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The marine diterpenoid elisabethin &) (vas isolated, along with
its structurally related isomers elisapterosiiZ3 and colombiasin
A (3), from the chemically rich Caribbean gorgonid@seudo-
pterogorgia elisabetha@Octocorallia) in the late 1990s (Figure1).
Detailed pharmacological properties df3 have not yet been
communicated; however, some members of the elisabethane class ~ "*Me
do show significant activity againdflycobacterium tuberculosis Elisabethin A (1) Elisapterosin B (2) Colombiasin A (3)
as well as in vitro cancer cell cytotoxicityMoreover, 1 has
attracted particular attention as a potential biosynthetic intermediate

Figure 1. Marine natural products frorRseudopterogorgia elisabethae

of 2 and3. Scheme 1. Retrosynthetic Analysis of Elisabethin A (1)

The complex molecular architecture and rich functionalization Me
of these molecules make them interesting and attractive synthetic Mg),'n °
targets> We now report the first total synthesis bf 1 = > )

According to our retrosynthetic plan (Scheme 1) the elisabethane i P “oMe
carbon skeleton should be assembled via an intramolecular-Diels Me” “Me  Me
Alder (IMDA) cyclization® of quinone5 which should be generated 4
by oxidation of the corresponding hydroquinoid precursor. Scheme 2. Synthesis of the Aryl Acetic Acid Derivatives 11a/b?

The synthesis of the benzenoid fragment (Scheme 2) started from o]
commercially available aldehydawhich was converted to phenol (3)MCPBA OH () can
7. Selective 4-O-demethylation was achieved via an oxidation/ (iNaoy /(;( il /(;(

. . . . . e OMe 97°/ 94°/
reduction sequence to give hydroquino8& O-Silylation and Me s Me
regioselective bromination with NBS led to aryl bromi@ewhich 6 15,'3’ Tasal
was subsequently converted to aryl acetic edtgéa using a BOp° BQ  SnBu, 7%
palladium-catalyzed NegishReformatsky coupling with stannane otBs © g~ ., B 0TBS
108 To obtal_n the I_Evang’ oxazolidinoné1b, este_r 1l1a was (mogAH  TBSO oMe TBsoﬁOMe
transformed into acidl2 in a three-step reduction/oxidation (i) Swern ox. Me Me
. . (j) Pinnick ox.

sequence which was necessary because égremained un- 82%’/ 11a 00 9
changed even after refluxing it in concentrated NaOH/EtOH for HO 0 N. O
14 h. Acid12was converted to the desired imidigb via the mixed OTBS (K Pivcl B oteS
anhydride because the corresponding acid chloride did not react, 9
probably due to formation of the ketehe. T8SO Yo OMe  then L)‘Njo 1% 1Bso OMe

The dienyl iodidel8 was synthesized from known aldehytig 12 o 11b Me
(Scheme 3§.Olefination with phosphonat®4 furnished the desired aReagents and conditions: (a) MCPBA (1.5 equiv),.CH, rt, 5 h; (b)

(E)-Weinreb-enamidé&5, which was reduced to the-unsaturated NaOH (3.0 equiv), MeOH/ED, rt, 4 h; (c) CAN (2.5 equiv), MeCN/}D,
aldehyde16. The Z-geometry of the second double bond was ' lro(d) NQSQ%‘,\;SFO ?qggl)hMeC'L\lé%O 140h rt; (e) Tasgll\l@rto ZQL“V)
« ” m equlv, I equlv, e
m.Stal.Ied by .a salt-free .Wlmg rea}ctlon (NaHMDS, EF.PEIB.r) t.o ZnB(rz 1. A?eqzuv) 10(1.4 equw)(f)Png(o (t0|3P)2q(0 88 equiv), DMF, 8ég)

give isomerically pure dien&7, which was converted into iodide  oc 15 h; (h) DIBAL-H (3.0 equiv), ChCl,, —78— 0°C, 6 h; (i) (COCI}
18 by two additional steps. (2.0 equiv), DMSO (4.0 equiv), B (6.0 equiv), CHCl,, —78 °C — rt;

The alkylation of estet 1awith iodide 18 (Scheme 4) proceeded  (j) NaCIO; (5.0 equiv), KHPO; (5.0 equiv), HOMBUOH/MeC=CMe,,
smoothly to19a but with a moderate de of 42%. In contrast, 12 (k) PivCl (1.1 equiv), BN (1.3 equiv), then deprotonated Evans’
oxazolidinonellb gave a significantly higher de (86%); however, oxazolidinone (1.2 equiv), THF, 14 h; 78 _C? t, (MCPBA =

. : . . : m-chloroperbenzoic acid, i imidazole, PivCl= pivaloyl chloride).
the reaction required recycling of unreacted starting material to
furnish19b in an overall yield of 69%. Reduction dPa/bto the mixture of products was formed, probably due to the decomposition
alcohol with LiBH, allowed separation of diastereoisomers by of the diene under the strongly acidic conditions. However, the
column chromatography. Swern oxidation delivered aldel3@e OTBS-modified precurso2l was easily deprotected with TBAF
which was converted to the desired Dielslder precursor2l by and oxidized with aqueous FeGlto form quinone5 (detectable
a Wittig reaction. The choice of the hydroquinone 1,4-OH- by TLC and NMR) which cyclized in situ to addudt
protecting groups turned out to be a very crucial issue. An earlier  The significance of this IMDA reaction lies in (1) the use of of
attempt to accomplish an oxidative 1,4-O-di-demethylation under a terminal Z)-olefin—to our knowledge the first case that has been
various conditions such as CAN, AgO/HNCand so forth had successfully developed, (2) the unusually mild and virtually
totally failed to produce any of the desired quinén&.complex biomimetic conditions (aqueous medium, ambient temperature), and
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Scheme 3. Synthesis of the Diene Fragment 182
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Me 7% Me
18 17

aReagents and conditions: (&4 (1.02 equiv), NaH (1.02 equiv), THF,

5 h, 0°C —rt; (b) DIBAL-H (3.0 equiv), THF, 2 h—78°C; (c) PRPEtBr
(1.5 equiv), NaHMDS (1.5 equiv), THF, 12 k,78 °C — rt; (d) BCl; (1.4
equiv), CHCl,, 1 h,—40— —10°C; (e) Im (2.0 equiv), P¥P (2.0 equiv),
12 (2.0 equiv), benzene, 2 h, rt (NaHMDS sodium bis(trimethylsilyl)a-
mide).

Scheme 4. Completion of the Total Synthesis?@

X ‘C/-\
oTBS 19a, X =OEt  86%, de =42%
o (@) NaHMDS
TBSO OMe  ten18 19b, % - N‘« 69%, de = 86%
Me TBSO
11ab () LBH,
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90% —
Me N (@ me §
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-
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91% 21 Me 20 Me
Me,,, ®PdH, Mo H
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* Z —
Me” =V OMe 27%
5 Me Me’ Me 4 Me'

aReagents and conditions: (a) NaHMDS (1.1 equiv), the(l.5 equiv),
HMPA (10 equiv), THF, 4 h-78 — —40 °C; for 19b: 30 equiv HMPA,
—78°C —rt; (b) LiBH4 (1.1 equiv), HO (1.1 equiv), ELO, 2 h, 0°C; (c)
(COCl), (2.0 equiv), DMSO (4.0 equiv), BN (6.0 equiv), CHCI,, —78
°C — rt; (d) (CHs).CHPPHhI (2.0 equiv),n-BuLi (2.0 equiv), THF, 4 h, 0
°C; (e) TBAF (2.4 equiv), THF, 1 h, rt, then FeQu0 equiv), HO, 6 h,

rt; (f) Pd/C (0.1 equiv), H (1 atm), EtOAc, 1 h, rt; (g) NaOH (5 equiv),

MeOH/H,0, 5 h, 80°C; (h) BBr; (6 equiv), THF, 0.5 h;-100°C. (HMPA
= hexamethylphosphoramide).

(3) the high yield and stereoselectivityH{ NMR: no isomers
detectable, HPLC: less than 3%).

The relative configuration o# was confirmed by extensive

Figure 2. Endo transition state of the IMDA cyclization.

naturall'® [o]%% +133.0 € = 0.45, CHC}). This means that we

have synthesized the natural enantiomet oh a stereochemically

unambiguous route and have thus proven its absolute configuration.
In conclusion we have accomplished a convergent and highly

stereocontrolled total synthesis of elisabethinlpif 17—20 steps

and 7% overall yield along the longest linear sequence. The

synthesis is flexible and potentially allows the introduction of a

variety of nonnatural substituents. The preparation of such analogues

and the evaluation of the bioprofile dfis currently underway in

our laboratory.

Acknowledgment. A Kekulé fellowship (to T.J.H.) from the
“Fonds der chemischen Industrie” and financial support (project
P14729-CHE) from the Austrian Research Fund (FWF) is gratefully
acknowledged. Thanks are also due to Dr. Hanspeter Kaehlig for
help with the NMR spectra and Sabine Schneider for HPLC
separations.

Supporting Information Available: Detailed experimental pro-
cedures and characterization data4pt 1a/b, 18, 19a/by copies of'H
and'*C NMR spectra of Diels Alder adduct4 and synthetic elisabethin
A (PDF). This material is available free of charge via the Internet at
http://pubs.acs.org.

References

(1) Elisabethin and elisapterosin: (a) Rorez, A. D.; GonZez, E.; Huang,

S. D. J. Org. Chem1998 63, 7083. (b) Rodguez, A. D.; Rarfrez, C.;
Rodrguez, I. I.; Barnes, C. LJ. Org. Chem200Q 65, 1390. Columbia-
sin: (c) Rodfguez, A. D.; Rarfrez, C.Org. Lett.200Q 2, 507.

Total synthesis of3: (a) Nicolaou, K. C.; Vassilikogiannakis, G.;
Magerlein, W.; Kranich, RAngew. Chem., Int. E2001, 40, 2482. (b)
Nicolaou, K. C.; Vassilikogiannakis, G.; Marlein, W.; Kranich, RChem.

Eur. J.2001, 7, 5359. Total synthesis @and3: Kim, A. I.; Rychnovsky,

S. D. Angew. Chemu.nt. Ed. 2003 42. In press.

For earlier work, see: (a) Heckrodt, T. J.; MulzerSynthesi2002 1857.

For an approach to an unfunctionalized racemic elisabethin A skeleton,
see: (b) Nicolaou, K. C.; Zhong, Y.-L.; Baran, P. S.; SugitaAkgew.
Chem., Int. Ed2001 40, 2145. (c) Nicolaou, K. C.; Sugita, K.; Baran, P.
S.; Zhong, Y.-L.J. Am. Chem. So@002 124, 2221.

For a recent review on DA reactions, see: (a) Nicolaou, K. C.; Snyder,

@

~

3

=

4

=

NOESY experiments. The observed stereochemical course of the S. A;; Montagnon, T.; Vassilikogiannakis, G. Bngew. Chem., Int. Ed.

IMDA reaction can be rationalized in terms of the endo transition-
state geometry shown in Figure 2. The facial selectivity of the
diene—quinone attack is controlled by a minimization of allylic
strain between the substituents at C9 and the quinoid carbonyl
functionality. Selective hydrogenation of the disubstituted oléfin
followed by base-catalyzed epimerization at C2 and cleavage of

the methyl ether with BBrled to compound, whose NMR, MS,

and IR data were in agreement with those reported for the natural
elisabethin A. The optical rotation of compared well to the

literature value (synthetid: [a]?%, +129.7 ¢ = 0.05, CHCY),

2002 41, 1668. For quinone-based IMDA reactions, see (b) refs 2 a,b.
(c) Layton, M. E.; Morales, C. A.; Shair, M. 0. Am. Chem. So2002
124, 773.

(5) Luly, J. R.; Rapoport, HJ. Org. Chem1981, 46, 2745.

(6) Kosugi, M.; Negishi, Y.; Kameyama, M.; Migita, Bull. Chem. Soc.
Jpn. 1985 58, 3383.

(7) Prashad, M.; Kim, H.-Y.; Har, D.; Repic, O.; Blacklock, TT&trahedron
Lett. 1998 39, 9369.

(8) Mulzer, J.; DupteS.; Buschmann, J.; Luger, Rngew. Chem., Int. Ed.
Engl. 1993 32, 1452.

(9) For FeC} oxidations seeRodd’s Chemistry of Carbon Compoun@sad
ed.; Elsevier Science: Amsterdam, London, New York, 1974; Vol. lll B,
p 10 ff

JA034397T

J. AM. CHEM. SOC. = VOL. 125, NO. 16, 2003 4681



