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The Structure and Synthesis of Undecylprodigiosin. A Prodigiosin 
Analogue from Streptomyces 

By H. H. WASSERMAN, G. C. RODGERS, JR., and D. D. KEITH 

(De@artment of Chemistry, Yale University, New Haven, Connecticut) 

IN recent years several groups of workers have 
reported the isolation of C,, prodigiosin analogues 
from various actinomycetes.l While the relation- 
ship of these metabolites to methylpentylprodigiosin 
(111; R2=Me; R3=n-C,Hll; R4=H) has been 
shown by spectral comparison,la*lbJh and by partial 
synthesisld from the bipyrrole aldehyde (I) , there 
has, as yet, been no complete structure proof for any 
naturally occurring analogue of prodigiosin. We 
now report evidence establishing (I11 ; R2= 
n-&,H,,; R3=R4=H) as the structure of one of the 
C a b  pigments produced by a Streptowzyces strain. 

Streptomyces longisporus ruber, strain M-3,a was 
grown on a soymeal-mannitol medium in shake 
culture for 1-3 weeks. Methylene chloride 
extraction of the lyophilized cells followed by acid 

and base washing and chromatography on basic 
alumina yielded a base, convertible into a hydro- 
chloride, m.p. 176-180'. This hydrochloride con- 
sisted of two major components, one of which, 
C,5H,5N,0,HC1, m.p. 106-107°, could be separated 
in pure form by successive recrystallization from 
carbon tetrachloride and then h e ~ t a n e . ~  This 
product was shown to be identical with prodigiosin- 
25C recently isolated and assigned partial structure 
(IV) by Harashima and co-w~rkers. l~*~ 

The general spectroscopic properties of this 
pigment clearly show it to  be a member of the 
prodigiosin series. More particularly, the mass 
spectrum contains a parent peak at  m/e 393 and a 
strong peak at  m/e 252 (loss of C,,H,,) suggesting 
the presence of an undecyl side chain on the 
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alkylpyrrole fragment. Pyrolysis of the crude 
pigment over soda-lime yielded a mixture of 
pyrroles separable by V.P.C. containing a C15H27N 
base as one of the main fractions. The mass 
spectrum of this base (peaks at  m / e  22 1 and m / e  80) 
as well as the n.m.r. spectrum [7 3.6 (lH),  3.59 (lH),  
4.02 (lH), 4.20 (lH),  7.6 (2H), 8-65 (18H), and 9.1 
(3H)l are in accord with a 2-undecylpyrrole 
structure. This assignment was confirmed by 
comparison with an authentic sample of (11; 
R2 = 11-C,,H2,, R3 = R4 = H) prepared from the 
reaction of pyrrole Grignard with undecanoyl 
chloride followed by lithium aluminium hydride 
red~ct ion .~  

Condensation of 2-undecylpyrrole with the 
bipyrrole aldehyde in ethanol containing HC1 
yielded undecylprodigiosin (I11 ; R2= n-C,,H,,, 
R3=R4=H) identical in all respects with the 
natural pigment. Since (I) has been previously 
~ynthesized,~ the structure determination and 
synthesis of the Cz5 pigment is thus complete. 
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3 Structural and synthetic investigations on the other prodigiosin-like component of this mixture, C,,HB3N30, m.p. 
201-202" (hydrochloride), will be reported separately. 

4 We thank Dr. Harashima for sending us a sample of his C,, pigment for mixed melting-point and infrared-spectral 
comparison. 
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