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Sesavali

ekologiuri mdgomareobis gauareseba, virusuli da sxvadasxva
infeqciuri daavadebebis zrda, stresuli situaciebi xSirad iwveven 
neiroimunur disfunqciebs _ imunodeficituri mdgomareobisa da nervuli 
moSlilobis ganviTarebas, romlebic xSirad qronikuli daavadebebis saxes 
iReben da mdgradi arian tradiciuli Terapevtuli saSualebebisadmi. 
amitom dReisaTvis kvlav mniSvnelovan da aqtualur problemas 
warmoadgens farTo speqtris mqone axali farmakologiuri preparatebis 
Zieba da Seqmna. am mxriv erT-erT perspeqtiul mimarTulebad iTvleba 
zogierTi d-metalis Semcveli adamantanis nawarmebis sinTezisa da kvlevis 
sfero.

adamantanis nawarmebi xasiaTdebian farmakologiuri moqmedebis farTo 
speqtriT, maT Soris gamovlenilia naerTebi antivirusuli, antimikrobuli, 
antikataleptikuri, simsivnis sawinaaRmdego, imunotropuli, adaptogenuri, 
fsiqoneiroimunotropuli, herpesis, simsivnis, parkinsonis daavadebis  
sawinaaRmdego da sxva aqtiurobiT. aseve iCenen cofisa da adamianis 
imunodeficituri virusis damTrgunvel moqmedebas [1-9, 33].

adamantani _ triciklo-[3.3.1.13,7]-dekani, warmoadgens C10H16 Sedgenilobis, 
poliedruli struqturis mqone nivTierebas [1, 8-10], romelSic erTmaneTSia
Serwymuli savarZlis konformaciis mqone sami cikloheqsanis birTvi, xolo
naxSirbadebs aqvT iseTive sivrciTi ganlageba, rogorc almasis kristalur 
gisosSi:

adamantanis nawarmebis biologiuri aqtiurobis farTo speqtri 
ganpirobebulia misi molekulis agebulebiT. almasis msgavsad mas gaaCnia
myari, magram yovelgvar daZabulobas moklebuli, maRali simetriis mqone 
cikluri struqtura, rac ganapirobebs misi fizikuri, qimiuri da 
biologiuri Tvisebebis gansakuTrebulobas. adamantanis birTvis hidro-
foburoba da maRali lipofiloba arsebiT gavlenas axdens adamantan-
Semcveli nawarmebis ujredis membranis lipidur SreSi gamtarobisa da 
adsorbciis unaris gazrdaze, aseve receptorebis Semadgeneli cilovani 
molekulebis hidrofobur nawilebTan mis urTierTqmedebaze, amasTan rig 
SemTxvevebSi es moqmedeba unikaluria. aRniSnuli Tavisebureba sxvadasxva 
bioaqtiuri naerTis (antimikrobuli, hormonaluri, imunodepresiuli, neiro-
tropuli, anTebisa da simsivnis sawinaaRmdego da sxva) farmakologiuri 
aqtiurobis modificirebis saSualebas iZleva, ramac ganapiroba mecnierTa 
interesi, gamoeyenebinaT adamantanis radikalebi samkurnalo preparatebis 
ujredSi SeRwevadobis gasazrdelad farmakologiuri aqtiurobis gaZlie-
rebisa da preparatebis toqsikurobis Semcirebis mizniT [2, 3, 11].
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CNH OH

O OH

H3C-CH-NH2 HCl.

NHC

O

C N

O

COOH

S CH3
CH3

H2N-CH2-C2H5HCl.

adamantanis warmoebulebis safuZvelze Seqmnilia cnobili           
samkurnalo preparatebi: amantadini (1) _ A da C tipis virusuli infeqciebis
[4, 5] da parkinsonis daavadebis sawinaaRmdego; remantadini (2),
amantocilini (4), adapromini (3), dopamantini (5), adamantoilpenicilini (6), 
bemantani (7) – antidepresiuli, antivirusuli, antimikrobuli, parkinsonis 
daavadebis sawinaaRmdego:

  
   
    amantadini (1)             remantadini (2)             adapromini (3)

CONH

NH2

N
O

S

COOH

CH3
CH3

   amantocilini (4)                                dopamantini (5)

  
                             

         
            

         adamantoilpenicilini (6)                      bemantani (7)

aseve sainteresoa gardamaval metalTa sxvadasxva tipis kompleqsebi 
rogorc Teoriuli, ise praqtikuli gamoyenebis TvalsazrisiT. isini
farTod gamoiyenebian, rogorc sinaTlisa da siTbos stabilizatorebi,   
saRebavebi da fotomasalebi, antidetonatorebi, naxevargamtarebi da 
eleqtroizolatorebi, wvis siCqaris regulatorebi, sawvavis antistatikuri 
danamatebi, feromagnituri masalebi, baqtericidebi, aseve, rogorc 
xelovnuri sisxlis komponentebi da samkurnalo preparatebi, magaliTad, 
ferocenis naerTebi efeqtur saSualebas warmoadgenen rkinis naklebobiT
gamowveul daavadebaTa wanaaRmdeg. samedicino praqtikaSi farTod 
gamoiyeneba anemiis samkurnalo preparati orTokarboqsilbenzoilferoceni

NH2
. HCl

NH-C

O
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_ feroceroni (8); aseTive moqmedeba axasiaTebs dialkilferocenebs, 
Jangbad- da gogirdSemcvel ferocenofanebs. ferocenis naerTebi
warmatebiT gamoiyeneba aseve avTvisebiani simsivnis gaCenis sawinaaRmdegod
[12-21].

COONa
Fe

feroceroni (8)

mravalricxovani gamokvlevebis miuxedavad, naerTebi, romelTa 
molekulebi erTdroulad Seicaven farmakoforuli adamantanis da 
ferocenis jgufebsa da d-metalebs, naklebadaa Seswavlili, Tumca 
aRniSnuli sistemebi saintereso da perspeqtiul obieqtebs unda 
warmoadgendnen specifikuri Tvisebebisa da axali, Tanamedrove moTxovnebis 
Sesabamisi, farTo speqtris farmakologiuri aqtiurobis mqone 
saSualebebis Ziebis procesSi.

samuSaos mizans warmoadgens:

 adamantanSemcveli zogierTi anilidisa da maTi nitronawarmebis 
sinTezi.

 adamantan-1-karbonmJavas hidrazidis da acetonis 1-adamantoil 
hidrazonis, aseve adamantanSemcveli nitroanilidebis da zogierTi 
d-metalis marilebis bazaze axali koordinaciuli naerTebis 
miznobrivi sinTezi; metalis bunebis da organuli ligandis 
aRnagobis gavlenis Sefaseba miRebuli koordinaciuli naerTebis 
Tvisebebze.

 adamantanSemcveli zogierTi nukleofilis sinTezi da maTi                 
α-ferocenilalkilirebis reaqciis Seswavla; eleqtronodonoruli 
da farmakoforuli ferocenisa da adamantanis radikalebis 
gavlenis Sefaseba miRebuli naerTebis reaqciisunarianobaze da 
specifikur biologiur aqtiurobaze.

 miRebuli adamantanis azotSemcveli nawarmebis bioaqtiuri
Tvisebebis Seswavla.

 dasinTezebuli bioaqtiuri naerTebis bazaze antibiokoroziuli 
damcavi safrebis (proteqtorebis) da konserverebis damzadeba.
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Tavi 1. literaturis mimoxilva

1.1. adamantanis rigis aminebi  da amidebi

adamantani aRmoCenil iqna CexoslovakiaSi 1933 wels navTobis    
Sedgenilobis Seswavlisas, xolo pirvelad misi sruli sinTezi 
ganxorcielda 1941 wels nobelis premiis laureatis v. prelogis mier.

gasuli saukunis 60-ian wlebSi 1-aminoadamantanis antivirusuli 
aqtiurobis gamovlenam safuZveli Cauyara adamantanis qimiis ganviTarebas
da mis bazaze axali samkurnalo preparatebis Ziebas. adamantani da misi 
nawarmebi mecnierebisa da teqnikis sxvadasxva sferoSi dRemde ipyroben 
mkvlevarTa yuradRebas, am mimarTulebiT wamyvani samecniero-kvleviTi 
centrebi muSaoben [3, 22, 23]. mniSvnelovnad izrdeba adamantanis bazaze 
miRebuli polimeruli masalebis, bioaqtiuri naerTebis, metal

kompleqsebSi adamantanSemcveli ligandebisa da nanomasalebis ricxvi
[24].

i. kovaliovis naSromSi aRwerilia 1-aminoadamantanis [4], aseve
modificirebuli preparatebis – remantadinis (2), dopamantinis (5), 
adamantoilpenicilinis (6) da sxvaTa biologiuri aqtiuroba, farmako-
logiuri da toqsikuri Tvisebebi, naCvenebia, rom 1-aminoadamantani viruss 
ar klavs da ar ewinaaRmdegeba ujredze mis adsorbcias, Tumca ujredSi 
mis SeRwevas uSlis xels. aRniSnulia, rom adamantanis birTvi zrdis prepa-
ratis ujredSi SeRwevadobas da virusze moqmedebs rnm da dnm-is doneze.
amasTanave, dadgenilia misi parkinsonis sawinaaRmdego aqtiuroba da 
aRniSnulia, rom  arsebiTi ukuCvenebebi ar gaaCnia. 

i. morozovisa da TanamSromlebis mimoxilviT naSromSi [25] detalurad
aris ganxiluli adamantanis nawarmebis farmakologiuri da toqsikuri 
Tvisebebi, aseve Seswavlilia maTi moqmedebis meqanizmi. naCvenebia, rom          
1-aminoadamantani wanaaRmdegobas avlens neiroleptikebis mimarT, aZlierebs 
insulinis sekrecias in vitro. membranotropuli unaris gamo, ujredis SigniT 
SeRwevis Semdeg igi moqmedebs dnm-ze, iwvevs virusis gadagvarebas da 
ukargavs mas gamravlebis unars, amasTanave xasiaTdeba imunotropuli 
moqmedebiT da dabali toqsikurobiT (LD50 = 750 mg/kg). aRniSnulia, rom 
adamantanis nawarmebis fsiqotropuli aqtiuroba ganisazRvreba aminis 
Semcveli Camnacvleblebis bunebiT, policiklur birTvSi maT mdebareobiTa
da aminojgufis fuZianobiT. Tanamedrove gamokvlevebiT aseve dadgenilia, 
rom adamantanSemcveli naerTebi moqmedeben centraluri nervuli sistemis 
neiromediatorul procesebze.

1-aminoadamantani miRebul iqna riteris reaqciiT 1-bromadamantanis 
urTierTqmedebiT acetonitrilTan konc. gogirdmJavas areSi [26]:

Br
CH3CN
H2SO4

NHCOCH3
H2O

NaOH NH2



                                                                           7

aseve 1-bromadamantanis aminebTan an SardovanasTan pirdapiri 
aminirebiT 180-2400C-ze gacxelebiT da acetamidoadamantanis mJava        
hidroliziT 1-aminoadamantans gamoyofen qlorhidratis saxiT [26]:

NHCOCH3 NH2
HCl

HCl.

  
f. stepanovisa da z. stoliarovis [27] mier Seswavlilia alifaturi 

da aromatuli rigis aminebis alkilirebis reaqciebi 1-bromadamantaniT. 
cximovani rigis pirvelad aminebTan reaqcia mimdinareobs 170-1800C-ze, xolo 
meorad aminebTan 200-2100C-ze. naCvenebia, rom aromatuli aminebis adamanti-
lireba mimdinareobs rogorc aminis jgufTan, ise benzolis birTvSi:

NHR

Br

+ H2N-R
t0

Br

+ H2N
t0

NH

+ NH

+

e. novoselovis da s. isaevis  mier [28], 1-aminoadamantanis alifaturi 
da aromatuli rigis aldehidebTan da ketonebTan urTierTqmedebiT           
miRebulia Sesabamisi Sifis fuZeebi toluolSi duRebiT dinisa daAstarkis 
xelsawyos gamoyenebiT.

aseve naCvenebia [29], rom 1-aminoadamantani adamantanonTan da acetil-
adamantanTan urTierTqmedebs mxolod dekalinSi duRilis pirobebSi 
BF3·O(C2H5)2-is Tanaobisas, rac SeiZleba aixsnas adamantanis radikalis 
sivrciTi faqtoriT:
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O

+
NH2

N

COCH3

+
NH2

C

CH3

N

naSromSi [30] aRwerilia 4-(1-adamantil)-1,2-diaminobenzolis sinTezi, 
romlis misaRebad sawyis reagents warmoadgens 1-(4-acetamidofenil)-
adamantani. cnobilia aRniSnuli naerTis sinTezis ramdenime meTodi [31]:

FeCl3
NO2+

HNO3 / H2SO4

H2 / Ni

Br

NH2

NHCOCH3 NHCOCH3Br

(CH3CO)2O

+
1450C

avtorebis mier [32] damuSavebulia 1-bromadamantanis acetanilidTan 
urTierTqmedebis reaqciis pirobebi, kerZod, acetanilidis 1-brom-
adamantaniT alkilirebis reaqciiT 750C-ze TuTiis qloridis Tanaobisas 
tetraqloreTanis an nitrobenzolis areSi, miiReba 1-(4-acetamidofenil)-
adamantani 80% gamosavlianobiT, romlis nitrireba Catarebulia 
manitrirebeli nareviT (58-60% HNO3 / H2SO4) yinulovani ZmarmJavas da 
ZmarmJava anhidridis Tanaobisas. miRebuli nitronaerTis SesapvniT 95%-ian 
eTanolSi miRebul iqna 1-(3-nitro-4-aminofenil)adamantani, romlis       
molekuluri wyalbadiT aRdgeniT renes Ni-is Tanaobisas mSral eTanolSi 
miiReba Sesabamisi diamini, romelic daJangvis Tavidan acilebis mizniT 
gadayvanil iqna dihidroqloridSi:
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HNO3 / H2SO4
Br + NHCOCH3

ZnCl2
NHCOCH3

NH2
. 2HCl

NO2

NHCOCH3

NO2

NH2

NH2

NHCOCH3

NH2

H2, Ni

g. danilenkosa da avtorebis mier [33] Catarebulia kvleva fenil-
adamantanebis rigSi cofis virusis sawinaaRmdego saSualebebis Ziebis
mizniT. aRsaniSnavia, rom 4-(1-adamantil)anilini cofis virusis          
damTrgunvelia, maSin rodesac anilini warmoadgens sisxlis Sxams.                 
4-(1-adamantil)fenilamoniumis   Tiocianati   miRebulia   4-(1-adamantil)-
anilinisagan: 

NH2
. HCl KSCN

NH2
. KSC

N

4-(1-adamantil)anilinis homologebi dasinTezebul iqna fenil-
adamantanisgan Semdegi sqemis mixedviT [33]:

COR

NH2
. HCl

CH R

sadac, R = CH3, C2H5, n-C3H7.

1-feniladamantan-3-karbonmJavas qloranhidridis eToqsimagniummalonis 
eTerTan kondensaciiT da Semdgomi mJava hidroliziT iReben 1-fenil-3-
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acetiladamantans, romlisganac leikartis reaqciiT miiReba 1-fenil-3-(1-
aminoeTil)adamantani: 

COOH

NH2
. HCl

Ph

COMe

Ph

CH

Ph

Me

naCvenebia [33], rom naerTebis aRniSnuli rigi cofis virusis mimarT 
ufro maRal aqtiurobas avlens 4-(1-adamantil)anilinis hidroqloridsa da 

γ-globulinTan SedarebiT.  
antivirusuli aqtiurobis Seswavlis mizniT aRniSnuli avtorebis mier 

[34] adamantan-1-karbonmJavas qloranhidridis gamoyenebiT dasinTezebulia 
N-Canacvlebuli amidebis rigi zogadi formuliT:

R

CH2CONHR/

sadac, R=4-O2NC6H4, R
/=Ph; R=4-NH2C6H4, R

/=Ph; R=4-O2NC6H4, R
/=CH3C6H4; 

              R=H, R/=4-CH3OC6H4. 

ganxilulia urTierTkavSiri adamantan-1-karbonmJavas nawarmebis  
struqturasa da maT biologiur aqtiurobas Soris.

i. popovisa da l. Smeliovas mier [35] adamantan-1-karbonmJavas 
urTierTqmedebiT tetraqlorsilanTan heptanSi gamoyofilia siliciumis 
anhidridi, romlis reaqciiT aromatul aminebTan 180-2000C-ze miRebulia
adamantan-1-karbonmJavas N-Canacvlebuli amidebi:

+COOH SiCl4 COO

4

Si
ArNH2

CONH R

sadac, R = alkili, O-alkili.
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ungreli mecnierebis mier [36] aRwerilia acilaminoadamantanebis             
miRebis sqemebi: aminoadamantanis urTierTqmedebiT qloranhidridebTan tri-
eTilaminis an natriumis hidrokarbonatis Tanaobisas, anhidridebTan 
piridinis Tanaobisas, uSualod karbonmJavasTan dicikloheqsilkarbo-
diimidis Tanaobisas, aseve 1-adamantilbromis amidebTan da nitrilebTan 
urTierTqmedebiT:

NHCORDCC

-H2O

CuSO4

HgO

NaHCO3

C5H5N

H2SO4konc.

NH2

NH2 +

+

+

+Br

Br + RCN

H2N-COR

RCOCl

(RCO)2O

R-COOH

tea

NH2 tea

sadac, R=CH3, Ad, AdCH2, C6H5, C6H4X   ( X=NO2, NH2, OCH2 ); tea _ trieTilamini.

d. lednikeris naSromSi aRwerilia [37, 38] hipobetalipoproteineimis  
agentebi zogadi formuliT:

O NR2

kerZod, N-meTilnawarmis 9 gaaqtivebul halogenidebTan alkilirebiT 
miRebulia mesamadi aminebi 10, 11. aminoeTeri 11 aRdgenil iqna 
aminospirtamde 12 winaswari gasufTavebis gareSe  im dros, rodesac 
gauqtivebeli halogenidebiT naerTis 9 alkilirebis mcdeloba uSedego 



                                                                           12

aRmoCnda; msgavs halogenidebTan Tanamde reaqciiT anionis 9 winaswari 
warmoqmna xels uwyobs sasurveli produqtebis 13 da 14 miRebas maRali 
gamosavlianobiT. naerTis 9 eTilformiatiT da Sesabamis mJavaTa qlor-
anhidridebiT acilirebis meSveobiT miRebulia nawarmebi 15-18, romelTa 
diboraniT aRdgeniT miiReba naerTebi 19-22:

O NHCH3

O N
CH3

CH2R

O N
CH3

(CH2)2R/

O N
CH3

COR//

10, R = C CH
11, R = CO2C2H5
12, R = CH2OH

(9)
13, R/ = c-NC4H8

14, R/ = CH2N(CH3)2

15, R//= H
16, R//= CH2C6H5

17, R//= CH2OC6H5
18, R//= (CH2)6CH3

O N
CH3

CH2R//

19, R//= H
20, R//= CH2C6H5

21, R//= CH2OC6H5
22, R//= (CH2)6CH3

v. ermoxinisa da p. puriginis mier [39] aRwerilia anilinis nawarmebidan 
sxvadasxva adamantanSemcveli amidis miznobrivi sinTezi Semdegi sqemis 
mixedviT:

R1

(CH2)nC Cl

O

+ RNH2

R1

(CH2)nC

O

NH R
toluoli

sadac, R=2-nitrofenili, 3-nitrofenili, 4-nitrofenili, 4-bromfenili,
       4-karboeToqsifenili, 4-acetilfenili; n=0; R1=H, Br; n=1, R1=H.

l. kasianisa da TanamSromlebis mier [40] dasinTezebul iqna 
adamantanis fragmentis Semcveli axali karboqsamidebisa da aminebis rigi
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adamantankarbonmJavas qloranhidridisa da adamantanSemcveli aminebisgan
kondensaciiT da miRebuli amidebis Semdgomi aRadgeniT. aRniSnuli poli-
aminebi perspeqtiulia centralur nervul sistemaze moqmedi samedicino 
preparatebis Sesaqmnelad:

O

PhN
H

O

N
H OH

OH

NH

N
H S

. HBr

NH2

O

N
H

S

NH . HBr

NH2

O

v. kovtunisa da v. plaxotnikis mimoxilviT naSromSi [11] farTod aris 
ganxiluli aminoadamantanebis biologiuri Tvisebebi, adamantan-1-karbon-
mJavebis gamoyenebiT samedicino preparatebisa da biologiurad aqtiuri 
naerTebis modifikaciis Sedegebi. naCvenebia, rom bioaqtiuri naerTebis 
molekulaSi (dialkilaminoalkanolebi, eTerebi, aminomJavebi, alkilaminebi, 
amidebi) adamantilis jgufis Seyvana iwvevs antivirusuli, antibaqteriuli, 
anthelminTuri, malariis, tuberkulozis, kibos sawinaaRmdego da a.S. 
aqtiurobis gamovlenas. amasTanave, dadgenilia, rom izrdeba sawyisi 
naerTebis aqtiuroba da moqmedebis xangrZlivoba, adamantanis birTvSi 
meTilis jgufebis arseboba aZlierebs molekulis lipofilobas, xolo 
polaruli Camnacvleblebi zrdian naerTebis wyalSi xsnadobas da xSir 
SemTxvevaSi amcireben maT toqsikurobas. gamoTqmulia mosazreba, rom 
bioaqtiuri naerTebis O-, S-, N-atomebis adamantan-1-karbonmJavebiT 
acilirebiT miiReba ufro Znelad hidrolizebadi nivTierebebi, romlebic
xasiaTdebian prolongirebuli fiziologiuri moqmedebiT. 
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1.2. biologiurad aqtiuri multiveqtoruli
    pirdapiri moqmedebis mqone polimeruli masalebi

mravali sinTezuri masala da polimeri ganicdis mikroorganizmebis 
zemoqmedebas, rac iwvevs produqtis dazianebas da xSir SemTxvevaSi          
biodestruqcias [41, 42]. polimerebze mikroorganizmebis zemoqmedeba          
xorcieldeba ori sxvadasxva procesiT: a) pirdapiri moqmedeba _ im         
polimerebis maxasiaTeblebis gauareseba da degradacia, romlebic mikro-
organizmebis zrdis bunebriv ares warmoadgenen; b) arapirdapiri moqmedeba 
_ mikroorganizmebis metabolizmis produqtebis gavlena. polimerebze 
mikroorganizmebis moqmedebis Sefasebis Semdegi kriteriumebi arsebobs:       
1) biodestruqcia _ mikroorganizmebis moqmedebis Sedegad masalebis         
qimiuri an fizikuri Tvisebebis gauareseba; 2) fungistatikuri efeqti _       
masalebis sokos mimarT mdgradoba (an antimikrobuli qceva); 3) 
biodegradacia _ garemo pirobebSi mikroorganizmebis Tanaobisas 
polimeruli masalebis biologiuri Tvisebebis gauareseba, rac xels       
uwyobs mikroorganizmebis zrdas.

Sesabamisi saerTaSoriso organizaciebis statistikuri monacemebis 
Tanaxmad, romelSic biodazianebuli masalis yvela tipia ganxiluli, 
ekologiuri kontrolis pirobebSi zaralis didi nawili miyenebulia
miceliumis obis sokos mustiness-cultivated mier [43, 44]. cnobilia 500-ze meti 
obis sokos aseTi saxeoba [45]. polimeruli masalebis biodestruqcia       
mrewvelobis mraval sferoze axdens gavlenas. sinTezuri da bunebrivi 
polimeruli masalebis biodestruqciiT gamowveuli danakargis masStabebi 
Zalian didia da yovelwliurad miliardobiT dolars Seadgens. 

polimeruli masalebis biokoroziuli procesebi sakmarisad ar aris 
Seswavlili, rac misi yvela stadiis regulirebasa da kontrols 
SesaZlebels gaxdida. aseve ar aris dadgenili polimerebze maTi 
moqmedebis meqanizmi. polimerebSi aRmoCenili mikrodestruqtorebis 
cnobil 360 saxeobas Soris gansazRvruli pirobebisaTvis tipuria 32
saxeoba, maT Soris _ Aspergillus da Penicillium. isini aseve warmoadgenen sakvebi 
produqtebis da sxvadasxva samrewvelo masalebis dazianebis wyaros da 
SemdgomSi adamianze maTi gavlenis gamo miekuTvnebian potenciurad saSiS 
jgufs [46-48].

sxvadasxva masalebis zedapirze mikroorganizmebis zrdam da         
dasaxlebam garemoSi SesaZloa gamoiwvios epidemiologiurad saSiSi          
mdgomareoba, rac ganapirobebs mikroorganizmebis farTomasStabian 
gavrcelebas da gansakuTrebul ekologiur safrTxes qmnis daxurul 
sivrceSi, mag., kosmosur sadgurebSi adamianis xangrZlivad yofnisas [49-54]. 

zemoaRniSnulidan gamomdinare, aqtualuria bunebrivi da sinTezuri 
masalebis mikroorganizmebis moqmedebisagan dacvis axali, ufro efeqturi 
da xelmisawvdomi, bioaqtiuri Tvisebebis mqone axali polimeruli damcavi 
safrebis Seqmna: 1) mrewvelobis sxvadasxva sferoSi masalaTa biologiuri 
rRvevisa da arakontrolirebadi biodegradaciisagan dasacavad. 2) im 
mikroorganizmebis zrdis inhibirebis mizniT, romlebic adamianebsa da 
cxovelebSi anTebiT daavadebaTa gamomwvev faqtorebs warmoadgenen.              
3) mikroorganizmebisagan gamowveul adamianTa daavadebaTa profilaqtikisa
da mkurnalobisTvis [55-57]. 
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-(CH2)6-NH-C-O-[-(CH2)4-O)-]n -C-NH-(CH2)6-
O O

antibiokoroziuli damcavi safari or komponents Seicavs:           
biologiurad aqtiur nivTierebas da polimerul matricas, romelSic 
Canergilia bioaqtiuri naerTi. zogierTi polifunqciuri heterojaWvuri 
organuli polimeri, rogoricaa poliureTanuli elastomerebi, poli-
ureTanuli ionomerebi da a.S. warmatebiT gamoiyeneba antibiokoroziuli 
damcavi safrebis matricebad. am mizniT gamoiyenebian agreTve:

 ganStoebuli struqturis mqone poliureTanuli elastomerebi:

              [-OCHN-R-NHCOO-R1-OCONH-R-NCO-]- NHN(CH3)2

                                   
                                       CONH-R-NHCOO-R1-OCONH-R-NHCO-]n-,

  sadac,  R aris diizocianatis naSTi,  R1 – oligoeTeruli naSTi.
 xazovani struqturis mqone poliureTanuli elastomerebi:

             [-R4-OCHN-R-NHCOO-R1-OCONH-R-NHCO-]n-(R3),

  sadac, R – diizocianatis naSTi,  R1 – oligoeTeruli naSTi.
R3 = Н  an  monofunqciuri nivTiereba, R4 – grZeljaWviani radikali.

 wyalSi dispergirebadi poliureTanuli hidrofiluri ionomerebi:

-[-R4-CONH-R-NHCOO-R1-OCONH-(R2-R5-R2)-OCNH-R-NHCO-]n-,

sadac, R2 – aromaturi (alifaturi) hidrazinis nawarmebi, 
R4 - grZeljaWviani radikali, R5 –  aromatuli ionogenuri jgufi.

 wyalSi dispergirebadi ionomeruli poliureTan-akrilatebi:

+

_

_
+

O O O CH3 O

CH2=CR2-C-O-(CH2)2-O-C-NH-R1
-NH-C-O-CH2-C-CH2-O-C-NH-R1-NH

COO

O

-C-NH-CH2-COO

A

A

sadac, R1:                                                                                           ,
                            

R2: H, CH3; A
+ = K+ an NH(C2H5)3

+.

  karbofunqciuri siloqsanebi da sxva polifunqciuri heterojaWvuri
polimerebi [58-62].

bioaqtiur komponentebad gamoiyeneba sxvadasxva aRnagobis azot- da
gogirdSemcveli heterocikluri naerTebi, metalorganuli kompleqs-
naerTebi da sxva.



                                                                           16

1.3. d-metalTa koordinaciuli naerTebi karbonmJavaTa
hidrazidebTan da hidrazonebTan

ukanaskneli aTwleulebis manZilze intensiurad viTardeba 
hidrazidebTan da hidrazonebTan metalTa koordinaciuli naerTebis qimia, 
rac ganpirobebulia kompleqswarmomqmnel metalTa ionebisa da organuli 
ligandis molekulebis saintereso kompleqsoqimiuri da biologiuri 
TvisebebiT. gansakuTrebiT aqtualuria d-metalSemcveli koordinaciuli 
naerTebis kvleva, radgan maTi umravlesoba xasiaTdeba rogorc 
samkurnalo, ise sadezinfeqcio TvisebebiT [19, 21, 63, 64].

metalTa koordinaciuli naerTebi pirvelad hidrazidebTan [Cu(AH)2SO4, 
Ni(AH)3SO4 sadac, AH = H3C−CONHNH2] jer kidev 1936 wels miiRo iensenma [65]. 

stepan j. Cundakisa da avtorebis mier [66] Co(II), Ni(II) da Cu(II)-is 
marilebis eTanol-wyalxsnarebTan kaprinis mJavas hidrazidis eTanol-
xsnaris urTierTqmedebiT miRebulia paramagnituri bis- da tri(ligandur) 
xelaturi kompleqsebi. naCvenebia, rom tri(ligandur) kompleqsebs 
[ML3]X2·nH2O [M=Co(II), Ni(II); X=NO3

-, ClO4
-, ½  SO4

2-] aqvT oqtaedruli struqtura, 
romelic warmoiqmneba bidentanturad (NO) sami neitraluri hidrazidis 
molekulis koordanaciis meSveobiT. di(ligandur) kompleqsebSi CuL2X2·nH2O 
(X=NO3

-, ClO4
-, ½  SO4

2-) koordinaciaSi monawileobas iReben anionebic. 
avtorebis mier [67] aRwerilia herbiciduli Tvisebebis mqone 2,4-di-

qlorfenoqsiZmarmJavasa (23) da α-(2-meTil-4-qlorfenoqsi)propionmJavas N,N-
dimeTilhidrazidebis metalkompleqsebi. naCvenebia, rom aRniSnuli
hidrazidebi metalTa marilebTan kompleqsebs warmoqmnian mxolod 
ligandis neitraluri amidis formiT (24), romlebic xasiaTdebian sakmaod 
dabali mdgradobiT donorul azotis atomTan meTilis jgufis steriuli 
faqtoris gamo. hidrazidebis deprotonirebuli imido formiT (25) mdgradi 
kompleqsebis miRebis mcdeloba sareaqcio xsnaris pH-is gazrdis meSveobiT, 
rogorc wesi, iwvevs metalTa marilebis hidrolizs.

C O

NH NR2

MXn

R

(23)

R=H, Alk; X=Hal-, NO3
-, NCS-.

C O

N NR2

M
R

(25)

O2N C
O

NH N(CH3)2

(24)

cnobilia, rom hidrazidebis mravalgvari naerTebis warmoqmnis unari
mraval faqtorzea damokidebuli. mniSvnelovan rols TamaSobs organuli 
radikalis buneba. kerZod, aRniSnulia, rom [67] Zlieri uaryofiTi 
induqciuri efeqtis mqone organuli radikalebi hidrazidis molekulaSi 
iwveven eleqtronuli simkvrivis gadanacvlebas:
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C

O

N NH2R

H

a

b
c

Sedegad, xdeba NH jgufis moZravi wyalbadis ionizacia, rac 
aucilebelia Sigamolekuluri tautomeruli gardaqmnisaTvis.

miRebulia spilenZis, TuTiis, kadmiumis, kobaltisa da nikelis           
sulfatebis koordinaciuli naerTebi TiofenkarbonmJavis hidrazidTan [68]. 
kompleqsebisa da organuli ligandis STanTqmis infrawiTeli speqtrebis
analizis safuZvelze dadgenilia, rom hidrazidis molekulebi asruleben
ciklur-bidentantur funqcias:

S

C O

NH N

H

M

H

kompleqsebis Sedgenilobisa da Tvisebebis, aseve iw speqtrebis
monacemebis safuZvelze dadgenilia, rom naerTebs M(GTC)3SO4·nH2O 
[GTC=C8H9SCONHNH2, M=Co, Ni, n=0-3) aqvT oqtaedruli aRnagoba.

literaturuli wyaroebidan [69] cnobilia, rom aminomJavebis bazaze 
miRebuli hidrazidebi da hidrazonebi xasiaTdebian antimikrobuli 
aqtiurobiT sxvadasxva baqteriebis Mycobacterium tuberculosis, Escherichia coli,
Bacillus subtili, aseve sokosa da safuari baqteriebis mimarT. amasTanave 
cnobilia, rom msgavsi struqturis naerTebSi metalis SemcvelobiT xdeba 
naerTis farmakologiuri da toqsikuri Tvisebebis modificireba.

Serin n. xatabis [69] mier aRwerilia N-Boc-aminomJava-(N/-benzoil)- da N-
Boc-aminomJava-(N/-nikotinoil) hidrazidebis sinTezis meTodebi N-[(dimeTil-
amino)-1H-1,2,3-triazolo[4,5-b]-piridin-1-ilmeTilen]-N-meTil-eTanaminium heqsa-
fluorofosfatis N-oqsidis (HATU) gamoyenebiT:

X

O

OH 1) CH3OH, H2SO4

2) NH2-NH2, C2H5OH
X

O

NH

NH2

HATU
Et3N
DMF

Boc-NH

O

OH

R
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sadac, X=CH, N; R= CH(CH3)2, CH2-CH2-COOBn,
CH2-CH(CH3)2, CH2-Ph, CH2-[(4-OBn)C6H4.

X

O

NH

HN O

R NHBoc

HCl

X

O

NH

HN O

R NH2 HCl.

maT bazaze dasinTezebulia spilenZisa da kadmiumis Sesabamisi
kompleqsnaerTebi [Cu(NO3)2 da Cd(CH3COO)2 marilebis gamoyenebiT, moluri 
Tanafardoba M:L=1:1]; Seswavlilia sawyisi hidrazidebisa da miRebuli
kompleqsnaerTebis antimikrobuli aqtiuroba zogierTi baqteriis mimarT
ampicilinTan SedarebiT. naCvenebia, rom sakvlevi naerTebi ufro maRali 
aqtiurobiT xasiaTdebian S. aureus da E. coli baqteriebis mimarT. sawyisi 
hidrazidebi ufro efeqturebi arian E. coli-is mimarT Sesabamis kompleqs-
naerTebTan SedarebiT. Cu(II) da Cd(II)-is kompleqsnaerTebi ampicilinTan 
SedarebiT ufro maRal (~>50%) aqtiurobas avlenen S. aureus-s mimarT.

avtorebis mier [20] dasinTezebulia p-meToqsi- da p-hidroqsibenzois 
mJavas hidrazidebis bazaze Cu(II) da Ni(II)-is koordinaciuli naerTebi:

CH3O CONHNH22 + MX2. xH2O M CH3O CONHNH2
2
X2 + H2O

HO CONHNH22 + MX2 . xH2O M CONHNH2
2
X2 + H2OHO

sadac, X=Cl-, NO3
-, CH3COO-, 1/2 SO4

2-; M=Cu, Ni.

Seswavlilia maTi baqtericiduli da fungiciduri aqtiuroba 12 
mikroorganizmis mimarT: Yersinia sp., Klebsilla sp., Saccharomyces cerevisae, Candida 
albicans, Rhodosporium sp., Proteus vulgaris, Staphylococcus aureus, E. coli. dadgenilia, 
rom kompleqswarmoqmniT izrdeba miRebuli naerTebis biologiuri 
aqtiurobis speqtri. Cu(II)-is Sesabamisi kompleqsebi ufro metad avlenen  
antibaqteriul Tvisebebs in vitro, vidre Ni(II) kompleqsnaerTebi. mikro-
organizmebi: Rhodosporium sp., Saccharomyces cerevisae da Candida sp. araaqtiurebi 
arian Cu(II)-is kompleqsnaerTebis mimarT. isini aqtiurobas avlenen mxolod 
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nikelis erTi kompleqsis SemTxvevaSi; xolo mikroorganizmebi: E. coli da P. 
vulgaris araaqtiurebi arian Ni(II)-is kompleqsnaerTebis mimarT.

v. Sulginisa mier TanaavtorebTan erTad [70] miRebuli da 
Seswavlilia TuTiis nitratis koordinaciuli naerTebi 2,4-diqlorfenoqsi-
ZmarmJavas (HA), 2-meTil-4-qlorfenoqsiZmarmJavasa (HB) da γ-(2,4-diqlor-
fenoqsi)erbos mJavas (HC) hidrazidebTan: Zn(NO3)2·3HA·H2O, Zn(NO3)2·3HB da 
Zn(NO3)2·3HC·H2O. infrawiTeli speqtroskopiuli da Termogravimetriuli 
meTodebiT dadgenilia maTi Sedgeniloba. naCvenebia, rom miRebuli
koordinaciuli naerTebis iw speqtrebSi SenarCunebulia sawyisi 
ligandebis naxSirwyalbaduri radikalebisaTvis damaxasiaTebeli 
STanTqmis zolebi, xolo NH2-jgufis STanTqmis viwro zoli farTovdeba 
da gadaweulia grZeltalRiani ubnisaken, faravs ra kristalhidratebSi 
arsebuli wylis STanTqmis zolebs. ucvlelia karbonilis jgufis 
maxasiaTebeli STanTqma, xolo ν3(NO3

-) jgufis STanTqmis zolis mdebareoba 
ionuri nitratebis STanTqmis Sesabamisia. struqturis dadgenis mizniT 
Catarebulia aseve TuTiis nitratis 2,4-diqlorfenoqsiZmarmJavas (HA) 
hidrazidTan kompleqsnaerTis rentgenostruqturuli kvleva. dadgenilia, 
rom naerTi Sedgeba kompleqsuri kaTionis [ZnL3·H2O]2+ da nitrat-
anionebisagan, romlebic sistemas wyalbaduri bmebiT ukavSirdebian. TuTiis 
koordinaciul poliedrs daZabuli oqtaedris geormetria aqvs da Seicavs 
or hidrazidul ligands, romelic centralur atomTan xelaturad aris 
dakavSirebuli aminojgufis azotisa da karbonilis jgufis Jangbadatomis 
meSveobiT. naCvenebia, rom molekulis mexuTe koordinaciuli ricxvi 
dakavebulia wylis molekuliT, xolo meeqvse _ monodentanturi 
hidraziduli ligandis aminojgufis azotis atomiT. hidrazidebisaTvis 
uCveulo koordinaciis wesi avtorebis mier axsnilia paralelurad 
ganlagebuli (3.67Å-iT daSorebuli) ligandis or benzolis birTvs Soris 
π-π urTierTqmedebis xarjze stabilizaciiT. amasTanave aRniSnulia, rom 
TuTiis nitratis HB da HC hidrazidebTan kompleqsnaerTebs gaaCniaT sami 
bidentanturi hidraziduli ligandis mqone monomeruli oqtaedruli 
struqtura.  

avtorebis [71, 72] mier Seswavlilia pirvelad hidrazidebTan         
zogierTi d-metalis kompleqswarmoqmnis reaqciebi acetonis areSi,         
gamoyofilia Sesabamisi naerTebi kristalur mdgomareobaSi, dadgenilia 
maTi Sedgeniloba da fizikuri maxasiaTeblebi. naCvenebia, rom pirvel
etapze mimdinareobs karbonmJavaTa hidrazidebTan acetonis acilhidra-
zonis warmoqmna:

- H2O
R

O

NH2
+

NH
C CO

CH3

CH3

R
O

NNH
C

C
CH3

CH3

romelic Semdgom d-metalTa marilebTan Sedis kompleqswarmoqmnis 
reaqciaSi:

n RCONHNC(CH3)2+MX2 M[RCONHNC(CH3)2]nX2 ,

sadac, M=Zn, Cd, Co, Ni; X=Cl-, NO3
-, SO4

2-, NCS- .
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dasinTezebuli da Seswavlilia [73] zogierTi d-metalis 
koordinaciuli naerTi hidrazidebsa da salicilis aldehidis cianacetil-
da fenilacetilhidrazonebTan CuLX2·nH2O, NiLX2·nH2O, ML2X2·nH2O, sadac
M=Co, Ni; L=NCCH2C6H4CONHNC(H)C6H4OH an C6H5CH2CONHNC(H)C6H4OH, X=Cl-, 
NO3

-, ½ SO4
2-. naCvenebia, rom acilhidrazonebis molekulebi koordinirebulia 

amidur tautomerul formaSi, asruleben tridentantur-cikluri 
ligandebis funqcias da warmoqmnian metalociklebs:

NH N

H

H

C

O

R

M O

C

kompleqsebSi CuLX2·nH2O, ML2X2·nH2O (M=Co, Ni) Cl-, NO3
-, ½  SO4

2- jgufebi 
imyofebian Siga sferoSi. naerTebs CuLX2·nH2O, rogorc Cans, aqvs brtyeli 
aRnagoba, romelSic spilenZis atomis meoTxe koordinaciuli ricxvi 
dakavebulia wylis molekuliT. kobaltisa da nikelis naerTebs ML2X2·nH2O
aqvT oqtaedruli aRnagoba.

spilenZis da nikelis qloridebis wyalxsnarebTan salicilis        
aldehidis cianacetil- da fenilacetilhidrazonis spirtxsnarebis 
urTierTqmedebiT sust mJava areSi miRebulia naerTebi: M(L-2H) ∙ mH2O,     
{M = Cu, Ni; L = 2H = NCCH2CONN(H)C6H4O an C6H5CH2CON-NC(H)C6H4O;  m = 1,2,3}.
aRniSnul naerTebSi salicilis aldehidis cianacetil- da fenilacetil-
hidrazonis molekulebi koordinirebulia deprotonirebul  imidoalkoho-
lur formaSi [74, 75].

a. bulanovis mier TanaavtorebTan erTad [76] aRwerilia axali,  
spiropiranis fragmentis Semcveli hidrazonebis bazaze orbirTviani  
spilenZis(II) [Cu2L2] kompleqsnaerTebis sinTezi (26), Seswavlilia maTi 
magnetoqimiuri Tvisebebi, dadgenilia struqtura:

O

O N

O

CH3

O

N

N

R/

O

Cu O

Cu

O
N

N

R/

O

ON

O

CH3

(26)
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1.3.1. karbonmJavaTa hidrazidebis tautomeria da kompleqswarmoqmna

karbonmJavaTa hidrazidebisTvis damaxasiaTebeli tautomeruli 
gardaqmnebi SeiZleba Semdegi sqemiT gamoisaxos:

R C

O

NH NH2 R C

OH

N NH2

pirveladi hidrazidebi

R C

O

NH NH C

O

R R C

O

NH N C

OH

R

R C

OH

N N C

OH

R

meoradi hidrazidebi

kristaluri da molekuluri struqturis Sesaxeb arsebuli lite-
raturuli monacemebis mixedviT [78, 79], karbonmJavaTa hidrazidebi 
kristalur mdgomareobaSi amidur tautomerul formaSi imyofebian:

R C

O

NH NH C

O

RR C

O

NH NH2

avtorebis mier [80], romlebmac pirvelad miiRes kompleqsi         
[Cu(p-NBH)ClH2O], sadac p-NBH = p-O2NC6H4CONNH2, gamoTqmulia mosazreba, rom 
spilenZis(II) kompleqsis Siga sferoSi imyofeba p-nitrobenzoilhidrazinis         
deprotonirebuli molekula:

C O

N NH2

p-O2NC6H4
Cu

Cl

OH2

naCvenebia [81], rom benzoilhidrazinis eTanol-wyalxsnarebisa da 
metalTa martivi marilebis urTierTqmedebisas neitralur an sustmJava 
areSi warmoiqmneba kompleqsi [Co(BH)3]Cl2∙2H2O, xolo sust tute areSi        
(pH ≈ 9) _ [Co(BH−H)3], sadac BH = C6H5CONHNH2, BH−H = C6H5CONNH2. naCvenebia, 
rom kompleqsSi [Co(BH−H)3] namdvilad arsebobs benzoilhidrazinis       
deprotonirebuli molekulebi.

SemdgomSi [82] miRebul iqna aromatul mJavaTa hidrazidebTan               
metalebis kompleqsebi Cu(II), Zn, Cd, Mn(II), Fe(II), Co(II), Ni, Pt(II) metalebisaTvis 
benzoic mJavas o-, m-, p-izomerebTan, nitrobenzois, oqsibenzois, meToqsi-
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benzois, brombenzois mJavaTa pirvelad hidrazidebTan, romlebSic        
realizdeba ori tipis metalociklebi:

R C O

N NH2

M1/n
H

(I)

R C O

N NH2

M1/n

(II)

R=C6H5, O2NC6H4, HOC6H4, H3COC6H4, BrC6H4.

n = 2 an 3.

gamonakliss warmoadgens Pt(II)-is kompleqsebi, romlebSic hid-
razidebis amiduri forma Pt(II) atoms ukavSirdeba mxolod pirveladi 
aminojgufis azotis atomis meSveobiT. rac Seexeba sust tute areSi 
miRebul Pt(II) kompleqsebs, maTSi realizdeba aseve II tipis metalociklebi.

am ori tipis metalociklebis arseboba dadasturebul iqna Sesabamisi 
kompleqsebis infrawiTeli speqtrebis da rentgenoeleqtronuli analizis 
monacemebis safuZvelze [82]. 

eqsperimentulad dadgenil iqna [83], rom alifaturi mJavebis                
pirveladi hidrazidebi, aromatuli mJavebis hidrazidebisagan  gansxvavebiT, 
metalTa kompleqsebs iZlevian mxolod amidur tautomerul formaSi, 
romlebSic realizdeba I tipis metalociklebi. amasTan, Seswavlil iqna
hidrazidebis didi raodenoba: HCONHNH2, H3CCONHNH2, H3C(CH2)nCONHNH2        

(n=1-8). Sesabamisad, dadgenil iqna, rom kompleqswarmoqmnis dros sareaqcio 
ares garda ZiriTad rols TamaSobs hidrazidis molekulaSi  organuli 
radikalis buneba (R-CONHNH2).

am mosazrebis dasadastureblad [82] Seswavlil iqna cianacetil-
hidraziniT da fenilacetilhidraziniT metalTa kompleqswarmoqmna. 
aRmoCnda, rom alifaturi mJavebis hidrazidebisgan gansxvavebiT, sareaqcio 
ares pH-gan damokidebulebiT cianacetil- da fenilacetilhidrazinis 
molekulebi kompleqsebis Siga sferoSi SeiZleba Sevidnen ori sxvadasxva 
tautomeruli formiT, e.i. SeuZliaT warmoqmnan zemoaRniSnuli ori tipis 
metalociklebi:

R C O

N NH2

M1/n
H

R C O

N NH2

M1/n

sadac, R=NCCH2 an C6H5CH2; n = 2 an 3.

amgvarad, eqsperimentulad dadasturebul iqna [82], rom tautomeruli 
gardaqmnebis da hidraziduli ligandebis metalTa kompleqsebis Siga 
sferoSi Sesvlis ganmsazRvrel faqtorebs warmoadgens sareaqcio are da 
organuli radikalis buneba. maSasadame, tautomeruli gardaqmnebi 
damaxasiaTebelia aromatuli mJavebis hidrazidebisTvis, aseve, cianacetil-
da fenilacetilhidrazidisaTvisac:
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R C

OH

NR C

O

NH NH2 NH2

sadac, R = C6H5, HOC6H4, O2NC6H4, H3COC6H4, BrC6H4; NCCH2, C6H5CH2.

aseT triadul prototropul tautomerias SeiZleba ewodos keto-
enoluri, magram vinaidan migrirebuli protoni imyofeba ara naxSirbadis, 
aramed azotis atomTan, literaturaSi mas xSirad amido-imidolur an 
imidoalkoholur tautomerias uwodeben. 

cnobilia, rom prototropuli tautomeruli gardaqmnebi katalizdeba 
rogorc mJavebiT, ise fuZeebiT, amitom gasakviri ar aris, rom hidrazidebis 
aseTi gardaqmnebi sust tute xsnarebSi xorcieldeba. Catarebulma        
gamokvlevebma aCvena, rom xsnarebSi hidrazidebis amidur tautomeruli 
formidan imidolur formaSi gadasasvlelad, da Sedegad, kompleqsebis 
Siga sferoSi Sesasvlelad saWiroa xsnarebSi fuZe bunebis reagentebis 
Tanaoba (magaliTad, amiaki, eTilendiamini, natriumis hidroqsidi).

Catarebulma gamokvlevebma aCvena, rom alifaturi mJavebis pirveladi 
hidrazidebi kompleqswarmoqmnis reaqciaSi Sedian mxolod amidur       
tautomerul formaSi. alkiluri radikalebis dadebiTi induqciuri
efeqtis gaTvaliswinebiT alifaturi mJavebis hidrazidebis molekulebSi 
eleqtronuli simkvrivis gadanawileba savaraudod mimdinareobs Semdegi 
sqemis mixedviT:

R C

O

N

H

NH2,
g

b

a

R=CH3, H3C(CH2)n, n=1-8.

amgvarad, metalTa hidrazidokompleqsebis STanTqmis infrawiTeli
speqtrebis, kombinaciuri gabnevis lazeruli speqtrebis, alifaturi da 
aromatuli hidrazidebis da maTi deiteronawarmebis (or tautomerul 
formaSi) koordinirebuli molekulebis rentgenoeleqtronuli speqtrebis 
da metalTa hidrazidokompleqsebis rentgenostruqturuli gamokvlevebis 
safuZvelze [82] dadasturebuli da dadgenil iqna organuli ligandebis 
kompleqsoqimiuri qceva.
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1.4. α-ferocenilalkilireba

ferocenebi gardamavali metalebis π-kompleqsebis saintereso 
warmomadgenlebs miekuTvnebian da mniSvnelovan rols asruleben 
Tanamedrove metalorganul qimiaSi [14, 84-89]. 

did interess iwvevs α-ferocenilkarbkationebis monawileobiT 
mimdinare reaqciebi, romelTa maRali mdgradoba ganpirobebulia kationuri 
centris α-mdgomareobaSi eleqtronodonoruli ferocenilis fragmentis 
arsebobiT [90]. α-ferocenilalkilirebis reaqciaTa meSveobiT SesaZlebelia 
sxvadasxva α-ferocenilalkilis Semcveli naerTis miReba, maT Soris iseTi 
naerTebis, romelTa sinTezic sxva meTodebiT SeuZlebelia.

α-ferocenilalkilirebis reaqciisTvis ufro Sesaferis da mraval-
ferovan ferocenSemcvel reagentebs warmoadgenen α-hidroqsialkilfero-
cenebi. maTze mineraluri an Zlieri karbonmJavebis moqmedebiT advilad 
warmoiqmneba Sesabamisi ferocenilkarbkationebi, romlebic Semdeg nukleo-
filebTan urTierTqmedeben [87, 90]. 

1.4.1. α-hidroqsialkilferocenebi α-ferocenilalkilirebis reaqciebSi,
N-alkilireba

N-α-ferocenilalkilirebis erT-erTi pirveli reaqciis magaliTs 
warmoadgens ferocenilalkilazidis sinTezi 1-ferocenil-1-fenil-         
meTanolisa da HN3 urTierTqmedebiT benzolis areSi triqlorZmarmJavas 
Tanaobisas:

CH(R)OH
Cl3CCOOH

CH(R)N3

-H2O
HN3+Fe Fe

        
SemdgomSi aRniSnuli reaqcia farTod gavrcelda azotSemcvel 

nukleofilebze. ase, magaliTad, anilinis da α-ferocenilmeTanolis 
nawarmebis wyalxsnarebSi urTierTqmedebiT N-ferocenilalkilirebis
produqtebi dabali gamosavlianobiT miiReba [90]. aseT pirobebSi 
benzilamini da piperidini ar aRmoCndnen reaqciisunarianni, rac aixsneba am 
ukanasknelis maRali fuZianobiT anilinTan SedarebiT:
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Fe
-H2O

CH2OH CHNHPh
H2NPh

R R

Fe

sadac, R = H, I, CH2 NHPh.

eqvimoluri raodenoba ferocenilmeTanolisa da anilinis 1300C-ze 
gacxelebiT ZmarmJavas areSi miiReba aromatul birTvSi C-ferocenil-
meTilirebuli produqti, rac aixsneba maRal temperaturaze aromatul 
birTvSi azotis atomidan ferocenilmeTilis jgufis migraciiT [91]:

      

-H2O
Fe

CH2OH NH2
+

Fe

CH2 +NH2

Fe

CH2

NH2

marTlac, eqsperimentulad dadgenil iqna, rom 1300C-mde gacxelebisas
mimdinareobs N-ferocenilmeTilanilinis gadajgufeba zemoaRniSnuli                                                           
C-alkilirebis produqtebis _ orTo- da para-izomerebis warmoqmniT 
TanafardobiT 1 : 6 : 1. Tumca imave pirobebSi reagentebis _ spirti / anilini 
2 : 1 moluri TanafardobiT urTierTqmedebisas warmoiqmneba mxolod di- da 
mono-N-ferocenilmeTilirebis _ PhN(CH2Fc)2 da PhNHCH2Fc produqtebi [91].

alifaturi aminebis SemTxvevaSi reaqcia maRali gamosavlianobiT (97%) 
mimdinareobs ZmarmJavas Tanaobisas pH ~ 5.2-4.9 pirobebSi, xolo aromatuli 
aminebis dros _ wyali/meTanolis areSi pH ~ 7.9-9.7 pirobebSi 70-95%   
gamosavlianobiT [92]: 
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CH2OH + H2NR

sadac, R = Bu, CH2Ph, Ph,

Fe

C
H2
N
H
R

Fe

,

  
SemuSavebulia α-hidroqsialkilferocenebis aminebSi gardaqmnis 

meTodi hidroqsilis jgufis Canacvlebis gziT, dimeTilaminis an tetra-

meTildiaminomeTanis moqmedebiT ZmarmJavas an kompleqsis _ (CH3)2NH·AlCl3-is 
Tanaobisas meTilenqloridSi [93]:

+ (CH3)2NH
AlCl3

CH2Cl2

CH(R)OH CH(R)N
(CH3)2

Fe Fe

aRsaniSnavia, rom warmoqmnili aminebi (R = CH3, C2H5) ZmarmJavaSi     
gacxelebiT ixliCebian vinilferocenis warmoqmniT, romlebic reaqciis 
pirobebSi advilad ganicdian polimerizacias. 

α-hidroqsieTilferocenis urTierTqmedebiT benzolis areSi airad 
HBr-Tan da Semdeg aminebTan dasinTezebulia Sesabamisi α-aminoeTil-
ferocenebi 60-85% gamosavlianobiT [94]:

CH(Me)OH + HNR2 2.HNR2

1.HBr

sadac, R = Me, Pr,

Fe

CHMeNR2

Fe

amiakTan reaqciis dros miiReba mono-, bis- da tri-α-ferocenil-
eTilaminebis narevi.

analogiur pirobebSi 1,1-bis-(α-hidroqsi-β-fenileTil)ferocenis Warb 
R2NH-Tan urTierTqmedebiT miiReba 1,1/-bis(α-hidroqsi-β-fenileTil)-
ferocenisa (gamosavlianoba 50-70%) da 1-(α-hidroqsi-β-fenileTil)-1-(α-amino-
β-fenileTil)ferocenis narevi (gamosavlianoba 15-30%) [95]:
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2.HNR2

1.HBr

CH(OH)CH2Ph CHCH2Ph

CH(OH)CH2Ph

NR2
NR2

NR2

CH(OH)CH2Ph

CHCH2Ph

CHCH2Ph

+Fe Fe Fe

    
sadac, R = CH3, C2H5.

aRsaniSnavia, rom 1,1/-bis(α-hidroqsieTil)ferocenis HBr-Tan da Semdeg 
dimeTilaminTan reaqciis dros miiReba produqtTa narevi: 1,1/-bis(α-dimeTil-
aminoeTil)feroceni, 1-(α-dimeTilaminoeTil)-1-vinilferoceni da 1,1/-divi-
nilferoceni Sesabamisad 35%, 45% da 15% gamosavlianobiT.

N-α-ferocenilalkilirebis reaqciaSi aminebis garda agreTve advilad 
Sedian azotSemcveli heterocikluri naerTebi [96, 97].

1.4.2.  N-α-ferocenilalkilirebis reaqciebi orfazian sistemebSi

α-hidroqsialkilferocenebis reaqciebi sxvadasxva nukleofilur 
naerTebTan mimdinareobs orfazian sistemebSi: siTxe-siTxe (A) da siTxe-
myari faza (B) [98, 99]. A-sistemaSi eqvimolekulur raodenoba α-hidroqsi-
alkilferocenebsa da nukleofilur substratebs Soris reaqcia 
mimdinareobs oTaxis temperaturaze, intensiuri morevis pirobebSi 
orfazian sistemaSi  _ organuli gamxsneli (CH2Cl2, C2H4Cl2, CHCl3, CCl4, benzo-
li) da mJavas HX (X=BF4

-, ClO4
-, I-) wyalxsnari (45-70%). aseT pirobebSi reaqcia 

mimdinareobs ori fazis gamyof zedapirze – organuli faza, romelSic 
imyofeba hidrofoburi ferocenSemcveli naerTi da wyali, sadac imyofeba 
HX da/an wyalSi xsnadi reaqciis produqti (NaX, KX, MgBrX2 da a.S.). amasTan, 
metalorganuli substratis polaruli hidroqsilis jgufi aRmoCndeba 
wylis fazaSi, sadac SesaZlebelia protonireba, xolo ferocenis birTvi 
rCeba organul fazaSi, sadac igi ar protonirdeba da ar iJangeba.

A-sistemaSi α-ferocenilalkilirebisas warmoiqmneba erTis mxriv, 
Termodinamikurad mdgradi ferocenilkarbkationi, meores mxriv,        
mniSvnelovnad mcirdeba ferocenSemcveli substratebis daJangvis 
albaToba, romelic advilad mimdinareobs mJava areSi. warmoqmnili fero-
cenilkarbkationis arapolaruli nawili imyofeba organul fazaSi, amitom 
SesaZloa efeqturad mimdinareobdes karbeniumis centris urTierTqmedeba 
Sesabamis nukleofilur reagentTan da praqtikulad gamoricxulia Tanamde   
gardaqmnebi (gadajgufeba, dimerizacia, polimerizacia da sxva), romelic 
ferocenilkarbkationisaTvis aris damaxasiaTebeli.

B-sistemaSi eqvimolekulur raodenoba α-hidroqsialkilferocensa da 
nukleofilur reagents Soris reaqcia mimdinareobs intensiuri morevis 
pirobebSi orfazian sistemaSi: organuli gamxsneli (CH2Cl2, C2H4Cl2, CHCl3,
benzoli, qsiloli) / myari faza (kationiti, ceoliTi H-formaSi). am 
SemTxvevaSi Sesabamisi ferocenilkarbkationis warmoqmna mimdinareobs 
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mxolod myari fazis zedapirze adsorbciul fenaSi da Semdgom igi   
urTierTqmedebs nukleofilur reagentTan.

CamoTvlili upiratesobebi da α-ferocenilalkilirebis reaqciebis 
Catareba orfazian sistemebSi A da B iZleva ferocenebisa da nukleo-
filuri reagentebis farTod gamoyenebis, agreTve gamosavlianobis gazrdis 
da maRali sisufTavis mqone produqtebis miRebis saSualebas. amasTanave, 
reaqcia tardeba wylian sistemaSi, oTaxis temperaturaze arainertul 
atmosferoSi da ar moiTxovs mSrali gamxsnelebis gamoyenebas.

A da B sistemebSi α-hidroqsiferocenilis nawarmebisa da sxvadasxva 
azotSemcveli nukleofiluri reagentebis mravali reaqciaa Seswavlili. 
ase, magaliTad, aromatuli bis-aminebis urTierTqmedebiT ferocenil-
meTanolTan da mJavasTan HX (A sistema) warmoiqmneba N,N/-di- da α-ferocen-
meTilirebis produqtebi, romlebic Sesabamisi marilebis saxiT gamoiyofa, 
maTze tutis moqmedebiT ixliCeba mJava HX da miiReba Sesabamisi fuZeebi
[100]:

FcCH2NH NHCH2Fc

NHCH2Fc

NHCH2Fc

FcCH2NH NHCH2Fc

analogiur pirobebSi ori moli ferocenilmeTanolis SardovanasTan 
da benzotriazolis natriumis marilTan urTierTmoqmedebiTac miiReba 
sxvadasxva azotis atomebTan N,N/-di-α-ferocenilmeTilirebis produqti. es 
naerTebi ufro maRali gamosavlianobiT dasinTezebul iqna ferocenil-
meTanolis mono-α-ferocenilmeTilirebul naerTTan A-sistemaSi urTierT-
qmedebiT. mocemul reaqciebSi FcCH(R)OH-is gamoyenebiT miiReba Sardovanas 
arasimetriuli N,N/-di-α-ferocenilalkilirebuli produqti: 

FcCH2NHC(O)NHCH(R)Fc      (R = CH3, Ph)

azotovani naerTebi, romelTa pKa>7 (amiaki, alifaturi amini),          
A-sistemaSi ar alkilirdebian, am SemTxvevaSi adgili aqvs mxolod azotis 
atomTan protonirebas da Sesabamisi marili warmoiqmneba raodenobrivi
gamosavlianobiT, xolo naerTebSi, sadac pKa imyofeba 6-dan 4-mde 
intervalSi, N-α-ferocenilalkilirebis produqti miiReba dabali       
gamosavlianobiT, Sesabamisi marilis gamosavlianoba ki Seadgens 80-85%. 
azotSemcveli substratebi, romelTa pKa imyofeba 4-dan _6-mde intervalSi, 
A-sistemaSi advilad urTierTqmedeben α-hidroqsialkilferocenebTan da 
Sesabamisi N-α-ferocenilalkilirebis produqti miiReba maRali
gamosavlianobiT. dadgenilia, rom sakmaod susti azotSemcveli fuZeebi, 
romelTa pKa<_6 (trinitroanilini, pentaqlorpiridini), A sistemaSi ar 
Sedian ferocenilalkilirebis reaqciaSi. 

mniSvnelovania aRniSnul reaqciebSi gamxsnelis roli. kerZod, CH2Cl2
da msgavsi gamxsnelebis gamoyeneba saSualebas iZleva erTis mxriv, 
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warmoiqmnas α-ferocenilkarbkationebi in situ aqtiur formaSi dabali 
donoruli unaris gamo da meores mxriv, CH2Cl2-is wyalSi mcire xsnadobis 
gamo miiReba orfaziani sistema, rac xels uSlis ferocenilalkilirebis 
produqtebis daJangvas, romlebic, rogorc wesi, imyofebian organul 
fazaSi. 

sakmaod farToa α-ferocenilalkilirebis produqtebis praqtikuli 
gamoyenebis speqtri [84, 101-103]. maT bazaze Seqmnilia mcenareTa dacvis 
qimiuri saSualebebi, dabaltoqsikuri pesticidebi, sinaTlisadmi                
mgrZnobiare masalebi, romlebic Seicaven α-ferocenilalkilirebul 
naerTebs eleqtronodonoruli komponentebis an organuli fotogamtarebis 
saxiT; am klasis zogierTma nawarmma gamoyeneba hpova rezinis stabiliza-
torebis, wvis procesebis regulatorebis, maRalenergetikuli naerTebisa 
da radiaqtiuri gamosxivebis indikatorebis saxiT; aseve gamoiyenebian, 
rogorc xelovnuri sisxlis komponentebi, antibaqteriuli, antimikrobuli, 
anTebis, simsivnis sawinaaRmdego da sxva daniSnulebis samedicino 
preparatebi.
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Tavi 2. eqsperimentuli monacemebis gansja

2.1. adamantanis azotSemcveli nawarmebis sinTezi, 
Tvisebebi da gamoyeneba

2.1.1. O-adamantil- da N-adamantoilanilidebis sinTezi, 
nitrireba da kvantur-qimiuri gamokvleva

virusuli da sxvadasxva infeqciuri daavadebebis masStabebis zrda, 
fsiqoemociuri da socialuri daZabulobis mateba zrdis somaturi da 
nervuli paTologiebis ganviTarebis risks, iwvevs imunuri sistemis 
disfunqciebs, romlebic xSirad qronikuli daavadebebis saxes iReben. 
amitom dReisaTvis kvlav aqtualuria farTo speqtris mqone efeqturi
farmakologiuri saSualebebis Zieba. 

mravalmxrivi gamokvlevebiT [2, 3, 11] eqsperimentulad dadgenil iqna, 
rom samkurnalo preparatebisa da biologiurad aqtiuri naerTebis O, N-
atomebis adamantilirebiT da adamantoilirebiT miiReba ufro Znelad 
hidrolizebadi, maRali membranotropuli da imunotropuli Tvisebebis 
mqone nivTierebebi prolongirebuli fiziologiuri moqmedebiT da 
specifikuri aqtiurobis gaZlierebuli efeqtiT, rac ganpirobebulia    
adamantanis radikalis lipofilobiT da imunotropulobiT, _ cvlis ra 
ujredis membranis fizikur mdgomareobas, zrdis preparatis ujredSi 
SeRwevadobas da virusze moqmedebs rnm da dnm-s doneze [1-5]. 

dReisaTvis problemad rCeba gansakuTrebulad saSiSi helminTozebiT 
daavadebuli mosaxleobis (daavadebulia daaxloebiT 3 mlrd adamiani) da 
dainvaziebuli sasoflo-sameurneo cxovelebis mkurnaloba. cnobili ant-
helminTuri preparatebi: fenacetini [1-eToqsi-4-acetamidobenzoli], trinoini 
(ungreTi), diamfenetidi (acemidofeni) [β, β-bis-(4-acetamidofenoqsi)eTilis 
eTeri] (inglisi) da rafoqsanidi (aSS) ver akmayofileben Tanamedrove   
moTxovnebs, xasiaTdebian maRali Terapiuli doziT, dabali Terapiuli   
indeqsiT, Sewovis dabali xarisxiT [25, 105] da maTi gamoyeneba sasurvel 
Sedegebs ar iZleva, vinaidan preparatebis mimarT mikroorganizmebisa da 
helminTebis rezistentobis gamo, xasiTdebian gverdiTi reaqciebiT, amasTan 
xSir SemTxvevaSi saqme gvaqvs poliinvaziasTan. am da sxva faqtorebis gamo 
Tanamedrove farmakologiis erT-erT umniSvnelovanes amocanas warmoadgens 
cnobili preparatebis molekuluri struqturis qimiuri modifikacia da 
aseve polihelminTociduri Tvisebebis mqone naerTebis axali klasebis 
Zieba maTi bioaqtiuri Tvisebebis gaumjobesebisa da sxvadasxva gverdiTi 
moqmedebebis Semcirebis, kerZod, teratogenuli da embriotoqsikuri 
Tvisebebis eliminirebis mizniT da xangrZlivi (mravaljeradi) gamoyenebis 
SemTxvevaSi maTi moqmedebisadmi organizmis SeCvevis nivelirebis 
TvalsazrisiT.  

zemoaRniSnulidan gamomdinare, perspeqtiulad miviCnieT aRniSnuli 
preparatebis modifikacia farmakoforuli Tvisebebis mqone adamantanuri
struqturiT, eleqtronodonoruli da lipofiluri adamantanis radikalis 
gavlenis Seswavla miRebuli naerTebis specifikur biologiur aqtiurobaze
[106].
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adamantoqsianilidebis misaRebad ZiriTad sawyis reagents warmoadgens 
4-(1-adamantiloqsi)nitrobenzoli. 

literaturidan cnobilia aRniSnuli naerTis miRebis ramdenime 
meTodi (sqema 1):

a) paraftornitrobenzolis adamantanoliT alkilirebiT natriumis 
hidridis Tanaobisas benzolisa da dimeTilformamidis areSi miiReba      
4-(1-adamantiloqsi)nitrobenzoli 56% gamosavlianobiT [38]; b) paranitrofe-
nolis da adamantanolis narevis gacxelebiT 145-1500C-ze, 45 saaTis           
ganmavlobaSi katalizatoris gareSe (gamosavlianoba 39%) [107] da 1-brom-
adamantaniT dimeTilformamidis areSi vercxlis oqsidis Tanaobisas 
(gamosavlianoba 35%) [108]. aRniSnuli meTodebi teqnologiurad          
araxelsayreli da xangrZlivi procesebia, amasTanave xasiaTdebian dabali 
gamosavlianobiT.H

+ F NO2

+ NO2HO

Br + NO2HO NO2O

NaH
C6H6 / DMF,

56%

145oC
45sT,
39%

OH

OH

I

Ag2O,
DMF

35%

sqema 1. 4-(1-adamantiloqsi)nitrobenzolis sinTezi

Cvens amocanas warmoadgenda 4-(1-adamantiloqsi)nitrobenzolis (I), 
rogorc sawyisi nivTierebis sinTezisTvis optimaluri pirobebis SerCeva, 
rac gulisxmobs reaqciis ufro rbil pirobebSi Catarebas, procesis 
xangrZlivobis Semcirebas, produqtis maRali gamosavlianobiT  miRebas.

paranitrofenolis alkilirebis reaqciebi   CavatareT   1-hidroqsi-
adamantaniT moreagire komponentebis eqvimoluri Tanafardobisa da 140-
1500C-ze gacxelebis pirobebSi katalizatoris gareSe, romlis rols 
asrulebs paranitrofenoli, amasTanave reaqciis procesSi ar warmoiqmneba 
C-alkilirebis produqti (gamosavlianoba 39%). 

ukeTesi Sedegi miiReba 1-bromadamantaniT alkilirebis SemTxvevaSi
NaOH-is Tanaobisas eTilenglikolis monomeTilis eTeris areSi 7-8 saaTis 
ganmavlobaSi gacxelebis pirobebSi, _ 4-(1-adamantiloqsi)nitrobenzoli 
miRebul iqna 79% gamosavlianobiT. 

SeviswavleT miRebuli 4-(1-adamantiloqsi)nitrobenzolis aRdgena 
sxvadasxva sistemebis gamoyenebiT _ orfaziani sistema: Fe, NH4Cl, H2O /
aromatuli gamxsneli: benzoli, toluoli, qsiloli; Fe, FeSO4, CH3OH;
ukeTesi Sedegi iqna miRebuli molekuluri wyalbadiT katalizuri 
hidrirebis dros, renes nikelis Tanaobisas eTilacetatSi, _ aRdgenis 
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procesi swrafad da maRali gamosavlianobiT mimdinareobs. katalizatoris 
mocilebis Semdeg, miRebuli aminis gamoyofis gareSe (xsnaris saxiT),        
CavatareT alkil(aril)oqsianilinebis acilireba alifaturi da aromatuli 
rigis karbonmJavaTa qloranhidridebiT an anhidridebiT fuZe agentebis 
(trieTilamini, Na2CO3, NaOH, CH3COONa) Tanaobisas, _ es meTodi gamoirCeva 
teqnologiuri simartiviT (aRdgena da kondensacia erTidaigive sistemaSi 
xorcieldeba), gamoyenebulia iafi reagentebi, meTodi iZleva   80%-mde 
gamxsnelebis regeneraciis saSualebas, gaumjobesebulia sanitarul-
higienuri pirobebi (ar xdeba aminis gamoyofa da Sexeba personalTan).
miiReba maRali sisufTavis Sesabamisi alkil(aril)oqsianilidebi 79-87%
gamosavlianobiT:

+ NO2HOX

X = Br, OH

1. Fe / NH4Cl, H2O
arom.gamxsneli

RCOCl

I

2. H2 / Ni
CH3COOC2H5

O NO2

O NH2 O NH C

O

R

II III-VI

1. KOH; NaOH
CH3OCH2CH2OH
79%

2. 140-1450C
45sT; 39%

sadac, R = CH3  (III),   R = Ph (IV),  R = CH2Ph (V),  R = Ad (VI).

AdCOCl
tea C

O

VII-IX

OR

X

NHNH2
. HClOR

X

sadac, R = CH3, C2H5, X = H (VII-VIII), R = 4-ClC6H4, X = Cl (IX).

sqema 2. alkil(aril)oqsianilidebis sinTezi

CavatareT 1-aminoadamantanisa da 4-(1-adamantil)anilinis urTierT-
qmedebis reaqciebi 3,5-dibromsalicilis mJavasTan PCl3 da ZnCl2 Tanaobisas
aromatuli gamxsnelis areSi (X, XI):

Br OH

COOH + H2N X

OH

CONH X

X-XI

PCl3, ZnCl2

toluoli

Br

Br

Br
  

sadac, X = _ (X), C6H4 (XI).

sqema 3. 3,5-dibromsalicilis mJavas kondensacia adamantanSemcvel aminebTan
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alkil(aril)oqsianilidebis nitrirebiT (HNO3; HNO3/H2SO4, CH3COOH) 
miRebulia Sesabamisi 2-nitronawarmebis rigi (XII-XVIII):

O NHR/

X

C

O

R//

HNO3,

CH3COOH
O NHR/

X

C

O

R//

NO2III-IX XII-XVIII

HNO3/H2SO4

sadac, R/ = Ad, R// = CH3, X = H (XII); R/ = Ad, R// = Ph, X = H (XIII);
               R/ = Ad, R// = CH2-Ph, X = H (XIV); R/ = Ad, R// = Ad, X = H (XV); 
               R/ = CH3, R

// = Ad, X = H (XVI); R/ = C2H5, R
// = Ad, X = H (XVII); 

               R/ = 4-ClC6H4, R
// = Ad, X = Cl (XVIII).

sqema 4. alkil(aril)oqsianilidebis nitrireba

4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis nitrirebis SemTxve-
vaSi Canacvleba SeiZleba ganxorcieldes orive aromatul birTvSi, Tumca 
Cvens mizans warmoadgenda NHCO-jgufTan orTo mdebareobis naxSirbadis 
atomTan 2-nitroproduqtis miReba, amitom gamoviyeneT 58%-iani HNO3 da 
koncentrirebuli H2SO4-iT damzadebuli manitrirebeli narevi, reaqcia 
mimdinareobs ZmarmJavas areSi 5-100C-is pirobebSi. 

nitrirebis reaqciis savaraudo mimarTulebis dasadgenad 4-(p-qlor-
fenoqsi)-3-qlor-N-(1-adamantoil)anilidis molekulis modeluri sistemis 
gamoyenebiT CavatareT kvantur-qimiuri gamokvleva. davadgineT energetikuli 
da geometriuli maxasiaTeblebi, aseve ganvsazRvreT atomebze efeqturi 
muxtebi.

kvantur-qimiuri gaTvlebi Sesrulebul iqna CS MOPAC-is (Chem 3D Ultra-
version 8.03) saSualebiT naxevradempiriuli AM1 (Austin Model 1) meTodiT [109, 
110].

O NH C

O

Cl

Cl
HNO3

O NH C

O

Cl

Cl

NO2
I

O NH C

O

Cl

Cl

II

NO2
H2SO4

sqema 5. 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis nitrirebis 
modeluri reaqciis sqema



                                                                           34

optimizirebuli 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis 3D
modeli mocemulia naxazze 1.

naxevradempiriuli meTodiT sawyisi naerTis molekulaSi (naxazi 1) 
gaviangariSeT atomTaSorisi manZilebi, savalento kuTxeebi da efeqturi 
muxtebi (cxr. 1-3), reagentis, SesaZlo produqtTa warmoqmnis siTboebi

(Hwarm.) da reaqciis siTburi efeqti (Hreaq.).
4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis molekulaSi sava-

lento kuTxeebi C-C-C benzolis birTvebSi 118-120C-is farglebSia (cxrili
3), rac naxSirbadis atomis sp2-hibridizaciis mdgomareobas Seesabameba. 
kuTxeebi C(2)-C(1)-N(8), C(6)-C(1)-N(8), C(9)-N(8)-H(38), C(3)-C(4)-O(7) da C(5)-C(4)-O(7)         
agreTve   Seesabameba   zemoaRniSnuli   hibridizaciis tips C-  da N-
atomebisaTvis.

naxazi 1. 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis 3D modeli

efeqturi muxtebis analizidan (cxrili 2) Cans, rom eleqtronebis   
yvelaze didi deficitiT xasiaTdeba naxSirbadis C(9) atomi, rac SeiZleba 
aixsnas misi kavSiriT Zlier eleqtrouaryofiT N(8) da O(10) atomebTan.        
eleqtronebis didi deficitiT xasiaTdeba aseve naxSirbadis C(1) da C(4) 
benzolis (a) birTvSi eleqtrouaryofiT N(8), O(7), Cl (21) atomebTan maTi 
kavSiris gamo. benzolis (a) birTvSi C(2) naxSirbadis atomTan efeqturi 
muxtis sididea –0.23315, xolo C(6) naxSirbadis atomTan –0.20288. nitrirebis 
reaqciis procesSi nitro-jgufi (naxazi 5) Setevas ganaxorcielebs orTo 
mdebareobis C(2) naxSirbadis atomTan.

sawyisi 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidis warmoqmnis 

siTbo Hwarm. = –220.16 kj/moli. reaqciis savaraudo produqtebis warmoqmnis 
siTboTa gamoTvlam aCvena, rom nitrirebis aRniSnuli reaqciis Sedegad  
warmoiqmneba 4-(p-qlorfenoqsi)-2-nitro-3-qlor-N-(1-adamantoil)anilidi (I –

sqema 5), romlis Hwarm. = –175.60 kj/moli (II naerTisHwarmoqmnis siTbo 

Hwarm. = –166.90 kj/moli, sqema 5). miRebuli Sedegebi srul SesabamisobaSia 
1H bmr speqtrul monacemebTan.
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naxevradempiriuli kvantur-qimiuri AM1 meTodiT gamoTvlil iqna 
agreTve AH-is, misi nitronaerTebis da Sualeduri produqtebis (AH-is 
kompleqsi manitrirebel narevTan) warmoqmnis enTalpiebi. AH-is nitrirebis 
procesi ganxilulia Semdegi reaqciiT:

AH + NO2
+ + HSO4

-   ANO2 + H2SO4

sawyisi manZili AH-is naxSirbadis atomebsa da nitroniumis ionis 
azotis atoms Soris (RCN) aRebulia 2.50Ǻ. NO2

+-is miaxloeba AH-is 
molekulasTan ganxorcielda 0.05Ǻ-iani bijiT. rac Seexeba hidrosulfat-
anions, manZili misi Jangbadis atomsa da AH-is molekulis Casanacvlebel 
wyalbadis atomebs Soris mcirdeboda RCN-is cvlilebis sinqronulad.

cxrili 1. atomuri manZilebi 4-(p-qlorfenoqsi)-3-qlor-N-
         (1-adamantoil)anilidis molekulaSi

cxrili 2. efeqturi muxtebi 4-(p-qlorfenoqsi)-3-qlor-N-
     (1-adamantoil)anilidis molekulaSi

atomebi
bmis

sigrZe,
 Å

atomebi
bmis

sigrZe,
 Å

atomebi
bmis

sigrZe,
 Å

C(1)-N(8)
C(2)-C(3)
C(2)-H(35)
C(3)-C(4)
C(3)-Cl(21)
C(4)-C(5)
C(4)-O(7)
C(5)-C(6)
C(5)-H(33)
C(6)-H(34)
O(7)-C(22)
N(8)-C(9)
N(8)-H(36)
C(9)-O(10)
C(9)-C(11)
C(11)C(12)
C(11)C(16)
C(11)C(17)

1.401
1.388
1.103
1.404
1.713
1.406
1.392
1.371
1.103
1.102
1.394
1.390
1.004
1.246
1.537
1.537
1.533
1.536

C(12)-C(13)
C(12)-H(37)
C(12)-H(38)
C(13)-C(14)
C(13)-C(20)
C(13)-H(39)
C(14)-C(15)
C(14)-H(40)
C(14)-H(41)
C(15)-C(16)
C(15)-C(19)
C(15)-H(42)
C(16)-H(43)
C(16)-H(44)
C(17)-C(18)
C(17)-H(45)
C(17)-H(46)
C(18)-C(19)

1.525
1.118
1.118
1.525
1.527
1.120
1.526
1.118
1.118
1.517
1.527
1.121
1.119
1.119
1.528
1.118
1.118
1.505

C(18)-C(20)
C(18)-H(47)
C(19)-H(48)
C(19)-H(49)
C(20)-H(50)
C(20)-H(51)
C(22)-C(23)
C(22)-C(27)
C(23)-C(24)
C(23)-H(29)
C(24)-C(25)
C(24)-H(30)
C(25)-C(26)
C(25)-Cl(28)
C(26)-C(27)
C(26)-H(31)
C(27)-H(32)

1.548
1.121
1.118
1.118
1.118
1.119
1.400
1.405
1.389
1.102
1.397
1.101
1.399
1.708
1.390
1.102
1.102

atomi  muxti atomi muxti atomi muxti atomi muxti

C(1)
C(2)
C(3)
C(4)
C(5)
C(6)

0.10404
-0.23315
-0.04126
0.03545
-0.16977
-0.20288

C(9)
C(11)
C(12)
C(13)
C(14)
C(15)

0.38497
-0.08632
-0.23775
-0.16102
-0.24443
-0.16405

C(16)
C(17)
C(18)
C(19)
C(20)
C(22)

-0.22828
-0.23910
-0.16030
-0.24526
-0.24527
0.05010

C(23)
C(24)
C(25)
C(26)
C(27)

-0.18751
-0.16605
-0.08462
-0.16718
-0.19257



cxrili 3. valenturi kuTxeebi 4-(p-qlorfenoqsi)-3-qlor-N-
           (1-adamantoil)anilidis molekulaSi

sistemis enTalpiis cvlilebis Semtevi nawilakis _ NO2
+-is manZilze 

damokidebulebidan Cans, rom orive SemTxvevaSi Tvisobrivi suraTi erTi da 
igivea. es damokidebulebebi mocemulia naxazebze 2 da 3.

atomebi kuTxeebi

    0

atomebi kuTxeebi    
0

atomebi kuTxeebi

    0

C(2)-C(1)-C(6)
C(2)-C(1)-N(8)
C(6)-C(1)-N(8)
C(1)-C(2)-C(3)
C(1)-C(2)-H(3)
C(3)-C(2)-H(3)
C(2)-C(3)-C(4)
C(2)-C(3)-Cl(21)
C(4)-C(3)-Cl(21)
C(3)-C(4)-C(5)
C(3)-C(4)-O(7)
C(5)-C(4)-O(7)
C(4)-C(5)-C(6)
C(4)-C(5)-H(33)
C(6)-C(5)-H(33)
C(1)-C(6)-C(5)
C(1)-C(6)-H(34)
C(5)-C(6)-H(34)
C(5)-C(6)-H(34)
C(4)-O(7)-C(22)
C(4)-O(7)-C(22)
C(1)-N(8)-C(9)
C(1)-N(8)-H(36)
C(9)-N(8)-H(36)
N(8)-C(9)-O(10)
N(8)-C(9)-C(11)
O(10)-C(9)-C(11)
C(9)-C(11)-C(12)
C(9)-C(11)-C(16)
C(9)-C(11)-C(17)
C(12)-C(11)-C(16)
C(12)-C(11)-C(17)
C(16)-C(11)-C(17)
C(11)-C(12)-C(13)
C(11)-C(12)-H(37)

117.845
118.065
124.090
120.857
119.335
119.808
121.085
118.015
120.898
117.316
122.348
120.321
122.541
118.887
118.571
120.347
121.458
118.192
118.192
113.937
113.937
130.901
111.117
117.982
123.046
115.177
121.777
109.913
110.202
109.677
109.477
108.980
108.648
109.886
109.950

C(11)-C(12)-H(38)
C(13)-C(12)-H(37)
C(13)-C(12)-H(38)
H(37)-C(12)-H(38) 
C(12)-C(13)-C(14)
C(12)-C(13)-C(20) 
C(14)-C(13)-H(39)
C(20)-C(13)-H(39) 
C(13)-C(14)-C(15)
C(13)-C(14)-H(40)
C(13)-C(14)-H(41) 
C(15)-C(14)-H(40) 
C(15)-C(14)-H(41)
H(40)-C(14)-H(41)
C(14)-C(15)-C(16)
C(14)-C(15)-C(19)
C(14)-C(15)-H(42)
C(14)-C(15)-C(16)
C(14)-C(15)-C(19)
C(14)-C(15)-H(42)
C(16)-C(15)-C(19)
C(16)-C(15)-H(42)
C(19)-C(15)-H(42)
C(11)-C(16)-C(15)
C(11)-C(16)-H(43)
C(11)-C(16)-H(44)
C(15)-C(16)-H(43)
C(15)-C(16)-H(44)
H(43)-C(16)-H(44)
C(11)-C(17)-C(18)
C(11)-C(17)-H(45)
C(11)-C(17)-H(46)
C(18)-C(17)-H(45)
C(18)-C(17)-H(46)
H(45)-C(17)-H(46)

111.048
109.805
109.129
106.973
109.473
109.534
109.479
109.364
109.018
110.163
110.159
110.213
110.284
109.997
106.990
109.439
109.355
109.997
109.439
109.355
109.812
108.758
109.462
109.571
110.187
110.225
109.761
109.973
107.092
109.932
110.965
109.955
109.193
109.765
106.980

C(17)-C(18)-C(19) 
C(17)-C(18)-C(20)
C(17)-C(18)-H(47)
C(19)-C(18)-C(20) 
C(20)-C(18)-H(47)
C(15)-C(19)-C(18)
C(15)-C(19)-H(48)
C(15)-C(19)-H(49)
C(18)-C(19)-H(48)
C(18)-C(19)-H(49)
H(48)-C(19)-H(49)
C(13)-C(20)-C(18)
C(13)-C(20)-H(50)
C(13)-C(20)-H(51)
C(18)-C(20)-H(50)
H(50)-C(20)-H(51)
O(7)-C(22)-C(23)
O(7)-C(22)-C(27)
C(23)-C(22)-C(27)
C(22)-C(23)-C(24)
C(22)-C(23)-H(29)
C(24)-C(23)-H(29)
C(23)-C(24)-C(25)
C(23)-C(24)-H(30)
C(25)-C(24)-H(30)
C(24)-C(25)-C(26)

C(24)-C(25)-Cl(28)
C(26)-C(25)-Cl(28)
C(25)-C(26)-C(27)
C(25)-C(26)-H(31)
C(27)-C(26)-H(31)
C(22)-C(27)-C(26)
C(22)-C(27)-H(32)
C(26)-C(27)-H(32)

109.526
109.167
109.294
108.909
110.080
110.076
110.186
110.095
109.109
110.385
106.935
109.483
110.156
110.054
110.319
106.912
120.202
120.814
118.981
121.179
119.111
119.710
119.524
119.518
120.958
119.813
120.269
119.918
120.515
120.592
118.888
119.979
119.274
120.741
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naxazi 2. enTalpiis () damokidebuleba reaqciis
(RCN)Nkoordinatze 6-nitroanilidisaTvis
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naxazi 3. enTalpiis () damokidebuleba reaqciis
(RCN) koordinatze 2-nitroanilidisaTvis

sistemis enTalpia dasawyisSi izrdeba RCN = 2.05 (2.15) mniSvnelobamde, 
ris Semdegac is monotonurad mcirdeba. aqtivaciis energia 6-nitro-
nawarmisaTvis Seadgens ΔΔΗ# = 71.0kj-s (RCN = 2.05 Å ), xolo 2-nitronawar-
misaTvis ΔΔΗ# =100.8 kj-s (RCN = 2.15Å ). orive SemTxvevaSi nitrirebis procesi 
egzoTermulia (ΔΔΗ = _266.4kj da �ΔΗ = _296.2kj Sesabamisad). aqtivaciis 
energiisa da warmoqmnis enTalpiis naklebi mniSvnelobebi 2-nitronawarmis 
warmoqmnis SemTxvevaSi miuTiTebs am mimarTulebiT reaqciis ganxorciele-
bis umetes albaTobaze, rac Seesabameba 1H bmr speqtrul monacemebs.
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dasinTezebuli naerTebis Sedgeniloba da aRnagoba dadgenil iqna     
infrawiTeli, birTvul-magnituri da mas-speqtruli monacemebis safuZvelze 
(cxrili 4, 5).

cxrili 4. naerTebis (III-XIX) zogierTi Tviseba da iw speqtruli monacemebi

naerTi lR. 
t.,
0C

Rf 

heqsani:
eTeri,  

1:1

gamosavlianoba,  
%

iw speqtrebi,  ν, sm-1

III
167-
168

0.5 87.0 3330(N-H), 3100, 3030 (C-H arom.), 2908, 2845 
(CH Ad), 1650 (C=O), 1210 (C-O-C).

IV
181-
182

0.53 61.1
3290 (N-H), 3030 (C-H arom.), 2908, 2845 (C-H 
Ad),1650 (C=O).

V 160 0.41
65.8 3390(N-H),3050(C-H arom.), 2908, 2845 (C-H 

Ad),1650 (C=O).

VI
240-
241

0.77 68.0
3420 (NH), 2950, 2930, 2850 (Ad), 1670 (C=O),  
1210, 1050 (C-O-C).

VII
182-
185

0.6 90.0
3290 (NH), 3050 (C-H arom.), 1640 (C=O), 
1230,1035 (C-O-C).

VIII 206-
207

0.4
81.6 3290 (NH), 3050 (C-H arom.), 2930, 2908, 2834 

(C2H5, Ad), 1640 (C=O), 1230,1035 (C-O-C).
IX 176-

177
0.45

60.4 3290 (N-H), 3030 (C-H arom.), 2908, 2845 (C-H 
Ad),1650 (C=O), 1530 (Cl),1250 (C-O-C).

X
225-
228

0.54 62.1
3370 (OH), 3080, 3065 (C-H arom.), 3300 (NH), 
2930, 2840 (C-H Ad),1650 (C=O), 1270, 1050 
(C-O-C), 730, 680 (C-Br).

XI
194-
195

0.17 95.0
3380 (OH), 3070, 3055 (C-H arom.), 3300 (NH), 
2910, 2850 (C-H Ad),1640 (C=O), 1250, 1050 
(C-O-C), 740, 690 (C-Br).

XII
119-
122

0.42 65.2 3090 (C-H arom.), 2916, 2854 (CH, Ad), 1650 
(C=O),1350 (N-O), 1250 (C-O-C).

XIII
151-
153

0.8 88.8
3447 (N-H); 3090 (C-H arom.), 2915, 2854 (CH, 
Ad), 1681(C=O), 1342 (N-O), 1265, 1234 (COC).

XIV
127-
130

0.65 59.3
3317 (N-H); 3108, 3070 (C-H arom.), 2908,2854 
(CH, Ad), 1697 (C=O),1334 (N-O), 1272, 1234 
(C-O-C).

XV
172-
174

0.86 92.3
3448, 3371 (N-H), 3090 (C-H arom.), 2928,2850 
(CH, Ad), 1689 (C=O), 1342  (N-O), 1265, 1242 
(C-O-C).

XVI
134-
135

0.65 90.2
3278 (N-H), 3090 (C-H arom.), 2908, 2846 (CH, 
Ad),1650 (C=O), 1581, 1350 (N-O), 1288, 1249 
(C-O-C).

XVII
133-
135

0.73 86.9
3379 (N-H); 3090 (C-H arom.); 2930, 2908, 
2854 (C2H5, Ad); 1650 (C=O); 1581, 1350 (N-O); 
1280,1056 (C-O-C).

XVIII
168-
170

0.91 90.1
3290 (N-H), 3030 (C-H arom.), 2908, 2845 (C-H 
Ad),1650 (C=O), 1530 (Cl), 1342 (N-O), 1250 
(C-O-C).
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cxrili 5. adamantanSemcveli zogierTi anilidisa da nitroanilidis
1H da 13C bmr speqtruli monacemebi

naerTi 1H bmr (DMSO-D6) 13C  bmr (DMSO-D6)

III
  9.82 (s, 1 H), 7.44 (d, J 8.8 Hz, 2 H), 
6.86 (d, J 8.8 Hz, 2 H), 2.11 (s, 3 H), 2.01 
(s, 3 H), 1.75 (m, 6 H), 1.55 (m, 6 H).

 167.8, 148.7, 135.0, 124.5, 119.5, 
76.5, 42.2, 35.5, 30.1, 23.8

IV

 10.18 (s, 1 H), 7.94 (d, J 7.0 Hz, 2 H), 
7.67 (d, J  8.8 Hz, 2 H), 7.58 (t, J  7.1 Hz, 
1 H), 7.52 (dd, J 7.0 Hz, 2 H), 6.94 (d, J
8.8 Hz, 2 H), 2.13 (s, 3 H), 1.79 (m, 6 H), 
1.57 (m, 6 H).

 165.2, 149.3, 135.0, 134.8, 131.3, 
128.2, 127.5, 124.5, 120.9, 76.7, 42.2, 
35.5, 30.1

V
  10.07 (s, 1 H), 7.48 (d, J 8.8 Hz, 2 H), 
7.33 (m, 4 H), 7.24 (m, 1 H), 6.87 (d, J
8.8 Hz, 2 H), 3.60 (s, 2 H), 2.10 (s, 3 H), 
1.75 (m, 6 H), 1.55 (m, 6 H).

 168.6, 148.9, 136.0, 134.9, 128.9, 
128.2, 126.4, 124.6, 119.5, 76.6, 43.2, 
42.2, 35.5, 30.1

VI
  9.01 (s, 1 H), 7.52 (d, J 8.9 Hz, 2 H), 
6.85 (d, J 8.8 Hz, 2 H), 2.12 (s, 3 H), 2.01 
(s, 3 H), 1.89 (m, 6 H), 1.76 (m, 6 H), 
1.70 (m, 6 H), 1.56 (m, 6 H).

 175.5, 148.8, 135.0, 124.3, 120.7, 
76.5, 42.2, 40.7, 38.3, 35.9, 35.5, 30.1, 
27.6

VII
  8.95 (s, 1 H), 7.52 (d, J 9.1 Hz, 2 H), 
6.84 (d, J 9.1 Hz, 2 H), 3.71 (s, 3 H), 2.01 
(s, 3 H), 1.89 (m, 6 H), 1.70 (s, 6 H).

 175.4, 155.0, 132.3, 121.8, 113.4, 
55.0, 40.6, 38.3, 36.0, 27.6

IX

 1.704 (6 H), 1.9 (6 H), 2.02 (3 H); 6.90-
6.92 (dd, J 8.94 Hz, 1.5 Hz, 2H); 7.143-
7.161 (d, J 8.87 Hz, J 2.45 Hz 1H); 7.381-
7.399 (dd, J 8.94 Hz, J 1.5 Hz, 2H); 
7.654-7.677 (dd, J 8.87 Hz, J 2.45 Hz, 
1H); 8.025-8.030 (d, J 2.45 Hz, 1H); 9.33 
(s, 1H).

XV
 9.75 (s, 1 H), 7.75 (d, J 8.8 Hz, 1 H), 
7.51 (d, J 2.6 Hz, 1 H), 7.34 (dd, J 8.8, 2.6 
Hz, 1 H), 2.15 (s, 3 H), 2.03 (s, 3 H), 1.76 
(m, 24 H).

 211.1, 175.8, 130.4, 128.0, 125.8, 
120.0, 78.6, 41.9, 40.6, 38.4, 38.1, 35.9, 
35.9, 35.3, 30.1, 27.4, 27.3

XVI
  9.62 (s, 1 H), 7.65 (d, J 9.0 Hz, 1 H), 
7.49 (d, J 3.0 Hz, 1 H), 7.30 (dd, J 9.0, 3.0 
Hz, 1 H), 3.83 (s, 3 H), 2.02 (s, 3 H), 1.88 
(m, 6 H), 1.70 (m, 6 H).

 175.6, 155.7, 142.8, 127.3, 125.0, 
120.3, 108.8, 55.9, 40.5, 38.2, 35.9, 
27.5

XVII
 9.61 (s, 1 H), 7.65 (d, J 9.0 Hz, 1 H), 
7.46 (d, J 2.9 Hz, 1 H), 7.29 (dd, J 9.0, 2.9 
Hz, 1 H), 4.10 (d, J 6.9 Hz, 2 H), 2.02 (s, 
3 H), 1.88 (m, 6 H), 1.70 (m, 6 H), 1.34 (t, 
J 6.9 Hz, 3 H).

 175.6, 155.0, 142.7, 127.2, 124.9, 
120.7, 109.3, 64.0, 40.5, 38.2, 35.9, 
27.5, 14.3
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miRebuli alkil(aril)oqsianilidebis (III-XI, naxazi 4) infrawiTel      
speqtrebSi SeiniSneba STanTqmis Semdegi zolebi: 3430-3130 sm-1 (NH), 3120-3030
sm-1 (C–H aromatuli birTvis), 2910-2830 sm-1 (C–H adamantanis), 1670-1640 sm-1 (>C=O 
karbonilis jgufis), 1540-1500 sm-1 da 1360-1330 sm-1 (N–H, C–N) da 1270-1230 sm-1      
(C–O–C rTuleTeruli); naerTebis (X-XI) iw speqtrebSi amasTanave SeiniSneba 
STanTqmis maqsimumebi: 3370-3380 sm-1 (OH) da 730-740 sm-1, 680-690 sm-1 (C-Br); xolo 
adamantanSemcveli nitroanilidebis (XII-XVIII, naxazi 5) iw speqtrebSi 
zemoaRniSnuli STanTqmis zolebTan erTad SeiniSneba nitro-jgufisaTvis 
damaxasiaTebeli STanTqmis zoli 1350-1330 sm-1 (C_NO2).

adamantanSemcveli anilidebis 1H bmr speqtrebSi (naxazebi 6, 10 da 12)     
NH jgufis protoni iZleva rezonansul signals qimiuri wanacvlebiT 9.01-
10.07 v.m.n.-ze farTo singletis saxiT; kvarteti velis 7.30-7.94 m.n.-ze 
Seesabameba aromatul protonebs, singleti velis 3.71-3.83 m.n.-ze Seesabameba 
meTilis jgufis protonebs, xolo multipleturi signali qimiuri 
wanacvlebiT  1.57-2.01 v.m.n. ubanSi _ adamantilis radikalis 15 protons (VII, 
XVII); singleti velis 3.60 m.n.-ze Seesabameba meTilenis jgufis protonebs 
(V). adamantanSemcveli nitroanilidebis 1H bmr speqtrSi (naxazi 7)        
SeiniSneba dubleti velis 7.46-7.51 m.n.-ze, romelic Seesabameba C(3)H      
protonebs; C(2)H da C(5)H jgufis protonebi iZlevian signals velis 7.29-7.65
m.n.-ze dubletis saxiT. spin-spinuri urTierTqmedebis konstantas       
mniSvneloba (J = 2.8 hc) adasturebs, rom nitro-jgufis Canacvleba
xorcieldeba C(2)-Tan [111].

   13C bmr speqtrSi (nax. 11, 13) SeiniSneba adamantilis radikalisaTvis 
damaxasiaTebeli 4 STanTqmis signali velis 27.6-40.7 m.n. ubanSi da signali 
velis 55.0 m.n-ze, romelic Seesabameba CH3 jgufis protonebs (VII). 13C bmr 
speqtrSi SeiniSneba agreTve karbonilisa da fenilis jgufebis naxSirbadis 
atomebisaTvis damaxasiaTebeli STanTqmis signalebi Sesabamisad 165.17-175.57
v.m.n. da 113.37-155.73  v.m.n. ubnebSi.

dasinTezebuli naerTebis struqturis dadgenisaTvis mniSvnelovan 
informacias iZleva mas-speqtrometruli meTodic. kerZod, am meTodiT 
dgindeba molekuluri masebis sidideebi (M+), xolo molekuluri ionis 
daxleCvis Sedegad warmoqmnili fragmentuli ionebis masuri sidideebi 
(m/z) naTlad warmoaCenen sxvadasxva atomebis an atomTa jgufebis moxleCvis 
Tanmimdevrobas [112, 113]. 

Cvens mier dasinTezebuli naerTebis (III_XVIII) mas-speqtrebis           
monacemebi (nax. 8ª da 9, cxrili 6), kerZod, molekuluri (M+)  da fragmen-
tuli ionebis masebi, Seesabameba warmodgenil struqturebs (sqema 2, 4). 

4-meToqsi-N-(1-adamantoil)anilidis molekuluri ionis fragmentacia 
(sqema 6, VII) erTdroulad ramdenime mimarTulebiT mimdinareobs. procesi 
iwyeba karbonilis jgufis fragmentis moxleCviT, Semdeg xdeba amiduri da 
meToqsi jgufis fragmentacia da adamantilis jgufis moxleCva, romelsac 
Seesabameba speqtris maqsimaluri piki 135.1.
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C
O

OCH3 NH

(VII) M+ 285.2 (75) -28
(CO)

257.2 (6) -43
(NHCO)

-14
(N)

214.1 (2.4)

200 .1 (13.7)-31
(CH3O)

169.1 (2)

-135
(Ad)

149.0 (5.4)

sqema 6. 4-meToqsi-N-(1-adamantoil)anilidis 
molekuluri ionis fragmentacia

4-(1-adamantiloqsi)adamantoilanilidis molekuluri ionis fragmenta-
ciac (sqema 7, VI) erTdroulad ramdenime mimarTulebiT mimdinareobs. 
procesi iwyeba 1-adamantiloqsi- da NHCO-jgufis moxleCviT, Semdeg xdeba
aromatuli jgufis da adamantilis jgufis moxleCva, romelsac Seesabameba 
speqtris maqsimaluri piki 135.1.

C
O

O NH

(VI) M+ 405.2 (10.5) -151
(AdO)

255.2 (13.3)
-43

(NHCO)
212.1 (2)

-1
35

(A
d)

270.2 (2.3)

-76

330.2 (2.2)

(C
6 H

4 )

sqema 7. 4-(1-adamantiloqsi)adamantoilanilidis 
molekuluri ionis fragmentacia

4-meToqsi-N-(1-adamantoil)-2-nitroanilidis molekuluri ionis
fragmentaciis (sqema 8, XVII) procesi iwyeba karbonilis da NH-jgufis 
moxleCviT, Semdeg xdeba amiduri da meToqsi-jgufis fragmentacia da 
adamantilis jgufis moxleCva, romelsac Seesabameba speqtris maqsimaluri 
piki 135.1.
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C
O

OCH3 NH

(XVI) M+ 330.2 (18.7)
-46
(NO2)

284.2 (13.7) -74
(C6H3)

210.1 (2.1)

(C
H 3

O)

168.1 (1.8)-135
(Ad)

NO2

-31
-28(CO)

302.2 (6.7)

sqema 8. 4-meToqsi-N-(1-adamantoil)-2-nitroanilidis 
molekuluri ionis fragmentacia

4-(1-adamantiloqsi)-2-nitroadamantoilanilidis molekuluri ionis
fragmentacia (sqema 9, XVI) erTdroulad ramdenime mimarTulebiT       
mimdinareobs. procesi iwyeba 1-adamantiloqsi- da NHCO-jgufis moxleCviT, 
Semdeg xdeba aromatuli jgufis da adamantilis jgufis moxleCva, 
romelsac Seesabameba speqtris maqsimaluri piki 135.1.

C
O

O NH

(XV) M+ 450.3 (8.1)
-134

(NO2)
316.1 (1.8)

-46

(C6H3)

270.2 (1.8)

227.2 (1.7)

(Ad)

NO2

-75
152.1 (1.9)

-43
(NHCO)

sqema 9. 4-(1-adamantiloqsi)-2-nitroadamantoilanilidis 
molekuluri ionis fragmentacia

cxrili 6. adamantanSemcveli zogierTi anilidisa da nitroanilidis
mas-speqtruli monacemebi

          

naerTi mas-speqtrebis monacemebi, m/z (Irel., %)
VII 285.2 [M+] (75), 257.2 (6), 214.1 (2.4), 200.1 (13.7), 

169.0 (2), 135.1 (100)
XVII 330.2 [M+] (18.7), 302.2 (6.7), 284.2 (13.7), 210.1 (2.1), 168.1(1.8), 

135.1 (100)
VI 405.2 [M+] (10.5), 330.2 (2.2), 270.2 (2.3), 255.2 (13.3), 

212.1 (2), 135.1 (100)
XVI 450.3 [M+] (8.1), 316.1 (1.8), 270.2 (1.8), 227.2 (1.7), 

152.1 (1.9), 135.1 (100)
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kvlevis Semdgom etapze 1-aminoadamantanisa da 4-(1-adamantil)anilinis
parazituli da infeqciuri daavadebebis sawinaaRmdego Tvisebebsa da 
reaqciisunarianobaze eleqtronodonoruli ferocenis radikalis gavlenis 
Sefasebis mizniT ganvaxorcieleT maTi urTierTqmedebis reaqciebi 
ferocenkarbonmJavasTan da acetilferocenTan [114].

1-aminoadamantani da 4-(1-adamantil)anilini hidroqloridebis saxiT 
miRebul iqna Sesabamisad 1-acetamidoadamantanisa [26] da 1-(4-acetamido-
fenil)adamantanis [32] mJava hidroliziT.

XIX

NH2

Fe

COOH

NH2

eTeri

toluoli

NH2 HOOC

NH2 HOOC

Fe

Fe

XX

G

sqema 10. 1-aminoadamantanisa da 4-(1-adamantil)anilinis urTierTqmedeba                                       
         ferocenkarbonmJavasTan 

ferocenkarbonmJavasTan inertul gamxsnelSi (eTeri, toluoli) 
reagentebis eqvimoluri TanafardobiT urTierTqmedebisas Sesabamisi 
marilebi maRali gamosavlianobiT miiReba, xolo reaqcia acetilferocen-
Tan ar  mimdinareobs arc toluolSi duRebis dros, arc mSrali benzolis 
areSi triftorboris eTeratis Tanaobisas, _ SeiniSneba mcire raodenobiT 
destruqciis produqtis warmoqmna.

miRebuli marilebis _ ferocenkarbonmJava adamantilamoniumisa (XIX) 
da ferocenkarbonmJava-4-adamantilfenilamoniumis (XX) iw speqtrebSi 
SeiniSneba STanTqmis Semdegi zolebi: 3330 sm-1, 3260 sm-1 (N-H), 3100-3030 sm-1 

(CHFaromatuli), 2600-2550 sm-1, 2210 sm-1, 1600-1640 sm-1, 1500 sm-1 (N-H, NH3
+), 1590

sm-1, 1380 sm-1 (C–O2
¯  karboqsilatis), 800 sm-1 (NH3

+).

2.1.2. adamantanSemcveli zogierTi anilidisa da nitroanilidis
fizikuri Tvisebebis modelebi

biologiurad aqtiuri naerTebis (III_XVIII) fizikuri Tvisebebis 
molekulur struqturebze damokidebulebis modelebis asagebad 
eqsperimentuli monacemebis safuZvelze SeviswavleT “raodenobrivi 
damokidebuleba _ struqtura/Tvisebebi” (QSRR/GSAR). kvlevis Sedegad 
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miRebuli Teoriuli monacemebi saSualebas iZleva, daigegmos da 
ganxorcieldes sasurveli Tvisebebis mqone naerTebis miznobrivi sinTezi
[115]. 

zemoaRniSnuli midgoma dafuZnebulia molekuluri struqturebis 
ricxviTi sididis warmodgenaze. isini gamoTvlilia pirdapiri algoriTmis 
meSveobiT da cnobilia, rogorc molekuluri deskriptorebi. maT Soris 
mniSvnelovani yuradReba eTmoba deskriptorebze dafuZnebul avto-
korelacias [116].

ganvixiloT midgomis mokle sqema. davuSvaT, rom s1, s2, …, sn  cvladi 
sidideebia, romlebic sxvadasxva molekulur fundaments warmoadgenen. 
yvelaze xSirad ganixilaven Sesabamisi molekuluri diagramis qcevis 
(moqmedebis) wess n-s. qcevis (moqmedebis) wesis raodenoba damokidebulia 
atomTa ricxvze an Teoriuli diagramis konteqstSi _ simaRlis ricxvze. 
Tumca racionaluri statistikuri modelebis asagebad saWiroa 
molekulebis warmodgena imave sigrZis veqtorebiT (anu molekuluri 
deskriptorebis rigiT). amitom ganvixilavT cvladi sidideebis nimuSTa 
jgufs:  t1, t2, … tm, sadac m mudmivia anu damoukidebelia gansaxilvel 
molekulaTa monacemTa bazis moculobisagan. zemoaRniSnuli fundamentebi 
xasiaTdebian gansazRvruli funqciebiT. magaliTs warmoadgens atomis 
fundamenturi fizikuri Tvisebis ricxviTi mniSvneloba. amgvarad, Tuki 
mxolod fundamentis qcevis (moqmedebis) wess ganvixilavT, miviRebT:

10)( iii ppsf 

sadac, p0 _ aris ith qcevis (moqmedebis) wesis sawyisi fizikuri Tviseba, 
xolo p1 _ qcevis (moqmedebis) wesis saboloo wertili. fizikuri Tvisebis 
magaliTebia σ- da π-muxtebi, eleqtrouaryofiToba da a.S. amitom Cven 
mivdivarT produqtis fizikuri Tvisebis qcevis wesis veqtoramde f,        
romelsac gaaCnia n-is toli TvisebiTi maxasiaTeblebis diapazoni. 

avtokorelaciis veqtorebi gansazRvrulia, rogorc n-is toli 
TvisebiTi maxasiaTeblebis diapazonis mqone f veqtoris xazovani 
transformacia (gardaqmna) m-is tol TvisebiTi maxasiaTeblebis diapazonis 
mqone a veqtorSi. transformacia mocemulia kernelis matriciT (K):

  a = fK

an funqciuri formiT:

 dssfstKta )(),()( kernelis matricas (K) aqvs TvisebiTi maxasia-

Teblebis diapazoni (n, m). a veqtors yovelTvis eqneba m sidide da amitom 
damokidebuli ar aris molekulis sidideze. kerneli mocemulia sxvadasxva 
funqciebiT. magaliTad, 3D-MoRSE-s deskriptoris kerneli mocemulia 
Semdegnairad:

)(

)(sin
),(

str

str
stK 

sadac, r (s) _ evkliduri manZilia.
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Sedegebi: uamrav xelmisawvdom molekulur deskriptors Soris 
avirCieT ganawilebis radialuri funqciebi (RDF) [117], kristaluri 
struqturis kodebi (MoRSE) [118], WHIM [119], GETAWAY [120] da tradiciuli 
topologiuri indeqsebi [121]. 

monacemTa krebsis garemdebareTa arseboba Seswavlil iqna mTavari 
komponentebis analizis gamoyenebiT (PCA) [122]. 

molekuluri modelebis asagebad gamoviyeneT MDL Isis Draw 2.5.SP4. 
Semdeg modelebs vaerTianebdiT monacemTa bazaSi EdiSDF 5.02-is gamoyenebiT. 
monacemTa bazis teqsturi formati SDF. molekuluri deskriptorebis 
gasaTvlelad gamoviyeneT VCC-Lab e-Dragon, xolo PCA da PLS modelebis 
asagebad _ Statistica 6.0.

Tumca arcerTi sakvlevi naerTis mkveTrad gamoxatuli             
eqsperimentuli sidide ar iqna identificirebuli.

rogorc Cans (nax. 14), naerTebi IX, X, XV-XVIII ZiriTadi jgufisagan 
moSorebiT arian ganlagebulni. mxolod es ar eTanxmeba maT gadaadgilebas 
(ganlagebas). magaliTad, matricebi aCvenebs, rom mxolod naerTs X aqvs 
mkveTrad gamoxatuli eqsperimentuli sidide (nax. 15). Randic-is tipis        
ZiriTadi jgufi (nax. 16). amitom gadavwyviteT yvela naerTi Segvenaxa 
Sesaswavl monacemTa bazaSi. sayuradReboa, rom Randic tipis invariantebi 
aSkarad awarmoeben nivTierebis zogierT klasters.

kvlevis bolo etaps warmoadgenda am deskriptorebs Soris damo-
kidebulebis dadgena da eqsperimentulad gazomili faqtorebis Senaxva.

naxazi 14. mkveTrad gamoxatuli eqsperimentuli sididis (outlier) aRmoCena 
PCA-s saSualebiT.  deskriptori _ GETAWAY
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naxazi 15. mkveTrad gamoxatuli eqsperimentuli sididis (outlier) aRmoCena
PCA-s saSualebiT.  deskriptori _ Burden eigenvalues

naxazi 16. mkveTrad gamoxatuli eqsperimentuli sididis (outlier) aRmoCena 
PCA-s saSualebiT.  deskriptori _ Randic tipis invariantebi 
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gamokvlevebis Sedegad dadginda, rom saukeTeso modelebi miRebul 
iqna GETAWAY deskriptorebis daxmarebiT. modelirebis gansaxorcieleb-
lad gamoviyeneT faruli struqturis proeqtireba (nawilobrivi umciresi 
kvadratebi, PLS) [123]. modelebis xarisxis dasadgenad gamoviyeneT jvaredini 
validacia. 13 nivTiereba gamoviyeneT gamocdisaTvis da 3 nivTiereba 
jvaredini validaciis testisaTvis. rasakvirvelia, gaTvlebis sizuste 
jvaredini validaciisas ufro dabali iyo. modelebis asagebad gamoyenebul 
iqna naerTebis fizikuri maxasiaTeblebi (tlR. da Rf). 

modelirebisas korelaciis saSualo koeficienti iyo 0.92. PRESS-ic 
sakmaod kargi iyo (cxr. 7). SesaZlebelia eqsperimentuli da gamoTvlili 
mniSvnelobebis gamokvleva (cxr. 8). naerTebi VI, XV, XVIII qmnian 
validaciis testirebis jgufs.

cxrili 7. modelebis statistikuri parametrebi

Latent 
Var 
№

R2 an Y
mateba

R2 an Y
saS. 

sidide

R2 an X
mateba

R2 an X
saS. 

sidide

R2

tlR.-
Tvis

R2 

Rf-Tvis
Sc. 

PRESS, 
tlR

Sc. 
Press, 

Rf

Sc. 
PRESS
saS. 

sidide

1 0.391833 0.391833 0.286528 0.286528 0.577891 0.205776 2.254355 1.727976 1.991166

2 0.286881 0.678714 0.275862 0.562390 0.611797 0.745632 2.094057 1.922039 2.008048

3 0.033169 0.711883 0.206076 0.768466 0.666069 0.757697 1.780881 1.833227 1.807054

4 0.041860 0.753743 0.109336 0.877802 0.670454 0.837033 1.763578 1.837925 1.800751

5 0.121957 0.875700 0.023599 0.901401 0.886302 0.865099 1.268438 1.445234 1.356836

6 0.028227 0.903927 0.048229 0.949629 0.910597 0.897258 1.211559 1.240578 1.226068

7 0.025273 0.929201 0.030173 0.979802 0.912324 0.946077 1.198989 1.180627 1.189808

8 0.023788 0.952989 0.004540 0.984342 0.939416 0.966562 1.389769 1.137673 1.263721

cxrili 8. eqsperimentulad gaTvlili R/s (vs.)

№ tlR, 
gaTvl.

Rf, 
gaTvl.

tlR, 
eqsp.

Rf, 
eqsp.

1 184.9834 0.518455 178.5 0.60
2 126.5095 0.704182 134.5 0.65
3 142.8738 0.705937 134.5 0.73
4  102.3756 0.591046 121.5 0.42
5 154.5519 0.776873 152 0.80
6 128.6926 0.633454 128.5 0.65
7 171.7885 0.867685 173 0.86
8 167.9010 0.917788 169 0.91
9 193.2231 0.447994 206.5 0.40
10 166.1550 0.486902 166.5 0.50
11 178.3934 0.473237 160 0.41
12 170.2936 0.525245 181.5 0.53
13 198.3374 0.549713 240.5 0.77
14 175.8185 0.426382 176.5 0.45
15 226.3155 0.555867 226.5 0.55
16 183.8285 0.146642 194.5 0.17
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2.1.3. antibiokoroziuli damcavi safrebi da konserverebi 
axali karbofunqciuri oligosiloqsanebisa da 

biologiurad aqtiuri naerTebis bazaze

XXI-e saukunis dasawyisSi warmoebul iqna sinTezuri da bunebrivi
polimeruli masalebis farTo asortimenti. amave dros, arsebobs am 
masalebis dazianeba-ganadgurebis unaris mqone sxvadasxva agresiuli mikro-
organizmi [41, 42], romelTa zemoqmedeba polimerebze xorcieldeba ori 
procesiT: a) polimerebis biodegradacia, romlebic mikroorganizmebis 
zrdis bunebriv nivTierebas warmoadgenen (pirdapiri zemoqmedeba);          
b) arapirdapiri moqmedeba _ mikroorganizmebis metabolizmis produqtebis 
gavlena. sinTezuri da bunebrivi polimeruli masalebis degradaciiT 
gamowveuli danakargis masStabebi Zalian didia da yovelwliurad 
miliardobiT dolars Seadgens.

sinTezuri masalebis mikroorganizmebis moqmedebisagan dacvis erT-erT 
saSualebas warmoadgens sxvadasxva polifunqciuri adheziuri polimeruli 
matricebis biologiurad aqtiuri naerTebiT modifikaciiT maRali          
bioaqtiuri Tvisebebis mqone axali polimeruli damcavi safrebis Seqmna 
[124, 125].

garda amisa, msoflios mraval qveyanaSi farTodaa gavrcelebuli 
sasoflo-sameurneo kulturaTa daavadebebi, romlebic gamowveulia  
sxvadasxva fitopaTogenuri mikroorganizmebiT [126]. simsivneebi da 
xorcmetebi formirebulia mcenareul qsovilTa daavadebuli ujredis 
intensiuri dayofis Sedegad. xilis xeebis fesvebis kibo ganpirobebulia A. 
tunefacicus mikroorganizmis mier, fesvebis da Warxlis kibo _ X. campestris pv. 
beticols da a.S. sayuradReboa, rom aRniSnuli daavadebebi azianeben sasoflo-
sameurneo mcenareebs, auareseben maT xarisxs da mniSvnelovnad amcireben 
mosavlis nayofierebas. 

amitom mcenareTa dacvis saSualebebis, aseve konserverebisa da 
sxvadasxva bunebrivi, sinTezuri da xelovnuri masalebis antibio-
koroziuli damcavi safrebisaTvis axali bioaqtiuri nivTierebebis sinTezi 
dReisaTvis kvlav aqtualuria [127].

ukanasknel wlebSi specialistTa gansakuTrebul interess iwveven 
bioaqtiuri metalorganuli kompleqsnaerTebi, romelTa bazaze        
SesaZlebelia damzaddes baqtericiduli, fungiciduri da sxva analogiuri 
moqmedebis proteqtorebi, antibiokoroziuli damcavi safrebi da 
konserverebi, romlebic Sesabamis kompozicias (magaliTad, polimerul 
kompozicias, sadac matricad gamoyenebuli iqneba rogorc cnobili, ise 
axali polimerebi) sruliad axal, specifikur Tvisebebs mianiWeben. 
gansakuTrebul mniSvnelobas iZens SerCeuli bioaqtiuri danamatebis anti-
biokoroziuli moqmedebis speqtris gafarToebis, miRebuli safrebis 
sxvadasxva faqtorebis mimarT (mag., teni, ultraiisferi dasxiveba,         
xangrZlivi Termuli zemoqmedeba, statikuri da dinamikuri meqanikuri 
datvirTvebi da sxv.) mdgradobis sakiTxi. Sedegad SesaZlebeli gaxdeba
rogorc bunebrivi, xelovnuri da sinTezuri masalebisa da nakeTobebis 
dafarva da dacva, aseve uzrunvelyofil iqneba mikroorganizmebis, 
sokoebis, baqteriebisa da a.S. mavne zemoqmedebis gauvnebloba da 
ganadgureba, rac uzrunvelyofs adamianis janmrTelobis mdgomareobis 
gaumjobesebas.
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antibiokoroziuli damcavi safari or ZiriTad komponents Seicavs:          
biologiurad aqtiur nivTierebas da polimerul matricas [128]. zogierTi 
polifunqciuri heterojaWvuri organuli polimeri, magaliTad, poli-
ureTanuli elastomerebi, poliureTan-akrilatebi, ionomerebi da a.S. 
warmatebiT gamoiyeneba matricebad antibiokoroziuli damcavi safrebis 
Sesaqmnelad [129]. polimeruli matrica SeiZleba agreTve miRebul iqnas 
poliepoqsiduri fisebis bazaze aqtiuri ganmzaveblebis TandaswrebiT [130].

antibiokoroziuli damcavi safrebis Sesaqmnelad organuli hetero-
jaWvuri polimerebis, mag., polieTeramidebis gamoyeneba ar iZleva karg
Sedegebs, _ miRebuli damcavi safrebi (magaliTad, mcenareTa Teslebis 
kafsulirebisaTvis) SedarebiT nakleb elastiuria da eqspluataciisas ar 
inarCunebs sawyis Tvisebebs. zemoaRniSnuli damcavi safrebis modifi-
kacisaTvis Cvens mier gamoyenebul iqna siliciumis atomebTan fTor-
alkilis radikalis Semcveli siliciumorganuli oligomerebi, romlebic 
miRebul iqna oligoorganohidridsiloqsanebis (MF-1) [131] perfToralkil-
akrilatebTan (12 FA) _ CH2=CH–C(O)OCH2(CF2)5CF2H [132] hidrosililirebis 
reaqciiT spaieris katalizatoris Tanaobisas (H2PtCl6-is 0.1 moli xsnari
izopropanolSi):

nMe3SiO

(MeSiO)a(MeSiO)b

CH2CH2C(O)OCH2(CF2)5CF2H

sadac, a = 0.3, b = 0.4, c = 0.3; m = 10

+ mb CH2 = CHC(O)OCH2(CF2)5CF2H

Me(Ph)SiO

c m

(MeHSi)a(Me2SiO)b SiMe3 +

SiO

m

SiMe3Me3SiO Me(Ph)

sqema 11. oligoorganohidridsiloqsanebis (MF-1) perfToralkilakrilatebTan 
(12 FA) _ CH2=CH–C(O)OCH2(CF2)5CF2H hidrosililirebis reaqcia

dasinTezebuli naerTebis STanTqmis infrawiTel speqtrebSi SiOSi, 
SiCH3, SiC6H5, CH3 da C6H5 jgufebis damaxasiaTebel STanTqmis zolebTan (1040-
1090 sm-1, 1425 sm-1, 1440 sm-1, 1330 sm-1, 2970 sm-1, 1605 sm-1, 3080 sm-1) erTad 
SeiniSneba H2C=C (akrilis jgufi), C=O (eTeruli jgufi) da C–F jgufis (CF2

jgufi) damaxasiaTebeli STanTqmis zolebi (1640 sm-1, 1720 sm-1, 1330 sm-1) [121]. 
infrawiTel speqtrebSi SeiniSneba agreTve Si–H jgufis damaxasiaTebeli 
STanTqmis zolebi, rac Si–H jgufis arasrul (100%-mde) konversiaze        
metyvelebs [131]. 
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polieTeramidebis [133] da epoqsiduri fisis ED-26-is bazaze
damzadebul kompozitebze fTorakrilatebis Semcveli oligomerebis 
damateba iwvevs hidrofoburi Tvisebebisa da Termuli maxasiaTeblebis
gaumjobesebas, magram zemoaRniSnuli oligomerebis gamyareba maTi 
gamoyenebisas Znelia. 

siliciumorganuli modifikatorebis gamyarebis procesis gamartivebis 
mizniT gamoyenebul iqna avtorTa mier [131] miRebuli siliciumis atomebTan
(MF-1-AMA-F3) dakavSirebuli metakrilis jgufisa da fTorSemcveli
axali karbofunqciuri oligoorganosiloqsanebi:

(CH2)3 O(O)C C =

CH3

CH2

Me3SiO[(Me2SiO)a (SiMeO)b(SiMePhO)c]mSiMe3SiO

Me

R 3n

sadac, R = CH2CH2CF3;   a = 0.3, b = 0.4, c = 0.3; m ≈ 10.

sqema 12
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naxazi 17. enTalpiis () damokidebuleba reaqciis (RSiC)
koordinatze α-produqtisaTvis
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naxazi 18. enTalpiis () damokidebuleba reaqciis (RSiC)
koordinatze β-produqtisaTvis

naxevradempiriuli kvantur-qimiuri AM1 meTodiT gamovTvaleT oligo-
meTilfenilhidridsiloqsanis (MF-1), AMA-is da Sualeduri produqtebis 
(MF-1-is kompleqsi AMA-Tan) warmoqmnis enTalpiebi. hidrosililirebis 
procesi SeviswavleT Semdegi modeluri reaqciiT:

(CH3)3SiOSi(CH3)(H)SiOSiOSiCH3(C6H5)SiOSi(CH3)3  +

+ CH2=CH–CH2–O–C(O)–C(CH3)=CH2  →  mierTebis α da β produqtebi

sawyisi manZili MF-1-is molekulis siliciumis atomebsa da AMA-is 
naxSirbadis atomebs Soris (RSi−C) aRebul iqna 2.80 Ǻ. AMA-is miaxloeba   
MF-1-is molekulasTan ganxorcielebul iqna 0.05 Ǻ-iani bijiT. 

sistemis enTalpiis cvlilebis damokidebuleba Semtevi nawilakis _ 
AMA-is substratis Sesabamis atomamde manZilze gviCvenebs, rom orive 
SemTxvevaSi Tvisobrivi suraTi erTi da igivea (naxazebi 17 da 18).

sistemis enTalpia dasawyisSi izrdeba RSiC=2.30 (2.25) Ǻ mniSvnelobamde, 
ris Semdegac is monotonurad mcirdeba. aqtivaciis energia α-
produqtisaTvis Seadgens ΔΔΗ#=124.8 kj-s (RCN=2.30 Å ), xolo produqtisaTvis 
ΔΔΗ#=114.4 kj-s (RCN=2.25 Å ). orive SemTxvevaSi mierTebis procesi egzo-
Termulia (ΔΔΗ= _199.3 kj da ΔΔΗ= _191.2 kj Sesabamisad). aqtivaciis 
energiis naklebi mniSvneloba β-produqtis warmoqmnis SemTxvevaSi 
miuTiTebs am mimarTulebiT reaqciis ganxorcielebis umetes albaTobaze, 
rac Seesabameba 13C bmr speqtrul monacemebs.

dasinTezebuli Tanaoligomerebis aRnagoba dadgenil iqna infra-
wiTeli speqtrebis monacemebis safuZvelze [131].
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antibiokoroziuli damcavi safrebisaTvis bioaqtiur komponentad
SevarCieT adamantanSemcveli nitroanilidebis (XVI_XVII) diiodato- da  
dibromatokadmiatebi, gaviTvaliswineT ra sawyisi ligandebisa da metalis
biologiuri aqtiuroba da polimerul matricasTan dipol-dipoluri da 
wyalbaduri bmebis warmoqmnis unari [106, 134, 135].

CavatareT adamantanSemcveli nitroanilidebis eleqtronuli
struqturisa da kompleqswarmoqmnis unaris kvleva naxevradempiriuli
kvantur-qimiuri meTodiT AM1 [109, 110]. ganvsazRvreT maTi energetikuli da
geometriuli maxasiaTeblebi, atomebze efeqturi muxtebi da eleqtronuli
dasaxleba atomur orbitalebze (eleqtronuli simkvrive).

naxazi 19. 4-meToqsi-N-(1-adamantoil)-2-nitroanilidis 3D modeli

naxSirbadis C11 atomis mezobel atomebTan bmis sigrZeebi da 
savalento kuTxeebi (C1-C11-O12 = 120.2º, C1-C11-N13 = 125.0º da O12-C11-N13 = 
114.7º) miuTiTebs mis ZiriTadad sp2 hibridizebul mdgomareobaze. Jangbadis 
atomi O12, rogorc misi savalento kuTxeebis mniSvnelobebi gviCvenebs, 
imyofeba sp2 hibridizebul mdgomareobaSi. azotis atomebi N13 da N20 

savalento kuTxeebis mniSvnelobebis (C11-N13-C14 = 130.1º, C11-N13-H40 = 115.1º, 
C14-N13-H40 = 114.7º da C15-N20-O21 = 119.4º, C15-N20-O22 = 118.4º, O21-N20-O32 = 
122.2º) mixedviT imyofebian sp2 hibridizebul mdgomareobaSi. Jangbadis 
atomebi O21 da O22, rogorc maTi savalento kuTxeebis mniSvnelobebi 
gviCvenebs, imyofebian sp2 hibridizebul mdgomareobaSi.

atomebze fardobiTi muxtebis sidideTa (cxrili 9) analizi                 
gviCvenebs, rom potencialurad eleqtronodonorul atomebs warmoadgenen 
O12 (q12 = -0.3499), N13 (q13 = -0.3559), O21 (q21 = -0.3523) da O22 (q22 = -0.3464). atomTa 
orbitalebis eleqtronuli dasaxleba (cxrili 10) gviCvenebs, rom Jangbadis 
atomebis erT-erTi eleqtronuli wyvili imyofeba 2s orbitalze 
[eleqtronuli dasaxleba 1.91694 (O12), 1.94239 (O21) da 1.94264-ia (O22)] da maT 
SeuZliaT metalis atomTan σ-bmis warmoqmna donorul-aqceptoruli 
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meqanizmiT. miuxedavad N13 atomis ufro maRali uaryofiTi fardobiTi 
muxtisa, vidre aqvT Jangbadis atomebs, mas ar SeuZlia metalis atomTan
bmis warmoqmna donorul-aqceptoruli meqanizmiT, radganac eleqtronuli 
wyvili imyofeba hibridizaciis gareSe darCenil 2Pz orbitalze 
(eleqtronuli dasaxleba 1.64381-ia). 

cxrili 9. atomTa fardobiTi muxti (qi) da eleqtronuli simkvrive [qi(d)]

atomi, 
i

fardobiTi
muxti, qi

eleqtronuli
simkvrive, qi(d)

atomi, 
i

fardobiTi
muxti, qi

eleqtronuli
simkvrive, qi(d)

C1 -0.0492 4.0492 C24 -0.0793 4.0793
C2 -0.1418 4.1418 H25 0.1089 0.8911
C3 -0.1025 4.1025 H26 0.0940 0.9060
C4 -0.1501 4.1501 H27 0.0958 0.9042
C5 -0.1002 4.1002 H28 0.0854 0.9146
C6 -0.1429 4.1429 H29 0.0829 0.9171
C7 -0.1495 4.1495 H30 0.0907 0.9093
C8 -0.1514 4.1514 H31 0.0977 0.9023
C9 -0.1506 4.1506 H32 0.0752 0.9248
C10 -0.0992 4.0992 H33 0.0832 0.9168
C11 0.3186 3.6814 H34 0.0942 0.9058
O12 -0.3499 6.3499 H35 0.0859 0.9141
N13 -0.3559 5.3559 H36 0.0831 0.9169
C14 0.0951 3.9049 H37 0.0848 0.9153
C15 -0.1144 4.1144 H38 0.0763 0.9237
C16 -0.0966 4.0967 H39 0.0935 0.9065
C17 0.0702 3.9298 H40 0.2627 0.7373
C18 -0.1598 4.1598 H41 0.1845 0.8155
C19 -0.1181 4.1181 H42 0.1512 0.8488
N20 0.5678 4.4322 H43 0.1581 0.8419
O21 -0.3523 6.3523 H44 0.0771 0.9229
O22 -0.3464 6.3464 H45 0.1165 0.8835

O23 -0.1994 6.1994 H46 0.0763 0.9237

cxrili 10. atomTa orbitalebis eleqtronuli dasaxleba

atomi 2s 2px 2py 2pz

O12 1.91694   1.51058   1.51145   1.41088

N13 1.45609   1.13976   1.11621   1.64381

O21 1.94239   1.51424   1.10836   1.78730

O22 1.94264   1.59843   1.79715   1.00817

     
   amgvarad, molekulaSi aris sami potencialurad eleqtronodonoruli 
atomi _ O12, O21 da O22, amis gamo mas SeuZlia d-metalebTan warmoqmnas 
koordinaciuli naerTebi sqemaze mocemuli ciklis saxiT:
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C O

HN
M

OR

N

O
O

sqema 13

sadac, M Sesabamisi metalis ionia.

adamantanSemcveli nitroanilidebis (XVI, XVII) Sesabamisi kompleqs-
naerTebi [136] miviReT eTanol-wyalxsnarSi kadmiumis iodatTan da       
bromatTan maTi urTierTqmedebiT:

NRO H C

O

Cd(R/O3)2
N

NHCO + Cd (R/O3)2

NO2

RO

O

O

                          
                                                    XXI-XXIV

sadac, R = CH3, R
/ = J (XXI),  R = CH3, R

/ =Br (XXII);
              R = C2H5, R

/ = J (XXIII), R = C2H5, R
/ = Br (XXIV).

sqema 14. adamantanSemcveli nitroanilidebis diiodato-
     da dibromatokadmiatebis sinTezi

naerTebis XXI-XXIV STanTqmis infrawiTel speqtrebSi Semdegi 
jgufebisaTvis _ 3448, 3371 sm-1 (NH), 3090 sm-1 (CH, arom.), 2928, 2850 sm-1 (CH, Ad), 
1689 sm-1 (C=O), 1350-1340 sm-1 (NO2), 1265, 1242 sm-1 (C-O-C) damaxasiaTebel STanTqmis      
zolebTan erTad (cxr. 4) SeimCneva iodat-ionisa da bromat-ionisaTvis 
damaxasiaTebeli STanTqmis zoli 779 sm-1,  756 sm-1 da 856 sm-1, 810 sm-1 ubnebSi 
Sesabamisad [137]; kompleqsnaerTebis iw speqtrebSi nitrojgufis 
damaxasiaTebeli sixSire 1350 sm-1 ixliCeba or ~1504 sm-1 da 1311 sm-1

STanTqmis zolad; aseve, iw speqtrSi SeimCneva karbonilis jgufis 
savalento rxevis Sesabamisi STanTqmis zolis ramdenadme wanacvleba   
(10-40 sm-1), rac miuTiTebs karbonilis da nitrojgufis araorganul
(metalSemcvel) fragmentTan garkveul koordinaciaze (sqema 13) da 
Seesabameba kvantur-qimiuri gaTvlebiT miRebul Sedegebs.
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naxazi 20. 4-meToqsi-N-(1-adamantoil)-2-nitroanilidis 
dibromatokadmiatis iw speqtri (KBr)

Termuli analizis meTodiT dadgenil iqna Termolizis         
temperaturuli intervalebi da dasinTezebuli naerTebis mdgradoba.

miRebuli kompleqsnaerTebi 165-400oC-is intervalSi kargaven Tavisi 
masis 58.4%-s, kerZod am temperaturul intervalSi xdeba molekulis      
organuli nawilis destruqcia (Teoriuli _ 58.0%). rTulad mimdinareobs 

araorganuli fragmentis Termolizi, 400_460C temperaturul intervalSi 
masis danakargi Seadgens 16.6%-s, rac Seesabameba I2O5-is mocilebas       
(Teoriuli – 16.4%). es ukanaskneli iSleba Jangbadad da IO2-ad, xolo IO2
Tavis mxriv, ar warmoadgens mdgrad naerTs da advilad iSleba. 

organuli fragmentis moxleCis Semdeg darCenili kadmiumis iodatis 
Termolizi mimdinareobs Semdegi reaqciaTa erTobliobiT:

Cd(IO3)2  CdO + I2O5

I2O5  2 IO2 + 1/2 O2

2 IO2  I2 + 2 O2

580C-ze endoefeqti Seesabameba kadmiumis oqsidis warmoqmnas. masis  
danakargi Seadgens 9.5%, (Teoriuli  – 10.0%). 
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naxazi 21. 4-eToqsi-N-(1-adamantoil)-2-nitroanilidis diiodatokadmiatis 
DTA (naxazi a) da TGA (naxazi b) mrudebi

Termogravimetriuli analizis meTodiT miRebuli Sedegebidan 
gamomdinare, sakvlevi nivTierebis Termolizi mimdinareobs Semdegi sqemis 
Sesabamisad:

165-4000C

- R/
2O5

CdO
400-4600C

Cd(R/O3)2] ...5800C
NRO H C

O

Cd(R/O3)2
N

O

O

sqema 15. adamantanSemcveli nitroanilidebis diiodato- da 
     dibromatokadmiatebis Termolizi

sawyisi nitroanilidis da miRebuli kompleqsnaerTis infrawiTeli da 
Termogravimetriuli analizis Sedegebidan gamomdinare SeiZleba 
vivaraudoT, rom metalis ioni SesaZlebelia damatebiT dastabilizdes 
nitroanilidis azotis an karbonilis Jangbadis n-eleqtronebiT, rac 
miRebuli naerTis detalur struqturul analizs saWiroebs da kvlevis 
damoukidebel obieqts warmoadgens; magram vinaidan miRebul naerTs 
aRmoaCnda sawyis nitroanilidTan SedarebiT ufro maRali biologiuri 
aqtiuroba, saWirod CavTvaleT misi naSromSi warmodgena.

SeviswavleT dasinTezebuli adamantanSemcveli nitronaerTebisa (sqema 
4) da Sesabamisi kompleqsnaerTebis XXI-XXIV (sqema 14) antibaqtericiduli 
da fungiciduri aqtiuroba _ gavlena zogierTi fitopaTogenuri test-
mikroorganizmis: Fusarium, Pectobacterium aroideae, Fusarium arenaceum, Autinomyces 
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Griseus zrda-ganviTarebaze. gamokvlevebi Catarda saqarTvelos mecnierebaTa 
akademiis n. kecxovelis saxelobis botanikis institutis mikrobiologiis 
ganyofilebaSi.

gamocdis Sedegebma aCvena, rom naerTebs XXII da XXIII gaaCniaT 
seleqtiuri antibaqtericiduli Tvisebebi, isini avlenen toqsikur 
moqmedebas da sxvadasxva aqtiurobiT Trgunaven sakvlevi kulturebis 
zrdasa da ganviTarebas (kontroli _ eTanoli). naerTi XXI-is aqtiurobam
baqteria Pectobacterium aroideae-is mimarT 0.01 g/l koncentraciisas Seadgina
0.4 mm, maSin, rodesac naerTi XXII-is SemTxvevaSi igive koncentraciis dros 
zemoqmedebis zonaa 0.7 mm. naerTi XXIV araaqtiuria aRniSnuli mikro-
organizmebis mimarT, Tumca avlenen sust antifungicidur moqmedebas 
Fusarium arenaceum baqteriis mimarT, romelic anadgurebs zogierT sinTezur 
karbojaWvur polimers. am naerTisTvis 0.01 g/l koncentraciisas
zemoqmedebis zonam Seadgina 0.2 mm, xolo naerTi XXIV-is SemTxvevaSi      
0.1 g/l koncentraciisas imave baqteriaze zemoqmedebis zonam Seadgina 0.1 mm;
0.01 g/l koncentraciisas naerTebis XXII da XXIII zemoqmedebis zonam 
Seadgina 0.1 da 0.3 mm Sesabamisad Pectobacterium aroideae da Act. Griseus-is mimarT.

aRsaniSnavia, rom adamantanSemcvel nitroanilidebs baqtericiduli 
Tvisebebi gamoxatuli aqvT ufro pasiurad Sesabamis kompleqsnaerTebTan 
SedarebiT. magaliTisaTvis, Fusarium arenaceum-is SemTxvevaSi zemoqmedebis 
zonam naerTisTvis XVII (sqema 4) 0.1 g/l koncentraciisas Seadgina 0.1 mm, 
xolo naerTi XVI baqteriebis zrdaze gavlenas ar axdens.

Cvens mier dasinTezebuli kompleqsnaerTebis (sqema 14) bazaze 
davamzadeT zogierTi mikroorganizmis moqmedebis mimarT mdgradi         
antibiokoroziuli damcavi safrebi e.w. datanebis (dafarvis) meTodiT 
komponentTa masidan (ED-26) [138] an toluolxsnaridan (poliamideTeri) [133]: 
winaswar awonil matricis polimers – poliamideTeris  xsnars toluolSi, 
mudmivi morevis pirobebSi, TandaTanobiT vumatebdiT gansazRvruli 
raodenobis, 2 tipis mikroorganizmis _ Fusarium, Glado-sporium mimarT 
winaswar gamocdil, Cvens mier miRebul biologiurad aqtiur kompleqs-
naerTebs [139] (1-2mas.%); Semdeg, morevis pirobebSi kompozicias vumatebdiT 
modifikatoris _ MF-1-AMA-F3-is garkveul raodenobas (3-5mas.%) Ria feris 
erTgvarovani masis warmoqmnamde. bolo stadiaze, poliepoqsidis 
SemTxvevaSi, miRebul saSualo siblantis Txevad masas vumatebdiT gamamya-
rebels _ heqsaeTilendiamins (ED-26-is SemTxvevaSi), vafendiT Txeli fenis 
saxiT winaswar SerCeul dasacav masalaze (tyavi, xe, plastmasa da sxv.) da 
vayovnebdiT haerze 24-48 saaTis ganmavlobaSi. gamyarebis Semdeg, dasacavi 
masalis zedapirze warmoiqmneba esTetikuri iersaxis, gluvi, meqanikurad 
mtkice, erTgvarovani Txeli damcavi fena. 

miRebuli kompoziciebi xelmisawvdomia, maTi momzadeba ar saWiroebs 
rTul teqnikur aRWurvilobas, warmoqmnili damcavi safrebi teqnologiuri 
(blantdenadoba, damcavi fenis warmoqmnis siadvile, erTgvarovneba, poli-
meruli sarCulis da bioaqtiuri kompleqsnaerTebis SeTavsebadoba) da 
fizikur-meqanikuri parametrebiT (tenmedegoba, ultraiisferi dasxivebis, 
Termuli da meqanikuri mdgradoba) Seesabameba miznobrivi damcavi safrebis 
analogiuri tipis kompoziciebs.
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2.2. d-metalebis kompleqsnaerTebi adamantanSemcveli
hidrazidisa da hidrazonis bazaze

literaturidan cnobilia, rom adamantanis zogierTi azotSemcveli 
nawarmi, kerZod, 4-(1-adamantil)anilini, adamantanis rigis aminomJavebis 
nawarmebi, adamantan-1-karbonmJavas hidrazidi xasiaTdebian farTo speqtris 
farmakologiuri aqtiurobiT, maT Soris iCenen cofis virusis da adamianis 
imunodeficituri virusis damTrgunvel moqmedebas [33, 140]. amave dros 
intensiurad viTardeba karbonmJavaTa hidrazidebis da hidrazonebis bazaze 
miRebuli koordinaciuli naerTebis gamokvleva, romlebic xasiaTdebian 
maRali specifikuri biologiuri aqtiurobiT [19, 21, 63, 141].

zemoaRniSnulidan gamomdinare, perspeqtiulad miviCnieT adamantan-1-
karbonmJavas hidrazidis da acetonis 1-adamantoil hidrazonis, rogorc 
organuli ligandebisa da zogierTi d-metalis marilebis bazaze axali 
koordinaciuli naerTebis miznobrivi sinTezi rogorc Teoriuli, ise 
praqtikuli gamoyenebis TvalsazrisiT, eleqtronodonoruli da              
farmakoforuli adamantanis radikalis gavlenis Sefaseba miRebuli 
koordinaciuli naerTebis reaqciisunarianobasa da specifikur biologiur 
aqtiurobaze [142].

Cvens amocanas warmoadgenda adamantan-1-karbonmJavas hidrazidisa da 
acetonis 1-adamantoil hidrazonis bazaze zogierTi d-metalis         
koordinaciuli naerTebis sinTezis meTodebis damuSaveba, sxvadasxva 
faqtorebis (temperatura, sawyis komponentTa moluri Tanafardoba, 
kompleqswarmomqmnelis tipi, sareaqcio are) gavlenis Seswavla           
miRebuli naerTebis aRnagobasa da gamosavlianobaze, dasinTezebuli 
naerTebis agebulebis dadgena infrawiTeli speqtroskopiuli da Termo-
gravimetriuli meTodebis saSualebiT, bioaqtiuri Tvisebebis kvleva.

CavatareT sawyisi ligandebis eleqtronuli struqturisa da 
kompleqswarmoqmnis unaris kvleva naxevradempiriuli kvantur-qimiuri 
meTodiT AM1 (Austin Model 1) [CS MOPAC-is (Chem 3D Ultra-version 8.03)          
saSualebiT] [109, 110]. ganvsazRvreT maTi energetikuli da geometriuli 
maxasiaTeblebi, atomebze efeqturi muxtebi da eleqtronuli dasaxleba 
atomur orbitalebze (eleqtronuli simkvrive).

adamantan-1-karbonmJavas hidrazidis molekulaSi (naxazi 22) atomTa-
Soris manZilebis sidideTa (cxrili 11) analizi gviCvenebs, rom C-C bmis 
sigrZis mniSvnelobebi (Rij) adamantanis birTvSi (C10H15•) imyofeba 1.522_1.542
Å -is farglebSi, rac miuTiTebs naxSirbadis atomebis (C1-C10) sp3

hibridizebul mdgomareobaze. rac Seexeba naxSirbadis C11 atoms, mezobel 
atomebTan bmis sigrZeebi da savalento kuTxeebi (C1-C11-O12 =    = 121.1º, C1-
C11-N13 = 123.6º da O12-C11-N13 = 115.3º) miuTiTebs ZiriTadad mis sp2

hibridizebul mdgomareobaze. Jangbadis atomi O12, rogorc misi savalento 
kuTxeebis mniSvnelobebi gviCvenebs, imyofeba sp2 hibridizebul 
mdgomareobaSi. azotis atomebi savalento kuTxeebis mniSvnelobebis (C11-
N13-N14 = 131.6º, C11-N13-H30 = 116.1º, N14-N13-H30 = 112.3º da N13-N14-H31= = 110.4º, 
N13-N14-H32 = 110.0º, H31-N14-H32 = 106.8º) mixedviT imyofebian sp2 (N13) da sp3

(N14) hibridizebul mdgomareobaSi.
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naxazi 22. adamantan-1-karbonmJavas hidrazidis 3D modeli 

atomebze fardobiTi muxtebis sidideTa (cxrili 12) analizi     
gviCvenebs, rom potencialurad eleqtronodonorul atomebs warmoadgenen 
O12  (q12 = -0.3643), N13 (q13 = -0.3492) da N14 (q14 = -0.1787). atomTa orbitalebis 
eleqtronuli dasaxleba (cxrili 13) gviCvenebs, rom Jangbadis atomis   
erT-erTi eleqtronuli wyvili imyofeba 2s orbitalze (eleqtronuli 
dasaxleba 1.91695) da mas SeuZlia metalis atomTan σ-bmis warmoqmna 
donorul-aqceptoruli meqanizmiT. N14 atomTan SedarebiT N13 atomis ufro 
maRali uaryofiTi fardobiTi muxtis miuxedavad, mas ar SeuZlia     
metalis atomTan σ-bmis warmoqmna donorul-aqceptoruli meqanizmiT,    
vinaidan eleqtronuli wyvili imyofeba hibridizaciis gareSe darCenil 2Pz

orbitalze (eleqtronuli dasaxleba 1.76977). rac Seexeba N14 atoms, 
eleqtronuli wyvili imyofeba erT-erT hibridul sp3 orbitalze,          
misi eleqtronuli dasaxleba 1.62247-ia da amgvarad, midrekilia warmoqmnas 
metalis atomTan σ-bma donorul-aqceptoruli meqanizmiT. 
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cxrili 11. atomTaSorisi manZilebi (Rij)

atomebi, ij Rij, Å atomebi, ij Rij, Å atomebi, ij Rij, Å
C1-C2 1.542   C4-H19 1.120 C9-C10 1.526
C1-C6 1.532 C5-C6 1.526 C9-H27 1.120
C1-C7 1.530 C5-C9 1.525 C9-H28 1.120
C1-C11 1.527 C5-H20 1.123 C10-H29 1.123
C2-C3 1.522 C6-H21 1.118 C11-O12 1.248
C2-H15 1.121 C6-H22 1.121 C11-N13 1.392
C2-H16 1.120 C7-C10 1.527 N13-N14 1.349
C3-C4 1.525 C7-H23 1.118 N13-H30 1.005
C3-C8 1.525 C7-H24 1.120 N14-H31 1.014
C3-H17 1.123 C8-C10 1.524 N14-H32 1.016
C4-C5 1.524 C8-H25 1.120
C4-H18 1.120 C8-H26 1.120

cxrili 12. atomTa fardobiTi muxti (qi) da eleqtronuli simkvrive [qi(d)]

atomi, i
fardobiTi
muxti, qi

eleqtronuli
simkvrive, 

qi(d)
atomi, i

fardobiTi
muxti, qi

eleqtronuli
simkvrive, 

qi(d)
C1 -0.0586 4.0586 H17 0.0958 0.9042
C2 -0.1378 4.1378 H18 0.0854 0.9146
C3 -0.1039 4.1039 H19 0.0831 0.9169
C4 -0.1502 4.1502 H20 0.0927 0.9073
C5 -0.1012 4.1012 H21 0.0730 0.9270
C6 -0.1426 4.1426 H22 0.0972 0.9028
C7 -0.1432 4.1432 H23 0.0687 0.9313
C8 -0.1503 4.1503 H24 0.0949 0.9051
C9 -0.1515 4.1515 H25 0.0847 0.9153
C10 -0.1010 4.1010 H26 0.0834 0.9166
C11 0.2876 3.7124 H27 0.0863 0.9137
O12 -0.3643 6.3643 H28 0.0774 0.9226
N13 -0.3492 5.3492 H29 0.0919 0.9081
N14 -0.1787 5.1787 H30 0.2578 0.7422
H15 0.1037 0.8963 H31 0.1376 0.8624
H16 0.0985 0.9015 H32 0.1326 0.8674
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cxrili 13. atomTa orbitalebis eleqtronuli dasaxleba

atomi 2s 2px 2py 2pz atomi 1s
C1 1.21010   0.98773   0.89404   0.96671   H15 0.89632   
C2 1.22452   0.90642   0.95956   1.04732 H16 0.90155   
C3 1.21162   0.99956   0.94692   0.94576   H17 0.90419   
C4 1.22229   0.94337   1.00636   0.97817 H18 0.91458   
C5 1.21223   0.96027   0.94784   0.98084   H19 0.91685   
C6 1.22350   0.99516   0.95812   0.96584 H20 0.90730   
C7 1.22310   0.99273   0.96067   0.96668   H21 0.92700   
C8 1.22209   0.94313   1.00697   0.97809 H22 0.90283
C9 1.22271   0.99956   0.98992   0.93927   H23 0.93126   
C10 1.21230   0.96058   0.94670   0.98142 H24 0.90511   
C11 1.24005   0.81379   0.91192   0.74659   H25 0.91533   
O12 1.91695   1.51656   1.46034   1.47045 H26 0.91660   
N13 1.47071   1.00026   1.10848   1.76977   H27 0.91374   
N14 1.62247   1.18049   1.29435   1.08141 H28 0.92262   

H29 0.90808   
H30 0.74215
H31 0.86235   
H32 0.86737

     
amgvarad, molekulaSi aris ori potencialurad eleqtronodonoruli 

atomi _ O12 da N14, ris gamoc igi warmoadgens bidentantur ligands da 
SeuZlia d-metalebTan warmoqmnas koordinaciuli naerTebi xuTwevriani 
ciklis saxiT (sqema 16a).

rac Seexeba acetonis 1-adamantoil hidrazonis molekulas (nax. 23), 
azotis atomebi (N13 da N14) savalento kuTxeebis mniSvnelobebis (C11-N13-
N14 = 125.2º, C11-N13-H33 = 114.6º, N14-N13-H33 = 120.2º da N13-N14-C15 = 121.7º) 
mixedviT imyofebian sp2 hibridizebul mdgomareobaSi. igive mdgomareobaSia 
naxSirbadis C15 atomic (N14-C15-C16 = 126.8º, N14-C15-C17 = 118.9º, C16-C15-C17 = 
114.3º), romelic azotis N14 atomTan qmnis ormag bmas. 



                                                                           72

naxazi 23. acetonis 1-adamantoil hidrazonis 3D modeli

atomebze fardobiTi muxtebis sidideTa (cxrili 15) analizi 
gviCvenebs, rom potencialurad eleqtronodonorul atomebs am 
SemTxvevaSic warmoadgenen O12  (q12 = -0.3585), N13 (q13 = -0.3156) da N14 (q14 = -
0.0374). atomTa orbitalebis eleqtronuli dasaxleba (cxrili 16) gviCvenebs, 
rom Jangbadis atomis erT-erTi eleqtronuli wyvili imyofeba 2s-
orbitalze (eleqtronuli dasaxleba 1.91635-ia) da mas SeuZlia metalis 
atomTan σ-bmis warmoqmna donorul-aqceptoruli meqanizmiT. miuxedavad N13

atomis bevrad ufro maRali uaryofiTi fardobiTi muxtisa, vidre aqvs N14

atoms,  mas ar SeuZlia metalis atomTan σ-bmis warmoqmna donorul-
aqceptoruli meqanizmiT, radganac eleqtronuli wyvili imyofeba 
hibridizaciis gareSe darCenil 2Pz orbitalze (eleqtronuli dasaxleba 
1.72317-ia). rac Seexeba N14 atoms, eleqtronuli wyvili imyofeba erT-erT 
hibridul sp2 orbitalze, romelzec eleqtronuli dasaxleba 1.72500-ia da 
amgvarad, midrekilia warmoqmnas metalis atomTan σ-bma donorul-
aqceptoruli meqanizmiT.
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cxrili 14. atomTaSorisi manZilebi (Rij)

atomebi, ij Rij, Å atomebi, ij Rij, Å atomebi, ij Rij, Å
C1-C2 1.541 C5-C9 1.525 C11-O12 1.246
C1-C6 1.531 C5-H23 1.123 C11-N13 1.407
C1-C7 1.531 C6-H24 1.118 N13-N14 1.327
C1-C11 1.523 C6-H25 1.120 N13-H33 1.009
C2-C3 1.522 C7-C10 1.527 N14-C15 1.312
C2-H18 1.120 C7-H26 1.118 C15-C16 1.496
C2-H19 1.120 C7-H27 1.120 C15-C17 1.498
C3-C4 1.525 C8-C10 1.524 C16-H34 1.119
C3-C8 1.525 C8-H28 1.120 C16-H35 1.119
C3-H20 1.123 C8-H29 1.120 C16-H36 1.117
C4-C5 1.524 C9-C10 1.525 C17-H37 1.118
C4-H21 1.120 C9-H30 1.120 C17-H38 1.117
C4-H22 1.120 C9-H31 1.120 C17-H39 1.118
C5-C6 1.526 C10-H32 1.123

cxrili 15. atomTa fardobiTi muxti (qi) da eleqtronuli simkvrive [qi(d)]

atomi, i
fardobiTi
muxti, qi

eleqtronuli
simkvrive, 

qi(d)
atomi, i

fardobiTi
muxti, qi

eleqtronuli
simkvrive, 

qi(d)
C1 -0.0347 4.0347 H21 0.0820 0.9180
C2 -0.1433 4.1433 H22 0.0807 0.9193
C3 -0.1015 4.1015 H23 0.0896 0.9104
C4 -0.1507 4.1507 H24 0.1032 0.8968
C5 -0.1004 4.1004 H25 0.0853 0.9147
C6 -0.1433 4.1433 H26 0.1040 0.8960
C7 -0.1432 4.1432 H27 0.0851 0.9149
C8 -0.1508 4.1508 H28 0.0820 0.9180
C9 -0.1494 4.1494 H29 0.0807 0.9193
C10 -0.1005 4.1005 H30 0.0803 0.9197
C11 0.3351 3.6649 H31 0.0830 0.9170
O12 -0.3585 6.3585 H32 0.0896 0.9104
N13 -0.3156 5.3156 H33 0.2186 0.7814
N14 -0.0374 5.0374 H34 0.0904 0.9096
C15 -0.1200 4.1200 H35 0.0885 0.9115
C16 -0.2142 4.2142 H36 0.0937 0.9063
C17 -0.1637 4.1637 H37 0.0870 0.9130
H18 0.0968 0.9032 H38 0.0966 0.9034
H19 0.0961 0.9039 H39 0.0869 0.9131
H20 0.0917 0.9083
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cxrili 16. atomTa orbitalebis eleqtronuli dasaxleba

atomi 2s 2px 2py 2pz atomi 1s
C1 1.20663 0.96887 0.87905 0.98018 H18 0.90322
C2 1.22522 0.91596 0.96096 1.04119 H19 0.90395
C3 1.21139 0.99621 0.94586 0.94803 H20 0.90827
C4 1.22233 0.94905 1.00375 0.97557 H21 0.91799
C5 1.21212 0.95425 0.95379 0.98021 H22 0.91927
C6 1.22342 1.01916 0.94786 0.95284 H23 0.91036
C7 1.22335 1.02020 0.94739 0.95225 H24 0.89684
C8 1.22230 0.94927 1.00381 0.97537 H25 0.91468
C9 1.22248 1.00374 0.98441 0.93876 H26 0.89595
C10 1.21216 0.95409 0.95404 0.98024 H27 0.91485
C11 1.23915 0.78488 0.91827 0.72259 H28 0.91801
O12 1.91635 1.53322 1.44607 1.46283 H29 0.91929
N13 1.47861 1.03813 1.07567 1.72317 H30 0.91974
N14 1.72500 0.94356 1.24480 1.12405 H31 0.91705
C15 1.24336 0.91225 0.94865 1.01575 H32 0.91041
C16 1.22073 1.03064 0.93838 1.02441 H33 0.78138
C17 1.21622 0.94667 0.98301 1.01778 H34 0.90958

H35 0.91149
H36 0.90630
H37 0.91295
H38 0.90336
H39 0.91307

amgvarad, molekulaSi aris ori potencialurad eleqtronodonoruli 
atomi _ O12 da N14, ris gamoc is warmoadgens bidentantur ligands. amis 
gamo mas SeuZlia d-metalebTan warmoqmnas koordinaciuli naerTebi 
xuTwevriani ciklis saxiT (sqema 16b):

     

C O

HN N

H H

M

              

C O

HN N

CH3

M

CH3

C

                 

                   (a)                                  (b)

sqema 16

adamantanSemcveli ligandebisa da zogierTi d-metalis marilebis    
bazaze koordinaciul naerTTa sinTezi ganvaxorcieleT or etapad: 
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1. organuli ligandis sinTezi: 
adamantan-1-karbonmJavas hidrazidi miRebul iqna adamantan-1-karbon-

mJavas eTerifikaciiT koncentrirebuli gogirdmJavas Tanaobisas da       
miRebuli adamantan-1-karbonmJavas eTilis eTeris hidrazinoliziT        
dieTilenglikolis areSi:

-H2O
H2SO4COOH C2H5OH

H2N-NH2
. H2O

C

+ COOC2H5

NH2NH

O

DEG

sqema 17. adamantan-1-karbonmJavas hidrazidis sinTezi

2. organul ligandTan d-metalTa marilebis urTierTqmedeba:
a) adamantan-1-karbonmJavas hidrazidisa (L) da d-metalebis marilebis

(MXn) urTierTqmedebas vatarebdiT eTanol-wyalxsnarSi wylian abazanaze 
5-6 saaTis ganmavlobaSi duRilis pirobebSi (moluri Tanafardoba MXn : L _ 
1:1 da 1:3):

eTanol-wyalxsnari

t, 4-5sT
C

O

NHNH2
MXn + 3 M

m

Xn
. k H2ONHNH2C

O

sadac, M = Cu, Cd, Co, Ni, Zn; X = Cl_, SO4
2_, NO3

_, CH3COO_ ; 
               n = 1, 2; m = 2, 3; k = 0, 1, 2.

sqema 18. adamantan-1-karbonmJavas hidrazidis bazaze zogierTi d-metalis 
koordinaciuli naerTebis sinTezi

b) adamantan-1-karbonmJavas hidrazidisa (L) da d-metalebis marilebis
(MXn) urTierTqmedebas vatarebdiT aceton-wyalxsnarSi wylian abazanaze 
5-6 saaTis ganmavlobaSi duRilis pirobebSi (moluri Tanafardoba MXn: L _ 
1:3):

C

O

NHNH2
MXn+ 3 M

m

Xn
. k H2ONHNC(CH3)2C

O
aceton-wyalxsnari

t, 4-5sT

sadac, M = Co, Ni; X = Cl_, SO4
2_, NO3

_ ; n = 1, 2; m = 2, 3; k = 0, 1, 2.

sqema 19. acetonis 1-adamantoil hidrazonis bazaze zogierTi d-metalis 
koordinaciuli naerTebis sinTezi
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dasinTezebuli naerTebi warmoadgenen   sxvadasxva feris wvril-
kristalur nivTierebebs kompleqswarmomqmneli metalis bunebidan 
gamomdinare, romlebic iSlebian gansazRvrul temperaturaze.

miRebuli naerTebis agebuleba dadgenil iqna infrawiTeli speqtrosko-
piuli, Termogravimetriuli da diferenciul-Termuli analizis meTodebiT. 

dasinTezebuli kompleqsebis da adamantanSemcveli ligandebis        
STanTqmis infrawiTeli speqtrebis analizma gviCvena, rom organuli 
ligandis molekula metalebis centralur atomebTan koordinirebulia 
karbonilis jgufis Jangbadatomisa da hidrazidis NH2-jgufis, agreTve 
azomeTinuri jgufis azotis atomis meSveobiT ciklur-bidentanturad, rac 
Seesabameba kvantur-qimiuri gaTvlebiT miRebul Sedegebs (sqema 16).

marTlac, kompleqsnaerTTa speqtrebSi karbonilis jgufis savalento 
rxevis Sesabamisi STanTqmis zolis Semcireba [Δν (C=O)≈30-40 sm-1] Tavisufal 
ligandTan SedarebiT miuTiTebs, rom organuli ligandi metalis atomTan 
koordinirebulia karbonilis Jangbadatomis meSveobiT M←C=O. meores 
mxriv, NH2 jgufis Sesabamisi STanTqmis zolebi [Δν(NH2)≈120-200 sm-1] ara-
koordinirebul ligandTan SedarebiT gadaweulia grZeltalRian ubanSi, 
rac damaxasiaTebelia NH2→M bmis valenturi rxevebisaTvis (nax. 24-27).

naerTebis M[AdCONHNH2]2Cl2∙kH2O  (XXV-XXVIII) (k=1, 2) infrawiTel
speqtrebSi ~1070-1130 sm-1 ubanSi SeimCneva νe(Cl_) jgufisaTvis damaxasiaTebeli 
intensiuri STanTqmis zoli.

naerTebis M[AdCONHNH2]mSO4∙H2O (XXIX-XXXII) (m = 2, 3) infrawiTel
speqtrebSi ~1080-1110 sm-1 ubanSi SeimCneva νe(SO4

2_) jgufisaTvis 
damaxasiaTebeli intensiuri, singleturi STanTqmis zoli. metalis         
centraluri atomis koordinaciuli ricxvi kompleqsebSi MLmSO4 ∙ H2O (M = 
Co, Ni, Zn) aris 6. Sesabamisad SO4

2_ jgufebi am kompleqsebSi Sigasferul 
jgufebs warmoadgenen. CdL2SO4 ∙ H2O-Si SO4

2_-is Sesabamisi STanTqmis zoli 
Zlierad aris gaxleCili ramdenime komponentad, rac saSualebas gvaZlevs 
davaskvnaT, rom SO4

2_ jgufebi am kompleqsebSi pirdapir ukavSirdebian 
kadmiumis centralur atoms.

naerTebis M[AdCONHNH2]2(NO3)2 ∙ kH2O (XXXIII-XXXIV) (k = 1, 2) infrawiTel
speqtrebSi ~1380-1538 sm-1 ubanSi SeimCneva νe(NO3

_) jgufisaTvis 
damaxasiaTebeli intensiuri, or komponentad gaxleCili STanTqmis zoli, 
rac saSualebas gvaZlevs vivaraudoT, rom NO3

- jgufi uSualod aris dakav-
Sirebuli metalebis centralur atomebTan da Sesabamis kompleqsebs aqvT 
oqtaedruli aRnagoba. 

naerTebis M[AdCONHNH2]2(CH3COO)2∙H2O (XXXV-XXXVII) iw speqtrebSi 
SeimCneva CH3COO¯  jgufisaTvis damaxasiaTebeli intensiuri STanTqmis 
zolebi: νe(COO-) ≈ ~1410-1450 sm-1, νe(CH3) ≈ ~1235-1335 sm-1, νe(C-C) ≈ ~900-960 sm-1.

kobaltis(II) da kadmiumis(II) marilebis SemTxvevaSi kristalebis 
warmoqmna SeiniSneboda oTaxis temperaturaze.

imave reaqciis sust tute areSi (pH ≈ 8-9) Catarebisas miiReba kompleqsi 
M(L-2H)m ∙ kH2O [M = Co], romelSic ar aris acidojgufi (X = SO4

2_) da Seicavs 
deprotonirebuli organuli ligandis molekulas.
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naxazi 24. adamantan-1-karbonmJavas hidrazidTan kadmiumis(II) acetatis 
koordinaciuli naerTis iw speqtri

naxazi 25. adamantan-1-karbonmJavas hidrazidTan kadmiumis(II) qloridis 
koordinaciuli naerTis iw speqtri
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naxazi 26. adamantan-1-karbonmJavas hidrazidTan nikelis(II) sulfatis 
koordinaciuli naerTis iw speqtri

naxazi 27. acetonis 1-adamantoil hidrazonTan kobaltis(II) qloridis       

koordinaciuli naerTis iw speqtri (in nujol)
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Termuli analizis meTodiT dadgenil iqna Termolizis              
temperaturuli intervalebi da miRebuli naerTebis mdgradoba.

Termogravimetriulma analizma aCvena, rom miRebuli kompleqs-
naerTebis Termolizi warmoadgens rTul process. wylis molekulis 
dakargvis Semdeg xdeba organuli ligandis molekulebis etapobrivi 
mowyveta. Termolizis saboloo produqts warmoadgens Sesabamisi                 
d-metalis oqsidi an marili. 

kompleqsis Ni[AdCONHNH2]2(NO3)2∙H2O Termogravimetriuli da 
diferenciul-Termuli mrudebi (naxazi 28) gviCvenebs, rom pirvel, mcired 
gamoxatul endoTermul efeqts adgili aqvs 1050C-ze, romlis drosac masis 
kleba Sedgens 3.0 %-s (Teoriuli _ 3.0 %), rac Seesabameba kompleqsidan 
erTi molekula wylis dakargvas. temperaturis Semdgomi momatebisas 5000C-
ze aRiniSneba meore endoTermuli efeqti, masis kleba Seadgens 86.5 %-s 
(Teoriuli _ 87.0 %), rac gamowveulia organuli ligandis molekulebis 
etapobrivi mowyvetiT. nimuSis Semdgomi daSlisas 9000C-ze masa mcirdeba 
12.5 %-iT da Termolizis saboloo produqts warmoadgens nikelis(II) 
oqsidi (Teoriuli _ 12.56 %).

naxazi 28. Ni[AdCONHNH2]2(NO3)2 ∙ H2O kompleqsnaerTis 
diferenciul-Termuli da Termogravimetriuli mrudebi

kompleqsis Cd[AdCONHNH2]2Cl2∙2H2O  diferenciul-Termuli da Termo-
gravimetriuli mrudebi (naxazi 29) gviCvenebs, rom pirvel, mcired         
gamoxatul endoTermul efeqts adgili aqvs 1050C-ze, romlis drosac masa 
iklebs 5.1 %-iT (Teoriuli _ 5.9 %), rac Seesabameba kompleqsidan erTi 
molekula wylis dakargvas. 3900C-sa da 5600C-ze aRiniSneba ori endo-
Termuli piki, 5200C-ze masis kleba Seadgens 50.0 %-s (Teoriuli _ 51.39 %), 
rac gamowveulia organuli ligandis molekulebis etapobrivi mowyvetiT. 
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Semdgom masa mcirdeba 30.0 %-iT da Termolizis saboloo produqts      
warmoadgens kadmiumis(II) qloridi (Teoriuli _ 30.14 %).

naxazi 29. Cd[AdCONHNH2]2Cl2 ∙ 2H2O kompleqsnaerTis
diferenciul-Termuli da Termogravimetriuli mrudebi

naxazi 30. Ni[AdCONHNC(CH3)2]2(NO3)2∙2H2O kompleqsnaerTis 
diferenciul-Termuli da Termogravimetriuli mrudebi

kvlevis Sedegad dasinTezebulia zogierTi d-metalis axali 
koordinaciuli naerTebi adamantan-1-karbonmJavas hidrazidis da acetonis 
1-adamantantoil hidrazonis bazaze. aRniSnuli sistemebi Zlieri farmako-
foruli jgufebis Semcvelobis gamo warmoadgenen saintereso da 
perspeqtiul obieqtebs axali farTo speqtris mqone bioaqtiuri                  
saSualebebis ZiebisaTvis.
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cxrili 17. zogierTi d-metalis qloridebis adamantan-1-karbonmJavas hidrazidTan 
koordinaciuli naerTebis (XXV-XXVIII) zogierTi Tviseba

*) iSleba
L = AdCONHNH2

# naerTi Seferiloba
lR. t.,  

0C
gamosavlianoba, 

% iw speqtri, ν, sm-1

XXV CoL2Cl2 ∙ 2H2O vardisferi >260 84.4 3483.5 (NH2); 3142.4 (NH); 2972.1, 2884.3 (CH, Ad); 
1653.8 (C=O); 1583.9, 1540.4 (CONH); 1344.1 (C-N); 
1077.8 (Cl); 468.0 450.4 (M-O, M-N).

XXVI NiL2Cl2 ∙ 2H2O cisferi >260 87.2 3483.5 (NH2); 3142.4 (NH); 2967.1, 2841.5 (CH, Ad); 
1691.6 (C=O); 1536.4, 1512.4 (CONH); 1377.2 (C-N); 
1131.5 (Cl);  491.4 474.5 (M-O, M-N).

XXVII CdL2Cl2 ∙ 2H2O TeTri >230 84.6 3587.1, 3509.9, 3417.4(NH2); 3340.2, 3293.9 (NH); 
2923.7, 2854.2 (CH,Ad); 1635.4 (C=O); 1504.2 
(CONH); 1373.1(C-N); 1103.1(Cl); 540.0 (M-O, M-N).

XXVIII CuL2Cl2 ∙ H2O momwvano  >260* 76.2 3483.5 (NH2); 3142.4 (NH); 2966.9, 2842.6 (CH, Ad); 
1641.7 (C=O); 1586.2, 1512.7 (CONH); 1377.1 (C-
N); 1073.4, 722.9 (Cl); 492.4, 455.5  (M-O, M-N).
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cxrili 18. zogierTi d-metalis sulfatebis adamantan-1-karbonmJavas hidrazidTan
koordinaciuli naerTebis (XXIX-XXXII) zogierTi Tviseba 

# naerTi Seferiloba
lR. t.,  

0C
gamosavlianoba, 

% iw speqtri, ν, sm-1

XXIX CoL3SO4∙H2O vardisferi >260 83.2 3417.4 (NH2); 3321.6 (NH); 2966.2, 2842.8 (CH, Ad); 
1612.3 (C=O); 1551.8 (CONH); 1377.2 (C-N); 1170.7, 
1056.3, 664.5 (SO4

2-); 491.0, 460.5 (M-O, M-N).
XXX NiL3SO4∙H2O cisferi   >230* 64.6 3401.9 (NH2); 3239.9 (NH); 2908.2, 2854.2 (CH, Ad); 

1643.1 (C=O); 1535.1 (CONH); 1373.1 (C-N); 1187.9, 
1079.9, 671.1 (SO4

2-); 532.3, 447.4 (M-O, M-N).
XXXI CdL2SO4∙H2O TeTri  >300 78.4 3515.9 (NH2); 3340.2 (NH); 2972.1, 2839.4 (CH, Ad); 

1620.5 (C=O); 1548.2 (CONH); 1377.6 (C-N); 1136.5, 
1093.4, 723.9 (SO4

2-); 491.4, 460.5 (M-O, M-N).
XXXII ZnL2SO4∙H2O TeTri  >260 82.5 3401.9 (NH2); 3321.6 (NH); 2968.3, 2841.7 (CH, Ad); 

1612.3 (C=O); 1548.2 (CONH); 1377.2 (C-N); 1170.7, 
1093.4, 949.0 (SO4

2-);  478.1, 455.5 (M-O, M-N).

*) iSleba
L = AdCONHNH2
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cxrili 19. zogierTi d-metalis nitratebisa da acetatebis adamantan-1-karbonmJavas hidrazidTan
koordinaciuli naerTebis (XXXIII-XXXVII) zogierTi Tviseba

# naerTi Seferiloba
lR. t.,  

0C
gamosavlianoba, 

%
iw speqtri, ν, sm-1

XXXIII CoL2(NO3)2∙2H2O vardisferi    >300 96.2 3394.7 (NH2); 3321.6 (NH); 2914.0, 2853.5 (CH, 
Ad); 1653.5 (C=O); 1558.7 (CONH); 1397.0 (C-
N); 1284.9, 669.3 (NO3

-); 487.4, 456.1 (M-O, M-N).
XXXIV NiL2(NO3)2∙H2O cisferi    >230 96.2 3594.8, 3540.8, 3479.0 (NH2); 3332.6, 3278.6

(NH); 2908.2, 2854.2 (CH, Ad); 1643.1 (C=O); 
1535.1 (CONH); 1373.1 (C-N); 1349.9, 1041.4, 
825.4 (NO3

-); 540.0 (M-O, M-N).
XXXV CoL2(CH3COO )2∙H2O mewamuli    >230 87.8 CoL2(CH3COO)2∙H2O: 3540.8, 3479.0 (NH2); 

3278.5 (NH); 2918.9, 2871.1 (CH, Ad); 1630.9
(C=O); 1548.0 (CONH); 1373.1 (C-N); 1483.7
(COO-); 1334.5 (CH3); 850.7 (C-C); 491.2, 455.5 
(M-O, M-N).

XXXVI NiL2(CH3COO )2∙H2O mwvane  165 92.0 3394.7 (NH2); 3255.1 (NH); 2920.9, 2853.5 (CH, 
Ad); 1653.6 (C=O); 1558.9 (CONH); 1397.0 (C-
N); 1450.2, 1418.3 (COO-); 1234.1, 668.7 (CH3); 
918.0 (C-C); 486.3, 459.0 (M-O, M-N).

XXXVII CdL2(CH3COO )2∙H2O TeTri    >360 93.0 3594.8, 3540.8, 3479.0 (NH2); 3332.6, 3278.6
(NH); 2908.2, 2854.2 (CH, Ad); 1643.1 (C=O); 
1535.1 (CONH); 1373.1 (C-N); 1450.3, 1411.7 
(COO-); 1334.6 (CH3); 925.7, 918.0 (C-C); 540.0 
(M-O, M-N).

*) iSleba
L = AdCONHNH2
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cxrili 20. kobaltis(II) da  nikelis(II) marilebis acetonis 1-adamantoil hidrazonTan
koordinaciuli naerTebis (XXXVIII-XLI) zogierTi Tviseba

# naerTi Seferiloba
lR. t.,

0C
gamosavlianoba, 

% iw speqtri, ν, sm-1

XXXVIII Co[AdCONHNC(CH3)2]2Cl2∙2H2O vardisferi >360* 69.4 3483.5 (NH2); 3147.4 (NH); 2923.7, 
2854.3 (CH, Ad); 1604.6 (C=O); 
1519.7 (CONH); 1457.9 (C=N); 1373.1, 
725.1 [(C-(CH3)2]; 1103.1 (Cl); 594.0, 
509.1 (M-O, M-N).

XXXIX Ni[AdCONHNC(CH3)2]2(NO3)2∙2H2O cisferi >360* 55.1 3455.9 (NH2); 3355.7 (NH); 2923.7, 
2854.3 (CH, Ad); 1612.3 (C=O); 1535.1
(CONH); 1457.9 (C=N); 1373.1, 725.1 
[(C-(CH3)2]; 1072.3, 825.4 (NO3

-); 
540.0 (M-O, M-N).

XL Co[AdCONHNC(CH3)2]2SO4∙2H2O vardisferi >360* 92.4 3417.4 (NH2); 3321.6 (NH); 2923.7, 
2854.7 (CH, Ad); 1643.1 (C=O); 
1519.7 (CONH); 1457.9 (C=N); 1373.1, 
740.6 [(C-(CH3)2]; 1104.0, 1079.9, 
617.1 (SO4

2-).
XLI Ni[AdCONHNC(CH3)2]2(CH3COO)2∙2H2O muqi 

vardisferi
>360* 49.4 3394.7 (NH2); 3255.1 (NH); 2911.3, 

2857.6 (CH, Ad);  1559.4 (CONH); 
1350.6 (C-N); 1418.7, 668.8 (COO-); 
1350.6 (CH3); 498.2, 460.5 (M-O, M-N).

*) iSleba
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2.3. adamantanSemcveli nukleofilebis N-α-ferocenilalkilireba

winamdebare TavebSi Cven vixilavdiT adamantanis azotSemcvel 
naerTebs, rogorc ligandebs sxvadasxva d-metalis bioaqtiuri kompleqs-
naerTebis misaRebad. aRniSnul TavSi ganxilulia iseTi potenciuri
bioaqtiuri naerTebi, sadac rkinaorganuli farmakofori _ feroceni 
dakavSirebulia adamantanSemcvel fragmentTan.

nukleofiluri naerTebis α-ferocenilalkilirebis reaqciis 
Seswavlisadmi didi interesi dakavSirebulia ferocenilkarbkationis 
aRnagobisa da reaqciisunarianobis Teoriuli aspeqtebis damuSavebasTan, 
aseve praqtikulad faseuli ferocenSemcveli naerTebis sinTezis 
xelsayrel meTodebTan.AaRniSnuli reaqciis sinTezuri SesaZleblobebi, 
upirveles yovlisa, ganisazRvreba Sesabamisi metalorganuli komponentis 
xelmisawvdomobiT. α-hidroqsialkilferocenebi warmoadgenen xelsayrel da 
perspeqtiul maalkilirebel reagentebs, gamoirCevian maRali               
stabilurobiT oTaxis temperaturaze, xolo hidroqsilis jgufi garkveul 
pirobebSi advilad ganicdis nukleofilur Canacvlebas. aRsaniSnavia, rom 
am meTodis sinTezuri SesaZleblobebi arsebiTad izrdeba reaqciis 
orfazian sistemaSi Catarebis pirobebSi. am SemTxvevaSi reaqciebis             
umravlesoba mimdinareobs rbil pirobebSi, _ oTaxis temperaturaze, 
arainertul atmosferoSi da ar moiTxovs mSrali gamxsnelebis gamoyenebas.

CamoTvlili upiratesobebi ferocenebisa da nukleofiluri 
reagentebis farTod gamoyenebis, aseve gamosavlianobis gazrdisa da 
maRali sisufTavis mqone produqtebis miRebis saSualebas iZleva. amasTan, 
α-ferocenilalkilirebis reaqciis meSveobiT SesaZlebelia iseTi naerTebis 
miReba, romelTa sinTezi sxva meTodebiT SeuZlebelia.

zemoaRniSnulidan gamomdinare, Cveni kvlevis mizans warmoadgenda 
ferocenisa da adamantanis birTvebis Semcveli axali bioaqtiuri naerTebis 
miznobrivi sinTezi, romelTa erT molekulaSi gaerTianeba sainteresoa 
qimiur struqturasa da farmakologiur aqtiurobas Soris urTierT-
gavlenis Seswavlis mxriv. mravalricxovani gamokvlevebis miuxedavad, 
aRniSnuli sistemebi naklebadaa Seswavlili, amitom am mimarTulebiT 
kvleva aqtualuri, perspeqtiuli da sainteresoa rogorc Teoriuli, ise 
praqtikuli TvalsazrisiT, vinaidan Zalze farToa α-ferocenilalkili-
rebuli naerTebis praqtikuli gamoyenebis speqtri [14, 85, 86, 143, 144]. 
amasTanave, adamantanis azotSemcveli nawarmebic gamoiyenebian medicinaSi, 
gansakuTrebiT virusuli, baqteriuli infeqciebis da simsivnis 
sawinaaRmdegod [2]. rogorc cnobilia, aRniSnul daavadebebs xSirad Tan 
sdevs hemoglobinis daweva, xolo rkinis deficitiT gamowveuli anemiis 
sawinaaRmdegod gamoiyeneba ferocenis nawarmebi.

α-ferocenilalkilirebis reaqciisaTvis sawyis ferocenSemcvel
komponentebad SevarCieT ferocenis rigis spirtebi –  ferocenilmeTanoli
da α-ferocenileTanoli, romlebic miRebuli iqna ferocenkarbonmJavasa da 
acetilferocenis LiAlH4-iT aRdgeniT mSrali eTeris areSi, 2-4 saaTis 
ganmavlobaSi intensiuri morevisa da gacivebis (15-200C) pirobebSi da 
gamoyofil iqna Setutianebuli sareaqcio narevis eTeriT eqstraqciis 
gziT, reaqcia mimdinareobs TiTqmis raodenobrivi gamosavlianobiT: 
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Fe

C CH
LiAlH4

eTeri
O

R R/

OH

R = OH, CH3; R/ = H, CH3

Fe

sqema 20. ferocenilmeTanolisa da α-ferocenileTanolis sinTezi

nukleofilebad SevarCieT Semdegi naerTebi: 4-(1-adamantiloqsi)-2-nit-
roanilini, 4-meToqsi-2-nitroanilini, 4-(1-adamantil)anilini, 4-(1-adamantil)-
2-nitroanilini, adamantan-1-karbonmJavas hidrazidi, N-(1-adamantil)benzili-
denimini, 4-meToqsi(1-adamantoil)anilidi, 4-eToqsi(1-adamantoil)anilidi da
4-(1-adamantiloqsi)acetanilidi.

4-(1-adamantiloqsi)-2-nitroanilini da 4-meToqsi-2-nitroanilini miiReba 
(sqema 23) Sesabamisi nitroanilidebis tute hidroliziT meTanolis areSi 
0.5-1 saaTis ganmavlobaSi gacxelebis pirobebSi:

NHOR/

NO2

R//C

O

KOH
NH2OR/

NO2

sadac, R/ = CH3, Ad; R// = CH3.

sqema 21

4-(1-adamantil)-2-nitroanilini miRebul iqna 4-(1-adamantil)acetanili-
dis nitrirebiT 56-58 % azotmJaviT ZmarmJavas areSi 5-100C-ze da miRebuli 
4-(1-adamantil)-2-nitroacetanilidis spirtiani tutiT damuSavebiT [30]:

NO2

HNO3/H2SO4

CH3COOH
C CH3NH

O

C CH3NH

O

CH3OH

KOH

NO2

NH2

sqema 22
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NH2 + C

O

H
t0

toluoli N CH

N-(1-adamantil)benzilidenimini miRebul iqna benzaldehidisa da
aminoadamantanis toluolSi duRebiT [36]:

sqema 23

adamantan-1-karbonmJavas hidrazidi dasinTezebulia sqema 18-is [145], 
xolo 4-meToqsi(1-adamantoil)anilidi, 4-eToqsi(1-adamantoil)anilidi da   
4-(1-adamantiloqsi)acetanilidi _ sqema 2-is mixedviT.

kvlevis Semdgom etaps warmoadgenda miRebuli nukleofiluri 
naerTebis α-ferocenilalkilirebis reaqciis Seswavla ferocenil-
meTanoliTa da α-ferocenileTanoliT.        

α-hidroqsialkilferocenebisa da nukleofiluri substratebis        
α-ferocenilalkilirebis reaqcias (sqema 24, 25) vatarebdiT oTaxis          
temperaturaze orfazian sistemaSi: organuli gamxsneli _ diqloreTani, 
qloroformi / HClO4-is 70%-iani wyalxsnari,  intensiuri morevis pirobebSi
[146]:

Fe Fe

CH3

ClO4

CH
HClO4 (70%)

CH2Cl2 , CHCl3

CH CH3

OH

Fe
NO2

HC
CH3

NH2 HCC

O

HN

N CH N
+

CH

CH

Fc

CH3

ClO4
-

NH2OR

NO2
R = CH3; 1-Ad.

OR

CH3

CONH-NH2

XLII-XLIII

ClO4
-

XLIV

ClO4
-

XLV

NH2
+

+

Fe

+
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N HCC

O

HN

CH3

2

+

OH_

NH HCC

O

HN

CH3

XLVIIXLVI

Fe Fe

Fe NH2
HClO4 (70%)

CH2Cl2

CH CH3

OH +

R

R = H (XLVIII).

NH2 HC

CH3
ClO4

-

+ OH
_

R

Fe

NH HC

CH3R
Fe

R = H (XLIX); NO2 (L).

sqema 24

CH2Cl2 , CHCl3

HClO4 (70%)

CH2 OH

ClO4

CH2

Fe Fe
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OH
_

NH2C

O

HN

NH2

CONH-NH2

+
CH2

NH2

+
CH2

ClO4
-

ClO4
-

LI

LIII

Fe

Fe

CONH-NH CH2

NH CH2

LII

LIV

Fe

Fe

sqema 25

α-ferocenilalkilirebis reaqcia 4-(1-adamantiloqsi)-2-nitroanilinTan, 
4-meToqsi-2-nitroanilinTan da N-(1-adamantil)benzilideniminTan mimdinare-
obs Sesabamisi marilebis warmoqmniT, xolo 4-(1-adamantil)anilinisa da 4-(1-
adamantil)-2-nitroanilinis SemTxvevaSi sareaqcio narevis Na2CO3-is najeri 
wyalxsnariT damuSavebiT miiReba aseve Sesabamisi aminebi. aRsaniSnavia, rom
reaqcia adamantanSemcvel amidebTan Znelad mimdinareobs. amasTanave, eTe-
riT damuSavebis Semdeg isini advilad iSlebian sawyisi produqtebis war-
moqmniT. aRniSnuli faqti SeiZleba aixsnas nukleofilis dabali fuZiano-
biT da amasTanave, sivrciTi faqtoriT. adamantan-1-karbonmJavas hidrazidisa 
da α-ferocenileTanolis eqvimoluri Tanafardobisas reaqcia mimdinareobs 
mono- da bis-ferocenilalkilirebis produqtebis narevis warmoqmniT (sqema 
26), N-α-ferocenileTil-N/-1-adamantoilhidrazinis perqlorati miiReba 
reaqciis 2:1 moluri TanafardobiT Catarebisas, romlis Na2CO3-is najeri 
wyalxsnariT damuSavebiT miiReba Sesabamisi amini, xolo bis-N-α-feroce-
nileTil-N/-1-adamantoilhidrazini miiReba reaqciis 1:3 moluri Tana-
fardobiT Catarebisas.

iw, ui (cxrili 21) da 1H da 13C bmr speqtrebis monacemebi adastureben 
dasinTezebuli naerTebis agebulebas. 
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cxrili 21. α-ferocenilalkilirebis produqtebis (XLII-LIV) zogierTi Tviseba, iw da ui speqtruli monacemebi

a – heqsani / eTeri 1:2; b – meTanoli / qloroformi 1:1; * _ iSleba.

# gamosavlianoba,
%

lR. t.,
0C

dro, 
sT

Rf UV/VIS, 
max, nm, (abs):

iw  ν, sm-1, KBr

XLII 76.0 123-125 10-
15

0.84a ------ 3355.7 (NH); 3093.4, 3050 (CH arom.); 2970 (C-CH3); 2908.3, 2846.6 
(CH, Ad); 1635.4, 1519.7 (N-H, C-N); 1566,1350 (C-NO2); 1211, 1134 
(C-O-C); 1003, 817.7 (CH, Fc).

XLIII 80.0 --- 10-15 0.94a ------ 3355.7 (NH); 3093.41, 3050 (CH arom.); 2970 (C-CH3); 2923.7, 
2854.3 (CH, Ad); 1735.7, 1542.8 (N-H, C-N); 1573.7,1373 (C-NO2); 
1280, 1164 (C-O-C); 1003, 817.7 (CH, Fc).

XLIV 24.0 71-72 3 0.64a 246 (1.032), 320 
(0.15), 450 (0.2)

3309 (NH); 3093, 3054 (CH arom.); 2970 (C-CH3); 2908, 2854 (CH, 
Ad); 1640 (C=N); 1110 (ClO4

_), 1003, 870, 840 (CH,  Fc).
XLV 50.2 160-162 10-15 0.34a 252 (3.84), 439 

(0.14)
3309 (NH); 3093 (CH arom.); 2970 (C-CH3); 2908, 2854 (CH, Ad); 
1627, 1504 (N-H, C-N); 1110 (ClO4

_), 1018.2, 817 (CH,  Fc).

XLVIII 78.1 112-113 10-15 0.92a
256 (4.71), 262 

(4.76), 440 (0.14).

3386.6 (NH); 3093.4, 3054.8 (CH arom.); 2970 (C-CH3); 2908.3, 
2846.6 (CH, Ad); 1612, 1512, 1188 (N-H, C-N); 1103 (ClO4

_), 1002.85, 
810 (CH, Fc).

XLIX 68.2 135* -- 0.81a 254 (4.91), 263 
(4.95), 438 (0.21).

3355.7 (NH); 3093.4, 3054.8 (CH arom.); 2970 (C-CH3); 2908.3, 2846.6
(CH,  Ad); 1612.3, 1512, 1188 (N-H, C-N); 1103, 1002.85, 810 (CH, Fc).

L 95.2 172-173 2 0.88a ------ 3355 (NH); 3085.7, 3050 (CH arom.); 2970 (C-CH3); 2908, 2846 (CH, 
Ad); 1626, 1519, 1188 (N-H, C-N); 1558, 1350 (C-NO2); 1003, 810 (CH, 
Fc).

LI 33.3 177 3 0.72b ------ 3600-2700, 3263 (NH2+); 3101, 3017 (CH, arom.); 1689 (C=O);
1110 (ClO4

-); 1002.8 (Fc).
LII 3.7 170-172 -- 0.45b 267 (3.129), 440 

(0.166).
3300-3200, 3294 (NH); 3093 (CH, arom.); 1650.8 (C=O); 1003, 810
(CH, Fc).

LIII 4.5 185-187 7 0.65b ------ 3200-2600, 2723, 2661 (NH2+); 3085.7, 3028 (C-H, arom.); 2908.7, 
2846.5 (C-H, Ad); 1612.3, 1519 (C-N); 1103 (ClO4-); 1002.8, 910, 802 
(Fc).    

LIV -- -- -- 0.39b 283 (4.253), 443 
(0.27).

3409.7 (NH); 3085.7, 3030 (CH, arom.); 1612.3, 1512, 1180 (C-N); 
1003, 910, 804 (Fc).
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naxazi 31. N-α-ferocenileTil- N-(1-adamantil)benzilideniminis perqloratis 
UV speqtri

naxazi 32. 4-(1-adamantil)-N-ferocenilmeTilanilinis perqloratis
UV speqtri
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naxazi 33. α-ferocenileTil-4-meToqsi-2-nitrofenilaminis perqloratis 1H  bmr speqtri  
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naxazi 34. α-ferocenileTil-4-(1-adamantil)-2-nitrofenilaminis 1H  bmr speqtri  
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naxazi 35. α-ferocenileTil-4-(1-adamantil)-2-nitrofenilaminis 13C  bmr speqtri  
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naxazi 36. α-ferocenileTil-4-(1-adamantil)-2-nitrofenilaminis mas-speqtri  
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naxazi 37. α-ferocenileTil-4-(1-adamantil)fenilaminis mas-speqtri  



97

miRebuli naerTebis (XLII-LIV) infrawiTel speqtrebSi SeiniSneba    
STanTqmis Semdegi savalento da deformaciuli zolebi: 2923-2908 sm-1, 2854-
2846 sm-1 (C-H adamantanis), naerTebis (XLII-L) speqtrSi fiqsirdeba mcire 
intensivobis STanTqma 2970 sm-1 (CH3), 3098-3030 sm-1 (C-H aromatuli); 1270-1230
sm-1 (C–O–C); naerTebis (XLIV, XLIII, L) speqtrSi Cans nitro-jgufisaTvis     
damaxasiaTebeli STanTqmis zoli 1558-1566 sm-1, 1350 sm-1; aseve 3600-3200 sm-1, 
2723-2661 (NH2+), naerTebis (XLIV, XLV, XLVIII, LI, LIII) speqtrSi Cans ClO4

-

jgufisaTvis damaxasiaTebeli STanTqmis zoli 1100-1110 sm-1-ze.
naerTebis (XLII-LIV) ultraiisferi speqtrebi (nax. 31, 32) xasiaTdebian 

STanTqmis maqsimumiT ubanSi, λmax: 246-256 nm, 262-283 nm, 320 nm, aseve STanTqmis 
farTo zoliT speqtris xilul ubanSi – 438-450 nm.

α-ferocenilalkilirebis produqtebis (XLII-LIV) 1H bmr speqtrebSi (nax. 
33, 34) NH jgufis protoni iZleva rezonansul signals qimiuri wanacvle-
biT 8.15-8.55 v.m.n.-ze dubletis saxiT; kvarteti velis 6.63-7.50 m.n.-ze 
Seesabameba aromatul protonebs, dubleti velis 1.50-1.58 m.n.-ze Seesabameba 
meTilis jgufis protonebs, xolo multipleturi signali qimiuri 
wanacvlebiT  1.75-2.11 v.m.n. ubanSi _ adamantilis radikalis 15 protons; 
speqtrSi SeiniSneba multipleti velis 4.31-4.53 m.n.-ze, romelic Seesabameba 
CH protonebs; ferocenis Caunacvlebeli birTvis protonebi iZlevian 
signals velis 4.14-4.22 m.n.-ze singletis saxiT, xolo Canacvlebuli birTvis
protonebi _ 4.20-4.30 v.m.n.-ze multipletis saxiT. 

   13C bmr speqtrSi (nax. 35) SeiniSneba adamantilis radikalisaTvis             
damaxasiaTebeli STanTqmis signalebi velis 28.8-42.9 m.n. ubanSi, CH3 jgufis
Sesabamisi signali velis 20.74 m.n-ze da CH jgufis Sesabamisi signali 
velis 91.80 m.n-ze, agreTve fenilis jgufis naxSirbadis atomebisaTvis                   
damaxasiaTebeli STanTqmis signalebi 112.86-145.08  v.m.n. ubnebSi; ferocenis 
Caunacvlebeli da Canacvlebuli birTvis damaxasiaTebeli STanTqmis
Sesabamisad 68.46 v.m.n. da 66.29-67.76 v.m.n.-ze.

dasinTezebuli naerTebis mas-speqtrebis monacemebi (nax. 36, 37), kerZod, 
molekuluri (M+) da fragmentuli ionebis masebi, aseve Seesabameba 
warmodgenil struqturebs (sqema 24, 25). 

kvlevis Sedegad dasinTezebuli adamantanis da ferocenis Semcveli 
axali nawarmebi: α-ferocenileTil-4-meToqsi-2-nitrofenilamini, α-feroce-
nileTil-4-(1-adamantiloqsi)-2-nitro-fenilamini, N-α-ferocenileTil-N/-(1-
adamantil)benzilideniminis perqlorati, N-α-ferocenileTil-N/-1-adamanto-
ilhidrazinis perqlorati, N-α-ferocenileTil-N’-1-adamantoilhidrazini, 
bis-N-α-ferocenileTil-N/-1-adamantoilhidrazini, α-ferocenileTil-4-(1-
adamantil)-2-nitrofenilamini, α-ferocenileTil-4-(1-adamantil)fenilaminis 
perqlorati, α-ferocenileTil-4-(1-adamantil)fenilamini, N-adamantoil-N/-
ferocenilmeTilhidrazinis perqlorati, N-adamantoil-N/-ferocenil-
meTilhidrazini, 4-(1-adamantil)-N-ferocenilmeTilanilinis perqlorati, 4-
(1-adamantil)-N-ferocenilmeTilanilini warmoadgenen saintereso obieqtebs: 
metalorganul sinTezSi _ maTi maRali reaqciisunarianobis gamo da 
biologiur aqtiurobaze SeswavlisaTvis _ farmakologiuri moqmedebis 
farTo speqtris mqone saSualebebis gamovlenis mizniT, _ am gziT miRebuli 
preparatebis gamoyenebisas ferocenis Semcveloba garkveulad Seavsebs 
rkinis deficits, xels Seuwyobs organizmis rezistentobis gaZlierebas da 
farmakologiuri moqmedebis efeqturobis amaRlebas.
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2.4. adamantanis azotSemcveli nawarmebis bioaqtiuri
Tvisebebis Seswavla

adamantanSemcveli anilidebis mosalodneli biologiuri aqtiurobis 
Seswavlis mizniTACavatareT virtualuri skriningi internet-sistemis 
programiT – PASS C&T [147-149].

kompiuteruli programa PASS maRali sizustiT prognozirebs naerTis 
SesaZlo biologiur aqtiurobas [150], kerZod, mosalodnel farmakologiur 
efeqtebs, moqmedebis meqanizmebs, mutagenobas, kancerogenurobas, teratoge-
nobasa da embriotoqsikurobas. prognozi xorcieldeba naerTebis 
struqturuli formulebis safuZvelze (http://www.ibmc.msk.ru/pass).

naerTebis aqtiurobis albaTobis Sefaseba xorcieldeba Pa (aqtiuri) 
da Pi (araaqtiuri) parametrebiT. Pa>0.7, naerTi eqsperimentuladac aCvenebs 
am aqtiurobas da SesaZloa, cnobili farmacevtuli agentebis analogic 
aRmoCndes. Pa>0.7 SemTxvevaSi amidebs SesaZloa aRmoaCndeT Semdegi 
aqtiuroba:

 Lipid metabolism regulator 0.973(III), 0.971(VI), 0.970(IV), 0.966(V). 
 5 Hydroxytryptamine release inhibitor 0.900(VII), 0.891(VIII), 0.876(VI), 0.843(IX).   
 Urologic disorders treatment 0.872(VII), 0.855(VIII), 0.818(VI), 0.788(IX).
 Antiviral (Influenza) 0.791(VII), 0.781(VIII), 0.775(VI), 0.752(IX).
 Antiviral (Picornavirus) 0,705(VII, VI); 

 Dependence treatment 0.741(VII), 0,720(IX).
 Membrane integrity agonist 0.838(IV), 0.792 (IX), 0.770(III), 0.752(VIII), 0.703(VII). 

 Prolyl aminopeptidase inhibitor 0.894(VIII); 
 Cardiovascular analeptic 0.730 (VIII); 

 Membrane integrity agonist 0.752(VIII), 0.703 (VII).  

 CYP2B5 substrate 0.745(VIII); 
 CC chemokine 2 receptor antagonist 0.789(IV).  
 Muramoyltetrapeptide carboxypeptidase inhibitor 0.795(V). 

rogorc Cans, am jgufis naerTebs SesaZloa axasiaTebdes Pa>0.7
umetesad Semdegi aqtiurobebi: Lipid metabolism regulator, 5 Hydroxytryptamine 
release inhibitor, Urologic disorders treatment, Prolyl aminopeptidase inhibitor, Antiviral (Influenza, 
Antiviral (Picornavirus) (cxrili 22):
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cxrili 22. zogierTi adamantanSemcveli anilidis (III-IX)
SedarebiTi aqtiuroba

mravalricxovani gamokvlevebis miuxedavad, adamantanis warmoebulebis 
parazituli daavadebebis sawinaaRmdego aqtiuroba naklebadaa Seswavlili. 
amasTanave aRsaniSnavia, rom cnobili antiparazituli preparatebi ver 
akmayofileben Tanamedrove moTxovnebs da maTi gamoyeneba sasurvel 
Sedegebs ar iZleva, vinaidan preparatebis mimarT mikroorganizmebisa da 
parazitebis rezistentobis gamo, xasiaTdebian gverdiTi reaqciebiT, maT 
Soris teratogenuli, embriotoqsikuri, mutagenuri da sxva uaryofiTi 
TvisebebiT. 

sasoflo-sameurneo cxovelebSi gavrcelebuli daavadebebidan 
mecxoveleobas gansakuTrebiT did ekonomikur zarals ayenebs 
helminTozebi (fasciolozi, triqinelozi, leiSmaniozi, eqinokokozi, 
strongiliatozi) [151-153], rac iwvevs rogorc rZis produqtebis, ise wona-
matis daqveiTebas, mozardis zrdasa da ganviTarebaSi CamorCenas, matylis     
produqciis Semcirebas, RviZlis wundebas, cxovelis sikvdilianobas da 
sxva. Sinauri cxovelebi xSirad iTvlebian adamianis helminTozebiT 
dainvaziebis ZiriTad da xSirad erTaderT  wyarod.

fasciolas biologiuri Tvisebebi, Sualeduri maspinZlebis           
(moluskebis) farTo gavrceleba, parazitis lavruli stadiis        
ganviTarebisaTvis optimaluri pirobebi iwveven fasciolozis farTo 
gavrcelebas saqarTvelos sxvadasxva regionSi.

Pa / Pi                                                           
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0.003

_ _ _ _ 0.770  
0.075

_

IV 0.970
0.003

_ _ _ _ 0.838  
0.043

_

V 0.966
0.004

_ _ _ _ _ _

VI 0.971  
0.003

0.876   
0.005

0.818   
0.021

0.775  
0.005

0.705  
0.004

_ _

VII _ 0.900  
0.004

0.872
0.010

0.791
0.004

0.705  
0.004

0.703
0.101

0.741
0.014

VIII _ 0.891
0.004

0.855
0.013

0.781
0.004

_ 0.752
0.083

_

IX _ 0.843  
0.005

0.788   
0.030

0.752  
0.005

_ 0.792  
0.065

0.720  
0.017
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saveterinaro da samedicino praqtikaSi cxovelTa da adamianTa        
dehelmentizaciisaTvis gamoiyeneba saintereso struqturis mqone farTo 
speqtris sxvadasxva anthelminTuri preparatebi, maT Soris 
fasciolocidebic (heqsiqoli, acemidofeni da a.S.), Tumca xangrZlivi       
gamoyenebisas maRalefeqturi preparatebic ki droTa ganmavlobaSi        
TandaTan kargaven Tavis efeqturobas maTdami helminTebis rezistentobis 
gamo [105, 154]. gamoTqmulia mosazreba, rom aRniSnuli preparatebis maRali 
efeqturoba ganpirobebulia maT molekulaSi lipofiluri [86] jgufebis 
arsebobiT.

ukanasknel wlebSi aRmoCenili anthelminTebi miRebul iqna         
anthelminTuri aqtiurobis mqone cnobili preparatebis modifikaciis da 
miRebuli qimiuri naerTebis axali klasis Seswavlis gziT. aminofenolis 
da salicilanilidebis nawarmebis SeswavliT Seiqmna maRalefeqturi 
anthelminTebis didi jgufi [105, 155]. sayuradReboa is faqtic, rom 
ukanasknel wlebSi ganxorcielebuli kvlevebis procesSi moxerxda 
arsebulTan SedarebiT kidev ufro maRalefeqturi preparatebis miReba. 
mimdinareobs arsebuli struqturebis modifikacia preparatebis gverdiTi 
moqmedebis Semcirebis mizniTac, kerZod, teratogenuli da embriotoqsikuri 
Tvisebebis eliminirebis mizniT [105, 156], da rac gansakuTrebiT 
mniSvnelovania, xangrZlivi (mravaljeradi) gamoyenebis SemTxvevaSi maTi 
moqmedebisadmi organizmis SeCvevis nivelirebis TvalsazrisiT. 

dReisaTvis arsebuli anthelminTuri preparatebi importuli da 
ZviradRirebulia, xolo am tipis samamulo qimioTerapevtul saSualebebs 
saqarTvelo ar flobs. garda amisa, xSir SemTxvevaSi saqme gvaqvs poli-
invaziasTan. am da sxva faqtorebis gamo axali, SedarebiT xelmisawvdomi, 
dabaltoqsikuri da maRali aqtiurobis mqone polihelminTociduri      
saSualebebis Zieba da miReba kvlav Tanamedroveobis aqtualuri amocanaa 
da gaaCnia rogorc samecniero, ise praqtikuli mniSvneloba.

fasciolocidur aqtiurobaze Seswavlili iqna adamantanSemcveli 
anilidebi (III_IX) perspeqtiuli naerTebis gamovlenis mizniT da sasoflo-
sameurneo cxovelebisaTvis Terapevtuli dozebis efeqturobis Semdgomi 
kvlevebisaTvis [157]. gamokvlevebi Catarda saqarTvelos saxelmwifo 
zooteqnikur-saveterinaro universitetis helminTologiis ganyofilebaSi. 

sakvlevi naerTebis fasciolociduri aqtiurobis Seswavlis mizniT 
sacdeli cxovelebi _ TeTri virTagvebi woniT 65-dan 300 g-mde dainvazie-
bul iqna adeloskariebiT Fasciola hepatica sulze 10-45 egz. sul dainva-
ziebul iqna 107 suli. dasnebovnebidan 13-60 dRis Semdeg virTagvebs 
wonidnen da analogebis principiT yofdnen sacdel da sakontrolo 
jgufebad _ TiToeulSi 3-5 suli. sacdel jgufSi virTagvebs eZleodaT
gamosacdeli nivTiereba sxvadasxva doziT peroralurad nebaze bolusis an 
xaWos pastis formiT da iZulebiT _ saxameblis kleisteris suspenziaSi 
Spricis meSveobiT. cxovelTa sakontrolo jgufis dainvazieba ar xdeboda. 
Sedegebis gansazRvra xorcieldeboda preparatebis micemidan 10-30 dRis 
Semdeg gakveTis meTodiT da Sinagani organoebis gamokvlevis meSveobiT 
(helminTovoskopia). miRebuli monacemebis sakontrolosTan Sedarebis 
safuZvelze xdeboda naerTebis intens- (ie) da eqstens-efeqturobis (ee) 
dadgena. 

kvlevis pirvel etapze virTagvebis eqsperimentuli invazia xorciel-
deboda fasciolebis zrdasruli formebis meSveobiT. dasnebovnebidan 35-60 
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dRis Semdeg yvela sacdel jgufSi helminTovoskopiis meTodiT 
gamovlenili iqna fasciolebis kvercxebi.

dasinTezebulma naerTebma doziT 65, 150 da 200 mg/kg   cocxal wonaze, 
suspenziis saxiT micemis SemTxvevaSi, aCvena sakmaod maRali aqtiuroba 
(cxr. 25). maTma intens-efeqturobam Seadgina 61.5, 76.9 da 100 %. VIII ufro 
metad efeqturi aRmoCnda bolusis saxiT peroralurad micemis dros: ee _ 
75%, ie _ 90.4 %. amave formiT preparatis micemisas naerTebma III, IV da VI
doziT 65 mg/kg-ze aCvenes ie Sesabamisad: 37.7, 56.6 da 75.4 %. 

rogorc cxrilidan Cans, rigi naerTebis efeqturobam Seadgina 80-100%, 
(cxr. 23); xolo am jgufis erT-erT naerTs aRmoaCnda polihelminTociduri 
aqtiuroba fasciolozis, strongiliatozis da triqocefalozis dros
(cxr. 24), amasTan cdebis procesSi sacdel cxovelebze toqsikuri 
moqmedeba ar gamovlenila.

cxrili 23. adamantanSemcveli anilidebis (III-VIII) fasciolociduri aqtiuroba
(sacdeli cxoveli _ virTagva)

helminTovoskopiiT, % gakveTiT, %
naerTi

cxov. 
raod.

doza
mg/kg ee ie ee ie

III 15 65 20.0 83.0 - 37.7
IV 15 65 66.6 63.0 20.0 12.5
V 15 65 67.0 94.7 66.6 56.6
VI 15 100 77.0 82.0 80.0 90.0
VII 30 100 80.0 98.5 60.0 70.5
VIII 30 100 60.0 97.9 60.0 75.0

fenacetini 15 150 80.0 90.0 82.7 87.9
acemidofeni 20 100 80.0 82.5 87.0 88.2
heqsiqoli 20 200 90.0 83.3 75.7 89.8

cxrili 24. 4-meToqsi-N-(1-adamantoil)anilidis anthelminTuri aqtiuroba 
(sacdeli cxoveli _ cxvari)

helminTovoskopiiT,
%

gakveTiT,
%naerTi doza

mg/kg ee ie ee ie
VII 100
fasciolozze 80.0 98.5 66.5 70.5

strongiliatozze 80.0 99.7 66.6 99.7
triqocefalozze 100.0 100.0 100.0 100.0
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cxrili 25. III, IV, VI, VII, VIII da heqsiqolis SedarebiTi efeqturoba virTagvebis fasciolozis dros

efeqturobis gansazRvra gakveTis meTodiT
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ie,
%

sacdeli
_ _ _
_ _ _ 

sakontrolo

5
4
5
5

223.8
312.0
265
266

VII
VIII
VIII

_ _ _

200 bolusi
65 bolusi
200 bolusi

_ _ _

60
60
60
60

2
3
2
0

40
75
40
0

14
0.25
1.6
2.6

46.15
90.4
38.4
0

sacdeli
_ _ _
_ _ _ 
_ _ _
_ _ _ 

sakontrolo

5
5
5
5
5
5

105
92
92
95.4
95
96

VIII
VII
VIII
VII
VIII

_ _ _

200 susp
_ _ _

xaWos pasta
_ _ _
65 susp
_ _ _

54
54
54
54
54
54

2
2
2
2
5
0

40
40
40
40
100
0

0.6
1.0
1.0
1.0
0
2.6

76.9
61.5
61.5
61.5
100
0

sacdeli
_ _ _
_ _ _
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3
3
3
3
3
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256
260
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IV
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_ _ _
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_ _ _
_ _ _

200 bolusi
_ _ _

57
57
57
57
57

0
2
2
3
0

0
66
66
100
0

3.3
2.3
2.3
0
5.3

37.7
56.6
75.4
100
0

sacdeli
_ _ _ 

sakontrolo

3
3
3

303
313
305

VIII
IV

_ _ _

200 bolusi
_ _ _
_ _ _

35
35
35

0
0
0

0
0
0

4.0
2.0
5.0

20
60
0
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cxrili 26. III, IV, VI, VII, VIII, IX da fenacetinis SedarebiTi efeqturoba virTagvebis fasciolozis dros

efeqturobis gansazRvra gakveTis meTodiT
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III
III
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13
13
13
13

3
3
0
0
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20
0
0

0.4
2.4
0.18
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30
91
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sacdeli
_ _ _
_ _ _ 

sakontrolo

5
5
5
5

86
68.2
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68.1

IV
IX

fenacetini
_ _ _

  150 susp.
_ _ _
_ _ _
_ _ _
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20
20
20

1
4
4
0

20
80
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1.6
0.2
0.8
2.0
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3
3
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kvlevis meore etapze dasinTezebuli naerTebi gamocdili iqna      
fasciolebis axalgazrda formebis mimarT (cxr. 26). VIII, IX da fenacetinis 
suspenziis (saxameblis kleisteri) saxiT micemisas doziT 150 mg/kg-ze 
dasnebovnebidan 13, 20 da 25-e dRis Semdeg mTlianad ganikurna 3-4 suli, 
fasciolis raodenoba ki Semcirda saSualod 0.2-0.4 ekz-mde sulze. rogorc 
Cans, sakvlevi naerTebis eqstens-efeqturobam fasciolebis axalgazrda 
formebze Seadgina Sesabamisad 60 da 80%, xolo ie _ 80 da 90%. sakvlevi 
naerTebis fasciolociduri efeqturoba izrdeba preparatebis suspenziis 
formiT micemis SemTxvevaSi. 

aminoadamantanis, 4-(1-adamantil)anilinisa da ferocenkarbonmJavasTan 
maTi marilebis (XIX-XX) triqinelociduri aqtiurobis Seswavlis mizniT 
Seqmnil iqna triqinelozis laboratoriuli modeli (TeTri virTagva) [114]. 
60-90 gramiani sacdeli cxovelebi dainvaziebuli iqna triqinelas larvebiT 
sulze 70-350 egz. dainvazieba xorcieldeboda iZulebiTi wesiT (sufTa 
triqinelas larvebis peroraluri SeyvaniT Spricis meSveobiT) an nebaze _ 
sacdeli virTagvebis dainvaziebuli triqineloziani xorciT gamokvebiT 
(winaswar isazRvreboda triqinelas larvebis raodenoba 5 g xorcSi). 
dasnebovnebidan gansazRvruli drois Semdeg (9-45 dRe) virTagvebs 
eZleodaT gamosacdeli nivTiereba sxvadasxva doziT (20-100 mg/kg masaze) 
peroralurad nebaze (sxvadasxva sakvebTan erTad) an iZulebiT _ 
saxameblis kleisteris suspenziaSi Spricis meSveobiT. gamosacdeli 
preparatebi sacdel virTagvebs eZleodaT 3 dRis ganmavlobaSi samjeradad 
an 5 dRis ganmavlobaSi _ xuTjeradad. preparatebis aqtiurobis dasadgenad 
sacdeli da sakontrolo jgufebis virTagvebi ikveTeboda da xdeboda maTi 
diafragmis kunTovani qsovilis triqineloskopia mikroskopSi 56         
gadidebaze. sacdeli da sakontrolo jgufis virTagvebSi aRmoCenili 
triqinelas kafsulebis raodenobis urTierTSedarebis safuZvelze xdeboda 
preparatis intens-efeqturobis (ie) dadgena (cxr. 27). yuradReba eqceoda 
aRmoCenili triqinelas kafsulebSi triqinelas larvebis morfologias.

rogorc cxrilidan Cans, zogierT naerTs aRmoaCnda garkveuli 
aqtiuroba triqinelas nawlavis an kunTovan formaze, rac gamoixateba 
imaSi, rom sakontrolosTan SedarebiT,  triqinelas larvebis raodenoba 
mcirdeba diafragmis kunTovan boWkoebSi da mTlianad kunTovan 
qsovilebSi. magaliTad, naerTi XIX-is SemTxvevaSi, doziT 20 mg/kg masaze 
triqinelas kafsulebis raodenoba Semcirda sakontrolosTan SedarebiT 
da ie-m Seadgina 34 %, dozis momatebisas (50-100 mg/kg-mde) misi efeqturoba 
izrdeba Sesabamisad 47.9%-59.7 %-mde, xolo kanqveS Seyvanisas TiTqmis naxev-
rdeba triqinelebis raodenoba sakontrolosTan SedarebiT. 

maRali efeqturoba gamoavlina aseve naerTma XX doziT 100 mg/kg-ze 
triqinelas nawlavis formaze. misma intens-efeqturobam Seadgina 68.6 %. 

gamokvlevebiT dadgenil iqna, 4-(1-adamantil)anilini aqtiurobas 
avlens triqinelas kunTovan formaze da iwvevs kunTebSi lokalizebuli 
larvebis danekrozebas dainvaziebidan 22 dRis Semdeg. aRsaniSnavia agreTve, 
rom naerTs XX triqinelas nawlavis da kunTovan formebze ar aRmoaCnda
aqtiuroba.

dasinTezebuli naerTebis biologiuri gamocdebis Sedegebma aCvena, rom 
isini cdis pirobebSi ar iCenen toqsikurobas sacdeli cxovelebis mimarT. 
naerTTa aRniSnuli rigi perspeqtiulia helminTebis sawinaaRmdegod da 
warmoadgens interess Semdgomi kvlevisaTvis.
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cxrili 27. 1-aminoadamantanis (LV), 4-(1-adamantil)anilinisa (LVI) 
da ferocenkarbonmJavasTan maTi marilebis (XIX-XX)
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Tavi 3.  eqsperimentuli nawili

infrawiTeli speqtrebi gadaRebulia xelsawyoze Specord IR-75,
vazelinis zeTSi da heqsaqlorbutadienSi, speqtrofotometrze FT-IR   
“THERMO NICOLET”, KBr-is monokristalsa da Ge-is firfitebSi da Spectrum 
BX FT-IR Perkin Elmer (400-4000sm-1) _ vazelinis zeTSi.

ultraiisferi speqtrebi gadaRebulia speqtrofotometrze UV/VIS,
“Varian” CARRY-100 CHCl3-Si.

birTvul-magnituri rezonansis speqtrebi gadaRebulia speqtro-
metrebze BRUKER AM-360 (300 mhc), UNITY-400 uppkemws 2 (400 mhc) da Talsa       
BS-497 (100 mhc), deiterirebul dimeTilsulfoqsidSi [(CD3)2SO] da            
deiterirebuli qloroformis xsnarSi [CDCl3], qimiuri wanacvlebebi 
gazomilia Sinagani standartis tetrameTilsilanis mimarT 0.01 v.m.n 
sizustiT, xolo spin-spinuri urTierTqmedebis konstanta 0.1 hc sizustiT. 

mas-speqtrebi gadaRebulia xelsawyoze Ribermag 10-10B daMMX-1321A, 
nimuSis pirdapiri SetaniT maionizirebel areSi, maionizirebeli 
eleqtronebis energia 70 ev.

lRobis temperatura gansazRvrulia xelsawyoze Boetius, vizualuri 
mowyobilobiT  PHMK 05 da Meeting Point Meter MPM-HV2, Germany.

reaqciis msvlelobas, naerTTa sisufTavis kontrols da Rf-is 
mniSvnelobebis gansazRvras vawarmoebdiT qromatografiuli firfitebis 
(Silufol UV-254, Silufol, Alufol) gamoyenebiT. sveturi qromatografiisaTvis 
sorbentad viyenebdiT silikagels 100-400 mkm zomis nawilakebiT.

Termogravimetriuli kvleva Catarebul iqna ungruli firma MOM-is 
warmoebis F. Paulik, I. Paulik & L. Erdey-is sistemis Q 1500D tipis              
derivatografze, temperaturis matebis siCqare ν ≈ 10º/wT, mgrZnobeloba DTA 
1/10 [158, 159]. 

individualur naerTTa gamosavlianobebi gamoTvlilia sawyisi 
naerTebis aRebuli raodenobebidan TeoriulTan SedarebiT. miRebul 
naerTTa gamosavlianobebi, lRobis temperaturebi, Rf-is mniSvnelobebi da 
speqtruli monacemebi motanilia cxrilebSi.

gamosavali naerTebi: 1-adamantankarbonmJava [160], ferocenkarbonmJava 
[15], 1-(4-acetamidofenil)adamantani [32], 1-aminoadamantani [26]  miRebul iqna 
naSromSi aRwerili meTodikebis mixedviT.

4-(1-adamantiloqsi)nitrobenzoli (I)

samyela kolbaSi, romelsac morgebuli aqvs meqanikuri sarevela, 
airgamyvani onkani, ukumacivari kalciumis qloridis miliT, aTavseben 14 g 
(0.1 moli) paranitrofenols da 100 ml eTilenglikolis monomeTilis 
eTers, umateben 6 g (0.15 moli) natriumis tutes da mcire xniT ureven
argonis areSi, Semdeg acxeleben 1.5 saaTis ganmavlobaSi da ulufobiT 
umateben 19.4 g (0.05 moli) 1-bromadamantans. reaqcia mimdinareobs mudmivi 
morevisa da neli duRilis pirobebSi 16 saaTis ganmavlobaSi. reaqciis 
damTavrebis Semdeg sareaqcio narevs acileben gamxsnels blant masamde da 
amuSaveben 1%-iani kaliumis karbonatis xsnariT, filtraven, wvlilaven
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qloroformiT, aSroben uwylo CaCl2-ze, acileben gamxsnels. narCens     
asufTaveben qromatografiul svetze [adsorbenti _ Al2O3, eluenti –       
petroleinis eTeri (dabali fraqcia)], iReben 19 g (76 %), lR.t. 136-1370C.

4-(1-adamantiloqsi)anilini (II)

2.28g (0.008 moli) 4-(1-adamantiloqsi)nitrobenzols xsnian 50 ml mSral
eTilacetatSi, umateben 10% renes Ni-is suspenzias eTilacetatSi, uerTeben
hidrirebis xelsawyos da ureven magnituri sareveliT. hidrirebis 
dasrulebis Semdeg (saWiro moculoba molekuluri wyalbadis STanTqmis 
Semdeg) filtraven katalizatoris mocilebis mizniT. naleqs recxaven
mcire ulufa eTilacetatiT (5-5 ml), filtrats acileben gamxsnels wylis 
vakuumze. iReben TeTri feris kristalebs 1.4 g (70 %) naerTs (II), lR.t. 173-
1750C (meTanoli).

4-(1-adamantil)anilini 

mrgvalZira kolbaSi, romelsac morgebuli aqvs ukumacivari, aTavseben
10 g (0.038 moli) 4-(1-adamantil)acetanilids, umateben 100 ml marilmJavas 
wyalxsnars (1:1) da aduReben 5 saaTis ganmavlobaSi. Semdeg aciveben 00C-ze 
3 saaTis ganmavlobaSi. warmoqmnil kristalebs filtraven, amuSaveben       
mduRare eTeriT da aSroben vakuum-eqsikatorSi. 4-(1-adamantil)anilins     
iReben hidroqloridis saxiT, lR.t. 258-2600C (lit. 2620C) [34].

aminis Tavisufali saxiT gamoyofa:
a) hidroqlorids xsnian meTilis spirtSi, anzaveben spirtiani 

kaliumis tutis 2%-iani xsnariT, aduReben 15-20 wuTis ganmavlobaSi     
ukumacivriT, umateben 300 ml wyals, warmoqmnil naleqs filtraven, 
recxaven civi wyliT da aSroben. iReben 4-(1-adamantil)anilins, lR.t. 104-
1050C  (lit. 105-1060C) [34].

b) hidroqlorids xsnian 10%-ian marilmJavaSi 1000C, gacivebis Semdeg 
leqaven tutiT, lR.t. 105-1060C. analizisaTvis sufTa nimuSi miiReba
sublimirebiT 130-1400C (3 mm), lR.t. 1090C.

4-(1-adamantiloqsi)acetanilidi (III)

a) 1 g (0.004 moli) 4-(1-adamantiloqsi)anilins umateben 1.1 ml (0.001 
moli) ZmarmJava anhidrids, 1 g (0.012 moli) uwylo natriumis acetats da 30 
ml eTilacetats. sareaqcio narevs aduReben 30 wuTis ganmavlobaSi,        
filtraven, acileben gamxsnels. iReben 1 g (85 %) naerTs (III), lR.t. 167-1690C
(meTanoli/wyali).

b) 1.4g (0,005 moli) 4-(1-adamantiloqsi)nitrobenzolis xsnars 50 ml 
mSral eTilacetatSi umateben 10% renes nikels, uerTeben hidrirebis 
xelsawyos da ureven magnituri sareveliT. saWiro moculoba molekuluri 
wyalbadis (334 ml) STanTqmis Semdeg sareaqcio narevs filtraven       
katalizatorisagan. gamWvirvale filtrats umateben 0.5 ml (0.005 moli) 
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ZmarmJava anhidrids da 1 g (0.012 moli) uwylo natriumis acetats. narevs 
aduReben wylis abazanaze 30 wuTis ganmavlobaSi. gacivebis Semdeg       
filtraven, filtrats acileben gamxsnels. iReben TeTri feris kristalebs 
1.3 g (89 %), lR.t. 165-1680C. (lit. 167-168.50C, meTanoli).

4-(1-adamantiloqsi)benzoilanilidi (IV)

winaswar momzadebul 4-(1-adamantiloqsi)anilinis xsnars 60 ml 
benzolSi [1.73 g (0.15 moli) 4-(1-adamantiloqsi)nitrobenzoli, 6 ml H2O, 0.54 
g NH4Cl,  5.6 g Fe] morevis pirobebSi umateben 1.72 ml (0.15 moli) benzois 
mJavas qloranhidridsa da 1.2 ml (0.12 moli) axlad gamoxdil trieTilamins 
da ureven 3 saaTis ganmavlobaSiHneli duRilis pirobebSi. warmoqmnil 
naleqs filtraven, recxaven wyliT neitralur reaqciamde, Semdeg heqsaniT 
da aSroben. iReben TeTri feris kristalebs 1 g (65.8 %). lR.t. 1600C.

4-(1-adamantiloqsi)fenilacetanilidi (V)

4-(1-adamantiloqsi)anilinis (0.01 moli) benzolxsnars (damzadebuli 
wina eqsperimentebis analogiurad) da 1.4 ml (0.01 moli) gamoxdili
trieTilaminis narevs morevis pirobebSi wveTwveTobiT umateben axlad 
gamoxdil 1.01 ml (10 mmoli) fenilZmarmJavas qloranhidrids da ureven     
4 saaTis ganmavlobaSiHneli duRilis pirobebSi. warmoqmnil naleqs        
filtraven, recxaven wyliT neitralur reaqciamde, Semdeg heqsaniT da 
aSroben. iReben TeTri feris kristalebs 2.2 g (61.1 %). lR.t. 180-1820C.

4-(1-adamantiloqsi)adamantoilanilidi (VI)

2.8 g (0.01 moli) 4-(1-adamantiloqsi)anilinis hidroqlorids wveT-
wveTobiT umateben winaswar momzadebul adamantan-1-karbonmJavas qlor-
anhidridis benzolxsnars, [1.8 g (0.01 moli) adamantan-1-karbonmJava, 2.1 g PCl5, 
50 ml CCl4] da 1.4 ml (0.01 moli) trieTilamins. sareaqcio narevs ureven     
5 saaTis ganmavlobaSiHneli duRilis pirobebSi (600C), warmoqmnil naleqs 
filtraven, recxaven wyliT neitralur reaqciamde, Semdeg eTeriT da
aSroben. iReben TeTri feris kristalebs 2.7g (68%). lR.t. 240-2410C.

4-meToqsi-N-(1-adamantoil)anilidi (VII)

12.32 g (0.1 moli) p-anizidinis hidroqlorids xsnian 20 ml gamoxdil 
wyalSi, umateben natriumis tutis wyalxsnars (10 g NaOH da 15 ml H2O) da 
50 ml benzols. sareaqcio narevs mudmivi morevis pirobebSi, 1 saaTis 
ganmavlobaSi, wveTwveTobiT umateben winaswar momzadebul adamantan-1-     
karbonmJavas qloranhidridis benzolxsnars [9 g (0.05 moli) AdCOOH, 11 g
PCl5]. reaqcia egzoTermulia. sareaqcio narevs ureven 2.5 saaTis ganmavlo-
baSi wylis abazanaze neli duRilis pirobebSi (42-450C). warmoqmnil naleqs 
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filtraven, recxaven wyliT neitralur reaqciamde, Semdeg eTeriT da        
aSroben. iReben TeTri feris kristalebs 12.5 g (90 %), lR.t. 182-1850C 
(eTanoli), kargad ixsneba qloroformSi, eTanolSi _ 0.25 g/100 ml, 
dimeTilsulfoqsidSi _ 2.5 g/100 ml, ar ixsneba wyalSi.

4-eToqsi-N-(1-adamantoil)anilidi (VIII)

6.86 g (0.05 moli) p-aminofenetols xsnian 150 ml mSral benzolSi da 
umateben 6.8 ml (0.05 moli) trieTilamins. Semdeg sareaqcio narevs mudmivi 
morevis pirobebSi, 30 wuTis ganmavlobaSi, wveTwveTobiT umateben 0.05 moli
adamantan-1-karbonmJavadan winaswar momzadebul adamantan-1-karbonmJavas 
qloranhidridis benzolxsnars da ureven 1.5 saaTis ganmavlobaSi neli 
duRilis pirobebSi. reaqcia egzoTermulia. warmoqmnil naleqs filtraven, 
recxaven wyliT neitralur reaqciamde, Semdeg heqsaniT da aSroben. iReben 
TeTri feris kristalebs 12.2 g (81.6 %), lR.t. 206-2070C (eTanoli), kargad 
ixsneba eTanolSi _ 0.2 g/100 ml, dimeTilsulfoqsidSi _ 1.25 g/100 ml, 
qloroformSi, ar ixsneba wyalSi.

4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidi (IX)

10.2 g (0.04 moli) 4-(p-qlorfenoqsi)-3-qloranilinis xsnars 80 ml mSral  
benzolSi wveTwveTobiT umateben 5.5 ml (0.04 moli) mSral trieTilamins da 
da 7.2 g (0.04 moli) adamantan-1-karbonmJavadan winaswar momzadebul 
adamantan-1-karbonmJavas qloranhidridis benzolxsnars, sareaqcio narevs 
ureven 4 saaTis ganmavlobaSi neli duRilis pirobebSi, oTaxis 
temperaturamde gacivebis Semdeg warmoqmnil naleqs filtraven, recxaven
wyliT neitralur reaqciamde, Semdeg heqsaniT da aSroben. iReben TeTri 
feris kristalebs 10.1 g (60.4 %), lR.t. 167-1680C, eTanolSi gadakristalebis 
Semdeg lR.t. 176-1770C.

1-(N-3,5-dibrombenzoil)aminoadamantani

samyela kolbaSi, romelsac morgebuli aqvs meqanikuri sarevela da 
ukumacivari kalciumis qloridis miliT, aTavseben 3.73 g (0.02 moli)        
1-aminoadamantanis hidroqlorids, umateben 6 ml trieTilamins (880) da 
acxeleben 20 wuTis ganmavlobaSi mudmivi morevis pirobebSi. SeaqvT 100 ml 
toluoli, sareaqcio narevs aciveben, umateben 6 g (0.02 moli) 3,5-
dibromsalicilis mJavasa da 1 ml PCl3. reaqcia mimdinareobs 2 saaTis    
ganmavlobaSi neli duRilis pirobebSi. s/n-s acileben gamxsnels, 
warmoqmnil kristalebs filtraven, recxaven wyliT neitralur reaqciamde, 
Semdeg meTanoliT da aSroben. iReben TeTri feris kristalebs 5.4 g (62.1%), 
lR.t. 225-2280C. cudad ixsneba eTerSi, tetrahidrofuranSi, kargad ixsneba 
acetonSi da dimeTilsulfoqsidSi.
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4/-(1-adamantil)-2-hidroqsi-3,5-dibrombenzoilanilidi

samyela kolbaSi (meqanikuri sarevela, ukumacivari kalciumis 
qloridis miliT) aTavseben 2.65 g (0.01 moli) 4-(1-adamantil)anilinis
hidroqlorids, umateben 3 ml trieTilamins (880) da acxeleben 20 wuTis 
ganmavlobaSi mudmivi morevis pirobebSi. SeaqvT 50 ml toluoli, sareaqcio 
narevs aciveben, umateben 2.96 g (0.01 moli) 3,5-dibromsalicilis mJavas,     
0.5 ml PCl3 da 20 ml toluols. reaqcia mimdinareobs 5 saaTis            
ganmavlobaSi neli duRilis pirobebSi. s/n-s aciveben, anzaveben igive 
moculoba yinuliani wyliT, filtraven, warmoqmnil kristalebs recxaven 
wyliT neitralur reaqciamde da aSroben. iReben TeTri feris kristalebs
4.8 g (95 %), lR.t. 194-1950C.

4-(1-adamantiloqsi)-2-nitroacetanilidi (XII)

1.2 g (0.004 moli) 4-(1-adamantiloqsi)acetanilids umateben 5 ml 
ZmarmJava anhidrids, 10 ml ZmarmJavas da 1 ml HNO3 (12.5N). reaqcia 
mimdinareobs 50 wuTis ganmavlobaSi mudmivi morevisa da 5-100C-ze gacivebis 
pirobebSi. nitrirebis damTavrebis Semdeg sareaqcio narevs Slian
yinuliani wyliT da nivTierebas mJava wyalxsnaridan wvlilaven
benzoli/eTeris nareviT. organul fazas recxaven wyliT neitralur reaq-
ciamde, aSroben glauberis marilze, acileben gamxsnels da amuSaveben
meTanoliT. iReben yviTeli feris kristalebs 0.9 g (67 %), lR.t. 131-1330C.

4-(1-adamantiloqsi)-2-nitrobenzoilanilidi (XIII)

1.9 g (0.002 moli) 4-(1-adamantiloqsi)benzoilanilidisa da 5 ml 
ZmarmJavas narevs mudmivi morevisa da 5-100C-ze gacivebis pirobebSi 
wveTwveTobiT umateben 0.6 ml HNO3 (12.5N). sareaqcio narevs 15 wuTis 
ganmavlobaSi ureven yinulian abazanaze 5-100C-ze gacivebis pirobebSi, 
xolo Semdeg 40 wuTi _ oTaxis temperaturaze. nitrirebis damTavrebis 
Semdeg sareaqcio narevs Slian yinuliani wyliT, warmoqmnil naleqs 
filtraven, recxaven wyliT neitralur reaqciamde da aSroben. iReben
yviTeli feris kristalebs 0.8 g (88.8 %), lR.t. 151-1530C.

4-(1-adamantiloqsi)-2-nitrofenilacetanilidi (XIV)

1.2 g (0.003 moli) 4-(1-adamantiloqsi)fenilacetanilidisa da 15 ml 
ZmarmJavas narevs morevisa da 5-100C-ze gacivebis pirobebSi wveTwveTobiT 
umateben 3 ml HNO3 (12.5N). sareaqcio narevs 15 wuTis ganmavlobaSi ureven
yinulian abazanaze 3-50C-is pirobebSi, xolo Semdeg 1.5 saaTi _ oTaxis 
temperaturaze. nitrirebis damTavrebis Semdeg sareaqcio narevs Slian
yinuliani wyliT, warmoqmnil naleqs filtraven, recxaven wyliT 
neitralur reaqciamde da aSroben. iReben yviTeli feris kristalebs 0.65 g 
(59.3 %), lR.t. 127-1300C.
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4-(1-adamantiloqsi)-2-nitro-N-(1-adamantoil)anilidi (XV)

1.2 g (0.003 moli) 4-(1-adamantiloqsi)-1-adamantoilanilidisa da 8.6 ml 
ZmarmJavas narevs morevisa da 5-100C-ze gacivebis pirobebSi wveTwveTobiT 
umateben 1.72 ml HNO3 (12.5N). sareaqcio narevs 15 wuTis ganmavlobaSi ureven
yinulian abazanaze 5-100C-ze gacivebis pirobebSi, xolo Semdeg 30 wuTis 
ganmavlobaSi _ oTaxis temperaturaze. nitrirebis damTavrebis Semdeg 
sareaqcio narevs Slian yinuliani wyliT, warmoqmnil naleqs filtraven, 
recxaven wyliT neitralur reaqciamde, aSroben. iReben yviTeli feris 
kristalebs 1.2 g (92.3 %), lR.t. 172-1740C.

4-meToqsi-N-(1-adamantoil)-2-nitroanilidi (XVI)

5.7 g (0.02 moli) 4-meToqsi- N-(1-adamantoil)anilidis, 20 ml ZmarmJava 
anhidridis da 20 ml ZmarmJavas narevs morevisa da 5-100C-ze gacivebis 
pirobebSi wveTwveTobiT umateben 5 ml (0.06 moli) HNO3 (12.5N). reaqcia 
mimdinareobs 15 wuTis ganmavlobaSi yinulian abazanaze 5-100C-ze gacivebis 
da mudmivi morevis pirobebSi, xolo Semdeg 15 wuTis ganmavlobaSi _ 
goTaxis temperaturaze. sareaqcio narevs Slian yinuliani wyliT, 
warmoqmnil naleqs filtraven, recxaven wyliT neitralur reaqciamde, 
aSroben. iReben yviTeli feris kristalebs 59.5 g (89 %), lR.t. 134-1350C.

4-eToqsi-N-(1-adamantoil)-2-nitroanilidi (XVII)

2.8 g (0.0093 moli) 4-eToqsi-N-(1-adamantoil)anilidis, 15 ml ZmarmJava 
anhidridis da 15 ml ZmarmJavas narevs morevisa da 5-100C-ze gacivebis 
pirobebSi wveTwveTobiT umateben 2.5 ml (0.03 moli) HNO3 (12.5N). reaqcia 
mimdinareobs 15 wuTis ganmavlobaSi yinulian abazanaze 5-100C-ze gacivebis 
da mudmivi morevis pirobebSi, xolo Semdeg 15 wuTi _ oTaxis
temperaturaze. nitrirebis damTavrebis Semdeg sareaqcio narevs Slian
yinuliani wyliT, warmoqmnil naleqs filtraven, recxaven wyliT 
neitralur reaqciamde da aSroben. iReben yviTeli feris kristalebs 2.8 g 
(87 %), lR.t. 133-1350C.

4-(p-qlorfenoqsi)-2-nitro-3-qlor-N-(1-adamantoil)anilidi (XVIII)

2 g (0.005 moli) 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidisa da 
10 ml ZmarmJavas narevs morevisa da 5-100C-ze gacivebis pirobebSi 
wveTwveTobiT umateben manitrirebel narevs, damzadebuls 2,5 ml (0.03 
moli) HNO3 (12.5N) da 3 ml 95 % H2SO4-iT. reaqcia mimdinareobs 15 wuTi 
yinulian abazanaze 5-100C-ze gacivebisa da mudmivi morevis pirobebSi, xolo 
Semdeg 4 saaTis ganmavlobaSi _ oTaxis temperaturaze. sareaqcio narevs 
Slian yinuliani wyliT, warmoqmnil naleqs filtraven, recxaven wyliT 
neitralur reaqciamde da aSroben. iReben yviTeli feris kristalebs 2.1 g 
(95 %), lR.t. 168-1700C.
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ferocenkarbonmJava 1-adamantilamoniumi (XIX)

1-aminoadamantanis suspenzias mSral eTerSi morevis pirobebSi 
umateben eqvimoluri raodenobis ferocenkarbonmJavas eTerxsnars 10-150C-ze 
mudmivi morevis pirobebSi. naxevari saaTis Semdeg SeimCneva moyviTalo-
narinjisferi naleqis gamoyofa. sareaqcio narevs ayovneben 2 saaTis 
ganmavlobaSi oTaxis temperaturaze, Semdeg filtraven da aSroben. iReben
Sesabamis ferocenkarbonmJava 1-adamantilamoniumis marils raodenobrivi 
gamosavlianobiT. lR.t. 2240C-ze  xdeba modifikacia da ar lRveba, 3400C 
(iSleba), Rf 0.5 (acetoni/CCl4 - 1:3). 

ferocenkarbonmJava-4-(1-adamantil)fenilamoniumi (XX)

miiReba naerTis (XIX) analogiurad im gansxvavebiT, rom reaqcias 
mimdinareobs 2 saaTis ganmavlobaSi toluolSi neli duRilis pirobebSi. 
sareaqcio narevs acileben gamxsnels, narCens akristaleben izopropilis 
spirtidan. iReben narinjisfer kristalebs. lR.t. 150-1520C-ze xdeba 
modifikacia, 1920C (iSleba). Rf 0.56 (acetoni/CCl4 - 1:3). 

adamantan-1-karbonmJavas hidrazidi 

a) adamantan-1-karbonmJava eTilis eTeri: 
samyela kolbaSi (sarevela, ukumacivari da qlorkalciumiani mili) 

aTavseben 100 ml absolutur eTilis spirts, 3 ml konc. gogirdmJavas da 
mudmivi morevis pirobebSi SeaqvT 32 g (0.17 moli) adamantan-1-karbonmJava. 
reaqcia sruldeba 7 saaTis ganmavlobaSi duRilis Semdeg. sareaqcio narevs 
mTlianad acileben reaqciaSi Seusvlel eTilis spirts, SeaqvT             
benzoli/eTeris narevi da organul fazas recxaven wyliT neitralur 
reaqciamde. aSroben Na2SO4-ze, acileben gamxsnels da narCens gamoxdian 
wylis vakuumze. duR.t. 144-1450C (12 mm), nD

20=1.4868, gamosavlianoba 80 %.
b) 33 ml (0.2 mmoli) adamantan-1-karbonmJava eTilis eTers da 70 ml 

80%-ian hidrazinhidrats 100 ml dieTilenglikolSi aduReben 36 saaTis 
ganmavlobaSi. sareaqcio narevs Slian yinulian wyalze gadmosxmiT mudmivi 
morevis pirobebSi, filtraven, recxaven da aSroben. iReben TeTri feris 
kristalebs 26 g (85 %, meTanoli), lR.t. 153-1540C (lit. 156-1570C) [53]. Rf 0.45 
(meTanoli/qloroformi 1:12). iw speqtri, υ, sm-1: 3594.8, 3540.8, 3479 (NH2); 3332.6, 
3278.6 (NH); 1612 (C=O); 1520 (CONH); 1373 (C-N).

kobaltis(II), nikelis(II), spilenZis(II) da kadmiumis(II) 
qloridebis koordinaciuli naerTebi 

adamantan-1-karbonmJavasA hidrazidTan (XXV-XXVIII)

Sesabamisi d-metalis qloridis wyalxsnars umateben adamantan-1-
karbonmJavas hidrazidis xsnars mSral eTanolSi [moluri Tanafardoba
MCl2 : L _ 1:3], 0.5 saaTis ganmavlobaSi ureven magnitur sarevelaze da
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reaqcias agrZeleben wylian abazanaze 5-6 saaTis ganmavlobaSi neli duRi-
lis pirobebSi; gamWvirvale xsnars ayovneben kristalizatorSi, 2-3 dRis 
Semdeg gamoyofil kristalebs filtraven, recxaven eTanoliT da aSroben
vakuum-eqsikatorSi CaCl2-ze. miRebuli naerTebis zogierTi fizikur-qimiuri 
maxasiaTebeli mocemulia cxrilSi 17.

kobaltis(II), nikelis(II), TuTiis(II) da kadmiumis(II) 
sulfatebis koordinaciuli naerTebi 

adamantan-1-karbonmJavas hidrazidTan (XXIX-XXXII)

Sesabamisi d-metalis sulfatis wyalxsnars umateben adamantan-1-
karbonmJavas hidrazidis xsnars mSral eTanolSi [moluri Tanafardoba
M(SO4)n : L _ 1:3], 0.5 saaTis ganmavlobaSi ureven magnitur sarevelaze da
reaqcias agrZeleben wylian abazanaze 5-6 saaTis ganmavlobaSi neli duRi-
lis pirobebSi; gamWvirvale xsnars ayovneben kristalizatorSi, 2-3 dRis 
Semdeg gamoyofil kristalebs filtraven, recxaven eTanoliT da aSroben 
vakuum-eqsikatorSi CaCl2-ze. miRebuli naerTebis zogierTi fizikur-qimiuri 
maxasiaTebeli mocemulia cxrilSi 18.

kobaltis(II) da nikelis(II) nitratebis koordinaciuli naerTebi 
adamantan-1-karbonmJavas hidrazidTan (XXXIII-XXXIV)

Sesabamisi d-metalis nitratis wyalxsnars umateben adamantan-1-
karbonmJavas hidrazidis xsnars mSral eTanolSi [moluri Tanafardoba
M(NO3)2:L _ 1:3], 0.5 saaTis ganmavlobaSi ureven magnitur sarevelaze da 
reaqcias agrZeleben wylian abazanaze 5-6 saaTis ganmavlobaSi neli duRi-
lis pirobebSi; gamWvirvale xsnars ayovneben kristalizatorSi, 2-3 dRis 
Semdeg gamoyofil kristalebs filtraven, recxaven eTanoliT da aSroben 
vakuum-eqsikatorSi CaCl2-ze. miRebuli naerTebis zogierTi fizikur-qimiuri 
maxasiaTebeli mocemulia cxrilSi 19.

kobaltis(II), nikelis(II) da kadmiumis(II) acetatebis 
koordinaciuli naerTebi 

adamantan-1-karbonmJavas hidrazidTan (XXXV-XXXVII)

Sesabamisi d-metalis acetatis wyalxsnars umateben adamantan-1-
karbonmJavas hidrazidis xsnars mSral eTanolSi [moluri Tanafardoba
M(CH3COO)2:L _ 1:3], 0.5 saaTis ganmavlobaSi ureven magnitur sarevelaze da
reaqcias agrZeleben wylian abazanaze 5-6 saaTis ganmavlobaSi neli duRi-
lis pirobebSi; gamWvirvale xsnars ayovneben kristalizatorSi, 2-3 dRis 
Semdeg gamoyofil kristalebs filtraven, recxaven eTanoliT da aSroben 
vakuum-eqsikatorSi CaCl2-ze. miRebuli naerTebis zogierTi fizikur-qimiuri 
maxasiaTebeli mocemulia cxrilSi 19.
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kobaltis(II) da  nikelis(II) koordinaciuli naerTebi 
acetonis 1-adamantoil hidrazonTan (XXXVIII-XLII)

Sesabamisi d-metalis marilis eTanol-acetonxsnars umateben adamantan-
1-karbonmJavas hidrazidis acetonxsnars [moluri TanafardobiT MXn : L _ 
1:3], 0.5 saaTis ganmavlobaSi ureven magnitur sarevelaze da reaqcias 
agrZeleben wylian abazanaze 5-6 saaTis ganmavlobaSi neli duRilis 
pirobebSi; gamWvirvale xsnars ayovneben kristalizatorSi, 2-3 dRis Semdeg 
gamoyofil kristalebs filtraven, recxaven eTanoliT da aSroben vakuum-
eqsikatorSi CaCl2-ze. miRebuli naerTebis zogierTi fizikur-qimiuri 
maxasiaTebeli mocemulia cxrilSi 20.

ferocenilmeTanoli

sareaqcio kolbaSi, romelsac morgebuli aqvs meqanikuri sarevela, da
ukumacivari kalciumis qloridis miliT, aTavseben  0.3 g (0.008 moli) LiAlH4,
50 ml mSral eTers da wveTwveTobiT, 30 wuTis ganmavlobaSi umateben 40 
ml mSral eTerSi gaxsnil 2.28 g (0.01 moli) monoacetilferocens. reaqcia  
mimdinareobs yinuliani wyliT gacivebisa (5-100C) da mudmivi morevis      
pirobebSi 30 wuTis ganmavlobaSi. sareaqcio narevs Slian 0.3 ml wyliTa da 
0.3 ml 15%-iani kaliumis tutiT, filtraven, recxaven eTeriT da filtrats 
acileben gamxsnels. iReben narinjisfer kristalebs 1.8 g (82 %), lR.t. 77-
790C (lit. 76-780C).

α-ferocenileTanoli 

sareaqcio kolbaSi, romelsac morgebuli aqvs meqanikuri sarevela da
ukumacivari kalciumis qloridis miliT, aTavseben  0.67 g (0.017 moli) 
LiAlH4 da 50 ml mSral eTers da wveTwveTobiT, 30 wuTis ganmavlobaSi
umateben 60 ml mSral eTersa da 25 ml mSral tetrahidrofuranSi gaxsnil 
1.95 g (0.008 moli) ferocenkarbonmJavas. reaqcia mimdinareobs yinuliani 
wyliT gacivebisa (150C) da mudmivi morevis pirobebSi 2 saaTis 
ganmavlobaSi. sareaqcio narevs Slian 0.7 ml wyliTa da 0.7 ml 15%-iani 
kaliumis tutiT, filtraven, recxaven eTeriT da filtrats acileben
gamxsnels. iReben yviTeli feris kristalebs 0.44 g (25.4 %), lR.t. 79-810C 
(heqsani), (lit. 79-810C).

4-meToqsi-2-nitroanilini 

  qimiur WiqaSi aTavseben 16 g (0.1 moli) 4-meToqsi-2-nitroacetanilids da 
umateben 50 ml klaizenis tutes [88 g KOH, 63 ml H2O da anzaveben 250 ml-
mde]. reaqcia mimdinareobs 30 wuTis ganmavlobaSi wylis abazanaze neli 
duRilisa da mudmivi morevis pirobebSi, Semdeg sareaqcio narevs aciveben
0-50C-mde, filtraven, recxaven da aSroben. iReben wiTeli feris kristalebs
11.9 g (93 %), lR.t. 121-1230C (lit. 122-1230C).
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4-(1-adamantiloqsi)-2-nitroanilini 

qimiur WiqaSi aTavseben 0.5 g (0.0001 moli) 4-(1-adamantiloqsi)-2-
nitroacetanilids, umateben 20 ml klaizenis tutesa da 5 ml 3 % NaOH-s.
reaqcia mimdinareobs 30-40 wuTis ganmavlobaSi wylis abazanaze neli 
duRilisa da mudmivi morevis pirobebSi. gacivebis Semdeg miRebul naleqs 
filtraven, recxaven civi wyliT da aSroben. iReben yviTeli feris 
kristalebs 0.4 g (87 %), lR.t. 158-1600C.

N-(1-adamantil)benzilidenimini  

sareaqcio kolbaSi, romelsac morgebuli aqvs ukumacivari kalciumis 
qloridis miliT da dinisa da starkis xelsawyo, aTavseben  4.7 g (0.03 
moli) 1-aminoadamantanisa da 3 ml (0.03 moli) benzaldehidis xsnars 
toluolSi da aduReben wylis gamoyofis Sewyvetamde, Semdeg acileben
gamxsnels. narCens akristaleben meTanolidan. iReben TeTri feris kris-
talebs 6 g (73.5 %), lR.t. 58-590C (eTanoli).

4-(1-adamantil)-2-nitroanilini 

12 g (0.04 moli) 4-(1-adamantil)-2-nitroacetanilids 5 saaTis          
ganmavlobaSi aduReben 1 g kaliumis tutisa da 60 ml 95%-ian eTanolis 
xsnarSi. gacivebis Semdeg miRebul naleqs filtraven, recxaven, aSroben. 
iReben narinjisfer kristalebs 8.4 g (77.7 %) lR.t. 222-2240C (eTanoli) (lit. 
224-2260C) [30].

α-ferocenileTil-4-meToqsi-2-nitrofenilaminis perqlorati (XLII)

oryela kolbaSi (sarevela, haeris macivari) aTavseben 0.84 g (0.005 
moli) 4-meToqsi-2-nitroanilinisa da 1.15 g (0.005 moli) α-ferocenil-
eTanolis xsnars 8 ml CH2Cl2-Si da umateben 0.5 ml 70% HClO4. reaqcia
mimdinareobs oTaxis temperaturaze mudmivi morevis pirobebSi 1 saaTis 
ganmavlobaSi. Semdeg sareaqcio narevs umateben 35 ml mSral eTers da 
ayovneben 10-15 saaTi 5-100C temperaturaze. warmoqmnil naleqs filtraven, 
recxaven mSrali eTeriT. iReben narinjisfer kristalebs 1.46 g (76 %) lR.t. 
123-1250C (eTeri). ixsneba eTerSi, qloroformSi.

α-ferocenileTil-4-(1-adamantiloqsi)-2-nitrofenilamini (XLIII)

oryela kolbaSi (sarevela, haeris macivari) aTavseben 0.3 g (0.001 moli) 
4-(1-adamantiloqsi)-2-nitroanilinisa da 0.23 g (0.001 moli) α-ferocenil-
eTanolis xsnars 4 ml CH2Cl2-Si da umateben 0.1 ml 70% HClO4. reaqcia
mimdinareobs oTaxis temperaturaze mudmivi morevis pirobebSi 3 saaTis 
ganmavlobaSi, Semdeg umateben 15 ml mSral eTers, amuSaveben NaHCO3-is 
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najeri wyalxsnariT, organul fazas recxaven neitralur reaqciamde, 
aSroben, acileben gamxsnels, iReben narinjisfer kristalebs 0.4 g (80 %) 
(eTanoli), lR.t. 71-720C.

N-α-ferocenileTil- N-(1-adamantil)benzilideniminis perqlorati (XLIV)

0.7 g (0.003 moli) N-(1-adamantil)benzilideniminisa da 0.69 g (0.003 moli)       
α-ferocenileTanolis xsnars 4 ml CH2Cl2-Si umateben 0.3 ml 70%-ian HClO4. 
reaqcia mimdinareobs 3 saaTis ganmavlobaSi, umateben 5 ml mSral eTers. 
ayovneben 10-15 saaTi 5-100C temperaturaze. warmoqmnil naleqs filtraven, 
recxaven mSrali eTeriT. iReben yviTeli feris kristalebs 0.4 g (24 %), 
lR.t. 71-720C (eTanoli). 

N-α-meTilferocenilmeTil-N’-1-adamantoilhidrazinis perqlorati (XLV)

0.07g (0.005 moli) adamantan-1-karbonmJava hidrazidisa da 1.15g (0.005
moli) α-ferocenileTanolis xsnars 8 ml qloroformSi umateben 0.7 ml 
70% HClO4. reaqcia mimdinareobs oTaxis temperaturaze mudmivi morevis 
pirobebSi 7 saaTis ganmavlobaSi, amuSaveben NaHCO3-is najeri wyalxsnariT, 
organul fazas recxaven neitralur reaqciamde, aSroben da acileben 
gamxsnels. iReben yviTeli feris kristalebs 1.28 g (63 %), lR.t. 134-1350C
(eTanoli).

α-ferocenileTil-4-(1-adamantil)fenilaminis perqlorati (XLVIII)

1.13 g (0.005 moli) 4-(1-adamantil)anilinisa da 1.15 g (0.005 moli)           
α-ferocenileTanolis xsnars 8 ml CH2Cl2-Si umateben 0.5 ml 70% HClO4. 
sareaqcio narevs ureven 3-4 saaTis ganmavlobaSi, umateben 35 ml mSral
eTers, ayovneben 10-15 saaTi 5-100C temperaturaze. iReben yviTeli feris 
kristalebs (XLVIII), 1.71 g (78.1 %) lR.t. 112-1130C.

α-ferocenileTil-4-(1-adamantil)fenilamini (XLIX)

α-ferocenileTil-4-(1-adamantil)fenilaminis perqloratis eTerxsnars 
amuSaveben NaHCO3-is najeri wyalxsnariT, organul fazas recxaven 
neitralur reaqciamde, aSroben da acileben gamxsnels, iReben Sesabamisi 
aminis yviTeli feris kristalebs 0.5 g (68.2 %), lR.t. 1350C (iSleba).  

α-ferocenileTil-4-(1-adamantil)-2-nitrofenilamini (L)

0.5 g (0.001 moli) 4-(1-adamantil)-2-nitroanilinisa da 0.43 g (0.001 moli)          
α-ferocenileTanolis xsnars 4 ml qloroformSi umateben 0.3 ml 70% 
HClO4. sareaqcio narevs ureven 2 saaTis ganmavlobaSi, umateben 25 ml 
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mSral eTers, amuSaveben NaHCO3-is najeri wyalxsnariT, organul fazas 
recxaven neitralur reaqciamde, aSroben da acileben gamxsnels. iReben 
narinjisfer kristalebs 0.4 g (95.2 %) (eTeri). lR.t. 172-1730C.

N-adamantoil-N/-ferocenilmeTilhidrazinis perqlorati (LI)     

0.19 g (0.001 moli) adamantan-1-karbonmJava hidrazidisa da 0.2 g (0.001
moli) α-ferocenilmeTanolis xsnars 6 ml CH2Cl2-Si umateben 0.2 ml 70%-ian 
HClO4. sareaqcio narevs ureven 3 saaTis ganmavlobaSi, umateben 20 ml 
mSral eTers. iReben yviTeli feris kristalebs 0.15 g  (33.3 %), lR.t. 1770C .  

  

N-adamantoil-N/-ferocenilmeTilhidrazini (LII)

N-adamantoil-N/-ferocenilmeTilhidrazinis perqloratis eTerxsnars 
amuSaveben NaHCO3-is najeri wyalxsnariT, organul fazas recxaven 
neitralur reaqciamde, aSroben da acileben gamxsnels, iReben Sesabamisi 
aminis yviTeli feris kristalebs 0.0134 g (3.7 %), lR.t. 172-1730C.  

4-(1-adamantil)-N-ferocenilmeTilanilinis perqlorati (LIII)

0.18 g (0.0008 moli) 4-(1-adamantil)anilinisa da 0.18 g (0.0008 moli)             
α-ferocenilmeTanolis xsnars 10 ml CHCl3-Si umateben 0.2 ml 70%-ian HClO4. 
sareaqcio narevs ureven 3-4 saaTis ganmavlobaSi da umateben 20 ml mSral
eTers. warmoqmnil naleqs asufTaveben qromatografiul svetze 
[adsorbenti _ SiO2 (40/100), eluenti _ heqsani/eTilacetati 5:1], iReben 
yviTeli feris kristalebs 0.02 g (4.5 %), lR.t. 185-1870C.

4-(1-adamantil)-N-ferocenilmeTilanilini (LIV)

4-(1-adamantil)-N-ferocenilmeTilanilinis perqloratis (LIII) eTer-
xsnars amuSaveben NaHCO3-is najeri wyalxsnariT, organul fazas recxaven 
neitralur reaqciamde, aSroben da acileben gamxsnels. warmoqmnil naleqs 
asufTaveben qromatografiul svetze [adsorbenti _ SiO2 (40/100), eluenti _ 
heqsani/eTilacetati 5:1], iReben Sesabamisi aminis mowiTalo zeTisebur 
masas.
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daskvnebi

1. dasinTezebuli da Seswavlilia samkurnalo preparatebis – fenacetinis 
da diamfenetidis struqturuli analogebi _ adamantanSemcveli 
alkil(aril)oqsianilidebi. maTi nitrirebiT da miRebulia Sesabamisi 2-
nitronawarmebis rigi. kvantur-qimiuri meTodiT Teoriulad gansazRv-
rulia alkil(aril)oqsianilidebis nitrirebis reaqciis savaraudo 
mimarTuleba. gamoTvlilia maTi energetikuli da geometriuli para-
metrebi, atomebze efeqturi muxtebi. dadgenilia miRebuli Sedegebis 
Sesabamisoba eqsperimentul monacemebTan. dasinTezebuli naerTebis 
Sedgeniloba da aRnagoba dadgenilia infrawiTeli, birTvul-magnituri 
da mas-speqtruli monacemebis safuZvelze.

2. damuSavebulia adamantanSemcveli alkil(aril)oqsianilidebis misaRebad 
sawyisi reagentis, 4-(1-adamantiloqsi)nitrobenzolis sinTezis meTodi.
dadgenilia, rom 4-(1-adamantiloqsi)nitrobenzoli maRali gamosavliano-
biT miiReba para-nitrofenolis 1-bromadamantaniT alkilirebiT NaOH-is 
Tanaobisas eTilenglikolis monomeTilis eTeris areSi.

3. Catarebulia 4-(1-adamantiloqsi)nitrobenzolis aRdgena sxvadasxva 
sistemebis gamoyenebiT; dadgenilia, rom molekuluri wyalbadiT 
katalizuri hidrirebis dros, renes nikelis Tanaobisas, Sesabamisi amini 
miiReba maRali sisufTaviT da gamosavlianobiT.

4. adamantanSemcveli anilidebisa da nitroanilidebis fizikuri Tvisebebis 
modelebis asagebad pirvelad iqna Seswavlili raodenobrivi damokidebu-
leba _ “struqtura-Tvisebebi” (QSPR) eqsperimentul monacemebTan Seda-
rebiT. modelirebis gansaxorcieleblad gamoyenebul iqna faruli struq-
turis proeqtireba (PLS), xolo modelebis xarisxis dasadgenad _ jvare-
dini ratifikacia. gamokvlevebis Sedegad dadgenilia, rom saukeTeso 
modelebi miRebulia struqturis kristaluri kodeqsebis (GETAWAY) 
daxmarebiT.

5. dasinTezebuli da Seswavlilia adamantanSemcveli nitroanilidebis 
bazaze d-metalis Semcveli polifunqciuri koordinaciuli naerTebi. 
miRebuli bioaqtiuri naerTebis gamoyenebiT SemuSavebulia antibiokoro-
ziuli damcavi safrebi (proteqtorebi) da konserverebi. cnobili damcavi 
safrebis Termuli da hidrofoburi Tvisebebis modifikacisaTvis gamoye-
nebulia fToralkilis da metakrilis jgufebis erTdroulad Semcveli 
siliciumorganuli oligomerebi. baqtericiduli gamokvlevebiT 
dadgenilia, rom miRebuli damcavi safrebi efeqturia zogierTi mikro-
organizmis moqmedebis mimarT.

6. Seswavlilia adamantanSemcveli nitroanilidebis bazaze miRebuli                   
d-metalis Semcveli polifunqciuri koordinaciuli naerTebis anti-
baqtericiduli da fungiciduri aqtiuroba _ gavlena zogierTi fito-
paTogenuri test-mikroorganizmis: Fusarium, Pectobacterium aroideae, Fusarium 
arenaceum, Autinomyces Griseus zrda-ganviTarebaze. naCvenebia, rom aRniSnul 
naerTebs gaaCniaT seleqtiuri antibaqtericiduli Tvisebebi. gamocdis 
SedegebiT dadgenilia, rom adamantanSemcvel nitroanilidebs baqteri-
ciduli Tvisebebi gamoxatuli aqvT ufro pasiurad Sesabamis kompleqs-
naerTebTan SedarebiT.
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7. dasinTezebulia zogierTi d-metalis (Co, Ni, Cd, Zn, Fe, Cu) koordinaciuli 
naerTebi adamantan-1-karbonmJavas hidrazidisa da acetonis 1-adamantoil 
hidrazonis bazaze. Seswavlilia sxvadasxva faqtorebis (temperatura, 
sawyis komponentTa moluri Tanafardoba, sareaqcio are, kompleqswarmom-
qmnelis tipi) gavlena warmoqmnili naerTebis aRnagobasa da           
gamosavlianobaze. reaqciis sust tute areSi (pH ≈ 8-9) Catarebisas miiReba 
kompleqsi, romelSic ar aris acidojgufi (X_) da Seicavs deprotonire-
buli organuli ligandis molekulas. miRebuli kompleqsnaerTebis 
agebuleba dadgenilia iw speqtroskopiuli, Termogravimetruli da 
diferenciul-Termuli analizis monacemebis safuZvelze.

8. naxevradempiriuli kvantur-qimiuri meTodiT AM1 Catarebulia organuli
ligandebis eleqtronuli struqturisa da kompleqswarmoqmnis unaris 
kvleva. gansazRvrulia maTi energetikuli da geometriuli maxasiaTeb-
lebi, atomebze efeqturi muxtebi da eleqtronuli dasaxleba atomur 
orbitalebze (eleqtronuli simkvrive). iw speqtrebis da kvantur-qimiuri 
gamoTvlebis monacemebis safuZvelze dadgenilia, rom organuli 
ligandis molekula metalis centralur atomTan koordinirebulia 
karbonilis jgufis Jangbadatomisa da hidrazidis NH2-jgufis, agreTve 
azomeTinuri jgufis azotis atomis meSveobiT ciklur-bidentanturad.

9. Termogravimetruli da diferenciul-Termuli analizis monacemebis 
safuZvelze gamoTqmulia mosazreba, rom sakvlevi kompleqsebis 
Termolizi warmoadgens rTul process. wylis molekulebis dakargvis 
Semdeg xdeba organuli ligandis molekulebis etapobrivi mowyveta. 
Termolizis saboloo produqts warmoadgens Sesabamisi metalis oqsidi 
an marili.

10. dasinTezebulia adamantanSemcveli nukleofilebi da Seswavlilia maTi
N-α-ferocenilalkilirebis reaqcia ferocenilmeTanoliTa da          
α-ferocenileTanoliT orfazian sistemaSi. 

11. dasinTezebuli da Seswavlilia Zlieri farmakoforuli jgufebis, 
adamantanisa da ferocenis Semcveli axali biologiurad aqtiuri 
metalorganuli naerTebi; miRebuli naerTebis agebuleba dadgenilia iw, 
ui, bmr, mas-speqtrebis monacemebis safuZvelze.

12. Seswavlilia adamantanSemcveli alkil(aril)oqsianilidebis anthelmin-
Turi aqtiuroba. bioskriningiT gamovlenilia naerTebi gaZlierebuli            
seleqtiuri bioaqtiuri moqmedebiT fenacetinTan da heqsiqolTan 
SedarebiT helminTebis mimarT; dadgenilia, rom SedarebiT maRali 
fasciolociduri aqtiurobiT xasiaTdebian naerTebi 4-eToqsi-N-(1-adaman-
toil)anilidi da 4-(p-qlorfenoqsi)-3-qlor-N-(1-adamantoil)anilidi;
sakvlevi naerTebis fasciolociduri aqtiuroba izrdeba preparatebis 
suspenziis formiT micemis SemTxvevaSi. Seswavlilia ferocenkarbonmJava 
adamantilamoniumisa da ferocenkarbonmJava-4-adamantilfenilamoniumis
triqinelociduri aqtiuroba. dadgenilia, rom sakvlevi naerTebi cdis 
pirobebSi ar iCenen toqsikurobas sacdeli cxovelebis mimarT.
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