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Abstract

Convergent synthesis of HIJK ring model compound1 of ciguatoxin is described. The present synthesis relied
on a palladium-catalyzed Suzuki cross-coupling reaction between eight-membered ketene acetal phosphate2 and
seven-membered alkylborane6. © 2000 Elsevier Science Ltd. All rights reserved.
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Marine polycyclic ethers, such as brevetoxins, ciguatoxins, and maitotoxin, present formidable and
challenging synthetic targets due to their structural complexity and exceptionally potent biological
activities.1 One most critical issue in the synthesis of these large natural products is the development
of synthetic methodology for convergent coupling of polyether fragments.2,3 In connection with our
synthetic studies on ciguatoxin and its congeners,4 we have recently developed a new strategy for
convergent synthesis of the polyether framework based on Suzuki cross-coupling of alkylboranes with
cyclic ketene acetal triflates4f and phosphates.4i In these previous reports we utilized only six-membered
rings as the alkylborane coupling partners. The use of medium-sized alkylboranes will pave the way for
a general entry to the convergent assembly of polyether natural products. In this communication, we
describe a convergent and stereoselective synthesis of the HIJK ring model1 of ciguatoxins via cross-
coupling of a seven-membered alkylborane with an eight-membered ketene acetal phosphate.
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Tetracyclic ether1 was chosen as an appropriate target to model the synthesis of the HIJK ring system
of ciguatoxins. We envisioned that compound1 could be prepared from ketene acetal phosphate2 and
alkylborane derived fromexo-olefin3 (Scheme 1).

Scheme 1.

Ketene acetal phosphate2 was prepared from the corresponding lactone5 following the procedure of
Nicolaou et al.6 Synthesis of seven-memberedexo-olefin3 began with the known alcohol47 (Scheme 2).
Protection of4 as its TBS ether and oxidative cleavage of the double bond followed by NaBH4 reduction
of the resultant aldehyde provided alcohol5. Iodination of5 followed by treatment with KOt-Bu afforded
3.

Scheme 2. Reagents and conditions: (a) TBSCl, imidazole, DMF, rt, 73%; (b) OsO4, NMO, acetone:H2O (4:1), rt, then NaIO4,
rt; (c) NaBH4, MeOH, 0°C, 95% (two steps); (d) I2, Ph3P, imidazole, benzene, rt; (e) KOt-Bu, THF, 0°C, 96% (two steps)

Hydroboration of seven-memberedexo-olefin 3 with 9-BBN (2.6 equiv., THF) proceeded stereo-
selectively to give the corresponding 9-alkyl-9-BBN6,8 which was sequentially treated with 1 M
aqueous NaHCO3 (3 equiv.), ketene acetal phosphate2 (2 equiv.), and Pd(PPh3)4 (0.1 equiv.) in DMF
at 50°C for 20 h to provide cross-coupled product7 in 86% yield. Stereoselective hydroboration of7
using thexylborane followed by oxidative workup and further oxidation of the resulting alcohol with
TPAP/NMO9 gave ketone8. The stereochemistry of8 was determined by NOE experiments.

The C39 methyl group10 was then installed by 1,4-addition of Me2CuLi to enone9 (Scheme 3). Thus,
ketone8 was converted to enone9 using the Ito–Saegusa protocol.11 Reaction of9 with Me2CuLi
proceeded in a stereoselective manner to give the desired methylated product10. The stereochemistry
of the methyl group was confirmed by a prominent NOE between 37-H and 39-H. Treatment of10
with camphorsulfonic acid (CSA) in MeOH effected removal of the silyl and benzylidene acetal groups
and concomitant methyl acetal formation giving a dihydroxy methyl acetal, which was protected as its
diacetate11. Finally, treatment of11 with Et3SiH–BF3�OEt2 led to the desired HIJK ring model1 as a
single stereoisomer in 90% yield.12
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Scheme 3. Reagents and conditions: (a) 9-BBN, THF, rt, then 1 M NaHCO3, 2, Pd(PPh3)4, DMF, 50°C, 86%; (b) thexylborane,
THF, 0°C, H2O2, NaOH, rt, 75%; (c) TPAP, NMO, 4 Å MS, CH2Cl2, rt, quant.; (d) LiHMDS, TMSCl, Et3N, THF,�78°C; (e)
Pd(OAc)2, CH3CN, 60°C, 77% (two steps); (f) Me2CuLi, Et2O,�20°C, 71%; (g)p-TsOH, MeOH, rt, 98%; (h) Ac2O, DMAP,
CH2Cl2, 0°C, 97%; (i) Et3SiH–BF�OEt2, CH2Cl2–CH3CN (1:1), 0°C, 90%

In conclusion, the described synthesis demonstrated the potential of the Suzuki cross-coupling protocol
for a general entry to the convergent synthesis of polyether compounds. Further studies toward the total
synthesis of ciguatoxins and related natural products based on the present strategy are currently underway
and will be reported in due course.

References

1. For recent reviews on ciguatoxins and related marine toxins, see: (a) Yasumoto, T.; Murata, M.Chem. Rev. 1993, 93, 1897.
(b) Scheuer, P. J.Tetrahedron1994, 50, 3.

2. For recent reviews on polyether synthesis, see: (a) Alvarez, E.; Candenas, M.-L.; Pérez, R.; Ravelo, J. L.; Martín, J. D.Chem.
Rev.1995, 95, 1953. (b) Mori, Y.Chem. Eur. J. 1997, 3, 849.

3. For recent synthetic work from other laboratories, see: (a) Oka, T.; Fujiwara, K.; Murai, A.Tetrahedron1996, 52, 12091.
(b) Oishi, T.; Shoji, M.; Maeda, K.; Kumahara, N.; Hirama, M.Synlett1996, 1165. (c) Alvarez, E.; Delgado, M.; Díaz, M.
T.; Hanxing, L.; Pérez, R.; Martín, J. D.Tetrahedron Lett.1996, 37, 2865. (d) Isobe, M.; Hosokawa, S.; Kira, K.Chem. Lett.
1996, 473. (e) Atsuta, H.; Fujiwara, K.; Murai, A.Synlett1997, 307. (f) Oishi, T.; Maeda, K.; Hirama, M.Chem. Commun.
1997, 1289. (g) Oguri, H.; Hishiyama, S.; Sato, O.; Oishi, T.; Hirama, M.; Murata, M.; Yasumoto, T.; Harada, N.Tetrahedron
1997, 53, 3057. (h) Oishi, T.; Shoji, M.; Kumahara, N.; Hirama, M.Chem. Lett.1997, 845. (i) Oka, T.; Fujiwara, K.; Murai,
A. Tetrahedron Lett.1997, 38, 8053. (j) Ami, E.; Kishimoto, H.; Ohrui, H.; Meguro, H.Biosci. Biotechnol. Biochem.1997,
61, 2019. (k) Oka, T.; Murai, A.Tetrahedron1998, 54, 1. (l) Oka, T.; Fujiwara, K.; Murai, A.Tetrahedron1998, 54, 21. (m)
Oishi, T.; Nagumo, Y.; Hirama, M.Chem. Commun.1998, 1359. (n) Isobe, M.; Nishizawa, R.; Hosokawa, S.; Nishikawa, T.
Chem. Commun.1998, 2665. (o) Hosokawa, S.; Isobe, M.J. Org. Chem.1999, 64, 37. (p) Saeeng, R.; Isobe, M.Tetrahedron
Lett.1999, 40, 1911. (q) Oguri, H.; Sasaki, S.; Oishi, T.; Hirama, M.Tetrahedron Lett. 1999, 40, 5405. (r) Maeda, K.; Oishi,
T.; Oguri, H.; Hirama, M.Chem. Commun. 1999, 1063. (s) Oguri, H.; Tanaka, S.; Hishiyama, S.; Oishi, T.; Hirama, N.;
Tumuraya, T.; Tomioka, Y.; Mizugaki, M.Synthesis1999, 1431 and references cited therein.

4. For our synthetic studies on ciguatoxins, see: (a) Sasaki, M.; Hasegawa, A.; Tachibana, K.Tetrahedron Lett. 1993, 34, 8489.
(b) Sasaki, M.; Inoue, M.; Tachibana, K.J. Org. Chem.1994, 59, 715. (c) Inoue, M.; Sasaki, M.; Tachibana, K.Tetrahedron
Lett. 1997, 38, 1611. (d) Inoue, M.; Sasaki, M.; Tachibana, K.Angew. Chem., Int. Ed. Engl.1998, 37, 965. (e) Sasaki, M.;



1428

Inoue, M.; Noguchi, T.; Takeichi, A.; Tachibana, K.Tetrahedron Lett.1998, 39, 2783. (f) Sasaki, M.; Fuwa, H.; Inoue, M.;
Tachibana, K.Tetrahedron Lett.1998, 39, 9027. (g) Sasaki, M.; Noguchi, T.; Tachibana, K.Tetrahedron Lett. 1999, 40, 1337.
(h) Inoue, M.; Sasaki, M.; Tachibana, K.Tetrahedron1999, 55, 10949. (i) Sasaki, M.; Fuwa, H.; Ishikawa, M.; Tachibana,
K. Org. Lett. 1999, 1, 1075. (j) Sasaki, M.; Inoue, M.; Takamatsu, K.J. Org. Chem. 1999, 64, 9399. (k) Inoue, M.; Sasaki,
M.; Tachibana, K.J. Org. Chem.1999, 64, 9416.

5. Nicolaou, K. C.; McGarry, D. G.; Somers, P. K.; Kim, B. H.; Ogilvie, W. W.; Yiannikouros, G.; Prasad, C. V. C.; Veale, C.
A.; Hark, R. P.J. Am. Chem. Soc. 1990, 112, 6263.

6. Nicolaou, K. C.; Shi, G.-Q.; Gunzner, J. L.; Gärtner, G. P.; Yang, Z.J. Am. Chem. Soc. 1997, 119, 5467.
7. Kadota, I.; Ohno, A.; Matsukawa, Y.; Yamamoto, Y.Tetrahedron Lett.1998, 39, 7373.
8. Hydroboration of3 with 9-BBN followed by oxidative workup stereoselectively gave alcohol5 in 75% yield.
9. Ley, S. V.; Norman, J.; Griffith, W. P.; Marsden, S. P.Synthesis1994, 639.
10. The carbon numbering corresponding to that of ciguatoxin was used throughout this paper.
11. Ito, Y.; Hirao, T.; Saegusa, T.J. Org. Chem. 1978, 43, 1011.
12. The newly generated stereocenter at C41 was unambiguously determined by spin–spin coupling constant,J41-H,42-H=9.2

Hz. Selected data for compound1: 1H NMR (500 MHz, C6D6) � 5.09 (1H, m, 48-H), 4.20 (1H, d,J=11.6, 6.4 Hz, 50-H),
4.12 (1H, dd,J=11.6, 4.6 Hz, 50-H), 3.77 (1H, ddd,J=6.4, 4.7, 4.6 Hz, 49-H), 3.69 (1H, m, 33-H), 3.09 (1H, ddd,J=11.0,
9.2, 4.6 Hz, 42-H), 3.08–2.84 (6H, m), 2.27 (1H, ddd,J=12.2, 4.6, 4.6 Hz, 43-H), 2.02–1.95 (2H, m), 1.90–1.74 (5H, m),
1.72–1.50 (3H, m), 1.70 (3H, s, Ac), 1.63 (3H, Ac), 1.49–1.22 (4H, m), 0.96 (1H, d,J=7.3 Hz, 39-Me); HRMS (FAB) calcd
for C23H36O8Na [(M+Na)+]: 463.2308; found: 463.2309.


