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i?itsF’ The conformational states of the cgclodecapeptide anta- 
e and of its Ea+ complex have been studied by a number of 

spectroscopic methods. Two conformers were found for ant-de 
of which one, existing in non polar solvents has all six HB 
groups hydrogen bonded. A three dimensional structure of the an- 
tamanide*Ea+ complex has been proposed containing four intramo- 
lecular hydrogen bonds formed by the amide CO and EH groups. The 
sodium ion is held in the inner cavity by ion-dipole interaction 
with six amide carbonyls.The proposed structure explains the ef- 
ficiency and selectivity of the antamani de complexation reaction 

Wieland and collaborators' isolated from extracts of the 

poisonous Amanita nhalloides entamenide (AA, Fig. I), a new pep- 

3 
P~oGa-Phe~PZe~&o 

tide which they found capable of inbib- 

t 
iting the toxic principles of this mush- 

'T>Val. 
9 Phe 

Shed0 room, namely phalloidine, the amanitins 

8 7 etc. In a joint work of Wieland'sand our 
Fig.1. Antemanide laboratories AA was shown2 to associate 

in alcoholic solutions with Na+ and K+, forming I:1 complexes 

with stability constants, respectively -2500 and ~250 l/mol. 

The definitely expressed Na+ specificity of AA is a unique pro- 

perty of this compound, all the lnzown naturally occurring alkali 

metal complexones (valinomycid, enniatins3, macrotetrolides 4 

etc.) preferably complexing with larger cations (K+ and Rb+). 

Considering that conformation plays a decisive part in the 

efficiency and specificity of macrocycle complexation with alka- 

li metals3 , we have undertaken a study of the spatial structure 
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of AA and its Na+ complex in solutions by the joint use of a 

number of physicochemical methods combined with theoretical con- 

formational analysis. Such an approach has proved to be of quite 

general application being successfully employed for determining 

the spatial structure of model cyclohexapeptides5*6, gram5cidi.n 

S7 , the enniatins8 and valinomycinq. Recently a similar approach 

was discussed by Gibbons et al. IO . 

The sample used in the present study, obtained by a total 

synthesis in our laboratory", was identical with naturally 

occurring AA kindly sent to us by Wieland. The ORD curves of AA 

are complex and strongly dependent upon the nature of the sol- 

vent (Fig. 2). The presence of an iscsbestic point at 230 s is 

-16 - 

Fig. 2. ORD curves of AA and its Na+ complex. 1 C,&6-dioxane 
(5:2); 2 CH3CN; 3 CFq6-C2H50H (%I); 4 CF3CH20H; 5 96% C2H50H; 
6 H,O-CF3CH20H (5:2); 7 H20-C2H50H (3:l); 8 1.4.10-3 M 

NaSO3Cq2H25 in CH3CN (4-fola excess of salt); 9 3.0*10V3 M 

Naso3cl $25 in CP3CH2OH (IO-fold excess of salt); 10 2.0*10m2 M 

NaCl in 96!% C2H50H (40-fold excess of salt) 
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strong argument in favor of the participation of only two forms 

of AA in the conformational equilibrium. The single NH stret- 

ching band (at -3330 cm -I, Fig.3) shows that in non polar sol- 

vents all the NH hydrogens of AA participate in intramolecular 

hydrogen bonding (IMHB). 

E .to" m 0, 
mnl“ . I.cm-’ .*, . 

e do-’ 
m&‘.L an-’ 

1700 4600 4soo cm-* 

Pig.3. IR spectra of AA and its Na+ complex. +-a-CHC13;--- Ccl,- 
-CH3CN (2:l); - 1 .5*lo-2 M NaNCS in Ccl,-CH3CN (2:'l) &fold 
excess of salt);-.- crystalline complex, KBr disc (transmission) 

Our main attention was next devoted to the AA %omplexing" 

conformation. Contrary to the ORD curves of the free substance 

those of the Na+ complex are only weakly solvent dependent, in- 

dicating rigidity of this conformation. The structure of the Nai 

complex was deduced largely from its NMR spectra, particularly 

from analysis of the NH proton signals, three differing pairs of 

doublets in the downfield region (Fig. 4, Table I), each pair 

being very similar in both the chemical shifts and the 3Jm-ca 

constants. Taking into account the primary structure of BA, 

particularly its possession of two conformation-restricting 12,'13 

Pro-Pro fragments separated by two "normal" tripeptide fragments, 
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Fig. 4. IOO-MHz NED spectrum of the NaeAA complex in CD3CN. The 
sqyares and circles indicate signals of the spin coupled protons 
as determined by double resonance experiments 

Ala-Phe-Phe and Phe-Phe-Val, it could be conjectured that the 

above mentioned properties o f the spectra reflect the existence 

of a pseudo 2-fold axis and that the above pairs of signals stem 

from conformationally equivalent amino acid residues situated on 

diametrically opposite sides of the ring, i. e. 2Ala and 7Phe, 

3Phe and %he, 'Phe and %al. As one can see from Fig. 4 and 

Table 1, this assumption is in agreement with the signal assign- 

ments by double resonance. 

The considerable differences between the IR amide I region 

of the Na+ complex and the free AA (Fig. 3) are apparently due 

to participation of the amide CO groups in ion-dipole interac- 

tion with the central cation. The IR spectra also indicate that 
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the complex contains both free ( gm=3414 z-') and bound ( $lm= 

=3354 z-l) NE, the ratio being 2:4 as shown from the integral 

intensities a, making use of a specially plotted A - \) m corre- 

lation curve6. The NH groups were located from the NER deter 

mined rates of their deutero-exchange in different media end the 

temperature dependence of their proton chemical shifts (cf.7S14). 

Thus it can be seen (Table 1) that the 3NH and % groups have 

lower exchange rates in all solvents then the 21W and 7NH 

groups, and that the 'Phe and 'Val NH have only slight tempera- 

ture dependences of the chemical shifts while the 9 Val NH ex- 

change rate is the slowest of all in CH3CN-CD30D (2:l). Hence, 

despite the considerable barriers presented to the straightfor- 

ward interpretation of the NMR spectra by the presence of the 

phenyl groups it can be quite reliably concluded that the four 

NE groups participating in IMHB are 3NH, 4Nh 81'lH and9NH, 

whereas the 2NH and 7NH groups are free and are the ones 
-1 responsible for the 3414 cm band in the IR spectra. 

Following this we carried out a confolmational analysis of 

the AA molecule, the aim being to select structures fulfilling 

the conditions: 5) the existence of a pseudo C2 axis; 2) trans 

configuration of the secondary amide groups, following from the 

presence of an intense amide II band in the lR spectra of the 

Na+ complex (~-1530 cm", Fig. 3); 2) participation of the NH 

groups of the 3Phe, 4Phe, 8Phe and 'Val residues in IMHB with 

the amide carbonyls; a> gauche orientation of the protons in the 

NH-C% fragments of the 2Al.a and 7Phe residues (9 O-10, 110-200 

or 28O-360), as follows from the 3JNE-CX constants (G3.9 Hz), 

taking into account their stereochemical dependence 15 ; 2) cis or 

distorted trans orientation of the NH-CP'H protons in 3Phe end 

8Phe residues (Q 220-260,-30 or -YO), from 3JNH-GR=6.9-8*3 Hz; 
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f) trans orientation of the NX-FH protons in 4Phe and 'Val re- 

sidues (9 4080), from 3Jm-cH=9.8-10.0 Hz. 

In the course of the analysis consideration was given to 

all possible combinations of IMHB corresponding to trans-trans- -- 
-trans-trans, trans-cis-trans-a, cis-trans-cis-trans and &- --- ---- 
-cis-cis-cis configurations of the proline tertiary amide bonds --m 
(in all over 100 structures). Bearing in mind that for the for- 

mation of a stable complex the presence of 4-8 interiorly ori- 

ented CO groups (by analogy with other macrocyclic complexones) 

is necessary, the above cited conditions are satisfied by only 

one type of conformations with all amide bonds trans, the 2Ala 

and 7Phe carbonyls in type 3 -4 IMIIB with 4NH and 'NH and the 

CO of 'Pro and "Pro in type 4-6l IMHB with 8NH and 3NH; the 
1 
-0, 3Phe, 4Phe, 6Pro, 8 Phe and 'Val carbonyls being oriented 

inwardly in the molecule and participating in ion-dipole inter- 

action with the central Na+ (Fig.5). The following mean confor- 

mational parameters of the AA*Na+ complex were determined with 

Fig. 5. Hydrogen and ion-dipole bonding in the Na+*M complex 
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account of the theoretical data on proline-containing peptides 

12913, of the type 3-l 13 and4A I6 IMHB and of the restric- 

tions imposed by the cyclic structure: 

'Pro ,%co 2Ala,7Phe 'Phe,8phe 'Phe,'Val %90,'~Pro 

0 120 330 250 80 120 

Jr 270 '50 110 20 130 

Examination of the deduced conformation (Fig. 6) reveals 
9 striking similarities to the bracelet form of valinomycin, name- 

lg the presence of a IMJJB system of condensed rings and parti- 

cipation of six carbonyls in the ion-dipole interaction with the 

cation. There are, however, essential differences between the 

structures of the two complexes. Thus, the smaller inner cavity 

of AA as determined by the distance between 4O end '0 atoms is 

2.5 g (compared with -3.0 8 for the diameter of the valinomycin 

cavity) which, taking into account the conformational rigidity 

of the IMID syatem, explains the Na+ specificity of the AA comp- 

lexing reaction. Moreover, whereas all six carbonyl groups of 

h’ oc 00 Or - II-bnld 

Pig. 6. Conformation of the Na+*AA complex Fn solution 
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valinomycin participating in the ion-dipole interaction are ori- 

ented almost exactly in the direction of the central cation, si- 

milarly efficient interaction in AA is possible only for the 4co 

and gCO groups; the 'CO, 3C0, 6 CO and 8C0 bonds forming a con- 

siderable angle with the Na+**eO direction, resembling in that 

respect the enniatia complexes3. Furthermore, the '0, 30, 6O and 

8O atoms are more remote from the center (3.4-4.0 8) than the 4O 

and gO atoms (~2.63 %),which also lowers the efficiency of their 

interaction with the cation. Apparently these circumstances are 

responsible for the considerably lower stability constant of the 

Na+*AA than the K+*valinomycia complex and for the close values 

of these constants in the Na+ complexes of AA and the enniatins. 

The data obtained may serve as basis for analyzing the 

dependence between primary structure and complexing ability and 

also biological activity in the series of AA and its analogs. 

In addition, elucidation of the conformation of the Na+*AA 

complex should lay a more rational basis for the search for M 

analogous Na+ complexones that could selectively induce sodium 

permeability in artificial and biological membranes. Such work 

is at present in progress in our laboratory. 
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