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A 12-step synthesis of 26, the functionalized hydroazulenone ring of guanacastepene (1), has been completed using the EtAICI -initiated
cyclization of y,8-unsaturated ketone 13 to construct 2,2,3-trisubstituted cyclopentanone 14, the palladium-catalyzed coupling of vinylmagnesium
bromide with enol triflate 17 to prepare triene 21, and olefin metathesis of triene 21 to form the key hydroazulene 20.

The novel, diterpene antibiotic guanacastepelje Which envisioned to construct the cycloheptenone of hydrazulenone
was isolated from an unidentified fungus growing on the tree 2 from cyclopentanon@.

Daphnopsis americanashows excellent activity toward
methicillin-resistanStaphylococcus aureasd vancomycin-
resistantEnterococcus faeciumFurther biological studies
indicated thatl has moderate activity against Gram-positive
bacteria, poor activity against Gram-negative bacteria, and
hemolytic activity against human red blood céllThe
structure ofl was determined by X-ray crystallography by AcO
Clardy and co-workersThe NMR spectrum indicates that
the cycloheptene ring df exists as a mixture of two slowly
equilibrating conformers.

Retrosynthetic analysis suggested that the cyclohexene ring
of guanacastepené)(could be synthesized from hydroazu-
lenone2 by methylation and Robinson annulation. The order
of steps will have to be determined experimentally because
of the conformational flexibility of the cycloheptene ring of VZ
1 and, presumably? as well. Elaboration of the functionality
on the cyclohexane and cyclopentane rings will then
complete the synthesis. A variety of sequences can be
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unsaturated ketones with excess RAICIFor instance,
treatment of dienoné with 2 equiv of RAICL generated
the very electrophilic complex, which cyclized to give
zwitterion 8 with the bulky RAIO group cis to the ring
fusion hydrogen. Concerted 1,2-hydride and methyl shifts
afforded 60% of trans-fused hydrindeno@e which was

in THF at—78 °C and heating at reflux to give theketo
acid. Decarboxylation by heating in toluene at’8provided
dienonel3in 67% yield from alcoholll.

We were delighted to find that treatment)gf-unsaturated
ketonel3 with 1.5 equiv of EtAIC} in CH,CI, at 0°C with
gradual warming to room temperature over 24 h gave 70%

elaborated to an 11-oxosteroid intermediate (see Scheme 2)of cyclopentanoné4 as the only cyclic product (see Scheme
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This method has been used mainly to make fused ring
systems but also should be suitable for the construction of
2,2,3-trialkylcyclopentanon® by cyclization ofy,d-unsatur-
ated ketones to give zwitterion4, which should undergo
concerted 1,2-hydride and methyl shifts to gB/etereospe-
cifically. We chose to carry out this reaction a8 with a
side chain containing a synthetically versatile terminal double
bond since the successful cyclization ®findicated that
isolated double bonds are compatible with the acidic condi-
tions required for this cyclizatiofr.

4-Pentenyllithium, prepared by halogemetal exchangde
of 5-iodo-1-pentene (1®Wwith 2 equiv oft-BuLi in THF at
—78 °C, was added to 2-isopropylacrol&ito afford 89%
of allylic alcohol 11. Reaction ofl11 with diketene and
DMAP provided acetoacetate? (see Scheme 3). Enolate
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4). The stereochemistry of4 was established by NOE
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studies on the cyclopentenone prepared by phenylselenyla-
tion, oxidation, and elimination. The allylic methine hydrogen
adjacent to the isopropyl group at2.45 showed an NOE

to the methylene protons on the side chaid dt.51—1.34

but not to the methyl singlet at 1.041*

Initially, we planned to form the cycloheptenone by an
intramolecular aldol reaction, which has been used success-
fully to form related hydroazulenoné%Diketone 15 was
prepared in 88% yield by Wacker oxidationf with PAC},
Cu(OAc)+H,0 and Q (1 atm) in DMF* Unfortunately, no
reaction occurred on treatment of diketobh® with pyrro-
lidine at 80°C*?2or KOH in MeOH?* Aldol reaction was
eventually achieved by reaction of diketoh® with LDA
in THF at—78 to 0°C to give 42% of acetylhydropentalene
16 rather than the desired hydrazulenone.

We then unsuccessfully explored sequences involving
nucleophilic addition to the carbonyl group of cyclopen-
tanone 14. Enolization was the only reaction even with
unhindered nucleophiles such asBuLi and CeCJ. The
carbonyl group is very hindered by the three adjacent
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substituents, whereas the-position is unhindered. We that Pd-catalyzed coupling of vinylmagnesium bromide with

decided to take advantage of the facile enolizatioa4by enol triflate17 should be faster than the intramolecular Heck
exploring Pd-insertion reactions of enol triflate/ (see reaction (see Scheme ¥).
Scheme 5).
Scheme 6
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Reaction of cyclopentanong4 with Tf,O and Proton oo 3(25’R=Piv, R - H
Sponge afforded enol triflatd7 in 86% vyield. A Heck
reaction on enol triflatel7 with Pd(OAc), P(o-tol)s, and
DBU in toluene at reflux gave only the 6-exo prodd@

and none of the desired 7-endo product hydroazukhe vinylmagnesium bromide and Pd@) in THF at reflux
Rigby has reported endo-selective intramolecular Heck gave a 9:1 mixture of trieng1 and Heck product9. The
reactions using Jeffery phospﬂme—_free conditions: PA(9AC)  ¢5rmation of the Heck product can be completely suppressed
n-BwNCI, and KOAc in DMF:# Using these conditions we iing catalyst conditions optimized for Stille couplitig.

obtain.ed q mixture of9 and the isomerized dieris3. Endo Treatment ofL7 with vinylmagnesium bromide (5 equiv),
selective intramolecular Heck reactions have also been Pcdba; (0.02 equiv), and TFP (0.08 equiv) in THF at room

described by Genét using TPPTSm-gulfonated tri- o perature gave trier24 in 80% yield. Olefin metathesi®
phenylphosphine) in aqueous soluti§itHowever, treatment of triene 21 with bis(tricyclohexylphosphine)benzylidine-

of triflate 17 with Pd(OAc) and TPPTS in water and ruthenium dichloride (Grubbs’ catalyst, 2 0.1 equiv) in

CH:CN gave only the 6-exo produg®. CH,Cl; for 2 h cleanly afforded the desired hydroazulene
We then decided to prepare hydroazuléteby olefin  20in 80% yield. The use of C}El,, rather than benzene, as
metathesis of trien21. Formation of trien@1 proved to be  golvent was crucial for the success of this reaction. Starting
quite challenging as a result of the facility of the intramo- material was still present and significant amounts of byprod-

lecular 6-exo Heck reaction that formd®. For instance,  cts had formed after reaction for 2 d in benzene.
treatment of triflatel7 with 5 equiv of tributylvinyltin, Treatment of hydroazuler20 with m-CPBA at 0°C in
Pddba (0.02 equiv), and tri-2-furylphosphine (TFP) (0.04  cH,Cl, and saturated aqueous NaHO§ave epoxid@2 as
equiv) in THF gave a 9:1 mixture of Heck produl@and 3 single stereoisomer. A 1D NOESY spectrum of epoxide
triene 21 even though these conditions have been reported 22 with irradiation of the epoxide hydrogen,tit 6 3.26

to accelerate Stille couplin§.We then tried to prepare triene  shows a larger cross peak to the alkene hydroggattd

21 without competing Heck reaction by Cu-catalyzed 550 than to the cyclopentane methylene hydrogenatd
coupling of vinylmagnesium bromide with triflaté7.’ 2.06 and 1.33. The distances calculated by conformational
Unfortunately, we obtained only traces of trie@d, in searching with MM2 minimization i22 are H—Hy, = 2.80
agreement with previous reports that cuprate coupling with A and H,—H. = 2.62 and 2.69 A. The calculated distances
enol triflates can be problemati Finally, we concluded  in the stereoisomer in which epoxidation occurred from the
more hindereB-face are B—Hp = 3.37 A and H—H. =
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Treatment of epoxid@2 under Deardorff's condition®, oxidation with the Dess—Martin reagent to give hydroazu-
(PhsP)Pd and AcOH in THF at 65C, afforded 30% of lenone26.
acetoxy alcohoR3 as 1:1 mixture of acetate stereoisomers.  In conclusion, we have completed the synthesis of the
The yield increased to 50% with Riba, dppb, and AcOH functionalized hydroazulenone ring system of guanacastepene
in THF at 65°C.2> We were unable to open the vinyl epoxide in 12 steps using the EtAlginitiated cyclization ofy,o-
with triphenylsilanol by the Trost procedute Deardorff unsaturated ketont3 for the preparation of 2,2,3-trisubsti-
reported the exclusive formation of the cis acetoxy alcohol tuted cyclopentanon&4, the palladium-catalyzed coupling
from cyclopentadiene monoepoxiékelt is not clear why of vinylmagnesium bromide with enol triflate7 to prepare
there was a loss of stereocontrol with epox@®e but this is triene21, and olefin metathesis of trie2d to form the key
of no concern since this stereocenter is lost on oxidation to hydroazulene20. We are currently exploring methods to
the enone. elaborate the cyclohexene ring and modify the functionality
Acetoxy alcohoR3 was elaborated to hydroazulend2@ in the cyclopentane ring to complete the synthesis of
in 85% overall yield by protection of the alcohol with guanacastepene.
pivaloyl chloride, DMAP, and pyridine in Cl, to give
pivaloate 24, selective hydrolysis of the acetate using
K,CO; and NaHCQ in MeOH to give alcohol25, and
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