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ABSTRACT

(¥)-Butylcycloheptylprodigiosin

A short and efficient total synthesis of the tripyrrole alkaloid butylcycloheptylprodigiosin is described. Key to the brevity of the approach is

a two-step synthesis of macrocyclic formylpyrrole 4 from cyclononenone 6.

The prodigiosins are a family of intensely pink/red alkaloids ||l @R SN

with a common pyrrolylpyrromethene chromophdf&hese
natural products display a broad range of biological activity,

and synthetic analogues have shown promising immunosup-

pressive and anticancer effeéButylcycloheptylprodigiosin
(1, Figure 1) was isolated in 1975 by Gerber from a strain
of bacteria Btreptomycesp. Y-42) found in leaf and grass

compost! Ten years later, Floss and co-workers noted the

formation of 1 in the fermentation of mutant strains of
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Figure 1. Butylcycloheptylprodigiosin and Streptorubin B.

Streptomyces coelicoldin 1991, Weyland and co-workers
suggested was actually the meta-bridged isomer streptoru-
bin B (2) on the basis of comparison of NMR dét&erber’s
original structural assignment was confirmed, however, by
the pioneering total synthesis bby Flrstner and colleagues

in 20057 Although elegant, this synthesis required 16 linear
steps from 1,4-cyclononadien-3-one, thereby rendering the

(4) (a) Gerber, N. NJ. Antibiot.1975,28, 194—199. (b) Gerber, N. N.;
Stahly, D. P.Appl. Microbiol. 1975,30, 807—810.

(5) Tsao, S. W.; Rudd, B. A. M.; He, X. G.; Chang, C. J.; Floss, H. G.
J. Antibiot. 1985,38, 128—131.



production of large quantities df(and analogues) for further  D. The application of this transform # gives the aldob,
biological evaluation challenging. It appeared that our which could be derived from a conjugate addition/aldol
recently disclosed methodology for preparation of 2-formyl- trapping reaction of cyclononenogewith n-BuMgCl and
4,5-disubstituted pyrroles could enable a much shorter 4-formyloxazole?.

synthesis ofL.2 Herein is described the application of this Cyclononenone) was obtained by oxidation of com-
procedure to a concise (five steps from cyclononenone) mercially available cyclononanone with IBX-{odoxyben-
synthesis ofL. zoate) as described by Nicolaou and co-workédsFormyl-

The retrosynthetic analysis dfwas guided by the efficient  oxazole (7) was obtained as previously described by partial
three-step sequence employed by Furstner and co-workergeduction of commercially available ethyl 4-oxazolecarboxy-
for late stage pyrrolylpyrromethene installatioh'® Thus, late® With building blocks6 and7 in hand, investigation of
an O-triflation/Suzuki cross-coupling simplifiesto lactam the conjugate addition/aldol reaction was initiated. Although
3, from which a condensation transform leads to the key numerous variations of reaction conditions (organocopper
formylpyrrole 4 (Figure 2). reagent, solvent, additive) have been described for conjugate
addition/enolate trapping reactions, it was found that simple
Cul-catalyzed addition oh-BuMgClI to 6 proceeded ef-
ficiently in THF at —40 °C in the absence of additives
(Scheme 1}? The resultant enolate was trapped withio

Scheme 1. Two-step Synthesis of Macrocyclic Formylpyrrole
o n-BuMgCl
Cul (0.10 equiv)
<:ﬁ THF, -40 °C;
OHC.___N
6 AN
o

warm to rt;
78%, dr > 20:1

MsCl, Et;N
Figure 2. Retrosynthetic analysis. THF,-10°Ctort, 1h;

add NaOH/H,O
70°C, 9 h; 68%

In our previous report, we described a novel synthesis of
4,5-disubstituted-2-formylpyrroles from aldol adducts of . . _ _ _
ketones and 4-formyloxazofeThis one-pot conversion, —give crystalline adduch in 78% yield as a single diastere-

illustrated in Figure 3, involves initial dehydration to give a 0mer by'H NMR and HPLC analysis of the crude reaction
mixture. While the expected trans relationship of tieutyl

and (4-oxazolyl)hydroxymethyl groups was evident fré
NMR and NOESY data, the relative stereochemistry of the
exocyclic carbinol (which is ultimately of no consequence)

O OH B - )
N MsCl, EtsN; RN _CHO could not be definitively assigned from NMR methdds.
R | ) NaOH, H,0 U —
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Aldol 5 was subjected to the previously optimized cond- || NN

itions for pyrrole formation. Thus, treatment with MsCHRt Scheme 3. Completion of the Total Synthesis af
in THF, addition of aqueous NaOH on completion of the
mesylation (as monitored by HPLC) and finally heating at
70°C for 9 h produced the desired formylpyrralen 68%

isolated yield. The powerful combination of a conjugate \
addition/aldol reaction and a one-pot dehydration/oxazole ?ND‘OM& T6,0. CHACI
hydrolysis/pyrrole formation had enabledxo-step synthesis 4 - . il

NaOH, H,0, DMSO
60°C, 8 h, 75%

. 0 .
of 4 from cyclononenoné. By way of comparison, prepara- 0°C, 21 84%

tion of N-Boc 4 required 13 steps from 1,4-cyclononadien-
3-one in the previous synthedis.

To ascertain the effect of olefin geometry of the intermedi- .
ate enone on the rate of oxazole hydrolySigas dehydrated OMe
to enoneB, formed as a 6:1 mixture of separaBl& isomers

(Scheme 2). Olefin geometries were unambiguously assigned E o
0C
Pd(PPha)4 (0.08 equiv)
| [iCl, Na;C0;
Scheme 2. Convergent Hydrolysis oE-8 andZ-8 to 4 H,O, DME

6  OH Me g ec, 10 h; 70%
H MsClI, EtsN
N\ CH,CI,

g 0°Ctoreflux
20 h; 87%
E:Z=6:1

fonylation of 3 with Tf,O gave triflate10 in 84% yield.
Suzuki cross-coupling 010 with commercially available
boronic acid11 with concomitant hydrolysis of the Boc
group furnished (3=butylcycloheptylprodigiosink) in 70%

NaOH yield.!> Spectral data of (IR, *H and3C NMR, HRMS)
_THF, H0 were in excellent agreement with data from Fiirstner's
70°C.6h synthetic materidl and available data from the natural

85% product®

In summary, a concise total synthesis &f){butylcyclo-
heptylprodigiosin (1) has been described. The use of a
conjugate addition/aldol reaction in conjunction with the

NaOH
THF, H,0 application of our methodology for synthesis of 2-formyl-
70°C,9.5h 4,5-disubstituted pyrroles frons-hydroxy-/3-(4-oxazolyl)
74% ketones was key to the brevity of the route (five steps, 23%

overall yield versus 16 steps, 1.5% overall yield for the
previous synthesi).The approach outlined herein should
be of general use for the synthesis of other prodigiosin
alkaloids as well as analogues and may assist further
investigations of their medicinal potential.

from COSY and NOESY NMR analyses. Individual hy-
drolysis of the isomeric enones, monitored by HPLC analysis,
showed thaE-8 converted more quickly td thanZ-8. The
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. — . spectra forl, 3—5, 8 and10. This material is available free
ord) g'(tfc‘zmou(;i‘:1'\%“8%"3%”359'(55""“"" T.; Okada, M.; Noyori, R Am. . of charge via the Internet at http:/pubs.acs.org.

(14)™H NMR signals for the two oxazole hydrogens and the vinyl OL070341l
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