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1. Intraduction

The structure of membrane-acnve complesores ot
alk als metals (ionophores) and therr complexes in sofu-
tons has been studied by a vancty of spectral methods
and theoretical approaches |1 -3 However. the re-
sdits thereby obtained deal, as a rule. with the organic
moiety of the molecuies, and to 4 lesser exient vt
the metal 10n’s nnmediate environment, ¢ ¢ the inter-
nal coordination sphere On the other hand, 1t 1s
known that solverts containing varous polar groups
{dunethylformanude, acetone, dirnethylsulphoxade,
tetrahydrofuran etc.) form solvated coarplexes witn
alkali metal 1ons, whose metal—higand linkages give
fise¢ to absorpuion bands m the far infrared (IR) region
(Li" ~410cm~ ', Na* ~200cm~ !, K* ~ 150 cm— 1,
Rbf ~120cm~tand Cst ~ 110 cm~ 1) [6.7] As
the forces responsible for the 1on binding by the hg-
ands of macrocychic complenones and tor the won-scl-
vent mteraction are basicaily of the same nature, 1t
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should be expocted that tar IR spectroscopy wili oe
fruitful 1n study mg the structngr of the compleses n
question  For example. this techuique has been re-
cently used for studving Na™ ind K¥ complexes with
dibenzo-18-crovm 6 [8]

In this work the IR spectra are studied n the
500-60 co ! region of valmomy cm
i—(D-Val— -Lc—ﬁal——D-H} )= beauverncin,
I (L-McPhe—D Ry );. nonactin,

. CH,CH,
(OCH(CI;)CH, —CH- 7 ZCHCH(C H3 (O
JR— f

[6)

perhy droantamanide,

catwons (Lac = lactic acid. Hylv = a hvdioss novaleric
wcid, MePhe = V-methyipheny [alanme. Cha = oy lo-
hewylalenune)

To facthitate mierpretction of the spectral data, oli
meastiements were taken in chlorotorm. a neutral sol-
vent which dacs not 2 practice compete with the
microcycle for the canon Beduverian {5} was cho-
sen trom the anubwoues of the enniatin group 48 tis
complexes dissolve much more readddy than those of
ennuatins A. B or C. When studving perhydroantaman
ide [9] whose complexing abihty and conformationd
characteristics resemble those of ancamamide {107,
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Fig. 1. IR spectra of valinomycin (a) and its complexes with
K" (b), Rb" (¢) and Cs* (d,.

the higher solubility of its Na* complex in chloro-
form was also taken; Into account, '

2. Materials and methods

"Use was made of biosynthetic samples of valino-
mycin and nonactin. Beauvericin [5] and perhydro-
antamanide [9] were prepared by total synthesis. The
complexes of the macrocycle and a 2—35-foid excess
of the respective salt (KNCS, KC1O4 and KCl for

valinomycin, KNCS and KCl for beauvericin, and tho-

danides in the case of other complexes) were dis- -

solved in methanol, the solution was evaporated, the ..

precipitate dried in vacuum and treated with absclute
chloroform, and the excess of the salt was fistered off.
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Fig. 2.IR spectra of beauvericin (2) and its complexes 'wit}-;
Li" (b), Na' (c), K" (d) and Cs* (e)- o

Complex 'fbrmatiox_t was monitored by the absence of
absorption bands of the free macrocycie in the near.
IR region. The far IR spectra were measured in a FIS-
21 single beam spectrophotometer (Hitachi) using
~0.2 M solutions. Vibrations of aikali metal ions .
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Table 1

M"...O stzetching frequencies {cm ).
el Cation T
- > Compound - N : :
SR Li ~ Na® K* RY" cs*
- Valinomyein 171, 114 - 148,111 145. 104
" Beauvericin 445, 397, 165 145,128 195, 140, 115,95
. Nonactin 150 ) i 142, 102

. Pethydroantamanide : - | 205

were measurzd with an accuracy of 4 cm~! and oth-
er bands with an accuracy of +2 cm—!. The instru-
"ment was calibrated by water vapour spectra.

3. Results and diséuss_ion

~ A comparison of the spectra of the frée com-
pounds with those of their Na*,
{figs. 1 —4, the broken line corresponds to the absorp-
tion range of the solvent) has shown the latter to have
new apsorption bands at 104205 cm—1, which are
ascribed to the metal—ligand bonds (table 1). The
stereochemica: properties of the ionophores studied
prevent the cation from interacting with the anion
[4,10—12}. Hence, the spectral pattern in the region
studied, unlike that of the dibenzo-18-crown-6 com-
plexes [8], should not depend on the nature of the
-anion {except for the 462—480 cm—! band corre-
sponding to the deformation vibrations of NCS™);
this has been demonstrated to be the case for NCS—,
ClOy and Cl—, with the valinomyecin-K*t complex,
and for NCS— and Cl— with beauvericin -K*. With

beauvericin -Li* the Li*...O vibrations overlap with the
.deformation vibrationsof the depsipeptide skeleton. In

-accordance with the reported evidence [6, 13], the
former aré assumed to have 445 and 397 cm™ ! fre-’
quencies. Such an assumption is also favoured by a
pronounced increase in the abscrpnon intensity at
470370 cm~! of the complex in cempanson with
the free macrocycle. The band at ~195 cm™! is to be
assigned to the deformation vibration of the
0...Li*...0 angle. For most compounds the region
of skeletal vibrations (> 250 cm~1) noticeably
changes its 'paltem on Laﬂ-plex formaticn, i.e. the
bands acquire more distinct contours and become -
more mt’ asive, which testifics to the conformational

K* or Cs* complexes

homogeneity of the complexes. In the spectra of
valinomycin, perhydroantamanide and their com-
plexes there are also bands of stretching vibrations of-
the H-bonds at 130-104 ¢~ 1.

The most interesting feature of the spectra ic that
several M*...0 bands are generally present; this was
not the case in {6. 7], where only one band was re-
ported whatever the nature of the anion. In accor-
dance with the selection rules, the number of vibra-
tions-active in the IR spectra of coordination com-
pounds is determined by the geometry of the inner

L2 -

1 ! k 1 3
500 %06 Joo 290 706 60
cm
Fiz. 3. IR spectra of nonactin (2) and its complexes with R”
(b} and Cs™ (c).
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Fig- 4. IR spectrz of perivdroantarnanide (a) and its Na* com-

plex (b).

coordination sphere. For example, one band in the
metal—ligand vibration region should mean a highly
symmetrical arrangement of the equivalent ligand .
atoms. This seems to be the case for the solvation
shell of alkali metal ions in the solvents mentioned in
the Introduction. In the complexes studied by us, par-
ticipation of the ligand groups in the macrocyclic sys-
tem considerably restricts théir orientation with re-
gard to the complexed ion and results in the forma-
tion of less symumetrical complexes producing several
bands in the corresponding regions of the IR spectra.
For example, the presence of two bands in the spec-
tra of valinomycin complexes with K*, Rb* or Cs*
rules out the possibility of an octahedra[ coordina-
tion (local symmetry group Oy ) of ester carbonyl oxy-
“gens forming the internal coordination sphere [4, 11]
and suggests a rrigonal antiprism type of coordination
(symmetry group D4y). Taking into account the
NMR 13C data [3], the more complex IR spectra -

may be explained by participation of amide carbonyls; k

however, rather large M*...O distances (> 4.0 A,
judging by molecular models) mean that the respec-.
tive M*...O values should be out of the region studted
(<100 ecm™ 1), :
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Fig_ 5. Model of the depéipeﬁtxde skeleton of beauvericin

. complexes with alkali metal ions. 1, plane of es:enc carbonyt

O atoms; 2, plane of amide O atoms: 3, the average plane of
C™ atoms; «, inclination angle of esteric ca bonyls to pl:mc 3
B, inclination angle of N~meth3. lamide carlonyls to planc

h, distance between plzmcs 1 and 2. ..

The lR spectra of the beauvericin complexes are
interesting in that the number of bands depends upon
the size of the cation: the Na* complex gives one
band (although rather wide); K¥ and Li*, two: and
Cs*, four. This surprising pheqomendu was explained
with the help of a geometrical analysis of the P type
contormation of beauvericin which is charactéristic

 for enniatin complexes {1, 11, 15]. The relevant cal-
culations were made assuming bond lengths and bond
Aang!es as in [15] and N-methylamide and esteric

bonds to have planar frans configuration (w =

180 * 10°, for conformational nomenclature of pep-
tides see [16] ). The radius of the cation encaged in
the internal cavity (rgg*) was varied from 0.65 to 1.65
A_ It has been found that in a general case the centres -
of the oxygen carbony! atoms form a distorted anti-
prism whose bases are unequal regular triangles with
sides /; and I, lying in parallel planes (fig. 5, symme-

“try group Cs. ). With certain ¢ and ¢ values the trian-

gles become almost equal (I; =/, a trigonal anti-
prism, symmeiry group D3,); there are also struc-
tures with the carbonyl oxygens forming a subequifat- -
eral octahedron (/4 =1, =~ I3, symmetry group Oy }.

In conformity with the selection rules the above siruc-
tures should have four, two and one M¥...0O fre-
quencies, respectively. Summing up, the conforma-
tional transition of the beauvericin molecule in the
complexes with Li*, Na*, K* and Cs* may be visual-
ized in the following way: in the Li* complex the lig-
and oxygens form a flattened antiprism (¢ ~ & >/3)
which then becomes an octshedron (Na*) and in the

K* complex turns into an antiprism (flattened or

stretched, {; =, #13). In the Cs* complex the re-
quued dmlensmns of the cazge are mainly achieved at
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R " Table 2
C‘ﬂcu!.m:d geometncal puamettzn of heauvenun c@mpibxes with alkali metal mns .
P 'Ammﬂ S Hydmxy" : ) T ] :
gt o acid T R - WeA) . L (A) LAY I3,(A)
: oo residug ' residue R : : :
oy oy e :;

068(LIY) - 65+ 5 180+ 5 - 60+ S —175% 5 1.9%0.1 33:02 3.3:02 28201 3555 40:5
0.98(Na") . — 70+10 165z 5 70:10 —170=10 25:0.2 35:0.2 35:0.2 34:0.2 505 350:5°
133K T - 90:10 . 14510 9010 —~150+10 30:0.3 43:02 43:03 39:03 62:5 66%5
1.67(CsY . ~103 0 171 . 74 ~136 35 -

50 . .36 46 .74

¥ Cometation of geometrical parameters was carried out as described in {19].

the expense of rotation of the N-methyl amide group,
so that /; </;. The geometrical parameters of the
beauvericin complexes fitting this modet are listed in
table 2; the ¢ and ¥ values of the Cs* complex are as-
sumed to be the same as for the potential ehergy min-
imum of free cyclodepsipeptide [15]. Such confor-
mational transition was previously reported {1] from
an NMR study of (tri-N-desmethyl)-enniatin B, but
no evidence for the svmmetry of ligands in the mm—
plexes was offered”

An X-ray analysis of the K* complex of nonactine
has shown that its cation coordinated eight oxygen
atoms located in the apexes of u cube (symmetry
group Oy, ) [1”] "Accordingly, there is just one vibra-
tion in the IR spectrum (fig. 3, table 1). As to the Cs*
complex of nonactin, there ate two metal-ligand vi-
brations in its spectrum, the fact indicating a disar-

' rangement in the cubic ¢oordination as the inner cavi-
ty grows in size. This may well account for the lower

- stability of the Cs* complex [18]. The data on the
beauvericin and nonaciin complexes testify to the
fact, that the number of bands in the IR spectra of

- the macracyclic complexones is chiefly determined

by the geometry of the internal coordination sphere

and does not actually depend on the nature of the

functional groups carrying the oxygen ligand atoms

== . This paper having been prepared, we found by NMR foi-
lowed salt titration that enniatin B gwo.s apprecn.nble
amcunts of 2:1 complexes with K* and Cs* (but not Li*
‘or Na").in methanol and dimethyl sulphoxide. The rele-
_vance of these findings to Lhe preqem work is now under
smdy- o

{N-methylamide or ester carbonyls, eahc.r‘ roups). -
This, rather an unexpected, condusmn uertamly re-
quires additional experimential suppc:t

It is known abaut the cvclopeptides of the anta—
manide group, that in their Na¥ complexesonly two -
carbony! groups have a direct contact with the cen-
tral ion, whereas all the oiher oxyvgen atoms are {o-
cated at greater distances {3, 10}, so that their inter-

_action with the meta? ions shoutd not contribute o

the 300-100 cm ™! region. The G...Na®...0 system
has the th symmetry group and is to produce one
band in the fur IR region, which proved to be the
case (fig. 4). On the other hand; in the case of anta-
manide and its analogues, water molecules seem to be
involved in the coordination (fig. 6) {17] and the’
group of symmetry Dy, thereby realized also has one
vibration active in the IR spectra. When choosing be-
tween two above types of structures of the Na* com-

“plex of perhydroantamanide, attention should be.

paid to the Raman specira which are being studied
now. ’
Thus, the study of the far IR ‘:peum of ﬁl{. macro-
cyclic compounds complexes with alkali metat ions
furnishes vaiuable information about their structure.
A more detailed analysis, involving an estimation of

g

facte 1Y -. «(=C

H"‘a"‘p

C.:O_“_Hlﬂxﬂ-_wogc,

Fig. 6. Schemzmc represeniation of puhc;p;u.mn of water in
antamanide complexes.
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force constants for the metal-oxygen lmkages, may
be of mterest for eIucnd:mng thelr nature.. -
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