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ABSTRACT

The formal total synthesis of the macrocyclic core of roseophilin 4 has been accomplished in 12 steps from 5-hexenal 8. The cyclopentannelation
reaction was used to form the aliphatic five-membered ring of 3. Diene 2 was assembled by means of a Stetter reaction. Ring-closing metathesis
of 2, reduction, and Knorr reaction of the 1,4-diketone 5 gave the ketopyrrole 3.

Roseophilind, a structurally unique metabolite, was recently
isolated from the culture broth &treptomyces grisewidis

by Seto et al. It shows high activity against K562 and KB
cell lines in the sub-micromolar range. The high activity
coupled with the unique structure has made roseophitin
popular target for synthesisThe first total synthesis was
accomplished by Furstner et %lTheir concise synthesis
utilized 3 as an advanced intermediate that, after protection
of the pyrrole nitrogen atom with a SEM group, was coupled
with the pyrrolylfuran side chain. Deprotection followed by
loss of water gave racemic roseophiin During the same
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period, Fuchs reported a synthesis of the macrocyclic core BzO ‘ BzO
via a difficult ring-closing metathesis reaction of a confor- -
mationally biased dient.
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Our retrosynthetic approach to the roseophilin cBris
shown in Scheme 1. A potentially challenging step in the

(1) Hayakawa, Y.; Kawakami, K.; Seto, H.; Furihata, Retrahedron
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relatively unstrained, conformationally flexible dieheTwo

The hydrolytically labilea-TMS imine of 7 was carried on

key steps in the synthesis, the cyclopentannelation reactionwithout purification after aqueous workup. Deprotonation
and the attachment of the 7-carbon alkene fragment, providewith LDA followed by addition of isobutyraldehyde gave

diene2. The five-membered ring formation by the cyclo-
pentannelation reactidra variant of the Nazarov cyclization,
allows for the rapid assembly of the substituteanethyl-
enecyclopentenone. Peterson olefination providesuifie
unsaturated aldehydgwith the desirecE stereochemistry.
The synthesis starts with the formation of thert-
butylimine of 5-hexendl 7 in 94% vyield (Scheme 2.
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(a) t-BuNH, rt, 94%; (b) LDA, TMSCI, THF,—78 to+10 °C;
(c) LDA, i-PrCHO,—78 to+10°C; (d) (COOH}, THF, H,0O, 71%
(three steps); (e) NaCKOKH,PO,, 2-methyl-2-butene; (f) CBr
PPh, morpholine, 88% (two steps); (g) @-(methoxy)methoxy-
o-lithioallene, THF,—78°C; (ii) AcOH; (h) BzCl, EgN, 49% (two
steps); (i) 6-heptenal, B, 3-benzyl-5-(hydroxyethyl)-4-methylthi-
azolium chloride, 1,4-dioxane, 60%; (j) Grubbs’ catalyst, 0.0005
M, 40 °C, 90%; (k) H, Pd/C, THF, 92%; (I) (NH).CO;, propionic
acid, 140°C, 10 h, 52%.

Conversion of7 to thea-TMS derivative was accomplished
by deprotonation with LDA followed by addition of TMSCI.

(3) For reviews of the ring-closing metathesis reaction see: (a) Grubbs,
R. H.; Chang, STetrahedron1998,54, 4413—4450. (b) Nicolaou, K. C.;
King, N. P.; He, Y. InTopics in Organometallic Chemistry; Riner, A.,

Ed.; Springer-Verlag: Berlin, Heidelberg, 1998; Vol. 1, pp-7134.

the a,B-unsaturated imine after aqueous workup. Imine
hydrolysis with oxalic acid in THF/KD (1:1) and column
chromatography gave the aldehy&lim 71% yield as a single
isomer following column chromatography. Oxidation ®&f
under standard conditiohsvith NaClO, and 2-methyl-2-
butene with a KHPO, buffer gave thex,S-unsaturated acid,
which was used crude in the next step. Amide formation
with CBry, PPh, and morpholinggavel in 88% yield over
two steps from aldehyd®. Formation of the protected
o-methylenecyclopenteno®ewvas accomplished via addition
of a-(methoxy)methoxy-a-lithioallene at-78 °C to the
morpholine amid¥ 1 followed by quenching with a solution
of acetic acid in THF at—78 °C. Cyclization to the
o-methylenecyclopentenone occurs spontaneously during
workup without addition of strong acid.Protection of the
hydroxy group as the benzoate ester gave dhmethyl-
enecyclopentenon@&in 49% yield from morpholine amide

1. Addition of the acyl carbanion equivalent of 6-heptenal
to cyclopentenon® could have been accomplished in a
number of different way% The addition was accomplished
in a single step by means of the underutilized Stetter
reaction'® Heating a mixture 08 and 2 equiv of 6-heptertél

in the presence of catalytic & and 3-benzyl-5-(hydroxy-
ethyl)-4-methylthiazolium chloride in 1,4-dioxane gévens
diene2'® in 60% yield!® It should be noted that loss of the
benzoate under these conditions, which was envisioned to
be a potential problem, did not occur to any appreciable
extent. Diene2 was accompanied by 9% of the cis isomer,
which was easily separated by column chromatography.
Additionally, no products arising from addition of 6-heptenal
to the less reactive endocyclizcarbon were isolated.
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Two complementary strategies suggest themselves for the
conversion of2 to 3: ring-closing metathesis, reduction,
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followed by Knorr reaction, or the reverse sequence. FuchsThat ketoenolll has the structure shown was proven by
has observed the exclusive formation of dimeric products isolation, followed by benzoylation, which returngas the
from the ring-closing metathesis reaction of an intermediate exclusive product. It was subsequently determined that
in which the bicyclic core structure is presénf.o circum- hydrolysis of the benzoate group 2rled to ketoenoll2. In
vent the problem, Fuchs performed the ring-closing metath- both cases, ketoenol$l and 12 were strongly favored
esis reaction on a conformationally biased diene. The control (>95%) as evidenced byH NMR. The reason for the
was achieved by the use of a strategically placed OTIPS preferential enolization of one of the two keto group4.in
group. In view of Fuchs’ result, performing the ring-closing and12is not obvious. In the case dfl, it is likely that the
metathesis reaction on the more conformationally mabile regiochemistry for the enolization is critical for the success
seemed the more attractive approach. In the event, heatingdf the Knorr reaction.

a 0.0005 M solution o2 with 30 mol % of Grubbs’ catalyst Exposure of5 to benzylamine in propionic acid at 200
gave macrocycld0 in 90% yield as a cis,trans mixtuté. °C for 10 d producedN-benzylpyrrolel3, an intermediate
Catalytic hydrogenation of the mixture gave the 1,4-diketone in the Fiirstner synthesis of roseophilin, in 34% yield. At
5 in 92% vyield. Formation of the ketopyrrolg, the the end of the reaction, only a small amourts@o) of 11
intermediate in Furstner’s synthesdisyas accomplished by  remained in the mixture. Lower temperatures and longer
heating a 0.04 M solution & and 35 equiv of ammonium  reaction times did not improve the yield ©8. Additionally,
carbonate in propionic acid in a sealed tdb&@he keto- the use of Lewis acids or high pressure (13 kbar) did not
pyrrole 3 was isolated in 52% yield after 10 h at 14Q. result in an improvement in the yield. The stark difference
The first step in this process is loss of the benzoate esterbetween the two reactions leading3@and13, respectively,
function from5. When the reaction was sampled prior to will be discussed in a future publication.

completion, only benzamide and ketoeddlwere present. In conclusion, we have completed a convergent 12 step
(14) 6-Heptenal was prepared in 65% yield by reduction of commercially syntheS|s Of_ the_ macrpcyc!.lc core of rose_OPh'“”- The
available 6-cyano-1-hexene with DIBAL. ketopyrrole3 junctions with Firstner’s synthesis; therefore,

(15) Stereochemistry was determined by NOE. i ; i
(16) Diene 2.To a mixture of cyclopentenor®(150 mg, 0.483 mmol) this work represents a formal total synthesis of racemic

and 6-heptenal (120 mg, 1.07 mmol) was added 1.0 mL of a solution of foseophilin4. The overall yield of3, 7.4%, is comparable

3-benzyl-5-(hydroxyethyl)-4-methyithiazolium chloride (42 mg, 0.16 mmol) to F(irstner’'s overall yield of 6.6%. Work in progress is
and triethylamine (10@L, 72.6 mg, 0.717 mmol) in 1,4-dioxane (2.9 mL). . . .
The reaction mixture was heated to D in a sealed tube. After 18 h, the ~ directed toward the development of an enantioselective
reaction mixture was diluted with b and water. The aqueous phase was synthesis of3.

extracted with ether (8), and the combined organic extracts were washed

with brine (1x) and dried over MgS® Purification by flash column . .
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