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Abstract-A reversible blocking of the C-29 hemiacetal in nigericin 

(1) was performed with LiBr in methanol to the acetal (6). 

Conversion of the carboxylic acid to the C-1 alcohol (1) and the 

ketone (9) and the subsequent deprotection yielded 8 and 10 , 

respectively leaving F-rings intact. Complexation- and molecular 

modelling-studies with the nigericin alcohols ( 2 )  and ( 8 )  

demonstrated the importance of noncyclic conformations. 

Nigericin (I), a polyether isolated from StreDtomvces hvqrosco~icus, is a 

very potent antibiotic against Gram positive bacteria3 and v i r ~ s e s . ~  The mode 

of action can be explained by complexation of cations, especially potassium, 

and transportation through biological membranes. It can be assumed that the 

carboxyl group in 1 which participates directly in cation liganding, is 

playing an important role for this biological effect, thus the present study 

was designed to investigate this possibility. 

Nigericin (I) R = OH 

Grisorixin (2) R = H 

The transformation of the c-1 carboxyl group into the keto or alcohol group 

could not be performed without any competing side reaction at the C-29 acetal 

group. A suitable reversible protection of C-29 is possible by 



a~etalisation.~ While grisorixin (2) undergoes acetalisation at C-29 with 

methanol at room temperature, nigericin (1) showed no reaction with alcohols 

even under reflux. Strong acid catalysts, e.g. H2S04, A1C13, or p- 

toluenesulfonic acid, led to decomposition of 1 . 
Reaction of 1 with acetone in the presence of for 4 h under reflux 

gave the spiroacetal (31, [alDZO +12.9' (c = I, CH2C12) in quantitative 

yield. Reduction of 3 with LiA1H4 in T H F ~  for 5 h at 60.C yielded the C-1 

alcohol 5 in 93%. Reaction of 3 with methyllithium in THF at 0°C for 1 h 

yielded 4 in 42%. A cleavage of the C-29 spiro-ketal group in 2 ,  4 and 5 is 

obviously not possible without any side reaction at the C-13 spiro-ketal 

group in nigericin (1). No biological activity of 4 and 5 was observed up 

to now. 

Another route for protecting the hemiacetal group is the acetalisation with 

methanol. Suprisingly, we found that only LiBr is a suitable catalyst for 

acetalisation of 1. We assumed that the interaction of the polyether with the 

inorganic salt is responsible for the observed reaction. When 1 was reflured 

in methanol with LiBr for 6 h, 5 was formed in 82% yield, [olD20 +25' (c = 1, 

CHZC12) The characteristic 13c-nmr signals are located at C-1 6 = 176.4, C- 

13 6 = 107.6, C-29 6 = 99.1 ppm. The reduction of 6 with LiAlH4 in THF for 

3 h under reflux yielded the C-1 alcohol (2) in 91%. [alD20 +31. (c = 1, 

CH2C12). The cleavage of the protecting group is performed by heating 1 in 

isopropanol/ water (1 : 1) with FeC13 for 4 h at 6 0 ~ C  to yield 8 in 78%. 

[alD20 +35.5' (c = 1, CH2Cl2) The characteristic 13c-nmr signals are located 

at C-1 6 = 67.7, C-13 6 = 108.0 and C-29 6 = 97.2 ppm. 

Reaction of 4 with methyllithium in THF at O'C gave the keto derivative ('3) 

in 40% yield, [alD20 +24.4' (c = 1, CH2C12) . The protecting group was removed 
by heating 2 in isopropanol/water (1 : 1) with FeC13 for 4 h at 6 0 ~ C  to yield 

10 in 78%. [alD20 +21.1' (c = 1, CH2C12). The structure was confirmed by the - 

characteristic 13c-nmr signals at C-1 6 = 212.6, C-13 6 = 107.4 and C-29 

6 = 97.4 ppm. For the first time it became possible to investigate the 

biological activity and complexation behaviour of nigericin alcohols or 

corresponding keto derivatives by the present conversion. Because Z and 2 as 

well as 8 and 10 showed similiar activities against bacteria we selected 1 
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and 8 for the determination of the I$,,L values and compared them with those of 

nigericin (1). 

The thermodynamic complex stability constants QL represents the ratio of 

complex formation to complex dissociation at equilibrium. They were 

determined by acid-base titration of the free ligands and the ligand-metal 

mixtures in water/methanol solutions and subsequent iterative optimization 

using the fortran program BEST.' 

Table: Complex stability constants (log and ~ 1 ~ s '  (minimal inhibitory 

concentration) in pg/ml 

lcompound I ~ a +  K+ I Herpes S. aureus 1 S .  pyogenesl S.  pyogenesl 

nd = not determined 

(log 

In the case of potassium, the I$,,L-values for 1 and 8 were in the same range 

as for 1 ,  so that the carboxylic acid moiety is not so important first 

assumed. Furthermore, the data in the table demonstrated that no correlation 

excists between biological activities against bacteria and viruses and 

complex stability with sodium and potassi~rn.'~ Obviously in the alcohols(5) 

and(1)the protecting group blocks any biological activity. 

The molecules(1, 5, 2 and 8)as well as the corresonding sodium and potassium 

complexes have been subjected to a conformation search using the valence 

force field method for calculating conformational energies." In order to 

take solvent effects into account 40 water molecules have been added to each 

molecule. Up to 400 conformations of each molecular system have been 

generated randomly and subsequently energy minimized using the molecular 

virus I s 285 s 308A s 77A 
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mechanics program MOLMEC.12 The force field parameters have been taken from 

the program system AMBER. l3 

Nigericin (1) exhibits a cyclic conformation, caused by head-to-tail hydrogen 

bonding, and is further stabilized by the twists in the asymmetric centers 

and rings of the backhone. The hydrogen bonding is weakened by acetalisation 

and reduction in 6 ,  Z and 8 when compared to 1. According to the 

conformational energies an open conformation gains in probability in the 

order of 8, 6 and 1. A noncyclic conformation of 1 in protic solvents 

determined by 'a-nmr spectroscopy was already discussed by ~nteunis. l4 

By complexation with cations the cyclic conformation is prefered. Thus, the 

stability of the cyclic structure in the complex increases from 2 to $3 and 

due to salt formation from 8 to 6 .  The stabilities of the cation complexes 

depend on both salt formation and conformational effects. Because of the 

larger ionic radius the confornational contribution is more important in 

potassium complexes than in sodium complexes. This explains the differently 

pronounced trends in the corresponding K,,,=-values 1, 2 and 8. 

cyclic conformation of 8 noncyclic conformation of B 

The difference in the activity of and 8 may be explained by assuming 

that only the cyclic structure can produce the biological effect. 



Further studies on nigericin derivatives and their biological properties, 

based on the results reported, are in progress. 
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