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1. Introduction

M@émcyc{ié compounds, such as valinomycin, en-
niatins, na~tins etc., forming lipophilic complexes
with alkal. netal ions (the so-called ionoplioies) are
wxdely used in Qtudymg biochemical prty‘esses in-
yolved in membmnous transport of ions {1-3]..Con-
Amrmatlonzﬁ aspects of the functnomng of such com-

‘ poumis are well documented: X-ray methods have
been employed to elucidate the three-dimensional
structure of some csystaiime ;onaphezes {3,4] and .
\MR and IR spectmscopy, circular dichroism and

optical rotatory dxspersmn techniques etc. have fur-

nished abundant information about the behaviour of
‘these compounds in solutions {1,2,5]. It has been

demonstrated that in xonophom compiexes the catio
is encaged in the organic molecule and remains ihere
~.due to the lon——dlp(ﬁf: interactions with the m\mrdlv
‘ onented polar groupings, e.g. ester, amide, ether efc.

Aitheugh this has been estabhsheé there are no

uneqmvocal data on the nature of the mteractmn

- '»"d} corxespondence to be send to: Dr. P.V. {\.ostetsky,
Shemyakm [nstitute for Chemistry of Natugal Pmducts,

+ USSR Academy of Scmnces, UL Vavﬂova 32, Moscow .

© V312, USSR,

“1}_0#{&.},{?1[‘0”‘1 'Pub!isiiiﬂg‘Cdﬁ! pgny‘ - Abzstérdam '

Krasne and Eisenman [6] proposed an electrostatic
model for metal—ligand interactions, with the charge.
on the alkali metal ion being assumed as +1 and the
charges on the ligand group atoms estimated from
the data on dipole moments. Simon and Morf {7]
took into account polarization of ligands and aiso
the contribution of quadrupole, repulsion and dis-- -
persion interactions. Julg laid the main emphasis on

dispersion forces [8] . We believe that all these au-

thors underestlmat‘, the donor—-acceptor interactions
accompanied by electron exchange between the ca-
tion and ligand groups. fsmaylov and Kruglyak [9]
discussed these interactions in their study of metal

-~ jon solvation. Talekar and Sundaram {10] offe ered a

quantum mechanical study of the structure of iono-

: phorc complexes with univalent cations, but they

did not ibuch upon the possxbilny of the ion and lig-
and atoms sharing molecular orbitals.

Ir the present investigation the CNDO/2 semiem-
pirical quantum mechanic al meihod has been em-
ployed for smdvmg metal—ligand interaction be- .

ween dmzethvi acetamide and methyl acetate {as

~ models of ionophore ligands) and Na* and Li* ions

** This work has been partially presented at the IV Interna-
tional Biophysics Congress {11]"
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Fig. }. Distribution of atomic chaxges in me melecules of a) dsmethyl acetamide. and b) methyl acetate in the dbsence {ﬁaures
without brackets) and in the presence of sodium ions (fi igure in brackcts) For obtammg the charges i in c!ectromc units these vai-

ues should be divided by 1000.

2. Methods

~ The semiempirical quantum mechanical method
approximated to a self-consistent field, CDNO/2,’is
described in detail by Pople et al. [12]. The method
treats all valence electrons in the molecule and gives
good results when one calculaies net charges on
atoms and geometrical parameters of various mole-
cules {12, 13] including molecules of naturahy accur-
ring compaotnds [14, 15].

Molecules of dimethyl acetamide and methyl ace- |

tate were assumed as being rigid with bond lengths
and valence angles from {14, 16} . Other parameters
were borrowed from the work of Pople and Segal for
hydrogen atoms and second row elements and from

Satry and Segal for sodium atom with values of orbit- -

aj e\cponents Zg =2.20and Zp- = 0.92 {12f.

“The «ipet Lo The program included: i) the to-
‘tal energy of the molecule; ii) the partial charges lo-
calized on each atom and iii) the Coulomb energy of
interaction of the alkali metal atomic charge with the
charges on all the other atoms. The latter value was
calculated by means of the following formula: .

Ay,
U=3323, 2 A
S A 'Mc-—-A

whiere Fyg. _  is the distance between the centers of
the alkali metal atom and the ligand group atoms,
q“e and q A Are the values of atomlc charges.
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3. Results and d&us&ion '

We began by computing net atomic charges in the
molecules of dimethy!l acetamide and methyl acetate .
in the absem:e (fig. 1, fig gures wzthout brackets) and
in the presence (figures in brackets) of the sodium
icn localized in the direction of the C=0 bcmd ata
distance equal to the sum of the ionic radii of sodium
and oxygen, 2.4 A. This distance is chamctensm. of
crystalline complexes of sodium w1th oxygcn con-
taining organic compounds [17]. As is seen in fig. I,

-in the presence of sodium, distribution of atomic

charges in the ligand groups markedly changes, and
the sodmm atom loses a part of its positive charge.

- This means that the metal—ligand interaction is not

just electrostatic at a distance equal to the sum of
the sodlum and oxygen ionic radii, but has a more
complicated nature due to the yartx‘.npatmn of the
alkali metal ion in the formation of commron moiec- :
ular orbitals. In our case the position of the cation

“was fixed in a certain way. In a general case, as fol-

lows from an analysxs of the stereochemi stry of the

- natural complexes, the alkali metal catior: may have

different orientaticns with espcct to the ligand group.
lts position may be described byi three parameters:
r — the distance from the carbonyl group stom, 0 —
the angle between the metal, oxygen and carbon
atoms, and ¢ — the angle between the C-0O bond and
the projection of the O—metal line onto the xOy
plane (fig. 2). An analysis was made of the
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I‘zv 2 Locallzatlon of the alkah metal cations o = =Li* R Na©)

‘with ;cspect to the ligand aroups of a) dimethyl m,etamxde
,\{—CH 3N\ and b) methyl acetate "{-

'dependem’:e of the chanoe in the total energy parttal
charge on the sodium atom and the Coulomb energy
-of interaction of this charge with other atomic
charges in the ‘complexed cations (Na-dimethyl acet- -
amlde)" and (Na-methyl acetate)* upon 8 with ¢
= 180° (fig. 3). it was established thay, as the sodium
~atom comes out of the ligand group piane, the
Coulombic interaction between the metal atom
charge with other atomic charges rapidly decreases
because the sodium ai -m loses some . f its positive
‘charge; thereby the system loses its siability which is
very well exemplified by methyl acetzte. For compari-
son, the Coulombic interaction curves aré also
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; preseuted cajcukated on the aﬁsumptmn that there is
-no charge tr:msfer from the sodium atom to the lig-
.~ and group. It is obvious that with such an assumptzorx
- which is hardly justified [6,7,10}, qmte different re-

sults may be exyected.

~The 1mportant feature of the dependence of the
total energy on angle €, is the’ presence of a minimum
when the sodium atom conszderabiy dev;ate‘«: f tom
the ligand plane. :

We have alo studied ﬁle dependence of the total
energy of cations (Na-dimethy! acetamide)* and (Na-

. methyl acetate)}* on the distance between the sodi-

um atom and that of the ligand oxygen (fig. 4). This
dependence is a curve with a minimum localized at a
distance of 3 A. At the point of the minimum the
atomic charge of sodium is about 0.8 electronic units
and the metal—ligand interaction energy far exceeds
the energy of electrostatic interaction of the sodium
atomic charge with those of the ligand groups. These
d..ta should be interpreted to mean that the metal—
ligand equilibrium distance interaction has the char-

‘acter of a chemical linkage, which is by 80% ionic.

and by 20% covalent as judged by the degree of the

~ charge transfer. In the lonophore complexes, a still

greater loss of the positive charge by the central atom -
should be expected, as several lgand groups are
co-ordinated around it. This is evidenced, among

2 o o , b)
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Fig. 3. Dependence upon the value of the 0 angle of 1) change in the totat energy of the system {(——, curve with a mm:mum).

- 2) dtomic charge on sedium (—, upper curve); 3) Coutombic interaction energy of the sodiurm atomic char"e with those of

’other ligand atoms (—--»} and 4) Coulombic mtr'mchon energy £--

=) ncglecfmﬂ clrarge transfer ’\14 o= =34 A, ¢

= 180" in the

""omp!e'c cmlons of a) (Nm-dlmethyl acetamnde) and b) (\Ia-methyl acetate)’.
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other things, by;caiculat,ed tétrahedral and octéhedrai o due to difficuities in accountmg for the 3d orhltals of :

models of alkali metal hydration [18]. Atdistances’  the third row elements.
much larger than the sum of ionic radn the metal— - - With this in mind, we have carried out simmiar cal-
ligand inieraction acquires a purely electxostatu, char- culations for lithium with the same ligands. The ie-
scter and coincides 1.ith the charge interaction curve sults obtained thereby did not differ much, but the
(fig_ 4). That the Na—0O distance correspoading to IR pcsxtaon of the. minimum of the totat energy shifted
the energy mmnimum exceeds by 0.2~0.3 A the limits = to 2.1 A (fig. 5}, which is in good agrecment with the-
established for the sodium complexes with oxygen experimentat value for the sum of ionic radii of lithi-
containing organic compounds {19] is, apparently, ~ um and oxygen {20, 21j. -
:}é 4; -a) b}
E
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Fig 5. Dcpendnnce ei' the tctai energy change (iowcx cuwe} and atdmxc chame on zhe hﬁtmm atam (uppcr cuaee} at 8 g: iﬁﬁ
uponry; G in the C(}mp!e\ cations of a} (Ll-dxmemyl acetam:de) :md b) (Lx—methy! acczate) C
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Ac-r'otdmg to cur data, the r“nergy of th“ metai—. :
) ngmd linkage in all the cases studied ranges from 60
‘o, 80 kcal/mole and the amide and ester complex

have an almost equal -.tabnllty Judging by the charac- -

ter of the groups ‘involved in such. interaction, the
‘bond formed may be regarded as being of ion—dipole
‘rature [21]. Tt follows from the resulis of the study
of alkali metal ¢ation complexes with the simplest
hgands that- natural 10nophon‘es shou!d also have an
mn——dnpoﬁe bond. - : .

- For examgw, that the nonophore complexes with
Li*, Na*, K*, Rb* and Cs* have metal—ligand link-
'aues: have been proved by studying their far-infrared
spectra, in which ‘the bands correSpondmg to respec-

tive stretching v;bratlons were present [22] This
‘means that ionophore complexes are a new type of
alkali: metal complex compounds whose cyclic mole-’
‘cules may be considered as a specific ligand of a high
co-ordination capacity. We are now engaged in elabo-
rating direct quantum mechanical approaches for
studying such compounds.
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