive synthetic target molecules,3 because of its strongly toxic
activity and novel polycyclic ethereal structure. We describe here the
construction of the racemic GH ring fragments 2 and 3 as a part of our
total synthetic study on 1.

1 Ciguatoxin
Figure 1

Retrosynthetic analyses of 2 and 3 are shown in Scheme 1. The synthe-
ses involved two problems; one was the stereoselective construction of
C5 and C6 asymmetric centers in 4 and 5, and the other was establish-
ment of the cyclization method of the H ring. We thought that the former
problem could be solved by help of the character of the 7-membered ring
ether. Concerning the latter problem, we proposed two paths: i) simulta-
neous cyclization with construction of asymmetric centers at C5 and C6
(path A); ii) cyclization after introduction of all functionalities (path B).

Scheme 1

Synthesis of the oxepane ring compound 6 was started from 2-bromo-2-
cyclohexen-1-one 74 (Scheme 2). Compound 7 was converted to silyl
ether 8 by 1,2-reduction and silylation. Treatment of 8 with
vinylmagnesium bromide and a catalytic amount of Pd(PPh3)4 in THF at
60 °C produced diene 9,5 which was transformed into diols 10a and 10b
as a 3:1 mixture by hydroboration and oxidation. Ketone 11 was
prepared from the major diol 10a by a 3 step-conversion: protection with
BnBr, removal of the TBS group, and oxidation of the alcohol. Also, the
minor diol 10b was converted to 11 in 6 steps.5 Baeyer-Villiger
oxidation of 11 produced lactone 12. Treatment of 12 with KHMDS and
PhNTT, followed by reaction with organocuprate in one pot’ gave a
cyclic enol ether, which was led to 13a and 13b as a 3:1 mixture by
hydroboration and oxidation. The protecting group of the mixture was
exchanged to TBS ether, which was oxidized to a separable mixture of
ketones 6a and 6b in 63% and 23% yields from 13, respectively. The
undesired ketone 6b could be isomerised with DBU in toluene at 60 °C
to the desired 6a. The stereochemistry of 6a and 6b was determined by
the differential NOE experiment of 6a.

SYNLETT 307
0 OTBS QTBS
ij/Br a, b d/ar c X d
—_— —— E——
7 9
oTBS
OH N_-OH e g OBn
+ —_—
"0OH OH
10a 10b
H H H H H
BnO . BnO OH Bno 2 -OH
I ]
_h_> . —_— ~0 Q + ™~0
0 A 3 2 P 2
R! 4 [0} R' 4 H R R 4 H R
12 R1=CH,CH,0Bn 13a R2=(CH,);OEE  13b
H H
BnO o BnO 0
k1, m
- TS07: Nge * 0 2
R'{H Ry~ H R
NOE 6o R2=(CH,)s0TBS b
n |

(a) NaBH4, CeCiz-7H,0, MeOH, rt., 10 min., 90%; (b) TBSCI,
imidazole, DMF, rt, 9 h, ~100%; (¢} vinyimagnesium bromide,
Pd(PPh3), (cat.}, THF, 60 °C, 2 h, 89%; (d) i) (Sia)>BH, THF, 0°C, 2 h; ii)
BH3-THF, 0 °C to rt, 2 h; iii) NaOH aqg., HoOp, ri, 8 h, 77%
(10a:10b=3:1); (e) BnBr,-BuOK, TBAI, THF, 0 °C, 1 h, 94%,; (f) 1M
HCI in H,O-MeOH (1:20), r.t., 6 h, ~100%; (g) i} (COCIl),, DMSO,
CHCly, -50 °C, 2 h; i) Et3N, 0 °C, 20 min., 97%,; (h) mCPBA, NaHCOs3,
dichloroethane, 60 °C, 6 h, 85%; (i) i) KHMDS, HMPA, THF/toluene,
-78 °C, 2 h; ii) PhNTf,, -78 °C, 2 h ; iii) [EEO(CHy)3]oCu-MgBr, THF, -78
°C, 1 h; (j) i) BHs- THF, THF, 0 °C, 2 h; ii) NaOH aq., H,O,, 60% (from
12), (13a:13b=3:1); (k) 1M HCI in H,O-THF (1:10), r.t., 8 h, ~100%,; (I)
TBSCI, EtzN, DMAP, CHCly, r.t., 3.5 h, 95%; (m) Swern oxid., -78 °C, 2
h, 91%; 6a: 63% (from 13); 6b: 23% (from 13); (n) DBU, toluene, 60
°C, 3 days, 94%.

Scheme 2

At first, we attempted the cyclization of the H ring via path A (Scheme
3). Treatment of 6a with LIHMDS and PhNTf, produced a single regio-
isomer of the enol triflate, which was converted to olefin 14 by coupling
reaction with Me,CulLi. Epoxidation of 14 with mCPBA in the presence
of NaHCO3 in CH,Cl; at 0 °C gave the desired epoxide 158 in 89% yield
and a small amount of the diastereomer (7% yield). Epoxy alcohol 5 was
prepared by deprotection of 15 with TBAF in THE. When § was treated
with a catalytic amount of BF3-OEt; in CH,Cl, at room temperature,
bicyclo compound 16 and cis-fused ether 17 as an isomer of 3, were pro-
duced in 32% and 5% yield, respectively. Treatment of 5 with BF3-OEt)
in CH,Cl, at -78 °C to 10 °C or with camphorsulfonic acid (CSA) in
CH,Cl, produced 16 as the main product. It is supposed that C8 oxygen
attack to the C5 carbon was easier than that of C1 oxygen under acidic
conditions. On the other hand, treatment of 5 with NaH in THF at room
temperature or with KOH in DMSO-H,O (3:1) at 140 °C recovered the
starting epoxy alcohol 5.

Next, we examined path B (Scheme 4). Enol silylether 18 was prepared
from the ketone 6a with TBSOTS and EtsN. Treatment of 18 with
dimethyldioxirane® in CHyCly-Acetone (1:1) without HyO at 0 °C pro-
duced epoxide 19, which was spontaneously converted with a catalytic
amount of CSA in CH,Cl, at room temperature to ¢-hydroxyketone 20a
and o-silyloxyketone 20b (as a 9:1 inseparable mixture of C6-epimer) in
7% and 82% yields, respectively. When the oxidation was carried out in
the presence of H,0, 20a was the sole product. Several attempts!0 at the
conversion of 20a to 20b were unsuccessful.
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(a) iy LIHMDS, HMPA, THF, -78 °C, 2 h; ii) PhNTf,, THF, -78 °C, 2 h,
65% (77% based on recovered 6a); (b) Me,CuLli, Et,0, -78 °C, 30
min., 65~100%; (c) mCPBA, NaHCQO3, CH,Cl,, 0 °C, 2 h, 89%; (d)
TBAF, THF, r.t., 1 h, ~100%,; (e) BF3-OEt,, CHxCly, r.t., 15 min. or -78
°C t0 10 °C, 3 h; (f) CSA, CH,Clp, -20°Ctor.t.,, 2 h.
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(a) TBSOTI, EtgN, CHoCly, r.t., 2 h, ~100%; (b) dimethyldioxirane,
acetone/CH,Cly (1:1), 0 °C, 15 min.; (c) CSA (cat.), CHoCly, r.t., 10 min.,
20a: 7% (from 18), 20b and C6-epimer of 20b: 82% (from 18); (d) MeLi,
toluene, -78 °C, 5 min., 21: 70% (from 20b), 22 and C6-epimer of 22:
19% (8:1, from 20b); (e) ACOH/HLO/THF (1:1:2), r.t., 6 h, 89% (from 21); (f)
PDC, CHyCly, r.t., 24 h, 80%,; (g) TsCl, Pyridine, CHxCly, 0 °C, 15 h, 99%;
(h) KH, THF, r.t., 1 h, 88%.

Scheme 4

Then, we investigated the formation of tertiary alcohol 21 from 20a and
20b. 20b was reacted with MeLi in toluene at -78 °C to give 21 and 22
in 70% and 17% yields, respectively.12 In EtO, 20b afforded 21 and 22
in 34% and 39% yields, respectively.12 Use of THF as a solvent resulted
in 21 and 22 in 5% and 53% yields, respectively.l2 When 20b was
treated with MeMgBr, 22 was the major product, while 20a was led to
the undesired alcohol with MeLi or MeMgBr. Selective deprotection of
the primary TBS group of 21 with AcOH-H,O-THF (1:1:2) at room tem-
perature gave diol 4, which was oxidized with PDC in CH,Cl, to afford
the target lactone 2.13 Compound 4 was treated with TsCl and then with
KH to obtain 3.14 Stereochemistries of 2 and 3 were determined by the
differential NOE experiments of 3 and its diastereomers,!5 which were
obtained from a mixture of 22 and its C6-epimer.

In conclusion, the substrate-controlled stereoselective synthesis of the
GH ring part 2 or 3 of ciguatoxin was accomplished in a racemic form.
We believe that the synthetic path leading to 2 or 3 would be suitable for
construction of the corresponding optically active derivatives by use of
an established chiral reducing agent!6 to 7. Further studies toward the
total synthesis of 1 are now in progress in our laboratory.
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15.  The results of differential NOE experiments.
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