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ABSTRACT

Commercially available tribromoethylene has been converted to ketoepoxide 15, an advanced intermediate in the total synthesis of guanacastepene
A.

Guanacastepene A (Figure 1) was isolated from cultures of
an endophytic fungus from a Costa Rican tree in 2000 by

Clardy and co-workers.1 In 2001 the structures of a series
of congeners were disclosed by the same group.2 Guana-
castepene A is active against vancomycin-resistantEntero-
coccus faecalis(VREF) and against methicillin-resistant
Staphylococcus aureus(MRSA). For example, against
MRSA guanacastepene A and vancomycin produce 11- and

17-mm zones of inhibition, respectively, at 100µg/mL. At
100 µg/mL guanacastepene A produces a 9-mm zone of
inhibition against VREF, whereas vancomycin is completely
ineffective.3 Nevertheless, guanacastepene A is not likely to
be developed into a useful therapeutic agent because it also
lyses red blood cells efficiently. It is an interesting target
for total synthesis because it represents a new carbon
skeleton. Several approaches to guanacastepene A have been
disclosed,4 as well as a total synthesis by Danishefsky.5

Although guanacastepene A is a rather simple structure,
there are challenges associated with the construction of the
two stereogenic quaternary carbon atoms at C11 and C8.
The close homology between the five-membered ring portion
of the natural product and the general structure of the
cyclopentenones that are accessible from the allenyllithium/
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Figure 1. Guanacastepene A.
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vinyl amide cyclopentannelation reaction (eq 1) suggested
that anR,â-unsaturated morpholino amide such as1 could
serve as the starting material for the synthesis.6 We recog-
nized several possibilities for the construction of the “left-
hand” portion of guanacastepene A by means of the reaction
of eq 1. In this Letter we describe the successful implemen-
tation of one of these strategies for the synthesis of the fully
functionalized hydroazulene portion of the natural product.

The synthesis is summarized in Scheme 1. The preparation
of R-bromoamide5 was accomplished in a single operation
from tribromoethylene4. Exposure of4 to 2 equiv of lithium
morpholinamide led initially to dehydrobromination to
generate dibromoacetylene. A second equivalent of lithium
morpholinamide, acting as a nucleophile, displaced one of
the bromine atoms from dibromoacetylene, presumably
though an addition-elimination process, to give 1-bromo-
2-morpholinoacetylene.7 Addition of a small excess of
isobutyraldehyde led to amide5 in good yield as a singleZ
geometrical isomer. Amide5 is an excellent substrate for
the allenylithium/vinyl amide cyclopentannelation reaction.
Treatment of5 with a modest excess of allenyllithium species
2 at -78 °C in THF, followed by quenching with acidic
ethanol led to cyclopentenone6 in 75% yield. Our goal was
to use the isopropyl group in6 to control stereochemistry at
C11 (guanacastepene numbering). Accordingly, the free
hydroxyl group in6 was first protected as the methoxymethyl
ether (91% yield) to produce7. The exocyclic methylene
group in 7 could be saturated cleanly under 1 atm of
hydrogen gas in the presence of catalytic 5% Rh on alumina.8

Under these conditions enone8 was isolated in 81% yield
as a 95/5 mixture of diastereomers. The choice of catalyst
appears to be important for the success of this reaction. All
attempts to use Pd on carbon led to hydrogenolytic cleavage
of the carbon-bromine bond in addition to the desired
reaction. The liberated strong acid led to ethanolysis of the
methoxymethyl enol ether.
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Scheme 1a

a Reaction conditions: (a) 2 equiv of Li-morpholinamide, THF,
-78 °C, 1 h; add 1.3 equiv of isobutyraldehyde; reflux in THF,
1 h; 71-73%; (b) 1.7 equiv of2, THF,-78 °C, 2.5 h; add HCl in
EtOH, warm to 0°C; 75%; (c) 1.7 equif of MOM-Cl, 2.0 equif of
(iPr)2NEt, CH2Cl2, 0 °C, 1.5 h; 91%; (d) 5% Rh on Al2O3, EtOH,
1 atm H2, rt, 1.5 h; 81%; (e) (1) THF, 1.6 equiv of LDA, add8 at
-78 °C, warm to 0°C, cool to-78 °C, 45 min; (2) add 1.5 equiv
of MVK, warm to -40 °C, 15 min; cool to-78 °C; (3) add 1.5
equiv of TBSOTf; 62%; (f) 4.5 equif of 2-ethoxyvinyllithium,
THF, -78 to -30 °C, 30 min; (g) 1 equiv of TBAF, THF, 0°C,
5 min; (h) Cl3CCO2H, wet CH2Cl2, 0 °C, 5 min; 75% (E+ Z)
overall for the three steps from9; (i) 7.0 equiv of Ph3PdCH2, THF,
-78 to 0°C, 30 min; 71%; (j) second generation Grubbs catalyst,
0.01 M in CH2Cl2, 45 °C, 21 h; 82% fromE-12; (k) Cl3CCO2H,
wet CH2Cl2, 0 °C, 45 min; 80%; (l) CH2Cl2, satd aq NaHCO3, 0
°C, add 5 equiv ofm-CPBA, warm to room temperature, 1.5 h;
81%.
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We chose a Michael addition to methyl vinyl ketone
(MVK) for the stereochemistry-determining step. The enolate
derived from8, which was prepared by treatment with LDA
at -78 °C, was trapped with a small excess of MVK.
Addition of tert-butyldimethylsilyl triflate to the reaction
mixture before quenching led to9 in 62% yield. Cyclo-
pentenone9 was formed as a mixture ofE andZ isomers.
The relative stereochemistry was tentatively assigned as
shown in9 (see Scheme 1). 2-Ethoxyvinyllithium9 added
cleanly to9 to produce10, an intermediate with three enol
ether functions. Immediate treatment of10 with tetra-n-
butylammonium fluoride (TBAF) followed by exposure of
the reaction product to wet trichloroacetic acid in dichloro-
methane led to keto aldehyde11 as a 75/25 mixture of
geometrical isomers in 75% overall yield for the three steps
from 9. The major geometrical isomer at the exocyclic double
bond was assigned on the basis of the positive NOE between
the vinylic proton and the methylene of the methoxymethyl
protecting group. Exposure of11 to an excess of methylene-
triphenylphosphorane in THF at-78 °C, followed by
warming to 0°C over 30 min, led to tetraene12 in 71%
yield. The seven-membered ring was closed by treating a
0.01 M solution of12 (E + Z) in dichloromethane with the
second-generation Grubbs catalyst (Figure 2) at 45°C for
21 h.10

The isolated yield of bromotriene13was 82% fromE-12.
The next task to be performed was the hydrolysis of the enol
ether function in13. This was accomplished by exposure of
13 to wet trichloroacetic acid in dichloromethane at 0°C to
produceR-bromoketone14 as a single isomer in 80% yield.
The stereochemical assignment was verified by means of
the nOe experiments on14 that are summarized in Figure
3. Selective epoxidation of theγ,δ-double bond in14 took
place in a two-phase system of aqueous NaHCO3 andm-
CPBA in dichloromethane. Epoxide15 was formed as a
single isomer in 81% yield. The assignment of epoxide

stereochemistry in15 is based on NOE correlations and
should be considered tentative at this time. It is conceivable
that the angular C11 methyl group in14 directs the
epoxidation to take place on theR surface of the diene. The
overall yield of15 from commercially available tribromo-
ethylene is ca. 5.2% over the 12 steps.

Some features of this synthesis require comment. The 75/
25 ratio of geometrical isomers of keto aldehyde11 from
the hydrolysis of10 is apparently determined kinetically.
Exposure of the isomeric mixture to phenyl disulfide and
light (500 W incandescent bulb) led to a product that was
highly enriched in the undesiredZ isomer. The same pref-
erence for theZ isomer of the exocyclic alkene was observed
during the isomerization of12. The isomeric ratio in both
cases presumably reflects the balance between a smaller
unfavorable A1,3 interaction with the (methoxy)methoxy
group on one hand and a larger steric effect imposed by the
adjacent quaternary carbon atom on the other. It is therefore
quite puzzling that addition of lithium ethoxyacetylide to9,
followed by hydrolysis and isomerization, led preferentially
to theE-R,â-unsaturated ethyl ester.

Several unsuccessful attempts to functionalize C3 (guana-
castepene numbering) of14 were made before settling on
epoxide15. For example, exposure of14 to bromine in
dichloromethane led to tribromide16 (Scheme 2). Surpris-

Figure 2. The second generation Grubbs catalyst.

Figure 3. Nuclear Overhauser enhancements for hydroazulene14.

Scheme 2a

a Reaction conditions: (a) Br2, CH2Cl2, 0 °C; 98%; (b) DBU,
CH2Cl2, -78 °C; 69%.

Figure 4. Postulated mechanism for the cine elimination that leads
to 17.
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ingly, dehydrohalogenation of16 with an excess of DBU in
dichloromethane at-78 °C led cleanly to bromotriene17.
This appears to be an unusual example of a cine elimination
that may take place according to the mechanism shown in
Figure 4.

In conclusion, the allenyllithium/vinyl amide cyclo-
pentannelation reaction has been used to prepare the fully
functionalized guanacastepene intermediate15. Elaboration
of the remaining carbon atoms of the natural product can be
accomplished through selective ring opening of the allylic

epoxide function, whereas the bromine atom can be ex-
changed for oxygen in several ways.
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