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Roseophilin (1)

Roseophilin 1), a structurally unique metabolite isolated from Scheme 2
a culture broth ofStreptomyces grisewidis, exhibits cytotox- X X
icity against several human epidermoid and leukemia cell lines Me0OC
in the submicromolar range’ This very promising biological U
profile rendersl a new lead compound in the search for 0
antitumor agents and a rewarding target for total synthesis.
Obviously, the major challenge toward this end is the preparation
of segmentA, which when condensed with the known hetero- %
cyclic ring systenB22according to literature proceduféswill — ) ,
afford the desirednsabridged 1-azafulvene core of the natural o M >on °
product (Scheme 1). As part of our endeavors in the synthesis " v
of physiologically active compountis/e now disclose a concise
and highly flexible approach to this intricate macrotricyclic RNH;_ @ . N
skeleton which may easily be adapted to the synthesis of ; OH| N i | N
analogues as well. R o ., R

Our plan is guided by the idea to effect the macrocyclization
such that it also sets the stage for a convenient construction of
the ketopyrrolic entity of the target. Based on the subtle . "
differences in reactivity of various allylic precursors in palladium its C'_2 position ¥ — V1). ) .
catalyzed substitution reactiohsye perceived a well-orches- This concept was reduced to practice as shown in Scheme 3.
trated manifold for this very purpose (Scheme 2). Driven by O-Sllylat|o_n of the_ kn_own alcohd® with TBDMSCI, foIIoweq
the release of the ring strain, the oxidative addition of Pd(0) PY & chloride for iodide exchange and subsequent reaction of

V)8 but also will liberate the acid for an ensuing acylation of

into a difunctional substrate of the general typeill regiose-
lectively occur at the vinyloxirane sifgprovided that the allylic
OR' group is properly tuned. The alkoxidé thus formed

the rather unstable allylic iodide with tetrahydrothiophene in
the presence of AgBFn thoroughly dried acetone, afforded
the nicely crystalline sulfonium saft in good overall yield°

deprotonates the tethered prenucleophile of the malonate type'ts deprotonation with-BuLi in THF at —78 °C followed by

which will attack the allylpalladium complex and lead to the
formation of a macrocyclic ring according to literature prece-
dence’ By taking advantage of the juxtaposition of the OR

group and the incoming ester, a simple lactonization of thes
A second

entities activates the remaining allylic position.

trapping of the sulfur ylide formed in situ with 9-bromonona-
nal2 gave the desired vinyloxirariein 84% isolated yield which
can be alkylated with methyl (phenylsulfonyl)acetate in DMF

eunder standard conditions at the bromide terminus without

affecting the labile functionality at the other end of the chain.

palladium-catalyzed reaction with an amine as the nucleophile ThiS simple sequence provided gram amounts of compéund
may then not only deliver the desired pyrrole ring encoded in which is suitable to test the palladium-manifold outlined above

the 1,4-dioxygen functionality of the substratd (— IV —
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[b] (i) Nal, acetone, 50C; (i) tetrahydrothiophene, AgBf-acetone,
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catalytic amounts of Pd(PBa and dppe (dppe= bis(diphenyl-
phosphino)ethane) in THF over a periofi®h (=0.0014 M
final concentration}® The observed, selective activation of the
vinyloxirane group was very much in line with our anticipation.
It should also be mentioned that the use of polymer-bound

Pd(0) precatalysts previously recommended in order to ensure

pseudohigh dilution conditiorid® led to significantly lower
yields in this crucial macrocyclization step. Desilylation7f
afforded the somewhat strained lactdheBest results in this
pivotal step were obtained in a buffered medium with a mixture
of TBAF/NH4F as the reagents. Oxidation of the OH group
with the Dess-Martin periodinan&* followed by treatment of
ketone 9 thus formed with benzylamine in the presence of
catalytic amounts of Pd(PBf in THF resulted in the clean
formation of the desired pyrrole carboxylic acid in 70%
isolated yield. The reaction is best carried oura5 °C in
order to avoid problems caused by premature base-induce
elimination of the sulfone group and/or concomittant decar-
boxylation of the acid formed. Compountl0 was then
converted into the acid chloride under neutral conditions using
the highly convenienti-chloroenamine reagent introduced by
Ghosezt all®> Subsequent treatment with Sn@h refluxing
1,2-dichloroethane cleanly afforded the tricyclic ketdriein
71% yield by an intramolecular FriedeCrafts acylation. This
reaction occurs regioselectively at C-2 rather than C-4 of the
pyrrole ring as can be unambiguously deduced from the
observed"J(C,H) correlated NMR spectra (for details see
Supporting Information).

We envisaged using the sulfone moiety at C-22 (roseophilin
numbering, Scheme 1) in order to introduce the missing

isopropyl substituent at the adjacent position. A base-induced

elimination of PhSGH followed by a 1,4-addition of an

(13) Products—9 shown in Scheme 3 were obtained as mixtures of all
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appropriate nucleophile to the resulting enone may well effect
this transformation. Since the shielding excerted by the fairly
rigid ansachain not only provides effective facial guidance in
the Michael addition step but also will force the protonation of
the resulting enolate to occur from the same side, the proper
relative configuration of the newly formed chiral centers at C-22
and C-23 is likely to ensue.

However, our initial attempts along these lines revealed that
the tricyclic enone formed upon elimination of the sulfone group
with t-BuOK in THF at ambient temperature owes a peculiar
reactivity to its highly strained charactér.Since it undergoes
immediate dimerizatio#! we faced the problem to effect the
crucial elimination step in the presence of an appropriate
nucleophile in order to intercept the enone immediately subse-
quent to its formation. Cuprates turned out to be unsuitable
for this purpose because of their insufficient thermal stability
and their poor reactivity in the presence of exceBsiOK. A
viable alternative, however, was found in zincate chemistry.
Specifically, addition of an excess 6BuOK to a solution of
11 andi-PrMe,ZnMgCl (formed in situ from ZnGFTMEDA,
2Meli, andi-PrMgCl) in THF at ambient temperature afforded
the desired produdi2in 47% isolated yield together with some
dimeric byproducts. Although this result may likely be further
improved, it is respectable in view of the complexity of this
specific two-step/one-pot transformation. The structural integ-
rity of 12 was unambiguously assigned by means of extensive
2D NMR investigations. Specifically, the coupling pattern of
H-23 in thelH NMR spectrum at 600 MHz (d, 2.63 ppm) as
well as the observed crosspeaks intB(€,H) correlated spectra
clearly locate the isopropyl group in the cyclopentanone ring
rather than in the ansa chain. This rules out that strain and/or
antiaromaticity prevent the elimination of the sulfone into the
five-membered ring. Moreover, &y, 123 0f ~0 Hz matches
that observed in the spectrum of roseophilin itself and pinpoints
the proper relative configuration at these chiral centers (for
details see Supporting Information).

In summary we have achieved the first synthesis of the
intricate macrotricyclic core segment of roseophiliin only
10 efficient steps. Our approach merges the potential of an
established palladium-catalyzed macrocyclization reaction with
a conceptually new entry into substituted ketopyrroles. Based
on this, one may not only gain access to roseophilin itself but
also can prepare various analogues of this promising antibiotic
for the study of its structure/activity profile. Efforts along these
lines as well as the completion of the total synthesis by
condensation ofl2 with the known heterocyclic side chdm

£re actively pursued in our laboratory and will be reported in

due course.
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