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ABSTRACT

An efficient synthesis of enone 4, representing the ABC ring motif of norzoanthamine, is presented. The crucial C22 quaternary center was
introduced via a stereoselective methylation of enone 8. The trans-anti-trans relative configuration of the ABC framework of 4 was installed
via a sequence of reactions that included a hydroboration and a modified Robinson annulation.

The zoanthamine alkaloids constitute a distinctive family of significantly, norzoanthamine2) represents a promising
marine metabolites that have been isolated during the lastcandidate for an antiosteoporotic drug due to its IL-6
20 years from colonial zoanthids of the gemanthussp?! inhibitory profile 1’

These natural products are characterized by a densely The combination of such challenging molecular architec-
functionalized and stereochemically rich framework, as tures and potent biological profiles has spurred the develop-

exemplified by the structures of zoanthamidg{ norzoan- ment of novel synthetic strategies that rest primarily on
thamine ),3 and zoanthamidesf* (Figure 1), as well as by  Diels—Alder cycloaddition reactionsNevertheless, despite
a wide spectrum of interesting biological activitfe§or such an effort none of these natural products has yet

example, compoundsand3 were shown to inhibit phorbol

myristate acetate (PMA)-induced inflammation in mouse [ NG

eart8while 2 reportedly inhibits the growth of P-388 murine
leukemia cells with an I§ value of 24 ug/mL 3> More

M
OHe

(1) For selected reviews on this topic, see: (a) Rahman, A.-U;
Choudhary, M. I. InAlkaloids Academic Press: New York, 1999; Vol.
52, pp 233-260. (b) Kuramoto, M.; Yamaguchi, K.; Tsuji, T.; Uemura, D.
Zoanthamines, Antiosteoporotic Alkaloids.MDmugs from the Sedusetani,

N., Ed.; Karger: Basel, 2000; pp 94.06. (c) Yamada, K.; Kuramoto, M.;
Uemura, D.Rec. Res. Deel. Pure Appl. Chem1999 3, 245-254. (d)
Fernandez, J. J.; Souto, M. L.; Daranas, A. H.; Norte, ®urr. Topics
Phytochem200Q 4 105-119.
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Soc.1984 106, 7983-7984.
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Figure 2. Retrosynthetic analysis of fragmet

succumbed to a total syntheSiglerein we report a new

synthetic strategy for these natural products. Our approach

provides an efficient and stereoselective entry into the
tricyclic ABC ring system of these complex alkaloids
(represented a4 Figure 2) and paves the way toward their
total synthesis.

The retrosynthetic approach toward fragmérigé shown
in Figure 2. We envisioned that construction of the fully
functionalized A ring of4 could invoke conjugate reduction
of enoneb followed by functionalization of the C15 and C17
centers (zoanthamine numbering). En&rmuld be formed
from fragment6, representing the BC ring system, by
implementing a Robinson annulation stratéyrhe trans
decalin motif of6 was projected to arise from hydroboration/

(5) For other alkaloids of the zoanthamine family, see: Rahman, A.-U.;
Alvi, K. A.; Abbas, S. A.; Choudhary, M. I.; Clardy, Jetrahedron Lett.
1989 30, 6825-6828. Daranas, A. H.; Fetndez, J. J.; Gavin, J. A.; Norte,
M. Tetrahedron 1998 54, 7891-7896. Nakamura, H.; Kawase, Y.;
Maruyama, K.; Murai, A.Bull. Chem. Soc. Jpn1998 71, 781-787.
Venkateswarlu, Y.; Reddy, N. S.; Ramesh, P.; Reddy, P. S.; Jamil, K.
Heterocycl. Commurl998 4, 575-580.

(6) Rao, C. B.; Rao, D. V.; Raju, V. S. Meterocycled989 28, 103—

109.

(7) Yamaguchi, K.; Yada, M.; Tsuji, T.; Kuramoto, M.; Uemura, Elol.
Pharm. Bull.1999 22, 920-928. Kuramoto, M.; Hayashi, K.; Yamaguchi,
K.; Yada, M.; Tsuji, T.; Uemura, DBull. Chem. Soc. Jpri998 71, 771—

779. Villar, R. M.; Gil-Longo, J.; Daranas, A. H.; Souto, M. L.; Féndaz,
J. J.; Peixinho, S.; Barral, M. A.; Santafé.; Rodriguez, J.; Jirmez, C.
Bioorg. Med. Chem2003 11, 2301-2306.

(8) Tanner, D.; Andersson, P. G.; Tedenborg, L.; Somfal,é&ahedron
1994 50, 9135-9144. Tanner, D.; Tedenborg, L.; Somfai,Atta Chem.
Scand.1997 51, 1217-1223. Williams, D. R.; Brugel, T. AOrg. Lett.
200Q 2, 1023-1026. Sakai, M.; Sasaki, M.; Tanino, K.; Miyashita, M.
Tetrahedron Lett2002 43, 1705-1708. Nielsen, T. E.; Tanner, D. Org.
Chem.2002,67, 6366-6371.

(9) For approaches toward the aminal motif of zoanthamines, see: Hikage,
N.; Furukawa, H.; Takao, K.; Kobayashi, $etrahedron Lett1998 39,
6237-6240. Hikage, N.; Furukawa, H.; Takao, K.; Kobayashi,T8tra-
hedron Lett1998, 39, 6241-6244. Williams, D.; Cortez, G. Setrahedron
Lett. 1998 39, 2675-2678. Hikage, N.; Furukawa, H.; Takao, K,
Kobayashi, SChem. Pharm. Bull200Q 48, 1370-1372.
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Scheme 1. Synthesis of Ketoné?
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aReagents and conditions: (a) 1.1 equiv of LDA, 1.5 equiv of

12, —78°C, 1 h, 72%; (b) Jones [O],-25 °C, 2 h, 60%; (c) 1.1
equiv of 10, 1 equiv of9, 2.2 equiv of KF, MeOH, 25C, 24 h,
74%; (d) 0.25 equiv of NaBl EtOH, 0.5 h,—78°C, 90%; (e) 1.5
equiv of TBSCI, 3.0 equiv of NENO3, DMF, 30 h, 0-25°C, 99%;
(f) 1.1 equiv oft-BuOK, 5.0 equiv of CHI, benzene, 625°C, 12
h, 68%; (g) 2 equiv of LiAIH, THF, 0°C, 2 h 85%; (h) 3.0 equiv
of 2,2-dimethoxypropane, 0.01 equiv of CSA, §&Hp, 0.5 h, 0-25
°C, 95%; (i) 1.5 equiv of BB THF, THF, 24 h, 0°C, 90% (3:2 in
favor of 15); (j) 3.0 equiv of MOMCI, 4.0 equiv of DIPEA, 625
°C, 24 h, 90%; (k) 2.0 equiv of TBAF, THF, 48 h, BC, 95%; (1)
2.0 equiv of IBX, CHCI,/DMSO (10:1), 48 h, 6-25°C, 97%.

oxidation of alkene7 which, in turn, suggested enoBeas
its synthetic precursor. The latter structure can be formed
by annealing 2-methyl-1,3-cyclohexanedio® ith Naz-
arov reagent0).1* Herein, we disclose the results of our
studies based on such strategic bond disconnections.
Our synthetic studies commenced with construction of
enone8, which was formed by a KF-induced condensation
of ketoesterlO with diketone9 as previously described
(Scheme 1}? Stereoselective reduction of the C13 carbonyl
group of8% and silylation of the resulting alcohol gave rise
to enonel3 (two steps, 89% overall yield). When this
silylation was performed in the presence of conventional
bases, such as imidazole or pyridine, silyl etli& was

(10) For a general review in annulation chemistry, see: Jung, M. E.
Tetrahedron1976 32, 3—31.

(11) Nazarov, I. N.; Zavyalov, S. EZh. Obshch. Khim1953 23, 1703;
Engl. Trans1953 23, 1793-1794;Chem. Abstr1954 48, 13667h. Zibuck,
R.; Streiber, J. MOrg. Synth.1993 71, 236-241.
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contaminated with a disilylated adduct arising from con- || NGNS

comitant reaction with the enone functionality. However, use
of NH4NO; in combination with TBSCI led to exclusive
formation of13, which was isolated in 99% yielt. Treat-
ment of enond 3 with potassiuntert-butoxide produced the
extended enolate that upon reaction with methyl iodide
formed compound’ as a single isomer at the C22 center
(zoanthamine numbering) (68% yield). Thketoester
functionality of 7 was then reduced with LiAlE'S and the
resulting diol was converted to the corresponding acetonide
14 (two steps, 81% combined yield). Hydroxylation of the
C20-C21 double bond (BHTHF/H,O,) occurred predomi-
nantly from the more accessihfeface of 14 and afforded
the desired trans-fused bicyclic motif b together with its

cis isomer (3:2 isomeric ratio in favor d6).1¢ Gratifyingly,

the two isomers were easily separable by column chroma-
tography and the relative stereochemistry of the major
product15was unequivocally confirmed by X-ray analysis
(Scheme 1; for clarity, only the hydrogens at chiral centers
are shown}/ Treatment of15 with MOMCI and DIPEA
produced adduct6 that after desilylation and oxidation gave
rise to ketones (three steps, 83% combined yield).

The conversion of ketoné to enone4 is highlighted in
Scheme 2. Our initial plan to alkylate the enolatesafith
methyl vinyl ketone en route to a Robinson annulation
sequence gave rise to a mixture of products, including
isomers at the C18 center. This problem was circumvented
by alkylating6 with methyl formate to produce th&keto-
carbonyl adductl7, which underwent a smooth Michael
addition in the presence of methyl vinyl ketone and triethy-
lamine!® Subsequent treatment with NaOMe led to a
Robinson annulation with concomitant removal of the formyl
group, thereby affording as a single isomer at the C18
center (72% combined vyield). Reduction of endhevith
lithium in liqguid ammonia gave rise to ketod& (90% yield).
Unambiguous structural proof of compoub8was obtained
after derivatization to the correspondipgoromobenzoate

Scheme 2. Synthesis of Enond?
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aReagents and conditions: (a) 2.0 equiv of NaH, HU@®
(excess), THF/PhMe (1:1),-@5 °C, 24 h; (b) 1.5 equiv of
MeCOCH=CH,, 4.0 equiv of E{N, CH,Cl,, 2 h; (c) 5.0 equiv of
NaOMe, MeOH, 6-25°C, 24 h, 72% (three steps); (d) 3.0 equiv
of Li, lig NH3, EtOH, THF,—78 °C, 4 h, 90%; (e) 2.0 equiv of
NaBH;, EtOH, 0 °C, 0.5 h, 95% (4:1); (f) 1.5 equiv of
p-BrCsH,COCI, 2.5 equiv of BN, DMAP (cat.), CHCl,, 0—25
°C, 1 h, 90%; (g) 1.2 equiv of NaHMDS, 1.1 equiv of PhSeCl,
—78°C, 75%; (h) 2.0 equiv of NalQ) H,O/THF (1:2), 25°C, 92%;
(i) 1.2 equiv of MeLi, E$O, 0°C, 0.5 h, 90%; (j) 2 equiv of PCC,
3 A MS, CHCl,, 2 h, 0°C, 78%.

19, which upon recrystallization from methanol/water yielded

(12) Ling, T.; Chowdhury, C.; Kramer, B. A.; Vong, B. G.; Palladino,
M. A.; Theodorakis, E. AJ. Org. Chem2001, 66, 8843-8853. Zhou, G.;
Gao, X.; Li, W. Z,; Li, Y. Tetrahedron Lett2001, 42, 3101-3103. Inayama,
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Theodorakis, E. AOrg. Lett.200Q 2, 2073-2076.

(13) Spencer, T. A.; Weaver, T. D.; Greco, W. J., JrOrg. Chem.
1965 30, 3333-3336. Pelletier, S. W.; Chappel, R. L.; PrabhakarJS.
Am. Chem. S0d.968 90, 2889-2895. Banerjee, A. K.; Pena Matheud, C.
A.; Hurtado S.; Hector, E.; Diaz, M. Gdeterocyclesl986 24, 2155
2163.

(14) Hardinger, S. A.; Wijaya, NTetrahedron Lett1993 34, 3821-
3824.

(15) Bhandaru, S.; Fuchs, P. Tetrahedron Lett1995 36, 8347-8350.

(16) The functionality at the C13 center was found to be crucial to the
diastereomeric outcome of this hydroxylation reaction. For example, the
cis decalin was obtained as a major product upon hydroxylating a substrate
having a ketal functionality at the C13 center. See also: Gool, M. V;
Vandewalle, M.Eur. J. Org. Chem200Q 3427-3431.

(17) CCDC-226516 15) and CCDC-22651719) contain the supple-
mentary crystallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge
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(18) Spencer, T. A.; Friary, R. J.; Schmiegel, W. W.; Simeone, J. F;
Watt, D. S.J. Org. Chem1967, 33, 719-726. Spencer, T. A.; Smith, R.
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crystals suitable for X-ray analysis (Scheme 2; for clarity,
only the hydrogens at chiral centers are shoWihis study
confirmed the desired trans-anti-trans stereorelation of the
tricyclic motif of 19.

Introduction of the desired functionalities on the A ring
of 18 was accomplished by a NaHMDS-promoted phenylse-
lenylation followed by oxidation and elimination of the
resulting selenide to produce ena2@in 69% yield!® The
latter compound was treated with methyllithium and the
resulting tertiary alcohol was subjected to a PCC-mediated
oxidative rearrangement to produce endrfevo steps, 70%
combined yield¥° which represents a fully functionalized
ABC tricyclic motif of norzoanthamine.

In summary, we present herein an efficient synthesis of
the ABC ring frameworld of norzoanthamine. The approach

(19) Kende, A. S.; Roth, BTetrahedron Lett1982 23, 1751-1754.

(20) Dauben, W. G.; Michno, D. Ml. Org. Chem1977, 42, 682-685.
Moens, L.; Baizer, M. M.; Little, R. DJ. Org. Chem1986 51, 4497
4499. Ling, T.; Rivas, F.; Theodorakis, E. Aetrahedron Lett2002 43,
9019-9022.
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and a modified Robinson annulation that set the desired ) ) ) )
relative stereochemistry of this scaffold. Supporting Information Available: Synthetic procedures

and spectroscopic data, includitd and*3C NMR spectra,
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