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With its imposing structure, brevetoxin B (1), produced by 
Gymnodinium breve Davis, stood as a formidable challenge to 
synthetic chemists since its discovery and structural elucidation 
in 1981.1 Brevetoxin's beautifully arranged molecular assembly 
includes 11 trans-fused rings, each containing an oxygen atom, 
with each fusion consisting of a C-C bond separating two 
adjacent ring oxygens and with all adjacent substituents flanking 
the oxygens placed syn to each other except on ring K. Its 
unprecedented architecture, its association with the "red tide" 
catastrophes,2 and its potent neurotoxicity and interference with 
the function of sodium channels attracted serious attention from 
chemists3 and biologists4 alike. We now wish to announce, in 
this and the following communication,5 the total synthesis of 
brevetoxin B (1) in its naturally occurring form. 

Figure 1 outlines the strategic bond disconnections and 
retrosynthetic analysis of 1. The adopted strategy benefited from 
convergency (oxocene disconnections) and synthetic technolo
gies developed in these laboratories specifically for constructing 
oxocene6 and tetrahydropyran7 systems. 

(1) Lin, Y.-Y.; Risk, M.; Ray, S. M.; Van Engen, D.; Clardy, J.; Golik, 
J.; James, J. C ; Nakanishi, K. J. Am. Chem. Soc. 1981,103, 6773. Lee, M. 
S.; Repeta, D. J.; Nakanishi, K.; Zagorski, M. G. J. Am. Chem. Soc. 1986, 
108, 7855. 

(2) Anderson, D. M. Sci. Am., 1994, 8, 62 and references cited therein. 
(3) Nicolaou, K. C; Tiebes, J.; Theodorakis, E. A.; Rutjes, F. P. J. T.; 

Koide, K.; Sato, M.; Untersteller, E. J. Am. Chem. Soc. 1994, 116, 9371. 
Shimizu, Y. Pure Appl. Chem. 1982, 54, 1973. Yasumoto, T.; Murata, M. 
Chem. Rev. 1993, 93, 1897. Nakanishi, K. Toxicon 1985, 23, 473. Scheuer, 
P. J. Tetrahedron 1994, 50, 3. Kadota, I.; Matsukawa, Y.; Yamamoto, Y. 
J. Chem. Soc, Chem. Commun. 1993, 1638. Palazon, J. M.; Soler, M. A.; 
Ramirez, M. A.; Martin, V. S. Tetrahedron Lett. 1993, 34, 5467. Yamamoto, 
Y.; Yamada, J.; Kadota, I. Tetrahedron Lett. 1991, 32, 7069. Feng, F.; Murai, 
A. Chem Lett. 1992, 1587. Alvarez, E.; Diaz, M. T.; Perez, R.; Ravelo, J. 
L.; Regeiro, A.; Vera, J. A.; Zurita, D.; Martin, J. D. /. Org. Chem. 1994, 
59, 2848. For other selected articles from these laboratories, see: Reddy, 
K. R.; Skokotas, G.; Nicolaou, K. C. GaTZ. Chim. Ital. 1993, 123, 337. 
Nicolaou, K. C. Aldrichimica Acta 1993, 26 (3), 62. Nicolaou, K. C; Reddy, 
K. R.; Skokotas, G.; Sato, F.; Xiao, X.-Y.; Hwang, C-K. J. Am. Chem. 
Soc. 1993, 115, 3558. 

(4) International Symposium on Red Tides; Okaichi, T., Anderson, D. 
M., Nemoto, T., Eds.; Elsevier: New York, 1989. Toxic Dinoflagellates; 
Anderson, D. M., White, A. W., Baden, D. G., Eds.; Elsevier: Amsterdam, 
1985. Marine Toxins: Origin, Structure and Molecular Pharmacology; 
Sherwood, H.; Strichartz, G., Eds.; ACS Symposium Series 418; American 
Chemical Society: Washington, DC, 1990. Rein, K. S.; Baden, D. G.; 
Gawley, R. E. J. Org. Chem. 1994, 59, 2101. Rein, K. S.; Lynn, B.; Gawley, 
R. E.; Baden, D. G. J. Org. Chem. 1994, 59, 2107. Baden, D. G.; Mende, 
T. J.; Szmant, A. M.; Trainer, V. L.; Edwards, R. A.; Roszell, L. E. Toxicon 
1988, 26, 97. PoIi, M. A.; Mende, T. J.; Baden, D. G. MoI. Pharmacol. 
1986, 30, 129. Catterall, W. A. Annu. Rev. Biochem. 1986, 55, 953. Trainer, 
V. L.; Thomsen, W. J.; Catterall, W. A.; Baden, D. G. MoI. Pharmacol. 
1991, 40, 988. 

(5) Nicolaou, K. C; Rutjes, F. P. J. T.; Theodorakis, E. A.; Tiebes, J.; 
Sato, M.; Untersteller, E. J. Am. Chem. Soc. 1995, 117, 1173. 

(6) 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. R. J. 
Am. Chem. Soc. 1990,112, 6263. Nicolaou, K. C; Prasad, C. V. C; Hwang, 
C-K.; Duggan, M. E.; Veale, C A. J. Am. Chem. Soc. 1989, 111, 5321. 
Nicolaou, K. C; Veale, C A.; Hwang, C-K.; Hutchinson, J.; Prasad, C. 
V. C; Ogilvie, W. W. Angew. Chem., Int. Ed. Engl. 1991, 91, 299. 

(7) Nicolaou, K. C; Prasad, C V. C; Somers, P. K.; Hwang, C-K. J. 
Am. Chem. Soc. 1989, 111, 5330. Nicolaou, K. C; Duggan, M. E.; Hwang, 
C-K. J. Am. Chem. Soc. 1989, Ul, 6666. Nicolaou, K. C; Duggan, M. 
E.; Hwang, C-K.; Somers, P. K. /. Chem. Soc, Chem. Commun. 1985, 
1359. 

Figure 1. Strategic bond disconnections and retrosynthetic analysis of 
brevetoxin B (1). 

The construction of the CDEFG framework 4 described herein 
began with the previously reported intermediate 7 (Scheme I).8 

Swern oxidation of 7 followed by a Wittig reaction with the 
appropriate reagent furnished, in 99% overall yield, compound 
9 via aldehyde 8. Hydrogenation of 9 and selective, acid-
induced monodesilylation gave alcohol 11 via 10 in 97% overall 
yield. Oxidation of 11 in a sequential fashion using Swern and 
NaClCh conditions resulted in carboxylic acid 12 (97%), which 
upon desilylation with TBAF led to 13 (91%). Lactonization 
of hydroxy acid 13 by the Yamaguchi method9 and enol triflate 
formation gave 15 via 14 in 84% overall yield. Generation of 
the higher order cuprate derived from the lithio derivative of 
iodide 17a10 and 17b followed by coupling11 with triflate 15 
and partial acid-induced orthoester hydrolysis resulted in 
formation of 18 via 16 (84% yield over two steps, ca. 2.4:1 
ratio at C* in favor of the desired isomer, vide infra). Regio-
and stereoselective hydroboration of 18 followed by oxidative 
workup and alkaline hydrolysis furnished hydroxy acid 19 in 
73% overall yield. Finally, lactonization9 of 19 and separation 
of the C* epimers afforded pure lactone 6 (60% yield, plus 25% 
of its C* methyl epimer), whose structure was determined by 
X-ray crystallographic analysis (see ORTEP drawing of a 
derivative10 of 6, Figure 2). 

The fusion of the remaining three rings onto the DEFG system 
6 to afford the targeted polycyclic framework 4 proceeded as 
depicted in Scheme 2. Thus, conversion of lactone 6 to its enol 
triflate (97%) followed by Cr/Ni-mediated coupling12 with 
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Scheme 1. Construction of DEFG Ring System 6' Scheme 2. Construction of CDEFG Ring System 4" 
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" Reagents and conditions: (a) 2.0 equiv of (COCl)2,3.0 equiv of DMSO, 
CH2Cl2, - 78 0C, then 7.0 equiv of Et3N, 0.5 h, 100%; (b) 2.0 equiv of 
TBSO(CH2)3PPh3

+I-, 1.5 equiv of NaHMDS, THF, 0 0C, 10 min, then 8, 
0.5 h, 99%; (c) H2, 0.1 equiv of Pd/C (10%), 0.1 equiv OfNa2CO3, EtOAc, 
25 0C, 12 h, 100%; (d) 1.0 equiv of CSA, CH2Cl2ZMeOH (1:1), 0 0C 1 h, 
97%; (e) 2.0 equiv of (COCl)2, 3.0 equiv of DMSO, CH2Cl2, - 7 8 0C, then 
7.0 equiv of Et3N, 0.5 h; 1.5 equiv of NaClO2, 2.0 equiv of NaH2PO4, 2.0 
equiv of 2-methyl-2-butene, J-BuOHZH2O (2:1), 25 0C, 1 h, 97%; (f) 5.0 
equiv of TBAF, THF, 65 0C, 8 h, 91%; (g) 1.05 equiv of 2,4,6-
trichlorobenzoyl chloride, 1.5 equiv of Et3N, THF, 0 °C, 2 h, then added to 
5.0 equiv of DMAP, benzene (c = 0.05 mM), 80 0C, 1 h, 90%; (h) 5.0 
equiv of LiHMDS, 1.5 equiv of HMPA, THF, -78 0C, 2 h, then 1.5 equiv 
of Tf2NPh, - 7 8 -~ 25 0C, 93%; (i) 6.0 equiv of 17a, 10.0 equiv of '-BuLi, 
Et2O, -120 — -78 0C, 0.5 h, then 5.0 equiv of 17b, -78 — 30 0C, 0.5 h, 
Et2OZTHFZHMPA (1:1:1), then 15, - 78 — 0 0C, 2 h, 84%; (j) 0.3 equiv of 
PPTS, DME/H20 (1:1), 25 0C, 100%; (k) 6.0 equiv of BH3-THF, 0 0C, 
then 25 equiv of 3 N NaOH, 50 equiv of 30% H2O2, 89%; (1) 2.0 equiv of 
LiOH, DMEZH2O (1:1), 25 0C, 82%; (m) 1.05 equiv of 2,4,6-trichloroben-
zoyl chloride, 1.5 equiv of Et3N, THF, 0 0C, 2 h, then added to 5.0 equiv 
of DMAP, benzene (c = 0.05 mM), 80 0C, 1 h, 60% of 6, plus 25% of its 
C* epimer (after column chromatography). 

Figure 2. ORTEP of the bis(p-bromobenzoyl) derivative of 6. 

aldehyde 20 1 0 furnished alcohol 21 (66%, mixture of epimers), 
which was deoxygenated via xanfhate 22 (89%) by the Barton 
method1 3 to afford 23 (67%). Regio- and stereospecific 
hydration of 23 via hydroboration/oxidation gave alcohol 24 
(82%), which was silylated, leading to 25 (96%). A series of 
reactions involving DIBAL-H-mediated ester cleavage (98%), 
Dess—Martin oxidation (85%), Horner—Emmons olefination 
(99%), and acid-induced selective desilylation (100%) afforded 
a,/3-unsaturated ester 5 via 26, 27 and 28. Exposure of 5 to 
KH led to the formation of the CDEFG ring system 29 in 90% 
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"Reagents and conditions: (a) 5.0 equiv of LiHMDS, 1.5 equiv of 
HMPA, THF, -78 °C, 2 h, then 1.5 equiv OfTf2NPh, -78 — 25 0C, 97%; 
(b) 6.0 equiv of 20, 6.0 equiv of CrCl2, 0.02 equiv of NiCl2, DMF, 25 0C, 
ultrasound, 3 h, 66%; (c) 3.0 equiv of CS2, 50.0 equiv of KH (added over 
5 h), Et2O, then 10.0 equiv of MeI, 25 0C, 89%; (d) 4.0 equiv of n-Bu3SnH, 
0.1 equiv of ATBN, benzene, 80 °C, 67%; (e) 5.0 equiv of BH3-THF, - 3 0 
0C, then 25 equiv of 3 N NaOH, 50 equiv of 30% H2O2, 82%; (f) 2.0 
equiv of TESOTf, 2.5 equiv of 2,6-lutidine, CH2Cl2, - 7 0 0C, 1 h, 96%; 
(g) 2.5 equiv of DIBAL-H, CH2Cl2, - 78 0C, 5 min, 98%; (h) 1.7 equiv of 
Dess-Martin periodinane, CH2Cl2, 25 0C, 2 h, 85%; (i) 2.0 equiv of 
KHMDS, 0.2 equiv of 18-crown-6, 5.0 equiv of (MeO)2P(O)CH2CO2Me, 
THF, 0 0C, 0.5 h then add 27, 3 h, 99%; (j) 1.0 equiv of CSA, CH2Cl2Z 
MeOH (2:1), 25 0C, 1 h, 100%; (k) 2.0 equiv of KH, THF, 25 0C, 2 h, 
90%; (1) 1.3 equiv of DIBAL-H, CH2Cl2, - 78 0C, 2 min, then 3.0 equiv of 
MeOH, 97%; (m) 2.0 equiv OfPh3PCHCO2Et, CH2Cl2, 25 0C, 12 h, 98%; 
(n) 2.5 equiv of DIBAL-H, CH2Cl2, - 78 0C, 2 h, 96%; (o) 0.2 equiv of 
Ti(O1Pr)4, 0.2 equiv of (-(-)-diethyl tartrate, 2.0 equiv of J-BuOOH (5 N in 
decane), CH2Cl2, -20 0C, 5 h, 99%; (p) 5.0 equiv of S03-pyridine, 10 equiv 
OfEt3N, CH2Cl2ZDMSO (4:1), 0 0C; (q) 1.2 equiv of NaHMDS, 1.5 equiv 
OfCH3PPh3

+Br-, THF, 25 0C, 1 h, 80% (over two steps); (r) 1.5 equiv of 
TBAF, THF, 25 0C, 3 h, 100%. 

yield via a stereoselective Michael-type reaction.14 Extension 
of the ester side chain via DIBAL-H reduction and phosphorane 
condensation furnished, via aldehyde 30 (97%), the a,/3-
unsaturated ester 31 (98%), which was reduced to allylic alcohol 
32 (96%). Sharpless asymmetric epoxidation15 of 32 using (+ ) -
DET as the chiral auxiliary gave the corresponding hydroxy 
epoxide (99% yield), which was further oxidized to the aldehyde 
and subjected to a Wittig reaction to afford terminal olefin 33 
(80% over two steps), and thence hydroxy epoxide 4 upon 
TBAF-induced desilylation (100%). 

The elaboration of 4 to the ABCDEFG framework 3, the 
coupling of the latter to the IJK system 2 and the completion 
of the total synthesis of brevetoxin B (1) are described in the 
following communication.5 1 6 
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