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тhе struсtцrаl and eleetronic раrаmеtеrý of dre dication of antimicrobial drug dеоашейохiпum and а set of model
шцrопiuш dicatiorrs йth various size of allqyl substituslrts at quaФrnary nitrogorý wеге dеtermingd Ьу шеапs of Ам1
gипfirm mechanigal caloulations. It is shovвr tlrat thе rnost favourable сопfоппаtiоц of ths decamethoxinum dication iц
thе absence of wаtеr solvent is ап extended опе йt} side substitBents fu t}re яaиs-position йth respect to the ccntrai
chain and iпtrапrоIесulаr solvation of аmmопiшп gIочрý Ьу саrьохуl ox.ygený, Тhс positions of twJcenters of сhаrgе
distribution in the dесаmеthохiпum dication аrе close to йе location of quaternary пitгоgепs rnhile ths апафis of й
sst of{ýodel dications rеvса]еd а ýtrong dependence of the positions of srroh сgпt,оБ olt type and size oi the аlфl
sшbstituents, possible correlations of the mоlgсвlаr раrапrеtеrъ апd the biological actioф of аmmопium salts are
dbsussed.
KEY woRDS: diqlrateпrary ашmопium aatimicrobial agents, dесаrпейохiпuщ quarrtum chcmical calcrrlaЁons

А сlаss of salts of diquateffiary ammoniulm compounds еmьrасеs the suьstапсеs the distinctive f,еаtrrге of
ъfiiсh is the presence of two quaternaгy пitrоgепs in the struсturе of their dications. At the sarne time the
pssibility of pгactically unlimited variation and combination of types of the substituentý at qчаtеrпаry nitrogens
offers а variety of compounds Йth а wide spectrum of сhеmiсаl рrореrtiеs and biological асtiоц including
роЪопS and antidotes, chemotherapeutic antimicrobial апd апtiсалсеr agents, miоrеlахапts, herbicides, dyes, and
rпапу others. In this соппеФiоп investigation of the relations between the struoture оГ substituents at quaternary
вitгоgепs aild the physico-chemical ргореrtiеs ofbisquaternary compounds is ofgreat interest for elucidation of
psýble mechanisms oftheir biological action,

The cationic surfасе active compounds based оп qrraternary and bisquaternary safus poýsess antimicrobial
pIopertieý and some of them, such as decamethoxinum developed in Ukаiпе, аrе used as medicines [1_3]. In this
type of соmроцпds the substituents provide surfасе active рrорегtiеs and facilitate the adjustment of tha drug ta
iTs ШОlеСulаr rесерtоrý iп the Ьасtегiаl се11 [З]. The nature ofthese rесерtоrs, hоrчечеr, is not yet entirely knolrn.
Тhе obvious interaction of surfactants with cel1 mеmЬrапеs does not explain а11 the efbcts of bisquaternary
€eats, and mоrе complicated mechanisms of intrusion of the drugs in the се11 metabolism and Ьiороll,mЙ
functioning mау Ье involved [3]. Irr this connection а kпоrмlефе of structure, conformational mоЬiliц сhаrgе
distгibution in the dications of the drugs is пес€ýsаry fоr evaluation of the possibility of their interactions with
biologically important molecules,

Such data Же also vital fоr interpretation of the rеsults of ехреrimепtа| in particular, sрёФrоsсOрiс, studies
of tiese compounds. Recently in the frames of mаss sресtrоmеtriс technique an аррrоасh rvas developed" ,which

allows to estimate experimentally the епеrgу of coulomb repulsion in multiply charged molecules [4, 5],
Aw-areness of actual charge distribution очеr the Фоms of ionic species is rеqчirеd in these ехрегimепtý.

The aim of the рrеsепt work rvas to регfоrm quantum chemical catiulations of struitural and electronic
pffmneterý of а пчmЬеr of diquatemary compounds which vary in tlpe and length of substituerrts at quaternary
пitrogens, and to estimate iпtrаmоlесulаr rерulsiоп епеrgу
dication of dесаmеthохiпuщ an arrtirnicrobial drug widely
f'огmчlа of which is as follows

in the dications. The objects of the study wele а
applied in compositicn of relevant medicines the
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and а ýet of rnodel dications with variable length of central inter-nitrogen апd side аlý1 substituents.

TffEoRETIcAr мЕтýФDý
Calculations of structura,i and electronic раrаmеtеrs of the above listed quаtеrпаrу аmmопium dications wеrе

реrfоrmеd in the frаmеs of semiempilical АМ1 рrосеdшrе Bsing the МОРАС б рrоgrаm package [б]. А good
аgгееmепt between the dipole moment чаlцеs determined using charges оп atorný, cbtained Ьу the ArM1 technique
адd mеаsurеd experimentally for а 1аrgе rоrч of organic compounds рrочеd the validity of application of the

ргеsепt method fоr evalцation оfсhаrgе distributions [б].
Iпtrаmоlесulаr coulombic repulsion епеrgу U between turо сhаrgеd par-ts of the dicatlons vrаs calculated

using fоrmuiа (1)

{.,=IIU,,=ZЕ "+ 9

l j l .l l,.,

{1}

(2}

which accounts the interactions between each pair of charges $i апd Ql located on atomý i апd j, taicen frоm fivo
s5zmmetrical halves оf the dication, and tlre interatomic distances &; between the соrrеsропdiпg pairs of atonrs
(с is а cоnstant being 1.439 шrlеV in CI units [5]). Knowledge of the totaX sоulоmЬ епеrý allorved to estimate
the distance r*1_*2 betweФn twФ geornetrical sепtегs of weight (.я1, w2) of the сtrrагgе distгibution in the ion:

сфq2
р"л=. |уl-w

а
RESULTý AIqý ýISCUSý{ON

The geornetry fully optirnized in the АМ1 calgulations geometry and the charges ofl atoms of the dication of
decamethoxinum аге presented in Fig. 1 а, Ь. Тhе optirnal сопfоrmаtiоп оf the сепtrаl polymethylene chain
-{CЕzho- (with no iпffuепсе of а solvent) of the dication is completely extended. The lerrgth of the оrgапiс
dieation in tЫs exlended confornration is 2,75 rrrц tlre distance betvreen nr/o q].raternary nitrogens rK_H is 1,З9 пm.

Tire nrethyl substitl}ents at quatemary nitrogens N3i, N44, hеrе and furthеr the atom labeling is as ilз Fig. 1)

00сur in opposite directions in rеlаtiоп to tlre chain axis and the rnenthyl гiпgs in decamethoxinutp аrе iп traпs-
position in relation to the shаiп as well. It should Ье mentioned that, along vyith the ýtruсtuге featured in Fig. l,
there is а пurпЬеr of close епеrgу minima fоr the positions of mепthу1 rings and their оwп conformers. Heat of
fогmаtiоп of such сопfогmеrs diffеrs frоm that of the most ГачочrаЫе ýtructure (71.95 kcaUmole) 1эу 1,3
kcallmole. Тhе ionization potential of doubly charged species is comparatively Ыgh and comprises 14.09 еV.

Апоthеr irrteresting f,eature of the struсturе of the dication of dесаrлеthохiпum is that the positively сhаrgеd
quаtегпаry gгоuрs are Ksolvated> Ьу сагЬоьу1 oxyg*ns. Fог ехаmрlе, the distange between а5'7 апd С33 оr СЗ4
of the rnethyl gгочрý at NЗ 1 is 0.27 rrm, the чаluе of which is соmраrаЬlе with the average length of hydrogen
bonds. The analogous effect и,аs герогtеd in the litеrаturе, fоr ехаrпрlе, fоr а сусýс antibiotic gramicidin S, in
which struсturе пеutrаl [7] оr charged due to protonation [8] amino grоups on the ends of side chains of twtэ
ornitine residues wеrе soivated Ьу carboxyl oxygený of the polypeptide backbone. Ап intramoiecular solvation
rnay сопtгiЬutе to the stabilization of decamethoxinum dication.

Analysis of the atornic charge distribution shows that а partial сhагgе оп quаtеrпаrу пitгоgепs themseives is
rather srnall, being 0.044 ofelectron unit. The positive charge ofthe dications is distгibuted over the hydrogens,
mаЫу those at fоur carbons adjacent to а quaternary nitrogen and some hydrogens in the central polymethylene
chain (Fig. 1).

An assessment оf the diýtributions of the positive сhаrgе очеr fоuг radicals connected with а quаtеrпаry
nitrogen in опе of the two s}Tnrnetгical halves of the decamethoxinum dication is presented in Fig. 2. 0пе can see
that аЬоut 83% ofone-electron сhаrgе is сопсепtrаtеd оп а fragment which could Ье сопчепtiопаllу called as the
first coordination sрhеrе of а qчаtегпаry nitrogen. THs involves the nearest-to-nitrogen two methyl and two
rnethylene groups, including С|, СЗ2 and СЗЗ" СЗ4 fоr NЗ 1 оr ClO, С45 апd С46, С47 for N44, and hydrogens
соппесtеd Йth them. The rest ofthe сhаrgе is shifted to the other atoms of the сепtrаl and tегmiпаl radicals.

Thus, in the decamethoxinum dication (as iп some оthеr calculated Ьisqчаtеrпагу ашmопium structures [9])
the <<excess>> charge has no point localization Ьцt is srneared очеr the ion. ýince fочr substitцents at each
quatemary nitrogen differ significantly in their struсturе алd sйе, the оhаrgе distribution is not symmetrical, which
is to say that it is not valid to assume а priori that the geometrical сепtеr of сhаrgе distribution (wl оr w2)
coincides with the position of а qчаtеrпаry пitrоgеп.

As it was mentioned in the Iпtгоdчсtiоц theoretical determination of сhаrgе distribution and geometrical
positions оf wl, w2 is of interest not опlу fоr evaiuation of biological рrореrtiеs of the dications, but fоr inter-
pretation of some experimental results оп thеir mоlесulаr раrаmеtеrs. Iп рапiсulаr, one of the mass spectrometric
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Fig. l. Optirпized in дМl calculations gе.оmеrу of the йcation of decameфoxinum with indicatiolr of фаг_gэs оп atoms* 
ofC, О, N (а) апd Н (Ь) (Radii Бf spherb in (а) ате conventional and do not соrrеsропd to чап-dеr-WааЬ гаdii).
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Fig_ 2. The schegte ofdisЕibudon of positive, one еlесЕоп iп absoluto чаluс, chargc over functional gгочрs
of onahalf ofthe decamethoxinum dications. <Excess> сhагgе on еасh hуdгосатьоп group was саьjай as
а difleronce Ьеtwеец the absolute values ofa sum ofcharges оп the hydTogens minus Й chaTge оп йе саrЬоп.

techniqrres, dеsСГiЬеd in deИils еlsеwhеrе [4, 5] allows direct experimental dеtегmiпаtiоп of, соulоmь repulsion
епеrgr U on the basis of mеаsuгеmепt ofthe Hnetic епеrý released during fragmentation of а doubly сhагgеd ion
to tvo singlY charged fragments. This technique was designed to provide а tool fоr deteгmination огtь" bnbr_
matron of ionized chain molecules in the gas phase, as the disиnce between the сhаrgеd sites сап Ье easily
cdcцlated using tie ехрегimепtаi U value in Eq. 2. ОЬйоuslу, the coincidence of the ехрЪгimепtаllу dеtегmiпеi
Г*1-,2 vОlu€ Йth а mаХimum Possible value fоr а given molecule mеапs its extended соЙгmаtiоц while smаllеr
fwlq2 vаluеs evidence the bend struсturе. It is also оьйоus, that in the case оf complicated molecules the
mеаsuгеd r value согrеsропds to the distance befween the centers of оhаrgе distribution wl, w2, which, in
gепеrа1, can Ье shifted frоm the positions of hеtегоаtоms (such as а qчаtеrпаry пitгоgеп) due to the mentioned
аЬоvе аsуmmФry of the сhагgе distribution. Тhе necessity oi accounting of sucit u rыý bu, not been paid рrореrattention up to now. Its effect, hоwечеr, can Ье noticeable. Fоr ехаmрге, ап interesting йФ was епсоuпtеrеd in
оuг rесепt maSS Sресtrоmеtгiс mеаsurеmепts Ьу the above technique [10] of coulombiepulsion it two species -
decamethoxinum itself and its doubly charged fragment

l
СНз

I

СНз

which diffeгs frоm t}re intact dication Ьу the lack of two side mепthуl riпgs ( Ф symbol denotes delocalization of а
unit charge). In the assumption that the очеrwhеlmiпg рал ofthe сhагg; is concentrated in the first coordination
sрhеrе and geoftetrically сепtеrеd on qчаtегпаry пitфепs, no diffеrей iп u values fоr the two similaг structures
must Ье оЬsегvеd. In ргасtiсе, hоwеvец the mеаsurеd соulоmЬ епегry fоr the above fragment арреаrеd to Ьу in
about 0.2 еv lагgеr than that fоr the whole decamethoxinum dication. 

-

саlсцlаtiопs of u value Ьу using in Eq. 1 the actual сhагgе чаluеs and the iпtеrсhаrgе distances dеtегmiпеd
in the ргеsепt AMl studies fог the most extended сопfоrmаtiо=п of the both dications, dйоms of the molecules
beingtakeninto account, showedthatU= 1.07 eVfordecamethoxinumisindeed smаllегthапU= 1.12 еVfоr
the frаgШеПt" аПd thеге is а good qualitative egTe€ment between the 

"*реяrепЙф 
;rЙ;;1у dеtегmiпеd

values, Thus, while the distarce between the quаtеrпаry nitrogens in thb мо dications is the same (rц_ц:l.З9пm),
the calculated distances between the сепtеrs ofcharge iistribitions diffeq being 1.з4 пm and 1,28 пш in deca-
methoxinum and its fragTnent, гespectively. Tыs mеапs that the srпаllег iпtеrсhагgе distance iп the frаgmепt is dче
to diffеrепt сhаrgе distгibution, but поt duе to its рrеsчmаЬlе bent сопfогmаtiоп. The чаlче of соulоmЬ епегgу in
decamethoxinum is lоwеr as соmраrеd tO that in its smaller frаgmепt because about 6% of each (excess> сhагgе
is shifted to mоrе distant frоm the сепtеr menthyl гadicals.

The аьоvе dеsсгiьеd effect points to the necessity ofaccounting the influence oftype апd size ofsubstituents
at quatemaiУ nitrogens оп position оf the сепtеr of сhагgе distгibution in the Ьisqйеmаry ions. То establish
sоmе gепегаl rules of such ап influence, the of сhаrgе distribution алd coulomb 

"rr"rgy 
wьrе calculated fоr а

пumЬеr of model dications of the folloйng type
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In the above structures the dependence оf, сhаrgе distribution on п and ш values, that is the size of the сепtrаi
Rg*6p алd side R*i6" radicals, mаrkеd iп tlзе пехt scheme, was analysed:

The main resutts аге as folIows. Firstly, the variations in n and m values shоw, that rоughlу 25+5а/а of а unit
charge is distributed очеr each of the fоur substituents {see Fig. 2 as ехаmрlе), that is the deйation frопr one
tЪurth shаrе реr гаdiсаl varies within по mоrе thап t9Ya in the dependence of the size of the radicals.

Secondly, the dependence of chыge distribution in the sепtrаl substituent Щ"оr" 0п its lепgth, that is the
пumЬеr of rnethylene groups п in the polyrnethylene ohain {СН2}" , was апафеd fог а set of dications

i(СНз}з - N - (СЖ2}-- N- {СНзЬI2* withF*ta" = conýt = СНз . InFig. З sclrematic rерrеsепtаtiоп оf сhаrgе
distribmtion оп carbons and hydrogens in а set of central chains witlr eyen п values is showrr (the struсturеs wittrэ

odd п чаluеs gave qualitatively similar rеsults). Fоr comparison the data fоr а neutral extended роЩтпеtlrуlепе
chain аrе рrеsепtеd in the sаmе plots, Catrcr.llations fоr hуdrосаrЬопs (СffiзЬ - {СНr}- - (Сffiз}з чrith n uр to 12

show that а -(СН2)"- chain has equaX charges оп all саrЬопs (-0.158) and hydrogens (0,079х2Н), wЫсh 00ппрsп-

--ate еасh other. It сап Ье seen that in the case ofdications the highest oharges аrе located оп the hydrogens ofthe
fiTst thгее methylene grоuрý next to пitгоgеп (Fig. ЗЬ). The shоrtеr the ohain, the relatively Ыфег charges are on
the hydrogens. Тhе teBdency fоr а dесrsаsе ofthe pa*ial сhаrgе реr hуdrоgеп frоm а terminus to the сепtеr ofthe
chain is nonlinear. F'оr longer chains the charges оп the hydrogens of the сепtrаI links dесгеаsе noticeably, Ьut
rhеу do not rеасh the чаluе characteristic of рurе polyrnethylene ечеп fог а chain as long as of 16 grоuрs.

lп contrast to hуdrоgепs, the сhаrgэs on саrЬопs Gig З а), stroйng peculiaгities fоr the atoms in с* and В
positiolrs in rеlаtiоп to nitrogen, rеасh пsаt hуdrссаrЬоп чаluеs fоr chains йth n > 4

Thirdly, sечеrаl sets оf dications [СШз - (СНrЬ - N (СНз)2 - &*t" - {СШз)z N- (CHz}* - СЖ. ]u*

with constant length ofthe оепtrаl chain and чагуiпg length ofthe side radicals (m = 0, 1,2, З) wеrе considered,
Again, the hуdгоgепs of the closest to nitrogen methylene grоuрý hаче the largest charge, In contrast to the
central chain, the positive charges оп СЦ grоuрs in the side chain dесrеаsе down to the values characteristic of
рuге hуdrосагЬопs at m = 8.

Frоm the above data it fоllоws that the int'luence crf the excess сhаrgе, tlrat is the deviations frоm the charge
distribution characteristic of а similar пеutrаl polymethylene chain, extends fоr а distance as large as 0.5-0.б плr
(wЫch corresponds to 2-З methyiene groups) fTom the position of qчаtеrпаry nitrogen in the directions both of
:hе сепtгаl and side substituents.

Опе mоrе interesting peculiarity was оЬsеrчеd: а variation in the lвngth of the side radicals does not affect
rhe distribution of сhаrgеs in the inter-nitrogen oentral chain, which rеmаiпs the same as in Fig. З fоr corTespond-
ing п. Two methyl grоuрs and пitгоgеп lose only sечеrаl percent of сhаrgе with iпсrеаsе of the length of the

i'ouпh alkyl radical, The most srrbstarrtiai 1oss in fачоur of оthеr links of the fuau radical Ьаrеs hydrogens of the

:rrethylene grочр п€хt to nitгogen in the fourth side radical. The shift of sоmе shаrе of the сhагgе along the side

chain аwау frоm nitrogen decreases the total сhаrgе in the fiгst coordination sрhеrе of the пitrоgец which must
геduсе the соulоmЬ repulsion sпеrgу апd enhance the stability ofthe dication.

In Fig, 4 comparison of the сочlоmЬ rерчlsiоп епеrgу and thc intercharge distaлces oalculated in two
ciifferent assumptions fоr а set of dications with R*ic" = const апd &o,t чаriаЬlе is presented. In the first case an

approximation, traditionally believed to Ье sufficient" was applied: two unit charges were considered to Ье

centered on the sites of two qчаtеrпаry пitrоgепs. In the second case the distribution of chмges on all atoms of
the molecule waý accounted in Eq. 1 and the intercharge distances wеrе calculated using Eq. 2. Noticeable
deviations of two sets of data which сhапgе their sign in the dependence on n rvas observed. In соmрагisоп Йth
the simplified point-chмge model, the account of rеаl сhагgе distribution shows that the dications with smаllег

сепtrаl chains арреж to Ье mоrе stable due to the shift of the сепtеr of charge distribцtion to the side radicals,
rvhile in the dications йth 1аrgеr R""* the сепtеr of distribution is shifted to the iпtеr-пitrоgеп substituent, which
cause some destabilization. Тhе Ksйtching> point whеrе the center of charge distribution coincides with the
position of пitrоgеп, was оЬsеrчеd at t : 6. As to quantitative values, the most significarrt diffеrепсе ЬУ about

0.85 еV between the U values calculated in the two assumptions was revealed for n = 2 (Fig 5). The same data

demonstгated that an епоr in estimation of inteгcharge distances due to the use of too гоuф approximations rпау

геасh l0-15%.
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Fig. 3. SФematic rерrвепtаtiоп of tlre disftiЬчfiолs of the charges оп аtоms of саrЬоп (а) and hуdrоgеп
Ф) in thý dcPendcnce of the пumЬ of а!оms п in \Е cental рофеthуlепс chain - (CHzb- of dications
ксIъъ - N _ (СНrЬ _ N- (спъьl2* (п = 2, 4, 6, !, io, rzi. ýпаiфt base lines rергеsепrЬ 

"quЫ "b31g*,оп С and Н atoms in the <infinitý> lineш plymetlrylene chain,

Дthоugh the alýl рагt of the side chain о| d.ecamethoxinum is presented not Ьу а linear сhаiц but Ьу а
cyclic menthyl гiпg the effect of this ýре of subýtituent is similar to ihut of tbe сhай of the same пчmьеr of
саrьопý. As it vrаs shorvn above, the side menthyl radicals which <<pump>> sоmе share of сhаrgе frоm the fiгst
соогdiпаtiоП sрhеrе iпсгеаsе the stabiliф of the dесаmеthохiпчm dication Ьу -5% 

", 
*тnpur"i йth its analog

Йth only опе СН2 grоuр in фе side radicals.
It should Ье mаrkеd that sоmе of the above model dications аrе miоrеlахапts, that is they have the mесhа-

nisrn of acion diffегеrrt fгоm that of decamethoxinum. In corrtrast to these cornpounds u йп of hеtеrоаtоmsСоо is inoluded to the side chains of decamethoxinum апd retated drugs, such * Jb""rM. Йs atomic grочр,
obviously, has its effecs on iпtегmоlе€чlаr interaфions and methabolir*;rh" ;;й;й;;;;r.

The ргеviоus discussion сопсегпеd the сhагgе distгibution in the most extended сопfоrmаtiоп ofthe dicat-
iong wfich appeaTed1o Ье the most fачоurаЬlе irthe gas phase. То analyse роsriЫе r"*йr;ifi;;;;;llБ,
sеvеrаl сопfоrmеrs of decamethoxinum wеге calculated using fixing ог at tйst опе кНБ in ib" р"iЙ"rЬЯ.i.chain- The change of сопfогmаtiоп did notaffect the gепеrаl раttй of сhагg" Ci*tHbution d;;;iй uЬой fo.
the liпеаr dication, except of some changes in charges on ф.оg*п* at thе"саrЬопs ОirеОtl| раrti"iрutl,ц ;п ibe
<Hnlo. The coulomb епеrgу calculated for the Struфurе with опе Hnk in the middle огtь" "ЬпirJ;.j;;й;;to Ье l , 18 еv, which is gгаtеr as соmрагеd to the extended conformation due to shoпening of distances betweeh
all сhагgеd atoms. The distance Гwl_w2 = 1.22 nmcalculated йth ассочпt of all atoms was close to rц_ц : 1.24 пm
fоr this сопfоrmаtiоп,

J/j
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Fig. 4. Тhе сочIошЬ спеrgу and thе iпtеrсhагgе distances fоr а set ofdications in tho extcпded confonTиtion
йth R*iao: coTrst = СЦ and the пчmЬеr of -(CHz)- groups in Ь varied frоm 2 to l0, calgulated in lwo
assumptions: 1) point unit chffges аге cerrtered оп quatemary nitogens (гхr_rчz , Uшr-шz ), 2) chaTge

distгibution очеr а11 atoms of the dication is accormted (r*r_ot , Ua1-*2 ).

Fгоm the above at least thгее reasons fоr stabilization ofextended сопfогmаtiоп ofthe сепtrаl polymethylene
chain of decamethoxinum follow. Firstly, апу bend of the chain рrочоkеs repulsion between partiafiy positive
hуdгоgепs; secondly, kinks distoгt the symmetry of сhаrgе distribution iп the chain (that is deviations frоm the
slTnmetrical plots in Fig. 2); tЫгdlу, the coulomb гepulsion increases upon shогtепiпg of the distance between the
centers of сhагgе distribution. It should Ье noted that а11 ths considerations presented аrе valid for the isolated
molecules (ions) in the gas phase, and the interactions йth the solvent mау have геIечапt effeots оп this type of
amphyfilic compounds. Ноwечеr, some biologicaliy imрогtапt рrосеssýs suсh as interaction of the surfасtапts
rтiф cell mеmЬrапеs, рrосееd in а deficit оГwаtеr mоlесцlеs, in which case the data оп mоlесulаг раrаmеtегs in
the аЬsепсе ofthe роlаr solvent mау Ье аррrорriаtе.

It haý Ьееп еаrliеr dеtегmiпеd that the spectrum of arrtimicrobail action of Ьisquаtегпаrу cationic suгfасtапts
depnds on size of side substituents &;а" and iпtеr-пitгоgеп distance rц_ц чrhiсh is connected Йth the size апd

;апfогшаtiопаl mobility ofR*n [11, 12]. The data rерогtеd hеrе shoцrthat the diffегепсеs in сhаrgе distribution
*d сhаrgе density очег the dication mау Ье responsible for the binding of а ралiсчlаr drug to а specific rесерtоr.
I; is established that two unit сhаrgеs hаче по point localization but are smeared очег the оrgапiс ion. The first
;оогdiпаtiоп sрhеге of each quatemary nitrogen has а mеап radius of 0.214 пm, and опlу 83% of а unit сhаrgе is
::,ctributed очеr its surfасе. Тыs mау suggest that not а point negative charge, but an extended zone of negative
eiec*rostatic potential is necessary fоr а mоге firm coordination of the quаtеrпаry grоuр Йth the suгfасе of its
;iгп:а1 rесерtог; spatial distribution of charge and а ратtiсulаг the value of сhаrgе density mау provide specific
:ecopition of а definite rесерtог [13]. The епеrgу of iпtегасtiоп of the species йth delocalized сhаrgеs Йth
айег molecules mчst Ье smаllеr in соmраrisоп йth the ions with localized <poinЫ charges as rvell.
De]ocalization of charge increases the аrеа of the positively charged surfасе of the dication, iп рагtiсulаr, on
зrсоuпt of the hуdrосафоп substituents, rarhich dесrеаsеs their lipofility as compared Йth the рurе hуdrосаrЬоп
;oe;ies of the sаmе sйе.

CoNcLLrSloNS

The struсfuгаl and electronic рагаmеtеrs of the dication of antimicrobial drug decamethoxinum wеrе
:еtегmiпеd Ьу the AMi quantum chemical method. It Tras sho,wn that the most fачоurаЬlе сопfоrmаtiоп of the

:*camet}roxinum dication in the isolated state is extended (which was сопfiгmеd Ьу mass spectrometric data Ii0]).
Тъ,о positive сhагgеs ofthe ion аrе distгibuted очеr the hуdгоgепs оfаIЫ substituents at quaternary nitrogens,
аЫсh геduсеs the intramolecular coulombic герulsiоп in соmрагisоп with the viПual point-charge species and
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thus stаьilйе the dication. Тhе positions of two сепtеrs of сhаrgе distribution in the dication, hоwечег, аге close
to the location of quаtегпагу nitrogens (r*l-,уz: l,З4 пm Уý Гц-ц = 1.39 пm); the calшlated iпtrаrпоlесчtаr
соulоmь repulsion епеrgу comprises 1.07 еy. solvation of quаtегпаrу groups Ьу carboxyl oxygens stabilize the
structufe as well.

Theoretical calculations fоr а set of model dications йth varied size of iпtеr*пitrоgеп and side substituents
allorved some gепеrа1 conclusions to Ье made concerning struсturаl and еlесtrопiс раrаmеtеrs of bisquaternary
compounds:
- in quаtегпау аmmопiurп ions the сhаrgе has no point localization but is distributed over the substituent radicais
at quаtегпаry пitrоgепs:
- the iпfiuепсе of the ({exceýSE сhаrgе extends fоr а distance as long as 0.5-0.б пm frоrп the position of а
quqtеrпаf,у nitrogen;
- in the case rrghеrе four radicals аrе of different lengtlr and struсtчrе, rоughlу one fourth (t596} оf the опе
eleotron charge оссurs at each гаdiсаI, but the geometrical gепtеr ofweigtrt ofthe сhагgе distrilэution does not
obligatory coincide йth the position of quate*rary пitгоgеп and сал Ье shifted to one of tйе sulrstituents;- iаrgеr side radicals <Фчmр)) the charge ftom the пеаrеýt to nitrogen Сн2 gюuр апd thtls rеdugе the соu!сrпь
rерuХsiоп in the bisquatetrrary ions due to ttrзe dесrеаsе оf,сhаrgе in the fiгst *oordination sрhеrе; the presence оf
heteroatoms (grоuрs) in the side chain could influence ttrris effect;
- the distribution of charges in the сепtrаI iпtеr-пitrоgеп chain, оп the сопtrаry ýeefilý to Ье inserrsitive to the
ohanges in оthег radicals and remains the Sаmе at а given -(CHz),- length.

trnformation оп the ýtructtre and сhаrgе distribцtion in the decamethoxinum dication can Ье used in fuгthеr
evaltration of iis interactions rryith its чirtuаl mоlесulаr rесерtоrs in а microbial сеý.
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KBAIIToBOxtrfuiпIýE дослIджЕння дкАтIсfrу дЕкАмЕтоксишу
ТА IIОДIБШИХ ДIКАТIОЕIВ

М.В.Косевич, В.А.Irашинська, С.Г.Степапян, В"С.Шелковськийо В.В.Oрлов, Ю.I1Благой
. Фu\lrко-пехнiчнuй iнсmumуп нuзь,Qrх mемпераmур i.l,t, Б.I.ВсрМна НАН YKpaiHu,

XBpKiB, 3tаtб4, пр. ЛeHiHa, 47, e-mail: mvkoseich@ilt.kharkoy.ua

струrгурнi та електроннi парамrгри дiкатiону протимiкробного препарату декаметоксину та ряду,мOдельfiих aMoEieBlrx дiкатiонiв з рЪним розйром алкiльних радiкалiв np, пеrверrин}tому азотi були
встановленi за дOпомогою квшrтово-хiйчного методу Ам1. Показiно, що найбiльш вигiдна
конформацiЯ дiкатiонУ декаметоксИну у вiдсуl,носгi розчинника-води е вЕтягЕутою, а заступники
розташованi у транс-полОженнi вiднrэСно цOнтральнOго ланцюга, та мае мiсце сольватацЬ aMoHieBloc груп
карбоксильними киснrrмил Положення дв]rх центрiв розподi"тry заряда у декаметоксинi близькi до цефiв
четвертинних азотiв, у той час як аналiз cepii модельних дiкатiонiв дозволив виrIвити сильну залежнiсть
позицiЙ таких центРiв вiд тигrУ та розмiрУ адкiльнлп< заступникiв. Обговорюються можливi кореляцii
молекуJu{рних парамrгрiв та бiологiчноi акгивностi амоrdевих солей.
ключовI СЛоВА: бiсчсrвертиннi aMoнieBi сполуки, протимiкробнi агенти, декаметокаиFI, квантово-
хiйчнi розрахунки


