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A synthesis of the tricyclic [5—7—6] skeleton of guanacastepene A is described. The six-membered ring of guanacastepene A was constructed
by a Diels—Alder reaction. After several functional group transformations, it was coupled to f-iodocyclopentenone. Lithium dimethylcuprate
conjugate addition followed by an intramolecular Mukaiyama aldol reaction furnished the desired [5-7-6] tricyclic ring system.

For the past two decades, vancomycin has been the antibiotiazulene core, followed by the introduction of the six-
of last resort for treating infections caused by resistant strainsmembered ring onto the existing seven-membered ring. Lee’s
of bacteria such as methicillin-resistaBtaphylococcus  approach°differs from those of the aforementioned groups
aureus(MRSA). Consequently, the emergence of vancomy- by starting from a five-membered ring equivalent, introducing
cin-resistantEnterococcus faecaligVREF) has posed a the six-membered ring and then the seven-membered ring.
potential threat to human heafthGuanacastepene A (1), Sorensen%"is the only convergent approach so far in which
isolated by Clardy and his colleagues from a fungus collected
in the Guanacaste Conservation Area in Costa Rica in 2000, (2) (a) Brady, S. F.; Singh, M. P; Janso, J. E.; Clardy,. Am. Chem.

shint P ; Soc.2000,122, 2116. (b) Brady, S. F.; Bondi, S. M.; Clardy,JJ.Am.
showed antibiotic activity against both MRSA and VREF. 2057503061193 9600, () Singh. M. P.: Janso. J. E.; Luckman, S.
The promising biological profile of guanacastepene A renders w.; Brady, S. F.; Clardy, J.; Greenstein, M.; Maiese, W. MAntibiot.
i i i 2000,53, 256.
It a. p_otgnnal lead. compo_und n the deveIOpment of novel (3) (a) Snider, B. B.; Shi, Bletrahedron Lett2001,42, 9123. (b) Snider,
antibiotics combating multidrug-resistance. The X-ray crystal g. g Hawryluk. N. A.Org. Lett.2001,3, 569. (c) Shi, B.; Hawryluk, N.

structure of guanacastepene A displays a roughly rectangulavpﬂ.; JSngltle_r, B'CB'JL Or%. ShTeerg)Og,68,L1?§86£d‘)12l\lligz$s,( F;M Waring,
. . e . . . . e H . Ja wver, C.; Lynch, V. etrahedron Le , . (e agnus,
tricyclic [5—7—6] diterpenoid skeleton with a highly oxidized 5" “Gyivier. . Tetrahedron Lett2002, 43, 9605. (f) Dudiey, G. B..

northern face and a hydrophobic southern part. The biological Danishefsky, S. rg. Lett.2001,3, 2399. (g) Dudley, G. B.; Tan, D. S.;

i i ith i i Kim, G.; Tanski, J. M.; Danishefsky, S.Tetrahedron Lett2001,42, 6789.
activity of guanacastepene A combined with its previously h) Tan. D. S.. Dudley. G, B.: Danishefsky, S Ahgew. Chem.. Int. Ed.

unknown carbon skeleton has attracted much attention from29o2,41, 2185. (i) Lin, S.; Dudley, G. B.; Tan, D. S.; Danishefsky, S. J.
the synthetic communityjncluding the first total synthesis f\nt%evzvbgzhez{n"l glééE%SO%hﬂ],tZl%& (jl)J Mehta, (JB gmegye,l_l r_g. v

. i ett. , . ehta, G.; Umarye, J. D.; Gagliardini, V.
reported by Dan'ShefSky and co-workéfs! Tetrahedron Lett2002,43, 6975. (I) Gradl, S. N.; Kennedy-Smith, J. J.;

Most of the groups, including Snidé&,¢ Magnus3de Kim, J.; Trauner, DSynlett2002, 411. (m) Shipe, W. D.; Sorensen, E. J.
i f—i 3jk i1 <3P Org. Lett.2002,4, 2063. (n) Nguyen, T. M.; Lee, Dretrahedron Lett.
DamSthSk)?’ Mehta; gnd Tius] adOpted nonconvergem 2002,43, 4033. (0) Nguyen, T. M.; Seifert, R.; Mowrey, D. R.; Lee, D.
approaches. They have in common the formation of a hydro- org. Lett.2002,4, 3959. (p) Nakazaki, A.; Sharma, U.; Tius, M. @rg.
Lett. 2002,4, 3363. (q) Boyer, F.; Hanna, Tetrahedron Lett2002,43,
(1) Neu, H. C.Sciencel992,257, 1064. 7469.
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duced at a later stage from intermedidtelThe C11 methyl
and the C1—C2 bond in the seven-membered ring can be
constructed via a sequential Michael addition/intramolecular
Mukaiyama aldol reaction from intermedia&8elntermediate

3 can be obtained by coupliriyiodocyclopentenonelf with

a highly functionalized six-membered ring moi&yhrough

an organocuprate addition followed by an iodide elimination.
Compound with the desired relative stereochemistry at C5
and C8 can be constructed through a Dieddder reaction

of diene6 with maleic anhydride. One of the challenges in
our plan is to set the trans relationship between the C11 and
C8 methyl groups. On the other hand, various guanacastepene
analogues can be generated through this route by altering
the five-membered ring and the six-membered ring portions.
As guanacastepene A demonstrates hemolytic activity as well
as activity against MRSA and VREF, the generation of its
analogues will be of great importance.

A simple diene lacking the C8-methyl and C5-oxygenation
in guanacastepene A was chosen to serve as a readily
accessible starting point to validate our strategy to build the
[5—7—6] core structure of guanacastepene A. Diéveas

the five-membered ring and the six-membered ring were conveniently prepared in large scale by known procedures
conjoined to form the middle seven-membered ring through (Scheme 2j:° After benzyl protection of the free hydroxy

a [2 + 2] photocycloaddition and ring fragmentation. Our

group in 7, Diels—Alder reaction with maleic anhydride

group has been interested in developing a Convergentfurnished exclusively theendo adduct8 where all three
synthesis of guanacastepene A that will enable us to generatgubstituent groups are on the same side of the six-membered
its analogues. Herein, we report an efficient way of con- ring. Regioselective methanolysis of the anhydride group in
structing the [5-7—6] carbocyclic core of guanacastepene 8 resulted in9 as a sole product with the carboxylic acid

A through a sequential conjugate addition/intramolecular moiety at the more hindered position of the six-membered

Mukaiyama aldol reaction.

Our retrosynthetic plan is shown in Schemé The

ring.” The acid functional group i® was converted to an
aldehyde group through a three-step sequence. Following

functional groups on the five-membered ring can be intro- Kokotos' method, carboxylic acid9 was first converted to
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a Reagents and conditions: (a) NaH, THF, BnBr, 18 h, 99.5%. (b) Maleic anhydride¢ CLa h, 79%. (c) MeOH, reflux, 16 h, 89%.
(d) (i) CICOOEt, NMM, THF, 10 min; (ii) NaBH (1 equiv), THF/MeOH= 1:1.3, 25 min; (iii) oxalyl chloride, DMSO, BN, —60 °C, 30
min, 57% over three steps. (e) BBr; (0.01 equiv), MeOH, CH(OMg) 3 h, 71%. (f) H, 10% Pd on carbon (0.1 equiv), 95% EtOH, 1
h, 88%. (g) PP} |,, imidazole, EfO/CH;CN = 3:1, 0°C to room temperature, 1 h, 90%. (h) Activated zinc,°@) 17 h, CuCN2LICl,
—10°C, 10 min therp-iodocyclopentenonedj, 0 °C to room temperature, 2 h, 89%. (i) (i) MeuLi, TMSCI, EgN, HMPA, —10 °C to
room temperature, 77%; (i) Tigl2 equiv), 4 A MS, CHCl,, —78 °C, 1 h, 79% {5a: 39%;15b: 30%;15c: 11%). (j) TSOH-HO,

benzene, 95C.
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its mixed anhydride with ethyl chloroformate. After fast and16b. The successful formation of the{3—6] tricyclic
filtration on a short silica gel pad to remove themethyl skeleton in15a and 15b as well as theendoselectivity of
morpholinium salt, the pure anhydride was reduced with the Diels—Alder reaction were corroborated by the X-ray
sodium borohydride to the corresponding alcohol. Since the structures of isomers5aand15b (Figure 1). Isomefi5cis
alcohol was not stable and closed onto the methyl ester
functional group to form a lactone, it was immediately _
subjected to Swern oxidation to provide aldehylde The
aldehydelOwas transformed to acethl by applying Patel's
procedurgwith a catalytic amount dfl-tetrabutylammonium
tribromide. Saturation of the double bond and deprotection
of the benzyl group in acetdll to form alcohol12 were
achieved simultaneously by hydrogenation with 10% pal-
ladium on carbon. Alcohol2 was converted to iodid&3
by following a modified procedure of Coréy.lodide 13
was first converted to the alkylzinc iodide by insertion using
activated zinc. The zinc species was then converted to the
highly functionalized copper reagent by transmetalation with
the soluble CuCMLIiCl salt!! This organocuprate interme-
diate was efficiently coupled t8-iodocyclopentenone (%)
to form compound.4 in 88% vyield, regenerating the double
bond by elimination of thes-iodide.

Formation of the [5-7—6] tricyclic ring system began with
the conjugate addition of a methyl group to theposition
of cyclopentenone with lithium dimethylcuprate followed by
in situ formation of the TMS enol ether with chlorotrimeth-
ylsilane!3 The intramolecular Mukaiyama aldol reaction of
the TMS enol ether with the acetal was mediated by titanium
tetrachloride® It generated the [57—6] tricyclic products
15a—cin an overall yield of 79%°> Elimination of the C2
methoxy group fronl5a—c was facilitated by treatment with
a catalytic amount op-toluenesulfonic acid to furnish6a

(4) Similar to Hanna'’s approach (ref 3g) to construct seven- and six-
membered rings simultaneously through ring-closing metathesis, our initial
strategy was to generate the seven- and six-membered ring of guanacaste-
pene A at the same time as shown below:

o= I
Ho/\)\/‘ — 0 AN 2

84% 92%
/\)\/\ aCy fl - CHeMgBr Figure 1. X-ray (ORTEP) structures af5aand 15b.
: 4, 84% =
P 2. OHC—==—COOEt
o HQ = COOEt o HO 83%
@ IMDA an oil, and its X-ray structure is not available. However, the
= = fact that isomefl5cgenerated the same elimination product

Starting from the [E)-vinyl iodide known in the literature, the skeletal (16b) as isqmeﬂ5b established that it has the same cis
framework of guanacastepene A was assembled rapidly in four steps.Stereochemistry between the C11-methyl and the C8-hy-

However, the intramolecular DietsAlder reaction (IMDA) to generate the ; _ ;
[5—7—6] core structure of guanacastepene A did not take place even with dmgen as isomet5b. The C11 methyl group id5a has

various modifications on either the diene or the dienophile moiety. the opposite stereochemistry @bb and 15c. The ratio

Nonetheless, the design of our current synthetic plan benefited greatly from petween the amount df5a and the sum ol5b and15cis
our initial approach because the same reaction tools such as organocuprate Al . L .
coupling, Diels—Alder reaction, and tandem conjugate addition/aldol about 1:1, indicating that the addition of lithium dimethyl-

reaction are maintained. cuprate to compount¥4 was not stereoselective. In the future,

g §) Stevens, R. V. Sherpeck R, E.; Harrison, B. L; Lal, J.; Lapalme. ' if the conjugate addition is not stereoselective with the fully

(6) Martin, S. F.; Tu, C.; Chou, 1. Am. Chem. S0d.980,102, 5274.

(7) Chen, C.; Hart, D. 1. Org. Chem1993,58, 3840. (14) (a) Mukaiyama, T.; Hayashi, MChem. Lett1974 15. For literature

(8) Kokotos, G.Synthesisl990, 299. examples of forming a seven-membered ring or an azulene ring through

(9) Gopinath, R.; Haque, S. J.; Patel, B. K.Org. Chem2002, 67, intramolecular Mukaiyama aldol reaction, see: (b) Alexakis, A.; Chapde-
5842. laine, M. J.; Posner, G. H.; Runquist, A. Wetrahedron Lett1978,19,

(10) Marshall, J. A.; Cleary, D. &J. Org. Chem1986,51, 858. 4205. (c) Taylor, M. D.; Minaskanian, G.; Winzenberg, K. N.; Santone, P.;

(11) Knochel, P.; Yeh, M. C. P.; Berk, S. C.; TalbertJJOrg. Chem. Smith, A. B., lll. J. Org. Chem1982,47, 3960. (d) Kibler, W.; Petrov,
1988,53, 2390. O.; Winterfeldt, E.; Ernst, L.; Schomburg, Detrahedronl 988,44, 4371.

(12) Piers, E.; Nagakura, Can. J. Chem1982,60, 210. (15) Other Lewis acids such as TMSOTf, BEtO, and SnC] were

(13) Binkely, E. S.; Heathcock, C. H. Org. Chem1975,40, 2156. not as efficient as TiGlin the Mukaiyama aldol reaction.
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functionalized six-membered ring, both five- and six-mem- (GM08496). We thank Dr. Richard Stevens for providing
bered rings will be prepared in enantiomerically pure forms technical help with the collection of mass spectra and Dr.
to be engaged in a more convergent synthesis. Saeed Khan for X-ray structure determinationi&ia and

To summarize, we have synthesized the T5-6] tricyclic 15b. NMR spectra were collected on an Avance 500

skeleton of guanacastepene A through a tandem conjugateupported by the National Science Foundation under equip-
addition/intramolecular Mukaiyama aldol reaction. Future ment grant #CHE-9974928.
work will focus on constructing a fully functionalized six-

membered ring and on completing the total synthesis of  gypporting Information Available: Experimental pro-
guanacastepene A through the strategy shown in this letter..aqures and characterization data for compo@est and

crystallographic data for compoun#iSaand15b (CIF). This
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