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Sesavali 
 

axali biologiurad aqtiuri nivTierebebis Zieba kvlavindeburad ar 
kargavs Tavis aqtualobas qimikosebisa da farmakologebis samecniero 
kvlevebSi. am mxriv metad sayuradReboa heterocikluri sistemebi, rom-
lebic mniSvnelovan rols asruleben mcenareuli da cxoveluri orga-
nizmebis cxovelqmedebis procesSi. qimikosTa uaxlesi wlebis nawarmebSi 
intensiurad mimdinareobs rogorc axali heterocikluri sistemebis 
Seqmna, aseve ukve Seqmnili heterociklebis ufro Rrma da mravalmxrivi 
gardaqmnebis ganxorcieleba, maTi axali gamoyenebis sferoebis gamovle-
nis mizniT. 

Tbilisis saxelmwifo universitetSi ukve sami aTeuli welia  mimdi-
nareobs kvlevebi mniSvnelovani heterociklis – indolis qimiis mimarTu-
lebiT. Seqmnilia indolis axali struqturuli analogebi – rogorc 
kondensirebuli, aseve arakondensirebuli heterocikluri sistemebi – pi-
roloindolebi, indoloindolebi, sxvadasxva agebulebis bisindolebi.  

Seqmnilia axali mimarTuleba – indolis analogebis sinTezisa da 
maTi  mravalmxrivi gardaqmnebis sfero, romelSic CarTulia  mecnierTa 
jgufi prof. S. samsonias xelmZRvanelobiT. indolis birTvis gansakuT-
rebulobasa da mis did mniSvnelobaze ukve mravalgzis aris moxsenebu-
li Tundac im sadisertacio naSromebSi, romlebic Sesrulebulia bolo 
wlebSi Tsu-Si organuli qimiis mimarTulebaze.  

Cvenc mokled avRniSnavT, rom indolisa da misi nawarmebis biosin-
Tezisa da metabolizmis procesebi intensiurad mimdinareobs  cocxal 
organizmSi. indolis mravali nawarmi xasiaTdeba maRali biologiuri 
aqtiurobiT. aseve isini asruleben saSeni masalis rols sxvadasxva  bio-
organuli nivTierebebis sinTezSi. medicinaSi indoluri naerTebi gamo-
iyenebian gulsisxlZarRvTa daavadebebis (rezerpini, aimalini) avTvi-
sebiani warmonaqmnebis (vinblastini, vinkristini), fsiqiuri daavadebebis 
(indofani, pirazidoli, inkazani) samkurnalod. anTebis sawinaaRmdego 
efeqturi preparatia indometacini, xolo arbidol-lensi warmoadgens 
Tanamedrove antivirusuli da imunomastimulirebel saSualebas. soflis 
meurneobaSi indoluri naerTebi gamoiyeneba pesticidebad da mcenareTa 
zrdis regulatorebad (heteroauqsini). indolis birTvis Semcveli spiro-
cikluri sistemebi xasiaTdebian fotoqromuli TvisebebiT. 

indolis birTvis Semcveli bifunqciuri sistemebis sinTezisa da 
maTi gardaqmnis Sedegad gamovlenilia naerTebi sxvadasxva biologiuri 
aqtiurobiT: antimikrobuli, simsivnis sawinaaRmdego, kurares msgavsi 
aqtiuroba da sxva. 

zemoaRniSnulidan gamomdinare, kvlevebis gagrZeleba indolis bir-
Tvis Semcveli axali bifunqciuri naerTebis sinTezisa da maTi garda-
qmnebis sferoSi, aqtualur amocanas warmoadgens. 

Cveni samuSaos mizans Seadgenda organuli qimiis mimarTulebaze   
heterocikluri sistemebis – izomeruli dipirolonafTalinebis birTvis 
Semcveli axali nawarmebis sinTezisa da maTi gardaqmnis reaqciebis Ses-
wavla gansxvavebuli Tvisebebis mqone naerTebis gamovlenis mizniT.  

saxelwodeba dipirolonafTalinebi moicavs tetraciklur, konden-
sirebul, azoSemcvel heterociklur sistemebs, romelTa sinTezi ganxor-
cielebulia izomeruli nafTilendihidrazinebidan, nafTalinis birTvze 
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pirolis ori birTvis miSenebiT sxvadasxva mdgomareobaSi. dihidrazine-
bidan, romlebic Seicaven hidrazinul jgufebs nafTalinis sxvadasxva 
birTvSi, miRebulia kondensirebuli bisindolebi, romelTac IUPAC nomen-
klaturiT  indoloindolebi ewodeba, xolo 2,3-nafTilenhidrazinidan 
sinTezirebulia aseve kondensirebuli sistema – benzopiroloindoli. 

sadisertacio naSromi Sedgeba ramdenime nawilisagan. igi moicavs 
axali spirocikluri nivTierebebis sinTezs dipirolonafTalinebis  
erTerTi izomeris – benzopiroloindolis bazaze. disertaciis mniSvne-
lovani nawili eTmoba 2-meTilenindolinebis, e.w. fiSeris fuZeebis 
struqturuli bisanalogebis sinTezs benzopiroloindolisa da indolo-
indolebis bazaze da maTi gardaqmnis zogierTi reaqciis Seswavlas 
axali Tvisebebis mqone naerTebis miRebis mizniT. 

cnobilia, rom 2-meTilenindolinebi reaqciisunariani naerTebia da 
isini ZiriTad naxevarproduqtebs warmoadgenen mravali saintereso naer-
Tis sinTezisaTvis. amitom  Cven mizandasaxulad ganvaxorcieleT 2-meTi-
lenindolinebis izomeruli bisanalogebis sinTezi, radgan maTi Semdgo-
mi gardaqmnebi perspeqtiulad migvaCnia rogorc bifunqciuri, biologiu-
rad aqtiuri nivTierebebis, aseve saRebrebis da axali Taobis spirocik-
luri naerTebis misaRebad. 

2-meTilenindolinebis izomeruli bisanalogebis gardaqmnebidan 
Cvens mier ganxorcielebulia bisspiroqromenebis  sinTezi. aseve maT sa-
fuZvelze Catarebulia vilsmaierisa da azoSeuRlebis reaqciebi. 

samuSaos Semdgom etapze ganxorcielebulia izomeruli dipirolo-
nafTalinebis dihidrazidebis  sinTezi da maTi gardaqmnis reaqciebi; 
kerZod, Catarebulia dihidrazidebis kondensaciis reaqciebi karbonilur 
naerTebTan da sinTezirebulia Sesabamisi bishidrazidohidrazonebi, e.w. 
bishidrazidinebi.  

kvlevis Sedegebi gadmocemulia Semdeg TavebSi “eqsperimentuli mo-
nacemebis gansja” da „‟eqsperimentuli nawili‟‟. 

literaturis mimoxilvaSi Cvens mier motanilia masala 2-meTilenin-
dolinebis – miRebis, Tvisebebisa da gamoyenebis Sesaxeb. aseve ganxilu-
lia spiropiranebis sinTezis, Tvisebebisa da gamoyenebis Sesaxeb arsebu-
li axali monacemebi. 

literaturis mimoxilvaSi (Tavi pirveli) naerTebis da cxrilis 
numeracia damoukidebelia, xolo meore da mesame TavebSi naerTebis, 
cxrilebisa da naxazebis numeracia erTi da  igivea. Tavi pirveli 
moicavs 52 sqemas, 1 cxrils, Tavi meore (eqsperimentuli monacemebis 
gansja) moicavs 21 sqemas, 3 naxazs, 9 cxrils, gamoyenebuli literatura 
– 118 wyaro. 
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Tavi 1. literaturis mimoxilva 
 

1.1 spiropiranebi 
 

bolo wlebSi sul ufro da ufro metad gamoiyeneba axali uvercx-
lo fotoqromuli masalebi, romlebic dasxivebis Sedegad SeqceviTad 
icvlian Seferilobas. es ganpirobebulia imiT, rom vercxlze teqnikuri 
miznebisaTvis gazrdili  moTxovnilebis dakmayofileba ver xerxdeba, 
vercxlis msoflio maragis amowurvis gamo.  

amJamad organuli fotoqromebis umTavres klass miekuTvneba spiro-
piranebi 1, romelTac SeswevT unari ultraiisferi sxivebis moqmedebiT 
warmoqmnan qinoidur-betainuri struqturebi 2-5, romelTa dabruneba saw-
yis spiroformaSi xdeba xiluli sxivebisMmoqmedebiT, an spontanurad 
(sqema 1): 

 
sqema 1 

O

Het

R

O

Het

R

Het R

O

Het

R

Het R

O

O

h

h ,

h ,
h ,

spiropirani cis-cis izomeri

trans-trans-izomeri
merocianidis msgavsi 

struqtura

betainuri struqtura

1 2

5 4

3

 
 

 
spiropiranebi cnobilia XX saukunis dasawyisidan [1], magram farTo 

interesi maT mimarT gaCnda XX saukunis 20-ian wlebSi, mas Semdeg rac 
aRmoCenil iqna maTi Seqcevadi Termoqromuli da fotoqromuli Tvisebebi 
[2]. 
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1.1.1 spiropiranebis sinTezi da struqturis modifikacia 
 

spiropiranebis sinTezis standartuli meTodebi  praqtikulad ucv-
lelia da SeiZleba davyoT or ZiriTad jgufad: 1) meTilenuri  fuZeebis 
kondensacia o-hidroqsiaromatul aldehidebTan da 2) o-hidroqsiaroma-
tuli aldehidebis kondensacia heterociklur kationTa marilebTan, rom-
lebic Seicaven aqtiur meTilenur jgufebs, Sualeduri stiriluri 
marilebis warmoqmniT da SemdgomSi mJavas fragmentis moxleCiT. 

 
 

1.1.1.1 spiropiranebis miReba meTilenuri fuZeebis kondensaciiT 
 o-hidroqsiaromatul aldehidebTan 

 
indolinuri spiropiranebis 7 sinTezi cnobilia vicingeris meTodis 

saxelwodebiT. reaqcia mimdinareobs azotSemcveli heterociklebis meTi-
lenuri fuZeebisa da o-hidroqsiaromatuli aldehidebis duRiliT Sesa-
feris gamxsnelebSi (xSirad, spirtebSi). zogierT SemTxvevaSi am reaqciis 
Catareba  mosaxerxebelia dimeTilformamidSi (dmfa-Si). magram am reaqci-
as xSirad Tan axlavs naerTi 8 tipis Tanamde produqtebis warmoqmna [3] 
(sqema 2):  

 
sqema 2 

N

R2

R3

R

OH

CHO

R4
R1

N

R3

R

R1 O

R2

N O

N

H

+
1

2
34

5

6
7 1'

2'

3' 4'

5'

6'
7'8'

6 7

8

R4

 
 

reaqciis Tanamde produqtis Ggamosavlianobis SemcirebisaTvis reko-
mendirebulia, meTilenuri fuZis magivrad gamoyenebul iqnas  indoleni-
nis meoTxeuli marilisa 9 da organuli fuZis (yvelaze xSirad piperidi-
nis) eqvimoluri narevi (sqema 3):  

sqema 3 

N

R1
OHC

HO

R2

N O

R2

R1

ClO4

+
piperidini

9  
indolinospiroqromenebis umravlesoba miiReba indolinuri fuZeebis, 

an maTi marilebis kondensaciiT o-hidroqsiaromatul aldehidebTan, mag-
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ram 4 mdgomareobaSi Camnacvleblebis Semcveli indolinuri rigis 10 ti-
pis spiropiranis miReba SesaZlebelia  mxolod Semdegi sqemiT: 

sqema 4 
 

N

R

O

R1 OH

X N O

R1

X

R

R2

R2

+
1. POCl3
2. NaOH

10

R,R1,R2-alkili, arili, hetarili; 

X=OH,NEt2  
 
am reaqciis Seswavlam  rezorcinis nawarmTa magaliTze aCvena, rom 

fiSeris fuZis acilur nawarmebSi ori sareaqcio centris arseboba gana-
pirobebs 11 da 12 benzpiranebis narevis warmoqmnas, romelTa Soris urTi-
erTdamokidebulebas gansazRvravs gamxsnelisa da Camnacvleblis buneba 
[4] (sqema 5):  

sqema 5 
 

N

O

R

X

+

N

OPOCl2

RHO

X

N

OPOCl2

R

OH

X

N O

R

X

N

O

R

X

POCl3 - HCl

NaOH NaOH

R = H,  OMe;       X = OH,  NEt2

11 12

OH
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3-(R-2-hidroqsifenaciliden)-1,3,3-trimeTilindolinebis reaqciiT fos-

foris qloroqsidTan miiReba 4-qlorCanacvlebuli indolinospiropirani 
13, romlis gaxurebiT fiSeris fuZeebTan warmoiqmneba struqtura 14, ro-

melic 4 mdgomareobaSi Seicavs indolinur naSTs [5] (sqema 6): 
sqema 6 

 

N O

Cl

N O

N

N



13
14  

zogierTi o-hidroqsiaromatuli aldehidebis sinTezis efeqturi me-
Todebis SemuSaveba axali fotoqromuli indolinuri spiropiranebis mi-
Rebis saSualebas iZleva. isini piranul nawilSi Seicaven formilur, 
karboqsilur, benzoilur, hidroqsimeTilur, alkilur, nitro, halogenur 

[6] Camnacvleblebs da aratradiciul –aqceptorul Camnacvleblebs [7]. 
agreTve moxerxda spiropiranebis miReba, romelTac aqvT  Txevadkris-
taluri buneba.  

miRebulia benzoqsazinisa 15 da indolinuri 16 rigis spiropiranebi 
2,4-dihidroqsiizofTalis aldehidis safuZvelze, romlebic [2H]-qromenis 
fragmentis benzilur birTvSi Seicaven  hidroqsi- da formilis jgufebs 
orTo-mdgomareobaSi: 

O

N

O

R1

O

OHC

OH

N O

R
OH

CHO

R2

R = H, Ph;    R1,  R2 = H, Cl

15 16

 
 

sinTezirebulia axali indolinospiroqromenebi 17, romlebic Seica-

ven kondensirebul furanul fragments, es ukanaskneli  warmoadgens   –
donorul Camnacvleblis Tavisebur analogs molekulis qromenuli nawi-

lis 6 mdgomareobaSi [8] (sqema 7). 
sqema 7 

 

N
ClO4

+
piperidini

O

CHO

HO

R
N O O

R

EtOH, 

17  
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1,3,3-Canacvlebuli 2-meTilenindolinebis analogTa gamoyenebiT SesaZ-
lebeli gaxda alkilis, benzilis, cikloheqsilis, glukoziduri jgufe-
bisa da agreTve azotis atomTan kraun-eTeruli komponentebis Semcveli 
Camnacvleblebis mqone spiroqromenebis miReba [9].  

analogiurad miiReba piridinuli fragmentis Semcveli spiropirane-
bi 18-21 [10, 26], magram spiropiranebi Tieno[3,2-b]pirolis 22 bazaze miRe-
bul iqna mxolod 2003 wels: 

 
 

N

N O

R

R1

R2 N N O

R

NO2

N O

R

NO2

N

18 R = Me, Et;  R1, R2 = H, NO2, Hal;   19 R = H, OMe, Br;  20 R = H, Br

N O N

Et

BF4
 - N O

R

S

NO2

18
19

20

21 22  
 

spiropiranebi saerTo formuliT 23 (X=O, X=S, X=Se, X=NNR) miRebu-
lia Sesabamisi benzazoluri marilebis duRiliT o-hidroqsiaromatul 
aldehidebTan piridinis an piperadinis Tanaobisas (sqema 8): 
 

sqema 8 
 

N

X

R1

R3

R2

X -

N

X

R1

R2

R3CHO

OH

R4

+

23

R4

 
spiropiranebi 24 imidazoqinoqsalinis bazaze da benzizoqsazoluri 

rigis 25 [11] spiropiranebic miekuTvnebian benzazoluri spiropiranebis 
jgufs: 
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N

N

N

N

O

Et

Et

NO2

N
O

O

24
25

 
 
azaindanuri spiropiranebis 26 originaluri erTstadiani miRebis me-

Todi iTvaliswinebs dieTilenglikolSi Canacvlebuli salicilis alde-
hidis kondensacias 1-hidroqsi-1-meTilizoindolin-3-on-Tan, rogorc Sesa-
bamisi meTilenuri fuZis  Tavisebur prekursorTan. katalizatorad gamo-
iyeneba boris kompleqsuri naerTebi (sqema 9): 

 
sqema 9 

N

O

OH

R OHC

HO R1

N

O

O

R

R1

+ Et2O . BF3

26  
 
indolinuri spiropiranebis struqturis modifikacis mizniT, gan-

xorcielebul iqna spirooqsepinonebis 27 sinTezi. es ukanasknelni eqvs-
wevriani piranuli birTvis nacvlad Seicaven Svidwevrian cikls (sqema 
10):  

 
sqema 10 

 
 

N

R2

R4

R5

CHO

COOH

R1
R3

N

R2

R4
R5

R1 O

O

R3

- H2O
+

27  
 
uSedegod dasrulda 8-hidroqsi-1-nafTaldehidis gamoyeneba iseTi 

nawarmebis misaRebad, romlebic ar Seicaven karbonilis jgufs. 
fiSeris fuZis vinilogebis urTierTqmedebiT salicilis alde-

hidebTan 8-wevriani oqsacinuri ciklis Semcveli naerTis miReba ver mo-
xerxda. aseve uSedego aRmoCnda fiSeris fuZis urTierTqmedeba o-hidroq-
sidariCinis aldehidebTan.  am gziT SesaZlebelia spiroqromenebis mxo-
lod Ria formebis miReba 28 [12] (sqema 11): 
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sqema 11 

 
 

N

R

OH

O2N
O N

NO2

RO

R = Br, NO2

+

28

 
monoheterociklebisagan warmoebuli spiropiranebis klasi sagrZ-

noblad gafarTovda najeri azaheterociklebis bazaze miRebuli spiro-
piranebis xarjze. 

mdgradi meTilenuri fuZeebis 5,5-dimeTil-4-meTilen-2-oqso(Tio)-3-N-
fenil-1,3-oqsazolidinebis kondensaciiT  o-hidroqsiaromatul aldehide-
bTan ZmarmJavaSi, katalizuri raodenobiT marilmJavas Tanaobisas, moxer-
xda Sesabamisi fotoqromuli spiropiranebis miReba 29 60-70% gamosavlia-
nobiT (sqema 12):                                               

sqema12 
 

O

N
X

HO

OHC R

O

N
X O

R

O

N
X

O

R

+
HClO4

AcOH, 

h

h

X = O, S
29  

 
 

1.1.1.2  spiropiranebis miReba o-hidroqsiaromatuli aldehidebis 
kondensaciiT aqtiuri meTilenuri jgufis Semcvel heterociklur 

kationTa marilebTan: Sualeduri stiriluri marilebis gamoyofa da 
mJavas fragmentebis Semdgomi moxleCa 

 
 

 am SemTxvevaSi standartul procedurad iTvleba o-hidroqsiaroma-
tuli aldehidebis kondensacia aqtiuri meTilenuri jgufis Semcvel he-
terociklur kationTa marilebTan da miRebuli Sualeduri stiriluri 
marilebidan mJavas fragmentebis Semdgomi moxleCa airadi amiakiT an ami-
nebiT. 
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analogiurad iyo ganxorcielebuli spiropiranebis 32  sinTezi; per-
qloratebis 2,5-dimeTil- da 5-meTilbenzo-2-eTil-1,3-diTiolis 30 konden-
saciiT Canacvlebul aromatul o-hidroqsibenz(nafT)aldehidebTan 10-15 

wT gacxelebiT ZmarmJavas areSi 90-100C qloris katalizuri raodenobis 
Tanaobisas (stiriluri  marilebis 31 gamoyofiT). stiriluri  nawarmebis 
31 gamosavlianobaa 60-80%. isini warmoadgenen Seferil kristalur nivTi-
erebebs. maTgan qloris mJavas elementebis moxleCiT miiReba spiro-
piranebi 32. gamosavlianobis zrdas xels uwyobs nawarmebis 31 mSrali 
amiakis eTerxsnariT an benzolxsnariT damuSaveba: 

sqema 13 
 

S

S
OHC

HO R1

S

S R

R

S

S

O

R

ClO4
-

HO

R1

R1

+

NH3

HClO4

AcOH

R = H, Me,   R1 = H, 5',6'-benzo , 7',8'-benzo , 6'-NO2, 8'-NO2, 8'-OMe, 6'-Cl,  6'-Br, 7'-NEt

30

31
32

 
 
rostovis saxelmwifo universitetis samecniero koleqtivis mier Se-

muSavebuli iqna benzoqsazinonis rigis spiropiranebis sinTezis origina-
luri orstadiani MmeTodika, stiriluri marilis 34 preparatuli gamo-
yofiT. vinilis fragmentis trans-aRnagoba damtkicebulia 1

H-bmr speq-
troskopiuli meTodiT. SemdgomSi naerTidan 34 mesameuli aminebiT xdeba 
qlormJavas elementebis moxleCa, miiReba spiropiranebi 35 [13] (sqema 14): 
 

sqema 14 
 

O

N

O

R

R1

ClO4
-

OHC

HO

R2

O

N

O

R

ClO4
-

R1

O

N

O

R

O

R1

R2

R2

HO

+ AcOH

Py, Et3N

R = H, Me, i-Pr, CH2Ph;  R1 = H, Me; R2 = H, OMe, 5,6-benzo

33

34
35
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qloris mJavas elementebis moxleCisaTvis mesameuli aminebis arCeva, 
ganpirobebulia benzoqsazinonis maRali reaqciisunarianobiT amiakis, pi-
rveladi da meoradi aminebis mimarT. 

yvela zemoT CamoTvlili sinTezis variantebis kombinaciiT miRebu-
lia kumarinis rigis spiropiranebi 36. aldehidur komponentad gamoyene-
bulia 7-hidroqsi-4-meTil-8-formilkumarini [14]: 

 

 
 

zogjer mosalodneli spiropiranebis nacvlad miiReba mxolod an-
hidrofuZeebi 37, rac avtorTa azriT, ganpirobebulia imidazolis cik-
lis mezonaxSirbadis atomis dabali eleqtrofilurobiT. eleqtrofilu-

robis gazrda benzoimidazolis fragmentis benzolis birTvSi –aqcepto-
ruli Camnacvleblebis Seyvanis gziT. miiReba mdgradi spiropiranuli 

struqtura 38, 3 mdgomareobaSi Camnacvleblebis ararsebobis SemTxveva-
Sic ki. amasTan, warmoqmnili anhidrofuZeebi 37 aprotonul gamxsnelebSi 
duRebiT  gardaiqmnebian spiropiranul struqturebad 38: 

 

 
 
qvantur-qimiuri meTodebis gamoyenebiT dadginda, rom heterociklur 

kationTa lokalizaciis energiis Lα
-≤6,19 mniSvneloba Seesabameba spiro-

ciklur struqturas, xolo Lα
- > 6,39 ki  - merocianinur formas. Seswavli-

lia  Camnacvleblis gavlena benzopiranul nawilSi. kerZod, naCvenebia, 
rom 6,7-benzoanelirebuli nawarmebi gacilebiT Mmdgradni arian spiropi-
ranul formaSi. 

erTbirTviani heterociklebis spiropiranebis sinTezi sakmaod io-
lad xorcieldeba, magram spiro[2H]piranis tipis „‟monocikluri‟‟ spiro-
naerTebis miReba xangrZlivi drois manZilze ver xerxdeboda, savara-
udod, maTi merocianinur formaSi arsebobis gamo. mxolod mas Semdeg, 
rac SeirCa spiroformis mastabilirebeli struqturuli faqtorebi, 
moxerxda indolinuri nawarmis 39 sinTezi. am naerTs ar aRmoaCnda 
fotoqromuli Tvisebebi. aqedan SesaZlebelia gakeTdes daskvna, rom 
fotoqromizmis aucilebeli pirobaa piranuli da aromatuli birTvebis 
kondensacia [15]. 
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N O

NO2

39

 
rostovis saxelmwifo universitetis fizikuri da organuli qimiis 

samecniero-kvleviT institutSi damuSavebulia spironaerTebis “myar-fa-
zuri” sinTezis meTodi, romelic spiropiranebis miRebis saSualebas iZ-
leva im SemTxvevaSi, roca merocianuri izomeris energia ufro dabalia, 
vidre ciklurisa da roca spiropiranebis miRebis standartuli meTodebi 
uSedegoa. amgvarad xdeba SesaZlebeli spiropiranebis mdgradi “monocik-
luri” analogis miReba. 

 1,3,3-trimeTilspiro[2H]-1-(fenil-3-izopropilpirazolo)[4,5-e]Tiapi-

ran-2,2-indolini]-sa (42), da 1,3,3-trimeTilspiro[2H]-1-(fenil-3-izopropil-

pirazolo)[4,5-e]selenpiran-2,2-indolini]-s (43) miReba Cveulebrivi meTo-
debiT ar moxerxda. ciklizacia mimdinareobs mxolod Termul-vakuumur 

pirobebSi Sesabamisi 5-izopropil-2-fenil-4-[2-(1,3,3-trimeTil-1,3-dihidro-
indol-2-iliden)eTiliden]-2,4-dihidropirazol-3-Tionis (40) an 5-izo-
propil-2-fenil-4-[2-(1,3,3-trimeTil-1,3-dihidroindol-2-iliden)eTiliden]-
dihidropirazol-3-selenonis (41) gacivebul zedapirze dafrqveviT:  
 

sqema 15 
 

N
N

N

X

i-Pr

N
N

N

X

i-PrH

H

N X

N
N

Pr-i

N
N

N

X

i-Pr



P .10-5 tori 

h

40, 40 42 X = S,    41, 41 43  X = Se

40, 41

42, 43 40
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amasTan, Ria merocianinuri forma mTlianad gadadis daxurul spi-
ropiranulSi. SemoTavazebuli meTodi iZleva spironaerTebis miRebis Se-
saZleblobas im SemTxvevebisaTvis, roca energia RiajaWviani izomeris 
ZiriTadi formisaTvis naklebia cikluri izomeris energiaze. 

ui dasxivebisas 42 gadadis ”gaaqtivebul” Ria formaSi 40*, romelic 
Seqcevadi Termuli reaqciis pirobebSi SesaZloa gadavides naerT 42-Si. 

 
 
 
 

1.1.2 spiropiranebis heteroanalogebis miReba 
 
 

amJamad cnobilia spiropiranebis heteroanalogebi zogadi formu-
liT – spirooqsazinebi (sqema 16) (X=O, Y=N) da spiropiranebis izologebi 
(sqema 16)  (X=O,Y=C). am naerTebis mimarT interesi ganpirobebulia upir-
veles yovlisa imiT, rom [2H]qromenebis (X=O) da misi izologebis [2H]Tia-
qromenebis da [2H]selenqromenebis (X=Se) fotoqromuli Tvisebebis Ses-
wavlam aCvena, rom Jangbadis Secvla gogirdiTa da seleniT iwvevs Ria 
fotoinducirebuli formisaTvis Zlier batoqromul gadanacvlebas 
grZeltalRovan STanTqmis ubanSi (sqema 16). 
 

sqema 16 
 

X=O,  Y=N

X=O,  YY=C

X=S, X=Se, Y=C

Y

X

Het

X X

h



 
qromenebis, Tiaqromenebis, selenqromenebis  speqtrebis dasxivebamde 

da dasxivebis Semdeg Sedarebam aCvena, rom heteroatomis varireba mcire 
gavlenas axdens ufero ciklur formebze. xolo Seferili fotoindu-
cirebuli formebisaTvis O-dan S-ze gadasvlas mivyavarT batoqromul 
gadanacvlebamde 100-nm-mde. selenqromenis Ria formisaTvis grZeltal-
Rovani STanTqmis zoli speqtrSi  660 nm-zea, TiaqromenisTvis (570 nm), xo-
lo qromenisa _ 470 nm. 

Tiospiropiranebi 44 warmoadgenen indolinospiroqromenebis hetero-
analogebs, romlebSic piranul rgolSi Jangbadi Canacvlebulia gogi-
rdiT. misi miReba xdeba fiSeris fuZisa da Tiosalicilis aldehidis du-
RebiT meTanolSi. am naerTebs, JangbadSemcvel analogebTan SedarebiT, 
Seferili formebisaTvis axasiaTebT STanTqmis grZeltalRovan zolSi 
Zlieri batoqromuli gadanacvleba (sqema 17): 
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sqema 17 
 

N

OHC

HS

R

N S

R+

44  
 

SemuSavebul iqna Tiaspiropiranebis 44 miRebis meTodi indolenile-
bis meoTxeuli marilebis, Tiasalicilis aldehidisa da piperidinis eTa-
nolSi duRebiT. 

spiroselenpiranebis miReba garTulebulia mdgradi selensalici-
lis aldehidebis ararsebobis gamo. magram miuxedavad amisa, sinTezi gan-
xorcielebul iqna 3-formil-2-(1H)qinolinselenonis aldehidur komponen-
tad gamoyenebis SemTxvevaSi (45, X = Se) [16]. 

analogiurad iqna miRebuli kondensirebuli qinolinuri fragmentis 
Semcveli spiropiranebi 46 (X=Se)  [17] (sqema 18).  

 
 
 

sqema 18 
 

N
H

CHO

X

N

CHO

XH

O
N

Y O
N

Y

X

N

+
AcOH, 

HClO4

X = S, Se; Y = O, S

45

46

 
 
 

1.1.3 bis-spiropiranebi 
 

dagrovilma sinTezurma da Teoriulma gamocdilebam, agreTve mzar-
dma teqnikurma moTxovnilebam spiropiranebze, ganapiroba mecnierTa dain-
tereseba axali struqturebisadmi, romlebic Seicaven erTze met fotoq-
romul centrebs, radganac SeuRlebuli qromoforebis Teoriebis Tanax-
mad, mosalodnelia speqtraluri maxasiaTeblebis gaumjobeseba. 

bolo aTwleulebis ganmavlobaSi sinTezirebul iqna mTeli rigi 
bisspiropiranebi da erTze meti spirocikluri centrebis Semcveli naer-
Tebi [88]. miuxedavad amisa, miRebuli Sedegebis ganzogadeba mainc ver mo-
xerxda. 
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bis-spiropiranebi sainteresoni arian im mxriv, rom orive piranuli 
fragmentis erTdroulad gaxsnisas SeuRlebis jaWvi mniSvnelovnad izr-
deba da fotoinducirebuli formis STanTqmis zolis maqsimumi ganicdis 
Zlier batoqromul wanacvlebas. 

bolo wlebSi srulyofil iqna spiropiranebis miRebis klasikuri 
meTodi aromatuli o-aldehidebis ketonebTan kondensaciiT, rogorc erT-
stadian, aseve orstadian modifikaciebSi. 

bis-spirosistemebis tipiuri warmomadgenlebi spirodinafTopiranebi 
(47), romelSic nafTopiranuli fragmenti dakavSirebulia spironaxSirba-
dovani atomiT. 

O O

R

47  
marilidan 48 miRebul iqna spirodinafTopiranebis  saintereso ana-

logebi 49. es meTodi iZleva arasimetriuli bis-spiropiranebis miRebis 
saSualebas (sqema 19):  

sqema 19 
 
 

O

(CH2)n

HO

OHC

R2

R1

ClO4

O

(CH2)n

R1

ClO4

HO

O OR1

(CH2)n

OH-

+

48

49

R2

R2

 
 

miRebul iqna erTmagi bmiT dakavSirebuli bis-spiropiranebi, rom-
lebSic ori spiropiranuli fragmenti erTmaneTTan dakavSirebulia heta-
renuli (naerTi 50-52) an benzopiranuli (naerTi 53)  komponentiT. 
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N O

R

NO2

R = H, OMe

N

S

O

R

NO2

N O N O CH2

Cl

O2N
2

NO2

2

22

R = H, OMe50 51

52 53  
 

cnobilia spirobipirani 54 [18], romlis misaRebad gaenebul iqna heq-
sahidropirolo[3,2-f]indoli, Tumca Ria formis STanTqmis zoli 598 nm-ze 
metyvelebs imaze, rom am SemTxvevaSi ixsneba mxolod erTi cikli [18].  

or bifunqciur partniors, bis-2-meTilenindolinsa 55 da bis-salici-
lis aldehids 56 Soris SeiZleba warimarTos polikondensaciis reaqcia, 
romelsac mivyavarT spiropiranul rgolebis  Semcvel fotoqromul po-
limeramde 57 [88]. 

sqema 20 
 
 
 

N

CH2

CH2

N

CH2

OHC

OH

NO2

OHC

OH

NO2

N O

NO

C
H2

O2N

NO2

+

n

55

56

57
 

 
 

bis-2-meTilenindolinis gamoyenebiT miRebulia bis-spiropiranebi 58 
da maTi heteroanalogebi – spirooqsazinebi 59 [88]:  
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N O

CH2OH

NO2

CH2

CH2

N
O

NO2

CH2OH

N O

N

CH2

CH2

N

N

O

R

R

R = H, OMe58
59  

 
miRebuli naerTebis fotoqromuli Tvisebebis Seswavlam aCvena um-

niSvnelo gansxvaveba mono- da bis-spiropiranebs Soris. Ria formis STan-
Tqmis zolebi mdebareobs 580-600 nm, rac metyvelebs mxolod erTi birT-
vis gaxsnaze. 

analogiurad iqna miRebuli bis-spiropiranebi 60 da 61 [88]. 

N O NO2

(CH2)n

N
O

NO2

N O

Pr

NO

Pr

RR

n = 2, 4, 6

R = H,  NO2

60
61

 
bis-spiropirani 62 miRebul iqna 2 moli 1,2,3,3-trimeTilindoleninis, 

1 moli 1,3-diqloacetamidopropanisa da 2 moli natriumis iodidis nare-
vis kondensaciiT 2 mol 5-nitrosalicilis aldehidTan. kalciumTan da 
magniumTan kompleqsebis warmoqmniT xdeba orive spirociklis gaxsna. 

 
 

N

O

NO2

O

HN

N

O

NO2

O

H
N

62  
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cnobilia simetriuli indolinuri bis-spiropiranebi 63-65, romelTa 
molekulebSi spirocikluri centrebi erTmaneTTan dakavSirebulia  
SeuRlebuli bmebiT [88]. magram 63-65 naerTebis struqtura ar iqna dam-
tkicebuli Tanamedrove fiziko-qimiuri analizis  meTodebiT. eWvs iwvevs 
dialdehidi 66, radgan literaturuli monacemebis mixedviT, sareaqcio 
aridan misi gamoyofa moxda hidrazonis saxiT umniSvnelo gamosavli-
anobiT. 

 

 

 
 
sinTezirebulia axali Termo- da fotoqromuli Tia- da karbonil- 

bisspiropiranebi 67, 5,5'-Tiobissalicialdehidebis an maTi 5,5-karboni-
luri analogebis urTierTqmedebiT fiSeris fuZis nawarmebTan moluri 
TanafardobiT 1 : 2,5. Tiabisspiropiranebma ver gamoamJRavnes fotoqro-
muli Tvisebebi, xolo karboniluri xidebiT dakavSirebulma spiropi-
ranebma gamoavlines susti Termo- da fotoqromizmi. 

 

N O

R1

R2

NO

R2

X

R1

67

R1 R2

H

H

H

NO2

NO2

NO2

H

H

Cl

H

Cl

NO2

X

S
CO
CO
S
S
S  

 
amave meTodiT iqna sinTezirebuli simetriuli 68 da arasimetriuli 

69 bisspiropiranebi. 
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5,5'- bissalicilis aldehidis bazaze miRebul iqna simetriuli da 

arasimetriuli bis-spiropiranebi 70 [19]: 

N O NO

R1

R2

R1 R2

H
H
H
Cl
Cl
NHCOMe

H
Cl
NHCOMe
Cl
NHCOMe
NHCOMe

70

 
 
aRsaniSnavia, rom zemoT moyvanil SromebSi [19] rogorc 

simetriuli, aseve arasimetriuli bisspiropiranebi miRebul iqna or 
stadiad; Tavdapirvelad axdenen Sesabamisi bissalicilis aldehidis 
kondensacias 2-meTilen-1,3,3-trimeTilindolinis eqvimolur raodeno-
basTan. meore stadiaze gamoyofili monospiropirani reagirebda Se-
sabamis 2-meTilen-1,3,3-trimeTilindolinis eqvimolur raodenobasTan. ro-
gorc Cans, bissalicilis aldehidis pirdapiri kondensaciiT 2 mol 
indolinTan, kondensaciis ZiriTad produqtebs warmoadgenen naerTis 8 
tipis naerTebi [3]. 

5,10-dimeTil-4,9-diazapirenis 71 meoTxeuli marilebis kondensaciiT 
Canacvlebul salicilis aldehidebTan spirtSi an dmfa-Si gacxelebisas 
piperadinis damatebiT, miiReba ufero spiropiranebi (72) (sqema 21): 

 
sqema 21 

 

N

N
R

Me

Me

R
N

N

R

O

O

R

R1

R1

R = Me, Et;  R1=6',6"-OMe, 5',6',5",6"-benzo ; 6',6'-Br2; 

6',8',6",8"-Br4

2 TsO-

71
72

 
 

 
 
aqtiurad mimdinareobs sxvadasxvagvari alternatiuli bisspironaer-

Tebis Zieba, romelTac aqvT fotoqromuli Tvisebebi[88]:  

N O
NO

R

R

N O
NO

R1

R2

R = H, Cl. PhCONH
R1 = Cl, PhCONH;   R2 = H, PhCONH

6968
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N

R

R

O
O

N

R

R

O
O

O

O

O

73  
 

aRwerilia bisspiropirani 73, miRebuli spiropiranis 74 bazaze, 
romelic warmoadgens salicilis aldehidis Tavisebur analogs. sinTezi-
rebulia spiropirani 75. igi Seicavs or gansxvavebul spirociklur 
centrs da Sesabamisad, molekulaSi or sxvadasxva  hetarenul fragments 
[20] (sqema 22): 

sqema 22 
 

O

N

O

O

OHC

OH

O

N

O

O

O

N

R

N

R

ClO4
-

EtOH, piperidini

74

75  
Tsu organuli qimiis mimarTulebaze sinTezirebul iqna axali bis-

spiropiranuli sistemebi izomeruli heqsameTildihidroindoloindole-
bisa da Canacvlebuli salicilis aldehidebis safuZvelze, ris Sesaxe-
bac moxsenebul iyo saerTaSoriso konferenciaze [21]. 

izomeruli dihidroindoloindolebis 76, 77 safuZvelze miRebulia 
spiropiranis birTvis Semcveli fotoqromuli sistemebi 80, 81. sinTezi 
ganxorcielebulia fiSeris fuZeebis 78, 79 kondensaciiT salicilis al-
dehidTan Semdegi sqemebiT [22]: 
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sqema 23 
 

N

N

N+

N+

N

N

(CH3)2SO4 2CH3SO4
- OH-

O

N

N

O

R

R

OHC

HO
R

76
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80

(CH3)2SO4 2CH3SO4
- OH-

OHC

HO
R

NN NN

NN
N

O

N

O

RR

77

79
81

R=  -NO2, -Br  
 
 
 

1.1.4 spiropiranebis gamoyeneba 
 

spiropiranebis, spirooqsazinebisa da 2[H]qromenebis bazaze miRebuli 
fotoqromuli naerTebi warmoadgenen perspeqtiul uvercxlo SuqmgZno-
biare masalebs informaciis optiuri CawerisaTvis, fotogadamrTvelebis 
dasamzadeblad, Suqfiltrebad, miniaturuli hibriduli mravalfunq-
ciuri masalebis dasamzadeblad.  

gamoyeneba hpoves tradiciulma indolinurma da sxva rigis spiropi-
ranebma azoSemcveli heterociklebis bazaze, agreTve indolinospiropi-
ranebma, romelTaTvisac damaxasiaTebelia fotoinducirebuli formis 
STanTqmis zolis gadanacvleba eleqtronuli speqtris infrawiTel (iw) 
ubanSi. Suqfirebis dasamzadeblad iyeneben polieTerul firebs. didi 
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gamoyeneba hpoves qaRaldze datanilma spiroSemcvelma polimerulma 
firfitebma. fotoqromuli linzebis dasamzadeblad gamoyenebul iqna 
sinTetikuri firebi gardatexis maRali maCvenebliT. spiropiranebma 
gamoyeneba hpoves kosmetikaSic [88].  

Tanamedrove fotoqromuli masalebis Seqmna iTvaliswinebs axali 
tipis spiropiranebis Serwymas modificirebul matareblebTan; kerZod 
lengmiur-blodJetis firebi Seicaven spiropiranebs fotoreceptorebis 
saxiT, agreTve rodofsins, fotosignalis intensiurobis gasaumjo-
beseblad [23]. 

spiropiranebis safuZvelze miRebuli fotoqromuli masalebi, rom-
lebic mgZnobiareni arian ultraiisferi (ui) gamosxivebis mimarT, gamo-
iyeneba deteqtorebad, mxedvelobis organoebis dasacavad, fotoqromuli, 
maT Soris ofTalmogiuri linzebis dasamzadeblad. 

spiropiranebis bazaze miRebuli masalebis gamoyenebas sxvadasxva xe-
lsawyoebSi, maT Soris Txel firebze, optikuri informaciis Casawerad, 
daemata infrawiTeli gamosxivebisadmi mgrZnobiare axali saSualebebi 
[88]. 

optikuri informaciis fiqsaciisa da misi Senaxvis vadis gazrdis 
mizniT gamoiyeneba fxvnilis da firis masalebi, romlebic miiRebian spi-
ropiranebis ionSemcveli kompleqsebisa da spiropiranuli Tanapolimere-
bisagan. 

spiropiranebi gamoiyenebian biopolimeruli nanostruqturis mqone 
fotofirebis misaRebad, agreTve fotoqromul da eleqtrooptikur xel-
sawyoebSi [24] fotogadamrTvelebSi da multifunqcionalur xelovnur 
receptorebSi. perspeqtiulia fotoqromuli spiropiranebis gamoyeneba 
sxvadasxva tipis optikuri mexsierebis Sesaqmnelad qvantur 
kompiuterebSi [25]. 

  
 

 

1.2   2-meTilenindolinuri fuZeebi 

 

2-meTilenindolinuri fuZeebi warmoadgenen mniSvnelovan Sualedur 
produqtebs mravali organuli naerTis sinTezisaTvis. maTgan miiReba 
mravalricxovani saRebrebi, romlebic gamoiyenebian sinTezuri boWkos,  
tyavis,  bambis SesaRebad [27], aseve sensibilizatorebad SuqmgrZnobiare 
masalebSi, Txevadkristalur da naxevradgamtarul lazerebSi. didi praq-
tikuli mniSvneloba aqvs  2-meTilenindolinebidan sinTezirebul foto-   
da Termoqromul masalebs, romlebmac gamoyeneba hpoves fotografiaSi 
Suqfiltrebis, aslgadamRebi masalebis dasamzadeblad, informaciis Cawe-
risa da SenaxvisaTvis. informaciis Casawerad gamoiyeneba meTilenindo-
linuri fuZeebis  azoSeuRlebis reaqciebic. 

2-meTilenindolinuri fuZeebis nawarmebidan cnobilia naerTebi, 
romelTac aRmoaCndaT simsivnis sawinaaRmdego aqtiuroba.  

  2-meTilenindolinebis umartivesi warmomadgenelia fiSeris fuZe:   
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N

R1

R2

R

R3

R=R1=R2=CH3;   R3=H  
 
arsebobs 2-meTilenindolinuri fuZeebisa da maTi meoTxeuli 

marilebis sinTezis ramdenime meTodi: 
1. indolisa da Canacvlebuli indolebis alkilirebis  reaqciebi; 
2.Nnajeri rigis ketonebis arilhidrazonebis ciklizacia; 

3. -halogen da -hidroqsiketonebis urTierTqmedeba anilinTan. 

1.2.1 indolisa da Canacvlebuli indolebis alkilirebis 
reaqciebi 

 
 

meTilenindolinuri fuZeebis miReba xdeba indolebisa da Canacvle-
buli indolebis gacxelebiT halogenalkilebTan maRali wnevis pirobeb-
Si (sqema 24): 
 

sqema 24 
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fiSeris fuZe 86 miiReba 2-meTilindolis (82) meTiliodidTan urTi-

erTqmedebiT meTanolis areSi 80%-iani gamosavlianobiT. reaqcia mimdina-
reobs mirCilul ampulebSi an avtoklavSi 1000C  temperaturaze [28]. reaq-
ciis dros xdeba Sualeduri produqtebis warmoqmna: 2,3,3-dimeTilindo-
lis (83); 2,3,3-trimeTilindoleninis (84) da 2,3,3-trimeTilindoleninis 
iodmeTilatis (85). Ees ukanaskneli sareaqcio aridan gamoiyofa 
kristalebis saxiT, romelsac filtraven da amuSaveben 10%-iani tutis 
xsnariT, ris Sedegad miiReba fiSeris fuZe 86. 
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fiSeris fuZis analogebi miiReba indolis molekulaSi meTilis 
radikalebis sxva alkilebiT Secvlisas, an benzolur fragmentSi sxvada-
sxva Camnacvleblebis SeyvaniT. am meTodiT, 2-meTil-3-eTilindolis, 5-
acetilindolis, 5-trifTormeTil-2,3-dimeTilindolisa da meTiliodid-
isagan sinTezirebulia 1,3-dimeTil-3-eTil-2-meTilenindolini,  5-acetil- 
da 5-trifTormeTil-1,2,3,3-tetrameTilindolinis iodidebi [29-30]. 

indolebis meTiliodidiT alkilirebisas atmosferuli wnevis pi-
robebSi natriumis acetatis Tanaobisas reaqcia Cerdeba 2,3,3-trimeTil-
indoleninis warmoqmnis stadiaze. miTiTebul pirobebSi 7-nitro-2,3-dime-
Tilindolis alkilirebiT miiReba7-nitro-2,3,3-trimeTilindolenini [31]. 
magram 400C temperaturaze wyliani tutiT damuSavebisas fiSeris fuZe 
mTlianad gardaiqmneba 1,3,3-trimeTil-2-izopropililenindolad (87).    

2-fenilindolis alkilirebis reaqcia meTiliodidTan iZleva 1,2,3-tri-
meTil-3-fenilindoleninis iodids [32]. am procesis dros xdeba fenilis 
jgufis migracia indolis rgolis meore mdgomareobidan mesame mdgoma-
reobaSi (planSes gadajgufeba). Aanalogiuri gardaqmna dafiqsirebul iq-
na 1,3,3-trimeTil-2-fenilindoleninis iodatis gacxelebiT 120-1800C –ze. 
[33]. 

indolis alkilirebis reaqciis dros meTiliodidis nacvlad gamo-

iyeneba sxva halogenalkilebic, mag: eTiliodidi [28]. aRsaniSnavia, rom es 
ukanaskneli ufro Znelad Sedis reaqciaSi 2-alkil- da 1,2-dialkilindo-
lebTan, vidre meTiliodidi. Tu 2-meTilindols da eTiliodids eTano-
lis areSi gavacxelebT mirCilul ampulaSi, maSin 1,3,3-trieTil-2-meTil-
enindolini miiReba dabali gamosavlianobiT 40% [28]. eriqsonisa da kimis 
mier [34] aRwerilia 1,2,3-trimeTilindolinis alkilirebis reaqcia qlor-
acetonitriliT da bromacetofenoniT. 

indolis rgolSi bis(alkoqsikarbonil)meTilis jgufis Seyvana 1,2,3-
trimeTilindolis halogenmalonatebTan urTierTqmedebiT ver moxerxda 
[32], magram 1,2,3-trimeTilindolis bromZmarmJavasTan gacxelebiT miiReba 
meoTxeuli marili 88 (sqema 25). sareaqcio aris tutiT damuSavebisas mo-

salodneli fiSeris fuZis 89 warmoqmnis nacvlad aRiniSneba  laqtonis 
90 warmoqmna, romelic bromwyalbadis moqmedebiT kvlav gardaiqmneba 
meoTxeul marilad 88 [34]. 

sqema 25 
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1,2-dimeTilindolis bromian alilTan urTierTqmedebisas aRiniSneba 
Tanamde reaqciac. 2-meTilenindolinis (91) warmoqmnasTan erTad aRiniSne-
ba Canacvlebuli indolis 92 warmoqmnac [35], rogorc Cans, enaminis 91 me-
Tilenuri jgufis C-alkilirebisa da am naerTis mesame mdgomareobidan 
erTi alilis jgufis dakargvis gamo: 

N
N

35% 27%91 92
 

 

Tanamde reaqcia ar aRiniSneba 2,3-dimeTilindolis urTierTqmedebiT 
alil- an propilbromidTan. am SemTxvevaSi 61-63% gamosavlianobiT miiRe-
ba 2,3-dimeTil-3-alil- da 2,3-dimeTil-3-propilindolenini [35]. 

2-meTilenindolinebis miReba xelsayrelia indolis N-magniumiodi-
dis urTierqmedebiT alilhalogenebTan da maTi Semdgomi meTilirebiT, 
Sualeduri 2,3-dimeTil-3-alkilindoleninebis warmoqmniT (sqema 26): 

 

sqema 26 

N
H

N

MgI

N

R1

N

R1

I-

RMgI, eTeri

a R1 =  -CH=C(CH3)2, X = Br;  b R1 = -C CH, X = Br; g R1 =  -CN,  X =  -Cl;

(R = CH3, C2H5)

1. XCH2R1

2. CH3COOH

CH3I

93 a-g

 

 
reaqcia mimdinareobs SedarebiT rbil pirobebSi: atmosferuli wne-

visa da dabali temperaturis dros. am gziT 2,3-dimeTilindolil-N-mag-
niumiodididan da Sesabamisi halogenalkilebidan miiReba naerTebi 93a-g 
[34-36]. 

aRsaniSnavia, rom 2-meTilenindolinuri fuZis miReba aseve SeiZleba 
indolebis dihalogenkarbeniT alkilirebisas. aseTi reaqciis magaliTad 
SeiZleba ganvixiloT 1,2,3-trimeTilindolis urTierTqmedeba diqlorkar-
benTan, ris Sedegadac miiReba 1,3-dimeTil-3-diqlormeTil-2-meTilen-
indolini. Ddiqlorkarbenis warmoqmna xdeba qloroformze natriumis 
eTilatis moqmedebiT, an natriumis triqloracetatis Termuli dekarboq-
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silirebiT. 1,2,3-trimeTilindolis urTierTqmedebiT diqlorfTormeTan-
Tan mwvave natriumis hidroqsidisa da benziltrieTilamoniumis qlor-
idis Tanaobisas miiReba 1,3-dimeTil-3-qlorfTormeTil-2-meTilindolini 
[37] 2,3-dimeTilindolisa da diqlor-qlorfTorkarbenebis, rogorc gamo-
savali nivTierebebis gamoyenebis SemTxvevaSi miiReba Sesabamisi indo-
linebi. 

2-meTilindolis meTanolsa da marilmJavasTan erTad avtoklavSi 
gacxelebisas da sareaqcio aris Semdgomi gatutianebiT miiReba fiSeris 
fuZe maRali gamosavlianobiT 75%, xolo meTilis spirtis eTilis spir-
tiT Secvlisas miiReba 1,3,3-trieTil-2-meTilenindolenini. indolis alki-
lirebas dimeTilsulfatiT an dieTilsulfatiT awarmoeben qlorben-
zolis Tanaobisas an dialkilsulfatiT TuTiis oqsidis, kalciumis kar-
bonatis da TuTiis Tanaobisas. Aam meTodiT 2,3-dimeTilindolisa da 2-
meTilindolis dimeTilsulfatiT damuSavebisas TuTiis oqsidis Tana-
obisas gamoyofil iqna 1,2,3,3-tetrameTilindoleninis meTosulfati 90%-
iani gamosavlianobiT. 

samecniero naSromebSi aRwerilia 2-meTilindolisa da 2,3-dimeTi-
lindolis alkilirebis reaqciebi benzolsulfomJavasa da paratoluo-
lsulfomJavas meTilis eTerebiT, romlisDdrosac fiSeris fuZis gamosa-
vlianoba meryeobs 85-86%-is farglebSi. saukeTeso Sedegi iqna miRweuli 
benzosulfomJavas meTilis eTeris gamoyenebis dros. dimeTilsulfati 
warmoadgens erT-erT saukeTeso reagents alkilirebis reaqciis dros, 
romlis gamoyenebiTac 2,3-dimeTilindolisagan miRebul iqna fiSeris 
fuZe 83%-is gamosavlianobiT. 

2,3-meTilindolis alkilirebisas p-dimeTilaminobenzaldehidiT, ma-
rilmJavas Tanaobisas, pirvel stadiaze warmoiqmneba meoTxeuli marili 
94, romelic amiakiT damuSavebis Semdeg meTanolSi gardaiqmneba Sesabamis 
2-meTilindolinad:  

 

N

N

ClO4
-

94  

 
 

1.2.2 najeri rigis ketonebis arilhidrazonebis ciklizacia 
 

ufro xSirad meTilenindolinuri fuZeebi miiReba aromatuli hid-
razonebis 97 ciklizaciis Sedegad (sqema 27) mJava katalizatorebis – 
ganzavebuli gogirdmJavas, konc. marilmJavas [38], yinulovani ZmarmJavas 
[39-41], TuTiis qloridis da sxvaTa Tanaobisas. hidrazonebis 97 cikli-
zacia SesaZlebelia agreTve katalizatoris gareSec – maRali tempe-

raturis pirobebSi (200-2100C).  
Tu hidrazoni 97 Seicavs wyalbadis garda sxva R-Camnacvlebels, misi 

ciklizaciisas warmoiqmneba meoTxeuli marili 98, romelic tutiT damu-
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Savebis Semdeg gadadis meTilenindolinur fuZeSi 99. ase mag. meTilizo-
propilketonis  urTierTqmedebiT TuTiis qloridTan absolutur spirt-
Si, miiReba naerTi 99 (R1=C6H5, R2=R=CH3) [42].  

 

sqema   27 
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analogiurad Sesabamisi hidrazonebidan 97 miiReba fuZeebi 99 (R=R2=CH3, 

R1= p-H3COC6H4, R
3=R4=H [53]; R=n-CH3C6H4, R1+R2 =(-CH2-)5, R3=5-CH3, R4=H [54]).  

 fiSeris fuZeebis sinTezi uSualod hidrazinidan 95, romelic წyal-
badis nacvlad R-Camnacvleblis Semcvelia da ketonidan 96, mimdinareobs 
hidrazinisa da ketonis gaxurebiT ZmarmJavaSi, an ZmarmJavasa da ketonis 
gaxurebiT dimeTilformamidSi. am gziT miiReba naerTi 99, 42-50% gamosa-
vlianobiT (R=C6H5, R1=R2=CH3 , R

3=R4=H). 
hidrazonebis 97 ciklizaciisas, romlebic Seicaven Camnacvleblebs 

aromatuli birTvi meta-mdgomareobaSi, SeiZleba warmoiqmnas rogorc 4-, 
aseve 6-Canacvlebuli indoleninebi. magaliTad, meTilizopropilketonis 
meta-trifTormeTilhidrazonis ZmarmJaviT da samfToriani boris eTeriT 
damuSavebis Semdeg miiReba izomeruli 4- da 6-trifTormeTil-2,3,3-trime-
Tilindoleninebis narevi (44% da 56%, Sesabamisad) [30]. amave dros, meta-
nitroCanacvlebuli meTilizopropilketonis hidrazonisagan sinTezire-
bulia mxolod 4-nitro-2,3,3-trimeTilindolenini da meta-izopropilketo-
nis 3-meToqsiCanacvlebuli hidrazonisagan miiReba 6-meToqsi-2,3,3-trime-
Tilindolenini. 

najeri rigis ketonebi  da -nafTilhidrazonebis mJavebis moqmedebiT 
ganicdian ciklizacias benzindoleninebis  warmoqmniT [43]. 2,3,3-trime-
Tilindoleninebis Sesabamisi heterocikluri analogebi miiReba Sesaba-
misi hidrazonebisagan. meTilizopropilketonis 2-piridilhidrazinis ga-
xurebiT TuTiis qloridTan miiReba 2,3,3-trimeTil-7-aza-indolenini (102 
a) [44]. analogiurad, Sesabamisi hidrazonidan miiReba 2,3,3-trimeTil-4-aza-
indoleninini (102 b) [45].  
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102-a,b

X

Y

N

a) X = N, Y = CH;
b) Y = CH; Y = N

 
 
bishidrazonebis ciklizacias mivyavarT bisindoleninebamde. am meTo-

diT sinTezirebulia bis(2,3,3-trimeTilindolenin-5-il)sulfoni (103) (sqe-
ma 28), agreTve naerTebi 104, 105 [46-47]:  

sqema 28 
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indoleninebi 100 SeiZleba miRebul iqnas hidrazinebis 95 (R=H) 
urTierTqmedebiT ketonebTan 96 hidrazonebis gamoyofis  stadiis gareSe 
97 (sqema 27). am reaqciis magaliTad gamodgeba 2,3,3-trimeTilindoleninis 
sinTezi fenilhidrazinis urTierTqmedebiT meTilizopropilketonTan 
konc. gogirdmJavas Tanaobisas. indoleninebi iod-, brom- da qlor-
alkilebis meSveobiT gadadian meTilindolenuri fuZeebis meoTxeul 
marilSi. 1,2,3,3-tetrameTilindolenini miiReba 74% gamosavlianobiT, 2,3,3-
trimeTilindoleninis meTiliodidiT damuSavebis Sedegad. 

indoleninebis 100 urTierTqmedeba alkilhalogenidebTan mimdinare-
obs organul gamxsnelebSi (eTanoli, toluoli, qloroformi [48] da 
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sxv.) gacxelebiT an maalkilirebeli agentis Warbad aRebisas [30, 49]. ro-
gorc wesi, reaqcia mimdinareobs atmosferuli wnevis pirobebSi, magram 
zogjer reaqcias atareben mirCilul ampulaSi an avtoklavSi. meoTxeuli 
marili 98 gadahyavT 2-meTilindolinebSi 99 kaliumis an natriumis tu-
tiT [38], sodiT [39],  trieTilaminebiT an sxva fuZeebiT damuSavebiT.  

indoleninebisa da maTi marilebis alkilirebisaTvis gamoiyeneba di-
meTilsulfati [46-49], dieTilsulfati, benzosulfomJavas eTerebi [50], p-
toluolsulfomJavebi [51], agreTve karboniluri jgufis Semcveli eleq-
trofiluri olefinebi. 

 
 

sqema 29 
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2,3,3-trimeTil-3H-indoleninis perqloratis 106 gacxelebiT orTqlis 

abazanaze MmeTilvinilketonTan, an miTiTebuli reagentebis  urTierTqme-
debiT oTaxis temperaturaze acetonitrilSi, iReben meoTxeul marils 
107. es ukanaskneli NaOH-iT damuSavebis Sedegad gadadis meTilenindo-
linSi 108. xolo piridinSi gacxelebiT warmoqmnis naerT 109 [43]. meoTxe-
uli marilis 106 urTierTqmedebiT meTilvinilketonTan oTaxis tempera-
turaze dimeTilacetamidSi, miiReba naerTi 110 (sqema 29).  

 2,3,3-trimeTilindoleninis 111 dieToqsikarbonilciklopropendibenz-
furaniT damuSavebis Sedegad miiReba 2-meTilenindolini 113 (sqema 30). re-
aqcia mimdinareobs cviter-ionis warmoqmniT 112 [52]. 
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sqema 30 

 
 
naSromSi [53]  ganxilulia 2,3,3-trimeTilindoleninis 111 gadasvla fi-

Seris fuZeSi 86, 111-is sulfonatiTa da ceziumis fToridiT TandaTano-
biTi damuSavebis Sedegad. savaraudod, reaqcia mimdinareobs Sualeduri 
produqtis 114 warmoqmniT. 

 
 

1.2.3. fiSeris fuZis aRnagoba da misi speqtruli monacemebi 
 
 

fiSeris fuZes 86, romelic miRebuli iyo 2-meTilindolis meTiliodi-
diT damuSavebis Sedegad (sqema 24) [28], Tavdapirvelad SecdomiT miaweres 
dimeTildihidroqinolinis struqtura. mogvianebiT SesaZlebeli gaxda 
daedginaT, rom miRebuli produqti iyo ara qinolilini, aramed 1,3,3-
trimeTil-2-meTilenindoli [54]. amJamad fiSeris fuZisa da misi analoge-
bis aRnagoba dadasturebulia speqtruli gamokvlevebiT.  

2-meTilenindolinebis 1
H-bmr speqtrebSi (R

3
=H) meTilenis jgufis pro-

tonebi gvxvdeba singletis saxiT Cveulebriv 3,3-4,2 mn ubanSi, rac 
miuTiTebs maT eqvivalenturobaze. 

fiSeris fuZis 86 aRniSnuli protonebi deiteroqloroformSi iZlevi-
an singlets 3,85 mn.  

114 a-b naerTebis egzocikluri ormagi bmis protonebi arian arae-
qvivalenturebi da speqtrze SeiniSneba ori dubleturi signali spin-

spinuri urTierTqmedebis konstantiT J2,3-2,5 hc.B1
H-bmr speqtruli meTo-

debiT dadginda, rom meTilenis jgufiT Canacvlebuli enaminebi 114 g, d 
warmoadgens (E)- da (Z) izomerebis narevs TanafardobiT 10:1 (114g) 
naerTisaTvis an 4:1 (114 g naerTisaTvis) [56].  
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b R = R1= COCF3, R2 = CH3, R3 = H

g R = R1=R2 = C2H5, R3 = H

d R = R1=R2 = CH3, R3 = Br

114 115

 
 
savaraudod, E formis warmoqmna aixsneba misi Termodinamikuri   

mdgradobiT, rac ganpirobebulia R3 Camnacvleblis moxvedriT hem-meTil-
uri jgufebis sivrceSi. 1,3,3-trimeTil-2-meTilenindolinisa da misi Camna-
cvleblebis speqtrebSi meTilenuri fragmentis protonebis signalebis 
axlos aris  N-meTilisa da eqvivalenturi C-meTilis jgufebis signalebi. 
(Sesabamisad, 2,5-3,2 da 1,2-1,4 mn-ze).. 

indoleninis meoTxeuli marilebis 115 (X=Br ) 1
H-bmr speqtrebSi N-CH 

jgufis signali gadaweulia ufro sust velSi Caunacvlebeli fiSeris 
fuZis Sesabamis signalTan SedarebiT da mJRavndeba singletis saxiT 3,6-
4,8 mn ubanSi [34, 40]. es aixsneba azotis atomze dadebiTi muxtis  nawi-
lobrivi lokalizaciiT. meoTxeul  marilSi 115 (R1

=R
2
=CH3)  eqvivalen-

turi hem-meTiluri jgufebi iZleva singlets 1,2-1,8 mn ubanSi, xolo 2-me-
Tilis jgufis  protonebi aRiniSneba 1,7-3,2 mn ubanSi [34]. 

2-meTilenindolinebis 114 (R=R1=R2=CH3 R
3=H) 13C speqtrebi xasiaTdeba nax-

Sirbadatomebis signalebiT Sesabamisad 73-79, 161-163 da 43-44 mn ubanSi. 
CH3 da hem-meTilis jgufebis signalebi napovnia 28-29 da 29-30 mn ubanSi 
[51]. 

meoTxeuli marilebis 115 (R=R1=R2=CH3  R
3=H)  naxSirbadatomi C(10) gvaZ-

levs signals 14-17 mn ubanSi.  xolo N-meTilis jgufi, C(30) atomi da hem-

meTiluri jgufebi SeiniSneba  34, 54-65 da  22 mn ubanSi.  
2-meTilindolinuri fuZis 114 iw speqtrSi  aRiniSneba egzocikluri 

ormagi bmis STanTqmis zoli 1635-1655 sm-1 ubanSi [37]. xolo meoTxeul 
marilebSi C=N+ bmis STanTqma aRiniSneba 1610-1635 sm-1, romelic xSir 
SemTxvevaSi ixliCeba STanTqmis ramdenime zolad. 

2-meTilenindolinebis ui speqtrebSi (fenoli, wyali) STanTqmis maqsi-
mumi aRiniSneba 280-283 nm [34, 44, 50]. xolo meoTxeuli marilebis speq-
trebSi (eTanolSi, wyalSi) es maqsimumi gadaweulia 272-278 nm ubanSi.  
 

1.2.4 2-meTilenindolinuri fuZeebis qimiuri Tvisebebi 
 

2-meTilenindolinebi miekuTvnebian enaminebis klass. am naerTebis  

reaqciisnarianoba ganpirobebulia -eleqtronuli sistemis polarizaci-
iT da meTilenis jgufis naxSirbadis atomis uaryofiTi muxtis nawilob-
rivi lokalizaciiT. amis gamo 2-meTilenindolinebi meTilenis jgufis 
saSualebiT Sedian reaqciaSi mraval eleqtrofilebTan, xolo benzolis 
birTvis arseboba ganapirobebs eleqtrofiluri Canacvlebis reaqciebsac.  

fiSeris fuZeebi urTierTqmedeben nukleofilebTanac naxSirbadis (2) 
atomTan. ganicdian Sidamolekulur gadajgufebas, daJangvasa da aRdge-
nas.  
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2-meTilenindolebs aqvT FfuZe Tvisebebi. 1,3,3-trimeTil-2-meTilindo-
linis pH aris 8,0. 2-meTilenindolinebis fuZe Tvisebebi ganpirobebulia 
wyalxsnarebSi enaminebisa 99 da amoniumis meoTxeul fuZeebs 98 Soris 
arsebuli wonasworobiT (ix. sqema 27). rogorc fuZeebi, isini moqmedeben 
mJaveebTan da warmoqmnian indoleninis marilebs. literaturidan [56] 
cnobilia 2-meTilenindolinis tetrafTorboratebi (X=BF3), sulfatebi, 
perqloratebi, qloridebi da sxva meoTxeuli marilebi, romelTa 
warmoqmna advilad mimdinareobs maRali gamosavlianobiT. indoleninuri 
marilebi 98 gardaiqmnebian fiSeris fuZeebad tutis, sodis da organul 
fuZeebTan gacxelebiT atmosferuli wnevis pirobebSi [57]. naerTebi 98 
monawileoben anionis gacvliT reaqciebSic. fiSeris fuZis da maTi 
warmoebulebis meTilenuri jgufis maRali nukleofiluroba ganapiro-
bebs aldehidebis karbonilis jgufTan kondensaciis reaqciebs. am reaq-
ciaTa saboloo Sedegi damokidebulia aldehidis aRnagobaze.  

cnobilia fiSeris fuZeTa reaqciebi naxSirbadis halogenwarmoebu-
lebTan, ujer naxSirwyalbadebTan, aromatul aldehidebTan, ketonebTan, 
qinolebTan, rTul eTerebTan, mJavaTa amidebTan, izocianatebTan da sxva 
naerTebTan. 
 
 

1.2.4.1 reaqciebi mJavaTa amidebTan 
 

2-meTilenindolinebi meTilenis jgufis saSualebiT iolad Sedian 
formilirebis reaqciebSi dimeTilformamidisa da fosforqloroqsidis 
kompleqsTan. am meTodiT fiSeris fuZidan 86 miiReba fiSeris aldehidi - 

-formil-1,3,3-trimeTil-2-meTilenindolini   (116), sqema 31), [58] umniSvne-
lovanesi naxevarproduqti cianinuri da hemicianinuri saRebarebis sinTe-
zisaTvis:                         

sqema 31 
 

 

N

86
1.(CH3)2NCHO, POCl3

2. NaOH
CHO

116  
 
fiSeris aldehidi da misi Camnacvleblebi miRebul iqna agreTve Nme-

Tilformanilidis gamoyenebiT. fosforis qloroqsidis nacvlad SesaZ-
lebelia fosgenis, Tionilqloridis an sulfurilqloridis gamoyeneba. 
analogiurad mimdinareobs meTilenur jgufSi Canacvlebuli indolinuri 
fuZeebis formilireba. mag. 1,3,3-trimeTil-2eTiliden- da 1,3,3-trimeTil-2-
cianomeTilenindolini [58]. 

sainteresoa Sromebi [55], sadac -formil-1-(-qloreTil)-3,3-dimeTil-
2-meTilenindolini 118 sinTezirebulia 3a,4,4-trimeTiloqsazolidino[3,2-
a]indolinze 117 vilsmaieris kompleqsis moqmedebiT (sqema 32) reaqciis 
msvlelobisas Tavdapirvelad  xdeba oqsazolidinuri birTvis gaxsna, 
xolo Semdeg warmoqmnili meTilenuri fuZis formilireba. amavdroulad 
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-hidroqsieTilis naSTSi hidroqsilis jgufi Cainacvleba qloris 
atomiT. 

sqema 32 
 

N
O

N

(CH3)2NCHO

POCl3

Cl

CHO

117

118  
 
vilsmaieris reaqciaSi meTilenindolinuri fuZis orjeradi siWar-

biT aRebis SemTxvevaSi, miiReba karbociაninuri saRebari. am ukanasknelis 
miReba SeiZleba meTilenindolinuri fuZisa da amidis eqvivalenturi ra-
odenobiT aRebis SemTxvevaSic  da  amidis siWarbis drosac,  indoleni-
nis marilebis gaxurebiT dimeTilformamidisa  da fosforis qloroqsid-
Tan trieTilaminis Tanaobisas, an bis(trimeTilsilil)formamidTan uka-
talizatorod. 

did praqtikul interess iwvevs meTilindolinuri fuZeebis reaqci-
ebi N-eTil-4-fenilsulfonilnafTolaqtam-1,8-Tan, (1,3,3trimeTilindolin-
iliden-2)acetanilidTan, N-formil-2,3,3-trimeTilindolinTan, romlebsac 
mivyavarT cianinuri saRebarebis warmoqmnamde 119 (ix. cxrili 1). 
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merocianuli da  karbocianuri saRebarebis misaRebad gamoiyeneba 2-

meTilindolebis meoTxeuli marilebis urTierTqmedebis reaqciebi Zmar-
mJavas amidebTan, romelsac Tan axlavs acetamiduri jgufis moxleCa. mag. 
1-eTil-2,3,3-trimeTilindoleninis iodidi 5-acetanilidomeTilen-3-eTil-
rodaninTan gvaZlevs merocianins 120. analogiuradaa sinTezirebuli 
naerTi 121 (ix. cxrili 1).   
 

 

1.2.4.2 azoSeuRlebis reaqciebi 

 

2-meTilenindolinebi azoSeuRlebaSi Sedian diazoniumis marilebTan 
122 tipis hidrazonebis warmoqmniT. am ukanasknelTa tutiT damuSavebiT 
miiReba azonaerTebi 123, romlebic Semdgomi alkilirebiT gadadian 
kationur hidrazonul saRebrebSi 124. qvemoT moyvanili sqemis mixedviT, 
fiSeris fuZisa da qloriani benzoldidiazoniumisagan miiReba 

azonaerTi  123  (R=R=R2=CH3 ,  R
3=R4=R5=H), romlis alkilirebiT  miiReba 124 

(R=CH3, Y=CH3SO4) (sqema 33).  
 

sqema 33 
N+ N X-

N

R1

R2

R3

R4 R5 N

R1

R2

R3

R4

R

N NH
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R

N N
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N
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R2

R3

R4

R

N N

R5

R6

+ NaOH

1. R2
6SO4

2. HI

122

123 124

X-

R R5

 

 
analogiurad miRebulia saRebrebi 1,3,3-trimeTil-2-eTilindolenidan 

da qloriani p-meToqsibenzoldiazoniumidan, aseve fiSeris fuZidan da 
karbazolis rigis marilebidan, dibenzoTiofenidan, dibenzoTiofenidan, 

difenilmeTanis 4,4-bisdiazowarmoebulebidan da sxva Canacvlebuli 
meTilindolenuri fuZeebidan da diazoniumis sxvadasxva marilebidan. 
kationurma hidrazonulma saRebrebma gamoyeneba hpoves sinTezuri qso-
vilebis, tyavis, bambis, sabeWdi pastebis da burTulebiani avtokalmebis 
damzadebaSi da sxva miznebisaTvis.  

meTilindolinuri fuZisa da diazoniumis marilebis urTierTqmedeba 

mimdinareobs 0-5C ganzavebul ZmarmJavaSi an marilmJavaSi. azonaerTs 123 
gamoyofen sareaqcio narevis neitralizaciiT natriumis tutiT an natri-
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umis acetatiT. alkilirebas ki atareben dimeTilsulfatiT organul 
gamxsnelebSi (diqloreTanSi, qlorbenzolSi) an wyalSi mJavadamWer 
agentTa – magniumis oqsidis, triizopropilaminis, mwvave natriumis da 
sodis Tanaobisas. dimeTilsulfatTan erTad zogjer iyeneben sxva 
dialkilsulfatebs, agreTve eTilenis oqsids. ukanasknel SemTxvevaSi 
alkilirebas atareben ZmarmJavaSi, kationur saRebars 124 (R6=C2 H4OH) 
gamoyofen sareaqcio  aris  natriumis qloridiT damuSavebiT.  

indoleninis marilTa azoSeuRlebas, gansxvavebiT Tavisufali fu-
Zeebisagan, atareben piridinis areSi. aRwerilia bis-azonaerTis 125 sin-
Tezi, romelic mimdinareobs 2 moli p-qlorfenildiazoniumis qloridsa 
da 1 mol 1,2,3,3 – tetrameTilindoleninis meTosulfats Soris, wylis, 
piridinisa da acetonis narevSi. 

125

N N N

Cl

2

 
kationuri saRebari 124 miiReba 3a,4,4-trimeTiloqsazolidino[3,2-a]in-

dolinis qlorian p-meToqsifenildiazoniumTan urTierTqmedebiT. ro-
gorc Cans, reaqciis dros xdeba sawyisi heterociklis oqsazolidinuri 

ciklis gaxsna da Sualeduri 1-(-hidroqsieTil)-3,3-dimeTil-2-meTilenin-
dolinis warmoqmna.   

saintereso Sedegebia miRebuli fiSeris fuZis SeerTebiT 126 
struqturis marilebTan:  

sqema 34 
 

X-

86
1. HCl

2. NaOH

127

128

HCl

Y= O, S

+

Y Br

N N

N N N Y

N N N Y

126

 
 
 
reaqciis produqtebis natriumis tutiT damuSavebiT miiReba 127 

naerTebi. Semdgomi damuSavebiT xdeba heterociklis Sekvra da kationuri 
saRebarebis 128 warmoqmna (sqema 34). 
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 meTilenindolinuri fuZeebis  azoSeuRlebis reaqciebi gamoiyeneba 
informaciis Casawerad qaRaldze daitaneba kompozicia, romelic Seicavs 
diazoniumis marilisa da 2-meTil-1,3,3-trialkilindoleninis marilis 
narevs. gaxurebiT indoleninis  marili gardaiqmneba Tavisufal fuZed, 
romelic SeuRldeba diazoniumis marilTan. qaRaldze Cndeba SeRebili 
anabeWdi. 

 
 
 

1.3 hidrazidebi 
 

1.3.1 hidrazidebis miRebis meTodebi 
 

karbonmJavaTa hidrazidebi amidebis msgavsi naerTebia, vinaidan 
isinic erT amidur bmas mainc  Seicaven.  monoacilhidrazini 129 (martivi 
hidrazidebi) SeiZleba ganvixiloT rogorc N-aminoamidi. 

 

R2

N

N

R3

R1 O

R4

129

g

a

b

 
metad acilirebuli hidrazinebi SeiZleba Canacvlebuli iyos simet-

riulad. mag. 1,2-diacilhidrazini 130 an 1,1,2,2,-tetraacilhidrazini 131, da 
arasimetriulad, mag. 1,1-diacilhidrazinebi 131. cnobilia agreTve 1,1 
diacilhidrazinebi 132 anu imidebis NN-amidowarmoebulebi da 1,1,2-tri-
acilhidrazinebi 133. 

 
  

131
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N N

R3 R4

O
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N N
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O
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yvela hidrazids, garda martivi hidrazidebisa, hidrazinis warmoe-
bulebs uwodeben. 

martiv hidrazidebs axasiaTebT hidroqsamis mJavebis analogiuri 

reaqciebi. radganac terminaluri, anu -azoti warmoadgens metad nuk-
leofilur atoms  O-C-N-N – jaWvSi. Canacvleba SesaZlebelia ganxor-

cieldes O-Tan da -N-Tan, magram es procesi  Zalzed gaZnelebulia. 
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mraval hidrazids axasiaTebs fiziologiuri aqtiuroba, rac kidev 
ufro zrdis mkvklevarTa interess maT mimarT. 
hidrazidebis miRebis zogadi meTodebi SeiZleba daiyos sam ZiriTad 
jgufad: [59]. 

1. meTodebi, romlis drosac xdeba axali C(O)-N bmis (bma (a) 129-
Si) warmoqmna. 

2. meTodebi, romlis drosac xdeba (hidrazidebisaTvis 
specifiuri  N -N bmis (bma (b) 129-Si) warmoqmna. 

3. meTodebi, romlis drosac jaWvSi  R-C-N'-N< xdeba karbonilis 
jgufis Jangbadis Seyvana (bma (g) 129-Si). 

hidrazidebis miRebis metad gavrcelebuli meTodia hidrazinis an mi-
si alkil- da aril-  warmoebulebis acilireba maacilirebeli agente-
biT. aseTi maacilirebeli nivTierebebia: mJavas anhidridi da esterebi. 
sinTezis am meTodis gamoyenebis dros xdeba axali C(O)-N bmis warmoqmna 
da igi aminebis acilirebiT amidebis sinTezis analogiuria. gansazRvrul 
pirobebSi SeiZleba warmoqmnili hidrazidis Semdgomi acilireba di-, 
tri,- da tetraacilhidrazinebis miRebamde, Tu hidrazidSi erTi an orive 
azotis atomi Caunacvlebelia. 

hidrazinebi ufro nukleofiluri nivTierebebia, vidre aminebi. ami-
tom hidrazinebis acilireba nakleb aqtiuri karbomJavebis esTerebiT 
saukeTeso meTodia martivi hidrazidebis misaRebad, maSin roca qlor-
anhidridi da mJavas anhidridi warmoadgens Sesabamis reagentebs araaqti-
uri hidrazinebis acilirebisaTvis an  di-, tri,- tetraacilhidrazinebis 
misaRebad, rac naCvenebia Semdeg sqemaze: 

 
                                                      
 

  sqema 35 
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karbomJavebis esTerebi xSirad spontanurad urTierTqmedeben hid-

razinhidratTan, magram zog gansakuTrebul SemTxvevaSi reaqcias sWir-
deba gaxureba. reaqciis mimarTuleba damokidebulia steriul faqtoreb-
ze. Canacvleba monoacilhidrazinSi SeiZleba wavides nebismier azotis 
atomTan,  ris Sedegadac warmoiqmneba izomeruli hidrazidebi 134 135. 
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134 135
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aRsaniSnavia, rom sivrcobrivad dabrkolebuli izomerebi 134 warmo-

iqmneba mxolod formiatebisagan. 
R da R'- radikalebis zomebis gazrdiT reaqciis siCqare ecema da 

izrdeba produqtis 134 raodenoba  135-is xarjze [60]. ase mag. meTilhid-
razinis urTierTqmedeba esterebTan gvaZlevs ZiriTad produqts 134 da 
piriqiT, qloranhidridiT acilirebis dros ZiriTadi produqtia 135, 
radgan meTilis jgufis eleqtrodonoruli Tvisebebi am SemTxvevaSi pro-
duqtis agebulebis ganmsazRvreli ZiriTadi faqtoria. 1,1-diCanacvlebuli 
hidrazinebi, mag. 1,1-dimeTilhidrazinebi, steriuli dabrkolebis gamo, 
rTul eTerebTan ar urTierTqmedeben. gamonaklisia gaaqtiurebuli eTe-
rebi, romlebic Seicaven ciano-, nitro-, an halogenCamnacvleblebs [61]. 

hidrazinebis acilireba cikluri eTerebiT (laqtonebiT) mimdinare-
obs OO-acilis bmis gawyvetiT da hidroqsiCanacvlebuli hidrazidis 136 
warmoqmniT (sqema 36):  
 

sqema 36 
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es reaqcia SeiZleba gamoyenebul iqnas bunebrivi laqtonebis identi-
fikaciisaTvis [62]. 

hidrazinebis acilirebas mJavaTa halogenanhidridebiT, rogorc wesi,  
atareben piridinSi, tutis wyalxsnarSi an organul gamxsnelSi Na2CO3–is 
Tanaobisas. naklebad aqtiur reagentebTan reaqciis Catarebisas saWiroa 
maRali temperatura. monoacildihidrazinis acilirebis SesaCereblad 
pirvel stadiaze warmatebiT gamoiyeneba sxvadasxva meTodebi, mag. reagen-
tis ganzaveba inertuli gamxsnelebiT an hidrazinis damateba wveTobiT 
dabal temperaturaze. 

Tu reaqciaSi SehyavT arasimetriulad Canacvlebuli hidrazinebi, 
acilirebis mimarTuleba damokidebulia Canacvlebuli jgufis bunebaze. 
mag. monoalkilhidrazinis acilirebisas acilis jgufi jdeba Canacvle-
bul azotTan [62], maSin roca monofenildihidrazinebis SemTxvevaSi aci-
lirebas ganicdis Caunacvlebeli azotis atomi [63]. 
 

MeNHNH2 RCOCl MeN(NH2)COR

PhNHNH2
PhNHNHCOR

+

+ RCOCl
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aseTi moqmedeba mosalodnelia, Tu gaviTvaliswinebT sxvadasxva Ca-
mnacvlebeli jgufis eleqtronul efeqts [63]. 

mJavaTa  qloranhidridebis urTierTqmedebisas steriul efeqts ufro 
naklebi mniSvneloba aqvs, garda iseTi didi moculobis substraqtebisa, 
rogoricaa hidrazobenzoli, romelTanac reaqciis dros meore acilis 
jgufis Canacvleba ar xdeba [63]. 

hidrazinebis maacilirebel agentebad SeiZleba gamoyenebul iqnas ag-
reTve amidebi, magram reaqciis CatarebisaTvis saWiroa SedarebiT maRali 
temperatura da xangrZlivi dro, vidre esterebis an mJavaTa qloran-
hidridebis SemTxvevaSi. amasTan, hidrazidebis gamosavlianoba mcirea [64]. 

hidrazinebis acilireba SesaZlebelia karbonmJavebiT. aqac, iseve ro-
gorc amidebSi, karbomJavebisa da hidrazinis marilebis pirdapirma gacxe-
lebam ar hpova farTo gamoyeneba [65]. magram reaqcia SeiZleba ganxorci-
eldes oTaxis temperaturaze.  madehidrirebel agentad gamoiyeneba N,N-
dicikloheqsilkarbodiimidi. am tipis reaqciebSi Canacvlebuli jgufis 
orientacia  monoCanacvlebul hidrazinebSi iseTivea, rogorc mJavaTa  
qloranhidridebis SemTxvevaSi (e.i. mniSvnelovania eleqtronuli da ara 
steriuli faqtori). 

acilireba Zalze aqtiuri ketenebiT midis rbil pirobebSi. fenil-
hidrazinTan reaqcias mivyavarT 1-acil-2-fenilhidrazinis warmoqmnamde 
raodenobrivi gamosavlianobiT. Tumca meTilhidrazini difenilketonTan 
urTierTqmedebisas gvaZlevs 1,2-diacilwarmoebuls maSin, roca monoa-
cilwarmoebulis gamoyofa ar xdeba. [64, 66]. 

hidrazidebis miRebis meore gza aris N-N bmis warmoqmna, romelic 
sxvadasxva meTodebiT SeiZleba ganxorcieldes. pirveli meTodia mono-
acilSardovanas 137 damuSaveba natriumis hipoqloridiT. rogorc varau-
doben, reqcia (Sostakovis reaqcia) midis Sualeduri produqtis  N-
qlorSardovanas 138 warmoqmniT. am naerTis damuSaveba fuZiT iZleva ani-
ons uaryofiTi muxtiT azotze 139, romelSic xdeba N-Cl bmis gaxleCa  
amiduri jgufis sinqronuli migraciiT. am dros warmoiqmneba Canacvle-
buli izocianati 140, romelic hidrolizis Sedegad gvaZlevs hidrazids 
141 sqematurad es ase gamoisaxeba: 
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N-N bmis warmoqmnis sxva meTodebs miekuTvneba agreTve N-

nitroamidebis aRdgena da NN-qloramidebis damuSaveba natriumis amidiT 
an meoradi amidis anioniT, romlebsac mivyavarT Sesabamisad mono- da 1,2-
diacilhidrazinis miRebamde. 

N-N bmis warmoqmnis axal meTods miekuTvneba N-cikloaziridinis 143 
damuSaveba azotovani fuZiT 142, mag. piperidiniT. aq nukleofiluri 
Seteva advilad xorcieldeba daZabuli samwevriani ciklis gaxsnis 
Sedegad. oqsaziridinebi 144 – xelmisawvdomi naerTebia da 3-feniloq-
saziridinTan reaqciis gamosavlianoba sakmaod maRalia. sasurveli age-
bulebis hidrazidi SeiZleba miRebul iqnas Sesabamisi PfuZis SerCeviT. 
gardaqmnis sqema aseTia (sqema 38) : 
 
 

sqema 38 
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hidrazidebis miRebis meTodebis mesame jgufs miekuTvneba C-N-N jaW-

vSi Jangbadis atomis Seyvana. es gardaqmna ramdenime meTodiT SeiZleba 
ganxorcieldes. mag. hidrazonebis daJangvis gziT zeZmarmJaviT an  hidra-
zonebis 145 gardaqmnis gziT – bromTan reaqciis Sedegad hidrazid-
bromidad 146 da misi SemdgomSi hidroliziT zomierad FfuZe gamxsnelSi 
[67] (sqema 39). 

 
sqema 39 

 

R1R2NNH2 fuZeBr2

145 146 147

Ar H

O

Ar N
N

R2

H R1

Ar N
N

R2

Br R1

Ar N
H

N
R2

O R1

 
 

piriqiT, difTorolefinebis 148 kondensacias hidrazinebTan mivya-
varT 1,1-diftorhidrazinis 149 warmoqmnamde, romelic hidrolizis Sede-
gad iZleva, hidrazids 150, Tumca Semdgomma kondensaciis reaqciebma SeiZ-
leba daswion produqtis gamosavlianoba [68] (sqema 40): 
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sqema 40 
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1.3.2 hidrazidebis Tvisebebi 
 
 

  hidrazidebi reaqciisunariani naerTebia. isini ganicdian garda-
qmnebs, romelTa safuZvelzec SesaZlebelia miRebul iqnas mravali sain-
tereso agebulebis naerTi. mravali hidrazidi fiziologiurad aqtiuria 
da es zrdis maTi gamoyenebis sferos. 

Cven ganvixilavT ufro dawvrilebiT martivi hidrazidebis, monoaci-
lhidrazinebis zogierT gardaqmnebs. 

monoacilhidrazinebSi karbonilis jgufis mezobeli azoti aRi-
niSneba, rogorc 1- an α  azotis atomi, xolo Semdegi azotis Sesabamisad 
2- an β-azotis atomi. martiv hidrazidebSi O-C-N-N jaWvSi yvelaze nukle-
ofiluria β-azotis atomi da reaqciebi midis am atomTan. Tumca 
SesaZlebelia Canacvleba Jangbadisa da α-N-atomebTanac, magram es pro-
cesebi ufro Znelad midis. 

hidrazidebi amidebis msgavsi amfoteruli naerTebia. β-azotis 
atomis protonirebis Sedegad isini ufro Zlieri fuZeebi arian, vidre 
amidebi, magram ufro susti fuZeebi, vidre hidrazinebi. fenilis jgufis 
Canacvleba hidrazidebSi β-azotis atomTan imdenad amcirebs mis fuZi-
anobas, rom isini aRar ixsnebian mJavebSi. meore mxriv, hidrazidebi susti 
mJavebia, ufro susti, vidre hidroqsamis mJavebi, magram mniSvnelovnad 
Zlieri, vidre amidebi [59]. α-NH-is ionizacia xdeba ufro advilad, vidre 
β-NH-is bmisa, radgan alkilireba Zlier tute areSi midis α-N azotis 
atomTan. 1,2-diacilhidrazinebic aseve sust mJavebs warmoadgenen da war-
moqmnian mono- da di- natriumis marilebs [69]. 

hidrazidebi Sedian rogorc karbonilis jgufTan nukleofiluri mi-
erTebis reaqciebSi, (mag. hidrolizis dros), aseve urTierTqmedeben  
eleqtrofilur reagentebTan (mag. araorganuli mJavebis alkil- da 
acilhalogenidebTan da karbonilur naerTebTan), samive heteroatomiT (O, 

α-N da β-N). neitralur da sust tute gamxsnelebSi Canacvleba xdeba β-N 
atomTan, xolo Zlier tute areSi, piriqiT, Canacvleba xdeba α-N-Tan. hid-
razidebi advilad iJangebian da aRdgebian. 

hidrazidebis mniSvnelovan Tvisebas warmoadgens heterocikluri 
naerTebis warmoqmnis unari, rogorc Sidamolekuluri ciklizaciiT, ise 
polifunqcionalur reagentebTan kondensaciis Sedegad. 
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Mmartivi hidrazidebi iCenen mdgradobas rogorc mJavebis, ise fuZe-
ebis moqmedebis mimarT oTaxis temperaturaze. hidrazidebis hidrolizi 
Sesabamisi karbomJavasa da hidrazinis warmoqmniT mimdinareobs xan-
grZlivi duRilis Sedegad mJavebis an fuZeebis wyalxsnarebSi. 

hidrazidebi ganicdian alkilirebas, romelic reaqciis pirobebis mi-
xedviT  SeiZleba wavides α- an β-azotis atomTan.  mag: (sqema 41) 

 
 

sqema 41 
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neitralur xsnarebSi alkilirdeba  β- azotis  atomi (mimarTuleba 

(a)), xolo Zlieri FfuZeebis Tanaobisas (Na an NaOMe) Canacvlebis adgili 
damokidebulia gamxsnelze:  aprotonul gamxsnelebSi (eTeri, Bbenzoli)  
Canacvleba xdeba α-atomTan (mimarTuleba (b)), xolo protonul gamxsne-
lebSi (eTanoli) - β-N azotis atomTan (mimarTuleba (a)). 

hidrazidis samive nukleofilur atoms SeuZlia monawileoba miiRos 
Sidamolekulur alkilirebis reaqciebSi, sadac warmoqmnian optimaluri 
zomis cikls. mag., xuTwevriani heterocikluri naerTis warmoqmna 
SeiZleba ase warmovidginoT: 
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eqvswevriani ciklebic analogiurad warmoiqmneba. es gardaqmnebi 

warmoadgenen hidrazidebis gamoyenebis  erT-erT ZiriTad gzas hetero-
cikluri naerTebis sinTezisaTvis. 

martivi hidrazidebi advilad ragireben karbonilur naerTebTan. 
neitralur areSi ufro aqtiuria terminaluri azotis atomi da umetesad 
warmoiqmneba karbinolaminis nawarmi 151, romlidanac swrafad eliminir-
deba wyali da iZleva hidrazons 152 (sqema 42). 
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sqema 42 
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rogorc  amidebis SemTxvevaSi, reaqciis siCqare maqsimaluria 

zomieri HPH-is pirobebSi, mJava areSi reaqcia Seqcevadia [70].  rogorc 
monaTesave arilhidrazonebi, acilhidrazonebic kargad kristalizebadi 
nivTierebebia, romelTac iyeneben karboniluri naerTebis iden-
tifikaciisaTvis. hidrazidebi, romelTac aqvT gansazRvruli aRnagoba, 
gamoiyeneba karboniluri naerTebis gamosayofad sxvadasxva narevebidan. 

mag., Jiraris reaqtivi Me3NCH2CONHNH2Cl  warmoqmnis wyalSi xsnad acil-
hidrazons da amgvarad saSualebas iZleva karboniluri naerTebi gamoi-
yos rTuli organuli naerTebidan [71]. 

karbonilur naerTebTan reagirebs agreTve β-N-alkilhidrazidi 152 
da 1,2-diacilhidrazini. savaraudod, dasawyisSi warmoiqmneba agreTve kar-
binolamini, magram radgan wylis moxleCva SeuZlebelia, mimdinareobs 
sxva tipis moxleCa. sabolood ki, β-N-alkilhidrazididan warmoiqmneba 
betaini 153 [72], xolo 1,2-diacilhidrazinidan 154 – diaziridini 155 (sqema 
43). 
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martivi hidrazidebi  ganicdian acilirebas rogorc halogenanhidri-
debiT, aseve mJavebis anhidridebiT, ris Sedegadac warmoiqmneba ufro 
metad Canacvlebuli acilhidrazinebi. pirveladi Canacvleba, romelsac 
mivyavarT Sesabamis 1,2-diacilhidrazinTan 156, rogorc wesi, midis dabal 
temperaturaze, inertul an sust fuZe areSi, maRali gamosavlianobiT [61] 
(sqema 44). 

 
 

sqema 44 
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SemdgomSi Canacvleba midis tri- 157 da tetraacilhidrazinebis 158 

warmoqmniT. es reaqcia midis ufro Znelad da moiTxovs an ufro Zlieri 
fuZis arsebobas, an maacilirebeli agentis siWarbes da maRal tempe-
raturas (sqema45): 

 
 
 

sqema 45 
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hidrazidebis klasis naerTTa erTerTi mniSvnelovani Canacvlebis 
reaqciaa martivi hidrazidebis nitrozireba. reaqcia midis hidrazidis 
urTierTqmedebiT mJave nitritTan, dabal temperaturaze (sqema46): 

 
 
 
 
 



49 
 

sqema 46 
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warmoqmnili Sualeduri produqti,  β-N-nitrozohidrazidi 159, Se-

iZleba gamoiyos reaqciis pirobebis mixedviT, ori mimarTulebiT: fuZe 
areSi pirvelad warmoiqmneba acilazidebi 160, romlebic ganicdian cno-
bil kurciusis gadajgufebas aminebis warmoqmniT [73]. kurciusis gada-
jgufebis dros acilazidi gardaiqmneba izocianatad. Semdeg izocianati 
reagirebs wyalTan aminis warmoqmniT. xolo Sualeduri produqtis gac-
xelebiT an Zlieri mJavebiT damuSavebis dros warmoiqmneba pirveladi 
amidi 161 da azotis oqsidi. 

aseve 2,2-dialkilhidrazidebis 162 urTierTqmedebiT mJave nitritTan 
xdeba nitrozireba β-azotis atomTan, rac sabolood sruldeba 
acilazidis warmoqmniT [74] (sqema 47). 

sqema 47 
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  hidrazidebi 165, romlebic Seicaven wyalbads azotis TiToeul 

atomTan, damJangvelebis (Jangbadi, FeCl3, Ag2O, halogenebi) moqmedebiT 
advilad iJangebian diimidebamde 166 (sqema 48): 

sqema 48 
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diimidebi SeiZleba gamoyofil iqnan, magram azotTan Caunacvlebeli 

diimidebi SeiZleba gamoyenebul iqnan, rogorc hidrazidebis an amidebis 
maacilirebeli agentebi. simetriulad Canacvlebulma diimidebma - 
R2=R1=C=O  - gamoyeneba hpoves peptidebis sinTezebSi. 

Caunacvlebeli hidrazidebi iodTan an N-bromsuqcinimidTan urTi-
erTqmedebisas iZlevian acildiazoniumis marilebsQ RCON2 +, maSin, roca α-

N-Canacvlebuli hidrazidebis daJangvisas permanganatiT an hipobromidiT 
xdeba dimerizacia tetrazinebis 167 warmoqmniT [75]. 
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167  
hidrazinebis aRdgenas  metalTa kompleqsuri hidrazidebiT [LiAlH4, 

NaBH4] mivyavarT hidrazinis miRebasTan, maSin, roca katalizuri hid-
rirebis dros (renes nikeli eTanolSi) xdeba N-N bmis gaxleCa, amidebis 
da amiakis warmoqmniT. 1,1- da 1,2-diacilhidrazinebis SemTxvevaSi reaqcia 
midis ufro nela da gamosavlianobac naklebia.  

LiAlH4

H2

Kat

R N
H

O

NH2

R N
H

NH2

R N
H

O

NH2

R

O

NH2

+ NH3

 
mono- da diacilhidrazinebis kidev erTi saintereso Tvisebaa is, 

rom maT SeuZliaT gamovidnen ligandebis rolSi kompleqsnaerTebis 
warmoqmnisas gardamaval metalebTan (Cu(II), Ca(II), Fe(II),  Mn(II)) da aseve 
luisis mJavebTan (SbCl5, TiCl4, SnBr4). 

gardamaval metalebTan kompleqsis struqtura 168 ase gamoisaxeba 
(sqema 49): 

sqema 49 
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hidrazidebi warmoqmnian agreTve hidrazonebs, romelTa mole-

kulebSi hidrazonuli fragmentis naxSirbadatomTan maxasiaTebeli jgu-
fis saxiT dakavSirebulia hidrazinuli naSTi. aseT hidrazidohidrazo-
nebs ewodebaT hidrazidinebi  169, 170 (sqema 50) [76]. 
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sqema 50 
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1.3.3. heterocikluri birTvebis Semcveli hidrazidebi 
 

cnobilia indolis birTvis Semcveli hidrazidebi, romelTa 
safuZvelzec miRebulia mravali saintereso naerTi. ase mag., alumanis, 
bernabes, libermanisa da beninis mier miRebulia (indolil-3)-
karbohidrazidi (171) [78].  

N
H

COOC2H5

N
H

CONHNH2

N2H4 .H2O

171                           
suvorovis, valeJevasa da sxva avtorebis mier indolil-3-hidrazidis 

bazaze sinTezirebul iqna indolis rigis izocianatebi 172 Semdegi sqe-
mis mixedviT (sqema 51): 

                                 sqema 51 
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benzo[e]pirolo[3,2-g]indolisa da indolo[4,5-e]indolis dieToqsi-
karbonilnawarmebis 173, 174 gardaqmniT miRebulia Sesabamisi dihidra-
zidebi - 2,9-di(karbohidrazid)-1H, 10H-benzo[e]pirolo[3,2-g]indoli (175) da 
2,9-di(karbohidrazid)-3H,8H-indolo[4,5-e]indoli (176). isini miRebulia Sem-
degi sqemis mixedviT [79] (sqema 52). 

 
sqema 52 
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Catarebulia miRebuli dihidrazidebis nitrozirebis reaqcia. gamo-

yofilia Sesabamisi acilazidebi 177, 178. 
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Tavi 2.  eqsperimentuli monacemebis gansja 
 

2.1. benzopiroloindolis birTvis Semcveli dihidroindolizinis tipis 
axali spirocikluri naerTebis sinTezi 

dihidroindolizinis tipis fotoqromebi axali Taobis fotoqromul 
naerTebs warmoadgenen. garda tradiciuli sferoebisa, maT iyeneben kompi-
uterul teqnikaSi informaciis Cawerisa da SenaxvisaTvis, fotogadar-
Tvis unaris mqone [80], agreTve polimeruli da dentaluri [81] masalebis 
dasamzadeblad. organuli qimiis kaTedraze sinTezirebuli iyo dihidro-
indolizinis tipis naerTebi indoloindolebis bazaze. isini war-
moadgenen swrafad gardaqmnad fotoqromul nivTierebebs. maT aRmoaCndaT 
naxevargardaqmnis periodis Zalian mcire mniSvneloba (τ1/2=1,402, τ1/2=0,043) 
[82-84]. 

samuSaos pirvel etapze Cvens amocanas Seadgenda mogvexdina dihid-
roindolizinis tipis  axali spirocikluri naerTebis sinTezi  indolo-
indolebis izomeruli heterociklis – benzopiroloindolis safuZvelze 
misi Semdgomi  fotoqromuli Tvisebebis Seswavlisa da Sedarebis miz-
niT. 

miznobrivi produqtis sinTezi ganvaxorcieleT or safexurad, e.w. 
spiranuli anu ciklopropenuli meTodiT, romelic moicavs N-heterocik-
lis urTierTqmedebas eleqtronulad Rarib dimeToqsikarbonilspiro-
fluorenciklopropenTan. pirvel safexurze xdeba heqsameTildihidroben-
zopiroloindolis 3 sinTezi literaturaSi [83] aRwerili meTodikiT 2,3-
dioqsinafTalinis (1) safexureobrivi gardaqmniT Semdegi sqemis mixedviT 
(sqema 1): 

                                                                       sqema 1 
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2,3-dioqsinafTalinis (1) urTierTqmedebiT Warb hidrazinhidratTan 
abs. spirtis areSi miiReba 2,3-nafTilendihidrazini (2). misi kondensaciiT 
meTilizopropilketonTan da erTdrouli ciklizaciiT yinulovan Zmar-
mJavaSi, Sualeduri dihidrazonis gamoyofis gareSe, miiReba 2,3,3,8,8,9-
heqsameTil-3,8-dihidrobenzo[e]pirolo[3,2-g]indoli (3) [85, 86].  

meore safexurze ganxorcielebulia miznobrivi produqtis sinTezi 
heqsameTildihidrobenzopiroloindolis 3 nukleofiluri mierTebiT 
dimeToqsikarbonilspirofluorenciklopropenTan. reaqcia mimdinareobs 

sibneleSi 60C-ze abs. benzolis areSi. reaqciis mimdinareobis qromatog-
rafiuli kontrolisas SeiniSneboda ori axali nivTierebis warmoqmna, 
magram kondensaciis ZiriTadi produqti aRmoCnda monospironaerTi 4 71%-
iani gamosavlianobiT, xolo bis-produqti gamoyofil iqna 5%-iani gamo-
savlianobiT. SevecadeT, gagvezarda bis-produqtis 5 gamosavlianoba 
reaqciis pirobebis SecvliT; kerZod, spirofluorenciklopropenis kon-
centraciisa da reaqciis xangrZlivobis gazrdiT, magram sasurveli Sede-
gi ver miviReT. bis-spironaerTis 5 warmoqmnis dabali gamosavlianoba sa-
varaudod, gamowveulia, steriuli dabrkolebis gamo.  

4 da 5 naerTebis struqtura dadgenilia speqtruli meTodebiT [87].  
bis-spironaerTis 5 infrawiTel speqtrSi vlindeba C=O da C=C bmebis 

maxasiaTebeli STanTqmis zolebi (1720, 1710, 1590 sm-1). 
Cvens mier srulad iqna gaSifruli rogorc mono- 4, aseve bis-spiro-

naerTebis 5 birTvul-magnituri rezonansis (1H-bmr) speqtrebi. 
mono-spironaerTis 4…1

H-bmr speqtri Seesabameba arasimetriul mole-
kulas: Zlieri velis ubanSi mJRavndeba sxvadasxva meTilis jgufebis sin-
gleturi signalebi, romelTa integraluri intensiurobebi Seesabameba 3 

protons (6- C atomTan mdebare ori gansxvavebuli CH3-jgufebisaTvis, 5- C 

da 12- C atomebTan mdebare CH3-jgufebisaTvis)…da 6-protons (pirolis 

birTvSi 11- C atomTan ori CH3-jgufisaTvis, romelTa protonebis qimiuri 
Zvradoba erTmaneTs emTxveva). 

speqtris SedarebiT sust velSi vlindeba ori singleturi signali 
esTeruli COOCH3 meTilis    jgufebis Sesabamisi 3 protonisaTvis. 

aromatuli protonebisaTvis damaxasiaTebel ubanSi vlindebian flu-
orenis da nafTalinis birTvebis protonebis signalebi: oTxi dubleturi 
signali (fluorenis birTvSi erTmaneTs emTxveva, Sesabamisad 1-H da 8-H; 4- 

H da 5- H eqvivalenturi protonebis dubletebi, xolo nafTalinis 

birTvis 7-H da 10-H protonebi iZlevian or dublets), oTxi tripleturi 
signalidan Cven ori signali mivakuTvneT Sesabamisad fluorenis 
birTvis 2-H da 7-H; 3-H da 6-H eqvivalentur protonebs, xolo nafTalinis 

birTvis 8-H da 9-H protonebi iZlevian aseve or triplets (signalebis 
sruli mikuTvneba protonebisaTvis mocemulia eqsperimentul nawilSi). 

sainteresoa bis-spirocikluri naerTis 5 …1
H-bmr speqtri, sadac Sei-

niSneba maRali da dabali intensiurobis signalebis ori wyeba. Cveni va-
raudiT, es gamowveuli unda iyos xsnarSi spironaerTis ori formis – 
dihidroindolizinis cikluri (5) da  calmxrivad gaxsnili – betainuri 

(5) formebis Sesabamisi struqturebis arsebobiT. amis uflebas gvaZlevs 
is, rom literaturidan cnobilia spironaerTebis Seqcevadi gardaqmna, 
romelic SeiZleba moxdes rogorc polarul gamxsnelSi nivTierebis 

gaxsniT, aseve gacxelebiT an sinaTlis moqmedebiT 88. sqematurad es 
procesi ase gamoisaxeba (bis-spironaerTebisaTvis ufro advilad xdeba 
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ciklis erT mxares gaxsna da miiReba calmxrivad gaxsnili 

arasimetriuli forma) 88. 
 
 

           

N

N
CO2Me

CO2Me

CO2Me

CO2Me

5

1

2

4 35

7

6

8
9

1'
2'
3'

4'

5'6'
7'

8'

5'

N

N
CO2Me

CO2Me

C

CO2Me

-

1

2

345
6

7

8
9

10
11

12

13

14

15

16

17

18

1'

2'
3'

4'
5'6'

7'

8'

9'
10'

11' 12'
+

CO2Me

 
 

naerTis 5 1
H-bmr speqtrSi maRali intensiurobis signalebi rao-

denobis mixedviT Seesabameba simetriul molekulas, rogoric aris 
spironaerTis cikluri formis struqtura 5. am struqturaSi simetriis 
sibrtyis arsebobis gamo, molekulis TiToeuli naxevris eqvivalenturi 
protonebis qimiuri wanacvlebebi erTmaneTs emTxveva. maRali intensiuro-

bis signalebidan speqtris Zlier velSi mJRavndeba 6-C –Tan mdebare ori 

CH3 jgufis protonebis Sesabamisi ori singleti da 5-C-Tan mdebare CH3-

is protonebis erTi singleti. SedarebiT sust velSi mJRavndeba  COOCH3 

jgufebis protonebis Sesabamisi ori singleti. aromatuli protonebisaT-
vis damaxasiaTebel ubanSi mJRavndeba maRali intensiurobis signalebi 

sami dubletis ( (4-H)= (5-H), (1-H)= (8-H),7'-H) da sami – tripleturi sig-

nali ((2-H)=(7-H), (3-H)=(6-H) 8H)Sesabamisi spin-spinuri urTierTqmedebis 
konstantebiT.  

speqtrSi dabali intensiurobis signalebis raodenoba Seesabameba 

arasimetruli, e.i. calmxrivad gaxsnili struqturis 5 protonebis signa-
lebs. velis Zlier ubanSi vlindeba meTilis jgufis protonebis eqvsi 
singleturi signali, xolo SedarebiT sust velSi esteruli jgufebis 
COOCH3 protonebis Sesabamisi oTxi singleturi signali. aromatuli 

protonebis ubanSi ki, vlindeba 6-dubleturi ((1-H)= (8-H), (4-H)= (5-H), 

(7-H), (10-H), (10-H)=(17-H), (13-H)= (14-H)) da eqvsi tripleturi ((2-

H)=(7-H), (3-H=(6-H), (8-H), (9-H), (11-H)=(16-H), (12-H)=(15-H)) signalebi 
Sesabamisi orTo- da meta-konstantebiT (signalebis sruli mikuTvneba 
ixileT eqsp. nawilSi). 

bis-spironaerTis 5 mas-speqtrSi fiqsirdeba molekuluri ionisa da 
dasawyis stadiebze warmoqmnili fragmentuli ionebis dabali intensi-
urobis pikebi, romelTa Semgomi fragmentacia SesabamisobaSia indoloin-
dolebis safuZvelze miRebuli dihidroindolizinis tipis bis-spironear-

Tebis 22 da mono-spironaerTis 2 molekuluri ionebis fragmentaciasTan 

89. molekulis sirTulis gamo Cven SevecadeT warmogvedgina molekulu-



56 
 

ri ionis fragmentaciis ramdenime sxvadasxva mimarTuleba speqtrSi arse-
buli fragmentuli ionebidan gamomdinare, romlebic warmoiqmnebian 
sxvadasxva safexurze literaturidan cnobili ionuri an neitraluri 

fragmentebis 90 moxleCvis Sedgad. 
speqtrSi maqsimaluri intensiurobis piki aris 165 masis mqone fra-

gmentuli ionis piki. igi savaraudod warmoiqmneba molekuluri ionis 
fragmentaciisas dasawyis stadiaze moxleCili fluorenis molekulidan 
protonis dakargvis Semdeg, ris Sedegadac miiReba mdgradi aromatuli 
fluorenil anioni masiT 165: 

 

C
H  

 
 
 
 molekulis daSlis savaraudo sqema speqtrSi arsebuli pikebis 

gaTvaliswinebiT, ase gamoisaxeba: 
 

 

M+ 902(1.7)
-H, -C6H5-C6H5

- 155

747 (0.8)

-2 CH3COOH- 120

627 (20)
29

-2 C6H4-C6H4304

598 (21.6)

CH4- 16

582 (10.4) 566 (88)
-2 CH3COOH

- 120
446 (24)

- 58

CH2COO-

388 (24.0)

326 (31.2)308 (33.6)292 (38.4)263 (56)
-29 16

-CH4 - H2O

- H2, -CH3COOH - 62

CH4

- 16

735 (0.8)
 -(C6H5-C6H4)

- 153

582 (10.4) HCOOH2
+

- 47
535 (19.2)

-HCO

-HCN

-167 -fluoreni
-H
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Seswavlil iqna miRebuli bis-produqtis eleqtronuli speqtri, ro- 
gorc axladmomzadebuli spirtxsnarisaTvis, aseve vercxliswylis naTu-
riT dasxivebis Semdeg. aRmoCnda, rom monospironaerTis 4 analogiurad 
bis-spironaerTis 5 axladmomzadebuli xsnaris ui speqtrSi arsebuli 
STanTqmis maqsimumi 355 nm-ze xsnaris dasxivebis Semdeg qreba da speqtr-
Si rCeba mxolod erTi maqsimumi 282 nm-ze, romlis intensiuroba gazr-
dilia. 

amrigad, Cvens mier sinTezirebulia dihidroindolizinis tipis 
axali bis-spirocikluri sistema, romlis gamosavlianoba dabalia didi 
steriuli dabrkolebis gamo. 

 
 
 

2.2. izomeruli heqsameTildimeTilenindoloindolebisa da 
tetrahidrotetrameTildimeTilendipirolobenzoqinoqsalinis, e.w. 

fiSeris fuZeebis sinTezi da struqturis dadgena 
 
 

samuSaos meore etapze Cvens mizans warmoadgenda  benzopiroloin-
dolisa da izomeruli indoloindolebis safuZvelze 2-meTilenindoli-
nuri fuZeebis bis-analogebisa da misi zogierTi nawarmis sinTezi mosa-
lodneli biologiuri aqtiurobis Sesaswavlad.  

 

 

N

R1

R2

R

R3

R=R1=R2=CH3;   R3=H  
 
2-meTilenindolinebi miekuTvnebian enaminebis klass. am naerTebis 

reaqciisunarianoba ganpirobebulia -eleqtronuli sistemis polariza-
ciiT da nawilobrivi uaryofiTi muxtis lokalizaciiT meTilenis jguf-
is naxSirbadatomze. eleqtronebis aseTi gadawevis gamo 2-meTilenindo-
linebi Sedian urTierTqmedebaSi mraval eleqtrofilTan, xolo moleku-
laSi benzolis birTvis arseboba SesaZlebels xdis aseve eleqtrofi-
lur Canacvlebas. am mimarTulebis garda meTilenuri fuZeebi urTierT-
qmedebaSi Sedian nukleofilebTan (Setevis adgili C (2)), ganicdian Siga-
molekulur gadajgufebebs, iJangebian, aRdgebian da Sedian sxva gardaqm-
nebSi [55]. 
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2.2.1. fiSeris fuZis axali  izomeruli  
bis-analogebis sinTezi 

 

 rogorc literaturul mimoxilvaSi avRniSneT, 2-meTilenindoline-
bis, e.w. fiSeris fuZeebis sinTezis ZiriTadi meTodia cximovani rigis 
ketonebis arilhidrazonebis ciklizaciisas warmoqmnili indoleninebis 
alkilireba da miRebuli meoTxeuli marilebis tutiT damuSaveba. 

literaturuli monacemebidan [55] cnobili iyo izomeruli nafTo-
dipiroleninebis 3, 8,  alkilirebis Sedegad Sesabamisi bis-meoTxeuli 
marilebis  9, 16 sinTezis Sesaxeb (sqemebi 2,4). sadisertacio naSromSi [22] 
ganxorcielebul iqna axali izomeruli heqsameTildihidroindolo[4,5-e]-

indolisa 13 da misi bis-meoTxeuli marilis 14  sinTezi (sqema 3). amave 
naSromSi zemoaRniSnuli dipirolonafTalinebis bis-meoTxeuli marilebi 
gadayvanil iqna Sesabamis fuZeebSi, romlebic gamoyofil iqna Sualeduri 
produqtebis saxiT bis-spironaerTebis misaRebad. unda aRiniSnos, rom am 
naerTebis struqturis dadgena da daxasiaTeba ar iyo aRwerili. 

Cveni sadisertacio samuSaos meore etapze ganxorcielebulia zemo-

aRniSnuli fiSeris fuZeebis bis-analogebis, rogorc Semdgomi kvlevis 
sakvanZo naerTebis, mizanmimarTuli sinTezi. isini gamoyofilia sufTa sa-

xiT da dadgenilia maTi struqturebi. 
izomeruli bisindoleninebis 8, 13 N-alkilirebisaTvis meoTxeul ma-

rilSi gadasayvanad gamoiyeneba dimeTilsulfati, xolo benzopirolo-
indolis 3 SemTxvevaSi dimeTilsulfatiT xdeba mxolod erTi  azotis 
atomis kvaternizacia steriuli dabrkolebis gamo. amitom kvaternizacii-
saTvis am SemTxvevaSi gamoyenebul iqna dibromeTani.  dibromeTaniT 
kvaternizaciis dros xdeba azotis atomebTan ciklis Sekvra da miiReba 
axali heterocikluri sistema, dipirolobenzoqinoqsalini 17, romelic 
Seicavs piperazinul dajgufebas [46]. igi sainteresoa potenciuri 
biologiuri aqtiurobis TvalsazrisiT.   

 
 
 
 

2.2.1.1. 1,3,3,6,8,8-heqsameTil-2,7-dimeTilen- 
indolino[7,6-g]indolinis sinTezi 

 
 
 

1,5-nafTilendiaminis^(6) diazotirebisa da misi Semdgomi aRdgenis 
Sedegad miiReba 1,5-nafTilendihidrazini (7). misi kondensaciiT 
meTilizopropilketonTan da erTdrouli ciklizaciiT yinulovan Zmar-
mJavaSi, Sualeduri dihidrazonis gamoyofis gareSe, miiReba 2,3,3,7,8,8-
heqsameTil-3,8-dihidroindolo[7,6-g]indoli (8). misi N,N-dimeTilireba Ca-
tarebul iqna axlad gamoxdil dimeTilsulfatSi 1260C-ze gacxelebiT 1 
sT-is ganmavlobaSi. warmoqmnili marilis, 1,2,3,3,6,7,8,8-oqtameTilindo-
lenino[7,6-g]indoleniniumis dimeTosulfatis (9), spirtxsnaris KOH-is 5%-
iani Tbili wyalxsnariT damuSavebis Sedegad gamoiyofa  Sesabamisi fiSe-
ris fuZe 10. gardaqmnebi ganvaxorcieleT sqema 2-is mixedviT. 
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sqema 2 

CH3COCH(CH3)2

CH3COOH

N+

N+

N

N

(CH3)2SO4

OH-

.2CH3SO4
-

9
10

N

N 8

6 7

NH2

NH2

NHNH2

NHNH2

HN N C

CH(CH3)2

CH3

NHNC

H3C

(H3C)2HC

1. NaNO2/HCl

2. SnCl2

 
 

 
2.2.1.2. 1,1,3,8,10,10-heqsameTil-2,9-dimeTilen- 

indolino[4,5-e]indolinis sinTezi 
 
 

amosavali 1,1,2,9,10,10,-heqsameTil-1,10-dihidroindolo[4,5-e]indolis (13) 
sinTezi ganvaxocieleT 2,7-dioqsinafTalinis (11) urTierTqmedebiT Warb 
hidrazinhidratTan abs. spirtis areSi miRebuli  2,7-nafTilendihidrazi-
nis (12) kondensaciiT meTilizopropilketonTan da erTdrouli cikli-
zaciiT yinulovan ZmarmJavaSi, Sualeduri dihidrazonis gamoyofis ga-
reSe. misi dimeTilirebiT dimeTilsulfatSi 1000C-ze, miRebul iqna 
1,1,2,3,8,9,10,10-oqtameTilindolenino[4,5-e]indoleniniumis  dimeTosulfati 
14, romlis  KOH-is 5%-iani wyalxsnariT damuSavebis Sedegad miiReba 
1,1,3,8,10,10-heqsameTil-2,9-dimeTilenindolino[4,5-e]indolenini 15. es gardaq-
mnebi ganvaxorcieleT Semdegi sqemis mixedviT (sqema 3): 
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sqema 3 

 

OHHO H
N

H
N

H2N NH2

H
N

H
N

N C
CH3

NC
(H3C)2HC

H3C

N2H4 H2O

CH(CH3)2

CH3COCH(CH3)2

CH3COOH

N N N+ N+

N NOH-(CH3)2SO4

2CH3SO4
-.

13

11 12

14 15  
 
 
 
 

2.2.1.3  1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-
dimeTilendipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis sinTezi 

 
benzopiroloindolisa 3 da dibromeTanis urTierTqmedebis reaqcia 

Catarebul iqna SelRobil ampulaSi 1640
C–ze 8sT-is ganmavlobaSi. 

warmoqmnili meoTxeuli marilis, 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-
dimeTilendipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis dibromidis 16, 
spirtxsnaris tutiT damuSavebis Sedegad miiReba Sesabamisi fiSeris 
fuZis bis-analogi 17 (sqema 4). 

sqema 4 
 
 

N

N

N+

N+

N

N

OH-CH2Br-CH2Br
.2Br-

3 1716

 
sinTezirebuli fiSeris fuZis bis-analogebi - 10, 15 da 17 warmoadge-

nen sakvanZo  nivTierebebs axali spiroqromenebis, formilnawarmebisa da 
azonaerTebis sinTezisaTvis. 
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am naerTTa struqtura Cvens mier pirvelad iqna Seswavlili speq-
truli meTodebiT. 

 
 

2.2.2 fiSeris fuZis bis-analogebis struqturis dadgena 
 

fiSeris fuZeebis bifunqciuri analogebis - 10, 15 da 17  naerTebis 
struqtura dadgenilia speqtruli analizis safuZvelze. 

naerTebis 10, 15 da 17  infrawiTel speqtrebSi vlindeba egzociklu-
ri meTilenuri jgufebis >C=CH2 maxasiaTebeli intensiuri STanTqmis zo-
lebi speqtris 1635-1643sm-1 ubanSi. 

am naerTebis mas-speqtrebSi fiqsirebulia molekuluri ionebis 
maRali intensiurobis pikebi M

+
318.21 (25%)  (naerTi 10),  M

+
318.2(44%)  

(naerTi 15). 
 molekuluri ionebis fragmentacia mimdinareobs Canacvlebuli me-

Tilis jgufebis TandaTanobiTi moxleCviT, xolo Semdeg xdeba hetero-
cikluri birTvis daSla, rac ar ewinaaRmdegeba warmodgenil struq-
turas. mass-speqtrebSi dafiqsirebuli pikebis mixedviT molekuluri 
ionebis savaraudo fragmentaciis sqemebi Semdegnairad gamoisaxeba:  

 

M+ 318.2(100)*
-CH3 303.2(98.7)

-CH2 289.2(81.6) -CH4 273.1(70)
-CH3

268(6.7) ... 144.1(24.8)

M+ 318.2(44)*
-CH3 303.2(100)

-CH3 288.2(40) -CH3 273(25.6)
-CH3

208(21.6) ... 144.1(16)

naerTi 15

naerTi 10

M+
316(100)

-CH3
301(66)

-CH3 286 (54)
-CH2 272(8)

-C2H4

244(4.8) 214(4.8) 201 (5)
2 -CH3 -CH

273(9)

-CH

245(4)

-C2H4

naerTi 17

 
* intensiurobebi moyvanilia speqtrSi maqsimaluri pikis mimarT. 
 

fiSeris fuZeebis  10, 15 da 17 protonul-magnituri rezonansis speqt-
rebi aseve Seesabameba simetriul molekulebs, sadac vlindeba signale-
bis erTi wyeba, radgan molekulis ToToeuli naxevris erTnairi jgufe-
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bis protonebis qimiuri wanacvlebebi erTmaneTs emTxveva. aqedan gamomdi-
nare, 10, 15 da 17 naerTebis pmr speqtrebSi gvaqvs Semdegi saxis signa-
lebi: velis yvelaze Zlier ubanSi vlindeba >C(CH3)2 jgufebis protone-
bis erTi singleturi signali, romelic integraluri intensiurobis 
mixedviT 12 protons Seesabameba. N-meTiluri jgufebis protonebis signa-
lebi gadaweulia SedarebiT susti velis ubnisaken da vlindebian 6 
protonis Sesabamisi intensiurobis singletebis saxiT. 

egzocikluri meTilenuri jgufis  =CH2 protonebis signalebi vlin-
debian kidev ufro sust velSi 4 protonis Sesabamisi erTi singletis sa-
xiT (naerTi 15), 4 protonis Sesabamisi ori singletis saxiT (naerTi 10). 
xolo naerTSi 17 igive tipis protonebis signalebi vlindeba ori pro-
tonis Sesabamisi ori dubletis saxiT. 

 igive naerTis 17 speqtrSi qinoqsalinis birTvis =CH2 jgufebis pro-
tonebis qimiuri wanacvleba erTmaneTs emTxveva  da mJRavndeba 4 proto-
nis Sesabamisi singleti. aromatuli protonebisaTvis damaxasiaTebel 
ubanSi mJRavndebian nafTalinis birTvis protonebis Sesabamisi signalebi 
ori dubletis saxiT romelTa intensivoba 4 protons Seesabameba da 
vlindebian spin-spinuri urTierTqmedebis orTo-konstantebiT (naerTebi 
10, 15). xolo naerTSi 17 gvaqvs aseve nafTalinis birTvis protonis erTi 
dublet-dubleturi signali damaxasiaTebeli orTo- da meta-konstante-
biT. signalebis mikuTvneba ToToeuli naerTisaTvis motanilia cxrilSi  
1. 

 
cxrili 1 

fiSeris fuZeebis bis-analogebis 1H bmr speqtrebis monacemebi D6 –
dmso-Si,  

, mn, J, hc 
  
 

 

fiSeris fuZeebis 10, 15, 17 13C bmr  speqtrebi aseve Seesabameba simet-
riul molekulebs, sadac vlindeba signalebis erTi wyeba. am naerTebis 
13C bmr  speqtrebSi, 2-meTilenindolinebis msgavsad [55], vlindeba piro-
lis birTvebis naxSirbadatomebis C-1,  C-2, C-3 da egzocikluri =CH2   me-

# C(CH3)2 N-CH3 =CH2 

egzocikl. 
Ar J 

1

10 

1.31 

 s   
(12H) 

3.60  

s 
(6H) 

4.02  

s  
(2H) 

4.06 

 s  
(2H) 

7.78  

d 

(4-H), 

 (2H) 

7.24  

d 

(5-H) 

 (2H) 

Jo = 8.4 

1

15 

1.62 

s   
(12H) 

3.08  

s 
(6H) 

3.79  

s 

(4H) 

6.94  

d  

(2H) 

7.68 

d  

(2H) 

Jo = 8.6 

1

17 

1.58 

 s   
(12H) 

N-CH2-CH2-N 

3.64  

s  
(4H) 

4.18  

d  

(2H) 

4.10  

d (2H) 

7.13 

 dd  

(2H) 

7.5 0 

dd 

 (2H) 

J=CH2 = 1.9;  

Jo = 6.4; 

Jm = 3.5 
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Tilenuri C-atomebisaTvis damaxasiaTebeli signalebi, aseve N-CH3, N-CH2 
da hem-meTiluri jgufebis signalebi speqtrebis Sesabamis ubnebSi. speq-
trebSi napovnia agreTve aromatuli naxSirbadatomebis signalebi: inten-
siuri signalebi  –CH jgufebisa da naklebad intensiuri - meoTxeuli na-
xSirbadatomebis C-3a, C-10a, C-10b,  C-10c. 

13C bmr  speqtrebis monacemebi motanilia cxrilSi 2. amave cxrilSi 
mocemulia adre sinTezirebuli 1,1,2,9,10,10,-heqsameTil-1,10-dihidroindo-
lo[4,5-e]indolis (13) 13C bmr  speqtrebis monacemebi, romelic Cvens mier 
pirvelad aris Seswavlili da srul SesabamisobaSia mocemul struqtu-
rasTan.   
 

 
2.3 fiSeris fuZis izomeruli bis-analogebis gardaqmnis reaqciebi 

2.3.1 spiroqromenuli bis-spirocikluri naerTebis sinTezi 
dipirolobenzoqinoqsalinis bazaze da misi fotoqromuli Tvisebebi. 

 

sadisertacio samuSaos Semdegi etapis amocanas Seadgenda axali bis-
spiropiranuli naerTebis sinTezi  dipirolobenzoqinoqsalinis  safuZ-
velze. amisaTvis Seswavlil iqna 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-
dimeTilendipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis (17) kondensaciis 
reaqciebi Canacvlebul salicilis aldehidebTan. 5-brom- da 3,5-dibromsa-
licilis aldehidehidebTan reaqciebi mimdinareobs Semdegi sqemis 
mixedviT (sqema 5). 

 
sqema 5 

N

N

O

O

Br

Br

Br

Br

Br

HO

O

N

N

O

O

Br

Br

Br

HO

O

17 18

19

Br
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cxrili 2 

heqsameTilindolenilo[4,5-e]indoleninisa(13) da fiSeris fuZeebis  bis-analogebis  10 ,15 , 17  

 13C bmr speqtrebis monacemebi, , mn, D6- dmso-Si  

 

 
# 

 
(CH3)2 

 

 

 
=CH2 

 
N-CH3 

 

C-1 

 

C-2 

 
C-3 

 

C-3a 

 
C-10b (10) 

 
C-10c(13.15) 

 
C-10a 

C-10b(13.15) 

 
C-5a 

 
C-5 

 
C-4 

 
10 

 
30.01 

 
78.54 

 
35.60 

 
- 

 
164.53 

meoTxeuli 
 

    
43.53 

meoTxeuli 

 
130,86 

meoTxeuli 

 
141,71 

meoTxeuli 

 
120,23 

meoTxeuli 
erTi atomi 

 
121,27 

meoTxeuli 

 
113.81 

(C-H) 

 
118.60 
(C-H) 

 
15 

 
30.21 

 
72,35 

 
28,93 

 
47,04 
meoTxe
uli 

 

 
165.98 

meoTxeuli 
 
 

    
- 

 
146,79 

ori atomi 
meoTxeuli 

 
122,00 

ori atomi 
meoTxeuli 

 
129,66 

erTi atomi 
meoTxeuli 

 
126,83 

erTi atomi 
meoTxeuli 

 
133.14 

2 
atomi 

(C-H) 

 
105.74 
2 atomi 

(C-H) 

 
13 

 
 
22.06 

CH3  
- 

 
56,28 
meoTxe
uli 

 

 
189,7 

meoTxeuli 

 

 
- 

 
154,2 

meoTxeuli 

 

 
137,7 

meoTxeuli 

 

 

132,9 
meoTxeuli 

 

 
127,3 

meoTxeuli 

 

 
132,3 
(C-H) 

 
118,9 
(C-H) 

 
15,47 

 
 

17 

 
 
28,88 

 
 
77.86 

N-CH2-
CH2-N 

 
C1=C8 

 
C2=C7 

 

C 1=C8 

 

C3=C6 

 

C9=C12 

 
    C9=C12 

 
   C10=C11 

 
 

 

 
49.27 
 

 
67,19 
meoTxe
uli 

 

 
166,53 

meoTxeuli 

 

 
116,22 

meoTxeuli 

 

 
130,30 

meoTxeuli 

 

 
126,86 

meoTxeuli 

 

 
121,85 
(C-H) 

 
122,74 
(C-H) 

  



65 
 

fiSeris fuZis 17 xsnars absolutur eTilis spirtSi umateben 3-je-
radi siWarbiT aRebul 5-bromsalicilis aldehidis xsnars eTilis spir-

tSi bis-produqtis warmoqmnis mizniT. reaqcias atareben 45-50 C-ze 0,5 
sT-is ganmavlobaSi. moreagire nivTierebaTa xsnarebis SerevisTanave Sei-
niSneba sareaqcio aris feris mkveTri cvlileba, warmoiqmneba lurji 
melnisferi xsnari, rac damaxasiaTebelia spiroqromenebis warmoqmnis 
reaqciebisaTvis. reaqciis produqtis 18 gamoyofa xdeba sareaqcio aris 
gacivebisa da dayovnebis Semdeg xsnaridan gamokristalebis Sedegad. 
bis(6-brom-2H-qromen-2-spiro)-2‟,7‟-1,‟4‟,5‟,8‟-tetrahidro-1‟,1‟,8‟,8‟-tetrameTildi-
pirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalini (18) miiReba lurji feris 
fxvnilis (kristalebis) saxiT, romelic kargad ixsneba benzolSi, qlo-
roformSi, Znelad – eTilis spirtSi. 

analogiurad mimdinareobs reaqcia fiSeris fuZesa 17  da 3,5-dibrom-
salicilis aldehids Soris. gamoyofil iqna bis(6,8-dibrom-2H-qromen-2-

spiro)-2‟,7‟-1,4,5,8-tetrahidro-1‟,1‟,8‟,8‟-tetrameTildipirolo[1,2,3-d,e:3,2,1-
i,j]benzo[g]qinoqsalini (19) mwvane Seferilobis fxvnilis saxiT, romelic 
kargad ixsneba benzolsa da qloroformSi, Znelad – spirtSi [91]. 

miRebuli spironaerTebis struqtura dadgenilia speqtruli meTode-
biT. 

naerTis 18 infra-wiTel speqtrSi vlindeba C=C piranuli jgu-
fisaTvis  maxasiaTebeli intensiuri STanTqmis zolebi speqtris 1643sm-1 
ubanSi, C=C piranuli SeuRlebuli jgufisa - 1581sm-1 ubanSi,  N-C spiro-
bmis 1272 sm-1 ubanSi, C-O spiro-bmis 1272sm-1 ubanSi, C-H aromatuli bmebisa 
- 2962, 3070 sm-1 ubanSi.  

naerTis 19 infra-wiTel speqtrSi vlindeba C=C piranuli jgufisaT-
vis  maxasiaTebeli intensiuri STanTqmis zolebi speqtris 1643sm-1 ubanSi, 
C=C piranuli SeuRlebuli jgufisa - 1535sm-1 ubanSi,   N-C spiro bmis - 
1265 sm-1 ubanSi, C-O spiro-bmis - 1157sm-1 ubanSi, C-H aromatuli bmebisa 
2962, 3062 sm-1 ubanSi. 

bisspironaerTebis 18, 19 1H-bmr speqtrebis Sedarebisas sawyisi 
fiSeris fuZis 17 1H-bmr speqtrTan Cans, rom spironaerTebis speqtrebSi 
qreba egzocikluri =CH2 jgufis protonebis Sesabamisi dubleturi 
signalebi da vlindeba piranuli birTvis –CH=CH- protonebis Sesabamisi 
dubleturi signalebi damaxasiaTebeli spin-spinuri urTierTqmedebis 
konstantebiT J3,4=10,4 hc, rac am protonebis cis-konfiguracias Seesaba-
meba. piranuli protonebis cis-konfiguracia ki literaturuli monaceme-
bis [92] Tanaxmad, SesaZlebelia Caketili cikluri spiropiranuli struq-
turis arsebobis SemTxvevaSi. 

ciklur struqturas Seesabameba aseve 18, 19 naerTebis 1H-bmr speq-
trebSi N-CH2 protonebis qimiuri Zvradobis mniSvnelobebi da pirolis 
birTvis C-atomTanHhem-meTiluri jgufebis protonebis singleturi 
signalebi, romlebic, literaturuli monacemebis mixedviT, cikluri 
struqturis SemTxvevaSi araeqvivalenturia da mJRavndeba singletis 
saxiT [92]. 

 spiropiranebis betainur struqturebSi ki analogiuri protonebis 
qimiuri Zvradoba erTmaneTs emTxveva da mJRavndeba erTi singletis 
saxiT [92]. protonebisaTvis signalebis sruli mikuTvneba mocemulia 
cxrilSi 3: 
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cxrili 3 

bis-spiropiranebis 18, 19 1H bmr speqtrebis monacemebi , mn, J,  

 
gadaRebul iqna tetrabromspironaerTis 19 maRali garCevadobis mas-

speqtri, sadac dafiqsirebulia molekuluri ioni, masiT 839.9397, rac Tan-
xvedraSia Teoriul mniSvnelobasTan. 

unda aRiniSnos, rom naerTebis 18, 19 axalmomzadebuli Seferili 
xsnarebi mzis sxivebis moqmedebiT TandaTan uferuldeba. sibneleSi ki – 
ibruneben pirvandel fers. es procesi meordeba mravaljer. rac miuTi-
Tebs 18 da 19 naerTebis fotoqromul Tvisebebze. 

sinTezirebuli spiroqromenebis 18, 19 fotoqromuli Tvisebebis Ses-
wavlis mizniT gamokvleul iqna maTi eleqtronuli speqtrebi am naerTTa 
axalmomzadebuli xsnarebisaTvis (qloroformi, benzoli), aseve am xsna-
rebis vercxliswylis naTuriT dasxivebis Semdeg ((naxazi 1).  

cxrilSi 4 motanilia kvlevis Sedegebi. axalmomzadebul qloro-
formis xsnarebSi orive naerTisaTvis mJRavndeba betainuri formisaTvis 
damaxasiaTebeli STanTqmis maqsimumi 620-630nm-is farglebSi, dasxivebis 
Semdeg orive SemTxvevaSi adgili aqvs grZeltalRiani maqsimumebis hipso-
qromul gadanacvlebas 624-538, 620-467 nm farglebSi.  

aseve adgili aqvs danarCeni mokletalRiani maqsimumebis hipsoqro-
mul gadanacvlebas da miRebuli axali pikebis intensiurobis mkveTr 
gazrdas. dibromnawarmis 18 SemTxvevaSi Zlier ganzavebuli xsnaris 
dasxivebis Sedegad miRebuli xsnaris ui speqtrSi dafiqsirda mcire 
intensiurobis STanTqmis maqsimumi xilul ubanze 840 nm. rac savaraudod 
SeiZleba Seesabamebodes orive spiropiranuli birTvis gaxsnas da Sesaba-
misi betainuri formis warmoqmnas, rac friad sainteresoa, radgan lite-
raturidan cnobilia,  rom bis-spironaerTebSi xdeba mxolod erTi spi-
rocikluri birTvis gaxsna da Sesabamisad, calmxrivad gaxsnili betai-
nuri struqturis warmoqmna, romlis Sesabamisi maqsimumi eleqtronul 
speqtrebSi 550-600  nm fiqsirdeba. 

naerTebis 18, 19 spirtxsnarebisa da benzolxsnarebis ui speqtrebSi 
STanTqmis maqsimumebis gadanacvlebas adgili ar hqonia, mxolod SeiniS-
neboda dasxivebis Sedegad STanTqmis  maqsimumebis intensiurobis gazrda. 

, mn  
J,hc № 

 

C(CH3)2 N-CH2-

CH2-N 

3-H 4-H 5-H 7-H 8-H 

 
9-H 10-H 

 

 

 

1

8 

1.31  

s  

(6H) 

1.49  

s  

(6H) 

2.98  

d  
(2H) 

3.05  

d  
(2H) 

5.90 

d 

7.70 

d 

8.01 

d 

7.52 

dd 

7.65 

d 

7.75 

dd 

7.11 

dd 

J34=J43=10.4 

J57= 1.6 

J75=2.0 

J78=9.2 

JCH2CH2=7.4 

J0= 9.6 Jm=3.2 

 

1

9 

1.36  

s  

(6H) 

1.55  

s  

(6H) 

3.05  

d  
(2H) 

3.20  

d  
(2H) 

6.06 

d 

7.05 

d 

7.61 

s 

7.52 

s 

- 7.82-

7.85 

 

 

7.20-

7.22 

 

 

J34=J43=10.2 

JCH2CH2=7.2 
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eleqtronul speqtrebSi dafiqsirebuli es cvlilebebi am naerTTa 
fotoqromuli Tvisebebis damadasturebelia. 

naxazi 1  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

naerTi 18-is ui speqtri qloroformSi 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
naerTi 18-is ui speqtri benzolSi 

 
 

 

talRis sigrZe (nm) 
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talRis sigrZe (nm) 

 
  dasxivebamde 

 
  dasxivebis Semdeg 

 
    dasxivebis Semdeg 

 
    dasxivebamde 

 
    ganzavebuli     
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o
r
b
c
ia
 

talRis sigrZe (nm) 
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amrigad, Cvens mier Catarebuli kvlevis Sedegebis Sedarebisas izo-
meruli indoloindolebis birTvebis Semcveli bisspirocikluri naerTe-
bis sinTezis mimarTulebiT adre Catarebul kvlevebTan [22], SeiZleba da-
vaskvnaT, rom rogorc dihidroindolizinis tipis 5, aseve spiropiranuli 
tipis  axali miRebuli bisspirocikluri naerTebi 18, 19 sainteresoa Sem-
dgomSi maTi fotoqromuli Tvisebebis ufro Rrmad, uaxlesi aparaturis 
gamoyenebiT, SeswavlisaTvis. 

 
 

cxrili 4 
bisspropiranebis 18, 19 ui speqtrebis monacemebi 

 
 

 
 
 
 

*koncentrirebuli xsnari с = 0.8 mg/ml 
** ganzavebuli xsnari с = 0.008 mg/ml  

  
 
 
 
 

 
na
er

T
i 

 
 
 
 
R1 

 
 
 
 
R2 

λmax,   nm (lg ε), с=0,08 mg/ml 
axalmomzadebuli 

xsnarebi 
dasxivebuli 

xsnarebi 

 
ql

o
r
o
f
o
r
mi
 

 
b
en
z
o
l
i 

  
ql

o
r
o
f
o
r
mi
 

 

 
b
en
z
o
l
i 

 
 
 
 

18 

 
 
 
 
Br 

 
 
 
 
H 

624 
(0.050)** 

629 
0.180) 

840 
(0.037)** 

538(0.78
3) 

624 
(0.115) 

364 
(0.230)** 

361 
(1.227) 

565 
(0.702) 

357 
(1.286) 

252 
(1.403)** 

313 
(1.464) 

266 313 
(1.655) 

237 
(0.971)** 

279 
(3.376) 

241 
(1.254)** 

279 
(3.263) 

 
 

19 

 
 
Br 

 
 
Br 

620(0.17)* 
359(0.759) 

358 
(0.678) 

467 
(0.156) 

358 
(0.916) 

319 
(1.081) 

322 
(0.976) 

244 
(3.482) 

322 
(1.328) 

273 
(0.420) 

277 
(1.978) 

210 
(1.346) 

278 
(2.496) 

246 
(3.731) 

- - - 
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2.3.2. fiSeris fuZeebis formilireba vilsmaieris reaqciiT 

 
 

rogorc ukve avRniSneT, 2-meTilenindolinebi reaqciisunariani naer-
Tebia. CvenTvis saintereso iyo Segveswavla Cvens mier sinTezirebuli 2-
meTilenindolinis bis-analogebis reaqciisunarianoba. 

am mizniT Cvens mier Catarebul iqna vilsmaier-haakis reaqcia, rome-
lic formilnawarmebis miRebis erT-erTi gavrcelebuli meTodia. es reaq-
cia warmatebiT gamoiyeneba indoloindolebis sxvadasxva formilnawarme-
bis misaRebad, formilnawarmebi ki Tavis mxriv, gamoiyenebian axali niv-
Tierebebis sinTezisTvis [93, 94, 95].                                                               

formilireba xorcieldeba sawyisi nivTierebisa da vilsmaieris 
kompleqsis sxvadasxva Tanafardobis pirobebSi.  

2-meTilenindolinebi advilad formilirdebian meTilenis jgufSi 
vilsmaieris reaqciis pirobebSi dimeTilformamidisa (DMFA) da POCl3 -
sgan momzadebuli kompleqsiT. am meTodiT fiSeris fuZisgan  Rebuloben 

-formil-1,3,3-trimeTil-2-meTilenindolins (sqema 6), e.w. fiSeris alde-
hids. igi aris umniSvnelovanesi Sualeduri produqti cianinuri da hemi-
cianinuri saRebrebis misaRebad [55]. 

sqema 6 
 

N

CH2

N

CHO

1. DMFA,POCl3

2. NaOH

fiSeris aldehidi  
 
 
 
 
 

2.3.2.1.  2,7-di(formilmeTiliden)-1,3,3,6,8,8-heqsameTil-indolino[7,6-g] 
indolini  

 
 

fiSeris aldehidis bis-analogis 2,7-di(formilmeTiliden)-1,3,3,6,8,8-
heqsameTil-indolino[7,6-g]indolinis (20)  sinTezi ganxorcielebul iqna 
1,3,3,6,8,8-heqsameTil-2,7-dimeTilenindolino[7,6-g]indolinis (10) formili-
rebiT  dimeTilformamidis areSi vilsmaieris kompleqsis  samjeradi 
siWarbis pirobebSi 55-600C-ze 3sT-is ganmavlobaSi. vilsmaieris komp-
leqsTan warmoqmnili Sualeduri produqtis xsnaris tutiT damuSavebis 
Semdeg gamoyofili nivTierebis qromatografiuli analizis Sedegad 
masSi sawyisi nivTierebis, fiSeris fuZis 10 Sesabamisi laqa aRar mJRavn-
deba (sqema 7): 
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sqema 7 

 

N

N

CH2

H2C

N

N

CHO

OHC

POCl3/DMFA

10 20

1 2

3

5

10a

3a
10 b

45a

 
 

dialdehidis 20-is infra-wiTel speqtrSi qreba gamosavali 10 naerTis 
egzocikluri >C=CH2 jgufis maxasiaTebeli STanTqmis zoli 1643sm-1 
ubanSi da vlindeba STanTqmis intensiuri zolebi 1619 da 1565sm-1 ubnebSi, 
romelic SeiZleba mivakuTvnoT >C=CH-CH=O SeuRlebuli ormagi bmebis 
sistemas.  
ultraiisfer speqtrSi SeiniSneba STanTqmis maqsimumi 396 nm ubanSi. 

 
 
 

2.3.2.2 2,7-di(formilmeTiliden)-1,1,3,6,8,8-heqsameTil-indolino[4,5-e] 
indolini (21) 

 
 

fiSeris aldehidis meore izomeruli bis-analogis 2,7-di(formilmeTi-
liden)-1,1,3,6,8,8-heqsameTil-indolino[4,5-e] indolinis (21) sinTezi ganxor-
cielebulia 1,3,3,6,8,8-heqsameTil-2,7-dimeTilenindolino[4,5-e]indolinis (15) 
formilirebiT vilsmaieris kompleqsis 5-jeradi siWarbis pirobebSi 500C-
ze 2sT-is ganmavlobaSi (sqema 8). 

sqema 8 
 

POCl3/DMFANN

CH2H2C

NN

CHOOHC

15 21  
 
produqti 21 gamoyofil iqna vilsmaieris kompleqsTan warmoqmnili Sua-

leduri produqtis tutiT damuSavebis Sedegad. gamoyofili  nivTierebis 
21 qromatografiuli analizis Sedegad masSi gamosavali nivTierebis -  
fiSeris fuZis 15 laqa aRar mJRavndeba. 

dialdehidis 21 infra-wiTel speqtrSi, 20 naerTis analogiurad, qreba 
sawyisi naerTis 15 egzocikluri >C=CH2 jgufis maxasiaTebeli STanTqmis 
zoli 1643sm-1 ubanSi da vlindeba STanTqmis intensiuri zolebi 1604,1558, 
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1519sm-1 ubnebSi, romelic SeiZleba mivakuTvnoT >C=CH-CH=O SeuRlebuli 
ormagi bmebis sistemas. 

 
2.3.2.3. 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-dimeTilendipirolo[1,2,3-

d,e:3,2,1-i,j]benzo[g]qinoqsalinis formilirebis reaqcia 
 

reaqcia fiSeris fuZis bis-analogs 1,4,5,8-tetrahidro-1,1,8,8-tetrame-
Til-2,7-dimeTilendipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis 17 da vils-
maieris kompleqss Soris Catarda sxvadasxva pirobebSi (sqema 9-10). 

sqema 9 
 

POCl3/DMFA
N

N

CH2

CH2
17

1 2

3
4

5
6

78

9

N

N

CHO

CHO

22

10

3a

8a

12a
12b

11
12

6a8b

 
 

Tavdapirvelad fiSeris fuZe 17 da vilsmaieris kompleqsi aRebul 

iqna moluri TanafardobiT – 1:5. reaqciis 40C mimdinareobisas qromatog-
rafiuli kontrolis  Sedegad sareaqcio areSi rCeboda reaqciaSi Se-

usvleli naerTi 17 kvalis saxiT. amitom temperatura gavzardeT 60C-mde. 
2 sT-is Semdeg sareaqcio aris Seferiloba mkveTrad Seicvala. xsnaris 
narinjisferi gadavida intensiur lurjSi. warmoqmnili xsnaris 10N  

NaOH-is xsnariT damuSavebisas gamoiyo lurji feris kristalebi. [96]. 
formilirebis reaqcia Catarebul iqna ganmeorebiT helmut-fricsis 

mixedviT [97] 35C-ze. vilsmaieris kompleqsi aRebul iqna didi siWarbiT, 
TanafardobiT fiSeris fuZe – vilsmaieris kompleqsi - 1:50. reaqcia mim-
dinareobda 2 sT-is ganmavlobaSi. sareaqcio aris tutiT damuSavebis 
Sedegad gamoyofil iqna reaqciis produqti, 2,7-di(formilmeTiliden)-
1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-dipirolo[1,2,3,-d,e:3,2,1-i,j]benzo[g]qinoq-
salini (22), yavisferi fxvnilis saxiT.  

1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-dimeTilendipirolo[1,2,3-
d,e:3,2,1-i,j]benzo[g]qinoqsalinis 17 sxvadasxva pirobebSi formilirebis 
reaqciis Sedegad gamoyofili ori produqtis 22, 23 ui speqtrebis 

Sedarebisas sawyis fiSeris fuZis 17 ui speqtrTan aRmoCnda, rom 60C-ze 
Catarebuli reaqciis Sedegad gamoyofili produqtis, trimeTinuri ciani-
nis 23,  ui speqtrSi adgili aqvs  STanTqmis maqsimumebis batoqromul ga-
danacvlebas, amasTan speqtrSi Cndeba ori axali intensiuri STanTqmis 

maqsimumi grZeltalRian ubanSi 539 da 613 nm-ze (naxazi 2). xolo 35 C-ze 
Catarebuli reaqciis produqtis 22 ui speqtri izomeruli diformil-
nawarmebis 20, 21 analogiuria, sadac gvaqvs maqsimumebi 165(1.29), 327.29(1.89) 
da 368(2.05) nm-ze (naxazi 3). 

literaturidan cnobilia, rom  indolinebis meoTxeuli marilebis 
urTierTqmedebiT aldehidTan warmoiqmneba cianinuri saRebrebi,  romle-
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bic ui speqtrSi iZlevian maxasiaTebel maqsimumebs grZeltalRian ubanSi 
[47]. aseve cnobilia [98] indolinuri fiSeris fuZisa da fiSeris aldehi-
dis urTierTqmedebis reaqcia, ris Sedegadac gamoyofilia naerTi Semde-
gi struqturiT:  

N

N BF4

 
 

 am monacemebze dayrdnobiT, Cvens mier mowodebulia struqtura 23, 

60C-ze Catarebuli reaqciis Sedegad gamoyofili naerTisaTvis (sqema 10). 
trimeTinuri cianinis 23 warmoqmna SeiZleba aixsnas formilirebis 

reaqciis dros 60C-ze warmoqmnili diformilnawarmis 22 urTierTqmede-
biT formilirebis reaqciaSi Seusvlel sawyis fiSeris fuZesTan 17, 
romelic Semdegi sqemiT Mmimdinareobs (sqema10): 

sqema 10 

N

N

H

O

H

O

N

N

N

N

C
H

H

O

N

N

C
H

H
C

Cl

22 17

23

POC l3/DMFA
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naxazi 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

naerTi 17-is ui speqtri eTanolSi 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
naerTi 23-is ui speqtri eTanolSi 
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naxazi 3 

 
 
 
 
 
 
 
 
 
 
 
 
 

naerTi 22-is  ui speqtri 
 

 
 
 
 
 

da 
d 
 

naerTi 22-is ui speqtri eTanolSi 
 
 
 
 

2.3.3 fiSeris fuZeebis formilirebis Sedegad miRebuli 
idoloindolebisa da benzopiroloqinoqsalinis axali 

 formilnawarmebis speqtruli analizi  
 
 

Seswavlil iqna fiSeris fuZeebis formilirebis reaqciis Sedegad mi-
Rebuli naerTebis  – fiSeris aldehidebis bis-analogebis 20, 21, 22 da 
anomaluri produqtis 23  1

H-bmr speqtrebi. 
izomeruli indoloindolebis birTvis Semcveli diformilnawarmebis 

20, 21 1
H-bmr speqtrebi Seesabameba simetriul molekulebs. speqtrebSi 

gvxvdeba signalebis erTi wyeba; velis yvelaze sust ubanSi, 10.00, 9.90mn 
gvxvdeba aldehidis jgufis protonebis Sesabamisi signalebi dubletebis 
saxiT, romelic urTierTqmedebs egzocikluri meTilenuri jgufis =CH_ 
protonebTan.  am protonebis  signalebic mJRavndeba dubletebis saxiT 
aldehidebis jgufis protonebTan urTierTqmedebis Sedegad spin-spinuri 
urTierTqmedebis konstantebiT, Sesabamisad – 8.8 hc (naerTi 20) da 8.4 hc 
(naerTi 21).  speqtrebSi vlindebian aseve hem-meTiluri jgufebis, N-CH3- 
jgufebis da aromatuli birTvebis protonebis Sesabamisi signalebi. speq-
trebis monacemebi motanilia cxrilSi 5. 

saintereso aRmoCnda dimeTilendipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsa-

linis 17 35 C-ze Catarebuli formilirebis reaqciis Sedegad gamoyofi-

7,
29

; 

1.
84

 
36

8,
27

; 

2.
05
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talRis sigrZe 
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li produqtis 22 1
H-bmr speqtri. masSi SeiniSneba Semdegi pikebi: sust 

velSi mJRavndeba 2 sxvadasxva intensiurobis dubleturi signali 10.14 da 
9.79 velis mn, romelic SeiZleba mivakuTvnoT aldehidis jgufis pro-
tonebs. maRali intensiurobis signalis spin-spinuri urTierTqmedebis 
konstanta  Seadgens 8.8 hc, xolo dabali intensiurobis signalisaTvis -
7.2 hc. es signalebi mivakuTvneT  aldehidis jgufis protonebs bisalde-
hidSi 22, romelSic savaraudoa =CH-CHO jgufis protonebis ganlageba 
iyos cis- an trans- mdgomareobaSi molekulis sibrtyis mimarT. Sesabami-
sad warmoiqmneba Z da E izomeruli formebis narevi. es dasturdeba li-
teraturuli monacemebiTac [55], romlis mixedviT 2-meTilenindolinebis 
meTilenis jgufSi Canacvlebuli naerTebi arseboben E da Z izomerebis 
narevis saxiT 1:10 an 4:1 TanafardobiT. 

 amave speqtrSi aldehidis jgufTan SeuRlebuli =CH protonebis 
Sesabamisi signalebic vlindeba aseve ori sxvadasxva intensiurobis dub-
letis saxiT, aldehidis jgufis protonis analogiuri spin-spinuri ur-

TierTqmedebis konstantebiT velis 5.45(=8.8) da 4.54(=8.4) mn ubanSi. aro-
matuli protonebis ubanSi sxvadasxva intensiurobis signalebi ar Seim-
Cneva.  gvaqvs ori dublet-dubleturi signali. velis 8.06 da 7.37 mn uban-
Si, Sesabamisad, orTo da meta urTierTqmedebis konstantiT J0=8.0 hc, 
Jm=4,5 hc.  

>N-CH2-CH2-N<  meTilenuri dajgufebisa da –C(CH3)2  meTilis jgufebis 
protonebis Sesabamisi signalebi vlindebian singletebis saxiT iseve, 
rogorc sawyis fiSeris fuZeSi (ix. cxrili 5). 

miRebuli produqtis 22 iw speqtrSi SeiniSneba pikebi: 1628(-CHO); 1581; 

1535 (C=C)sm-1, xolo ui speqtrSi ki   λ nm (lg): 165(1.29); 327.29 (1.89); 368.27 
(2.05). 

aqedan gamomdinare, 35C-ze Catarebuli reaqciis Sedegad warmoqmnili 
produqti warmoadgens fiSeris bisaldehids, struqturiT 22, romelic 
xsnarSi SeiZleba arsebobs Z da E izomerebis narevis saxiT. 

am naerTis struqturis molekuluri modeli, sadac dafiqsirebul 
iqna meTilenformiluri jgufebis Z da E konfiguracia mocemulia suraT-
ze 1.  

60C-ze Catarebuli reaqciisas gamoyofili produqtis 23 1
H-bmr speq-

trSi SeiniSneba aldehidis jgufis protonis Sesabamisi dubleti velis 
yvelaze sust ubanSi (10.04 d). igive spin-spinuri urTierTqmedebis kon-
stantis dubleti mJRavndeba 5.47 mn ubanSi, rac mivakuTvneT aldehidis 
jgufTan SeuRlebuli =CH-CHO protons. egzocikluri =CH2- jgufis 
protonebis signali mJRavndeba gafarToebuli singletis saxiT 4.04 mn-ze. 
qinoqsalinis birTvis N-CH2-CH2-NN jgufebis signalebi ori sxvadasxva 
birTvisaTvis mJRavndeba tripletebis saxiT da sawyisi naerTebis 
analogiur signalebTan SedarebiT gadanacvlebulia susti velis 
ubnebSi. 

benzolis birTvebis aromatuli protonebi mJRavndeba multipleturi 
signalebis saxiT ubnebSi 7.36-7.39; 7.24-7.27; 8.07-8.09 da 7.98-8.00 mn. velis 
Zlier ubanSi SeimCneva meTilis jgufebis protonebis Sesabamisi sin-
gleturi signalebi. saintereso iyo cianinuri jgufis maxasiaTebeli 
=CH-CH=CH- protonebis signalebis dafiqsireba speqtrSi. 2-meTilenindo-
linisagan warmoqmnili analogiuri naerTis msgavsad [94],  speqtrSi Seim-
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Cneva dubleturi signalebi spin-spinuri urTierTqmedebis konstantebiT 
(11-13 hc), rac protonebis ganlagebis trans-konfiguracias Seesabameba. 

gadaRebul iqna aseve fiSeris aldehidebis 13C-bmr speqtrebi, romel-
Ta Sedarebisas sawyisi Sesabamisi fiSeris fuZeebis 13

C-bmr -speqtrebTan 
moxda maTi interpretacia. diformilnawarmebis 20, 22 13

C-bmr speqtrebSi 
vlindeba formilis CHO, hem-meTiluri (CH3)2, egzocikluri =CH, N-CH3  
da N-CH2  jgufebis naxSirbadatomebis signalebi. aseve vlindeba piro-
lis birTvebisa da benzolis birTvebis meoTxeuli naxSirbadatomebisa 
da aromatuli C-H jgufebis naxSirbadatomebis Sesabamisi signalebi. 
speqtrebis monacemebi motanilia cxrilSi 5. 

13
C-bmr speqtrebis monacemebi motanilia cxrilSi 6. 

naerTebis 20, 21, 22 maRali garCevadobis mas-speqtrebSi dafiqsirebu-
lia molekuluri ionebis pikebi, Sesabamisi mniSvnelobebiT: 

M
+  

374. 1999 (72.5%),      M
+  

374. 1994 (100%),      M
+  

372. 1838(100%).
 

naerTis  23 mass-speqtrSi molekuluri ionis piki ar fiqsirdeba. 
speqtrSi maqsimaluri pikis saxiT mJRavndeba fragmentuli ionis piki 
masiT [M-317]

+
=354 (100%). es ukanaskneli SeiZleba warmoiqmnas cianinuri 

dimeris daSliT, CH-CH - roca molekuluri ionisagan ixliCeba 
fragmenti b masiT 317(9,6%). igi Seesabameba 1,1,2,8,8-pentameTil-7-meTilen-
dipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis ions b, xolo darCeni-
liFfragmentis a mdgradoba, albaT, gamowveulia Semdegi struqturis a 
warmoqmniT. mass-speqtris es monacemebi ar ewinaaRmdegeba Cvens mier war-
modgenil struqturas 23 naerTisaTvis. 

 
sqema 10 

 

N

N

C

N

N

CH2

Cl

C

C

O

H3C

a
b

 
miRebuli cianinuri naerTis 23 infrawiTel speqtrSi SeiniSneba STan-

Tqmis zoli 1565 sm-1 (>C=C<) ubanSi, xolo ultraiisfer speqtrSi gvaqvs 

STanTqmis maqsimumebi λ ნმ(lgε): 267(0.92); 315(0.7); 378(0.72); 539.5(0.21);613(0.27).  
warmodgenili speqtrebis monacemebi ar ewinaaRmdegeba Cvens varauds, 

60C-ze formilirebisas cianinuri saRebaris  23 warmoqmnas. 
amrigad, dimeTilendipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis (17) vi-

lsmaieris reaqciis pirobebSi Catarebuli formilirebis Sedegad Cvens 
mier gamoyofili da daxasiaTebul iqna ori produqti:  diformilnawarmi 
- fiSeris aldehidis bis-analogi 22 da reaqciis anomaluri produqti 23, 
romelic, savaraudod, miiReba warmoqmnili diformilnawarmis 22 
Semdgomi gardaqmnis Sedegad, mocemuli reaqciis pirobebSi (sqema 10). 
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cxrili 5 
fiSeris aldehidebis 20-23  1H-bmr speqtrebis monacemebi D6 –dmso-Si, , mn, hc 

 
№ 

 

=CH- 
egzocikl 

 

C(CH3)2 

 

N-CH3 

 

N-CH2 

 

Ar-H 

 

-CHO 

 

J 

 

20 
 

 

5.50 d 

 

1.65 s 

 

3.75 s 

-  

8.437-7.493 

 

10.00 d 

 

J=CH-CHO=8.8 

 

 

21 

 

5.25 d 

 

1.95 s 

 

3.36 s 

-  

8.00 d (4-H); 7.43 d (5-H) 

 

9.90 d 

 

J4,5=8.8;   J=CH-CHO=8.4 

 

 

 

 

22 

 

 

5.45 d 

 

1.92 s 
 

- 

 

 4.03 s 

 

8.07 dd(9-H); 8.37 dd(10-H) 
 

10.02 d 
 

J9,10=6.8; J9,11=3.6;  

J=CH-CHO=8.8 

 
 

5.44 d 

 

 

1.64 s 

 

- 

 

 4.03 s 

 

8.07 dd(9-H);  8.37 dd(10-H) 

 

9.79  d 

 

J=CH-CHO=7.2;  J9,10=6.8;  

J9,11=3.6 

 

 

 

23 

 

 

4.04 br s(2H)  (=CH2) 

5.47 d (=CH-CHO) 

6.35 d (-H), 

 5.73 d (-H), 

5.46 d (-H) 

 

1.93s(12H) (C-1-Tan,C-

8Tan) 

1.58 s (6H) ( C-8 -Tan) 

1.65 s (3H) (C-1Tan) 

1.48 s (3H) 

 

 

2.33 t (4H) 

4-H2 , 5-H2 

2.67t (2H) 

5-H2  

2.00br s(2H) 

4

-H2 

 

 

 

- 

 

7.98-8.00 (2H)  (9-H,12-H) 

  7.24-7.27 (2H)  (10-H,11-H) 

 8.07-8.09 (2H)  (9-H,12-H) 

  7.36-7.36 (2H)  (10-H,11-

H) 

 

 

10.04 d 

 

J=CH-CHO=8.8 

JCH2CH2=1.6 

J=14.4 

J=11.2 

J=13.2 
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cxrili 6 
 

fiSeris aldehidebis 20, 2213C bmr speqtrebis monacemebi D6 –dmso-Si, , mn   

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

#  
CHO 

( 
CH3)2 

=CH- 
egzo
cikl 

 
N-CH3 

 
   C-1 

 
C-2 

 
C-3 

 
C-3a 

 
C-10b 

 
C-10a 

 
C-5a 

 
C-5 

(C-H) 

 
C-4 

(C-H) 

 
20 

 
202.76 

 
29.80 

 
79.51 

 
68.14 

-  
211.09 
 

 
74.31 

 
   170.13 

 
177.07 

 
155.18 

 
157.0
4 

 
99.43 

 
 126.03 

 
22 

 
147.03 

 
27.93 

 
99.87 

 
N-(CH2)2-N 

 

   

C-1=C-8 
 

  

C-2=C-7 
 

 
- 

 

C-12b=1a= 

=C-8 

 

C-3a=C-

6a 

 

C8=C12a 

 
- 

 

C-10=C-11 
 

C-9=C-12 

53.49 
 

  52.93 185.07  123.14 126.86 125.59 - 123.68 123.14 
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suraTi 1 
2,7-di(formilmeTiliden)-1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-dipirolo[1,2,3,-d,e:3,2,1-i,j]benzo[g]qinoqsalini (22)                                                                                 

 
 

 
                             cis-izomeri (Z)                                          trans-izomeri (E) 
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2.3.4.  fiSeris fuZeebi azoSeuRlebis reaqciebSi 

azoSeuRlebis reaqciebi sakmaod kargadaa Seswavlili indolebisa 
da indolSemcveli sistemebis rigSi [99-103]. aqtiur nawilaks warmoad-
gens eleqtrofiluri agenti – diazoniumis ioni, ArN2

+, romlis reaqci-
isunarianoba izrdeba eleqtroaqceptoruli jgufis Seyvanisas.  

cnobilia [104, 105, 106] rom diazoniumis ioni iSleba tute areSi ram-
denime axali prduqtis warmoqmniT, romelTa Sorisac myardeba Semdegi 
wonasworoba:       

        

Ar-NNCl Ar-NNOH

kaliumis diazotati

diazomJava

nitrozamini
     

(pH7)

KOH

diazoniumis qloridi 
(mJava are)

H

diazoniumis 
hidroqsidi

pH

Ar-NN

Ar-NN-OH

Ar-NN

(tute are)

(pH

 
 
azoSeuRlebis reaqciebisaTvis damaxasiaTebelia maRali SerCevi-

Toba. sareaqcio aris pH Zlier gavlenas axdens reaqciis warmarTvaze. 
azoSeuRlebis reaqciebi kargad aris Seswavlili aseve izomeruli 
dipirolonafTalinebis rigSi. Caunacvlebeli indoloindolebisa da 
benzopiroloindolis azoSeuRlebis reaqciebi Catarebulia sxvadasxva 
diazoSemadgenlebTan: p-brom, p-nitro- da p-sulfamid- fenildiazo-
niumis marilebTan da diazotirebul p-aminobenzosulfamidTan. yvela 
SemTxvevaSi reaqciis ZiriTad produqtebs warmoadgenen pirolis 

birTvis  an -mdgomareobaSi monoCanacvlebuli azonaerTebi [93, 94, 103]. 
sainteresoa is, rom dipirolonafTalinebis monoazonawarmebma gamo-

amJRavnes maRali antimikrobuli aqtiuroba sxvadasxva saxis tuberku-
lozis baqteriebis mimarT [107]. 

zemoTqmulidan gamomdinare, Cven davinteresdiT, migveRo indoloin-
dolisa da dipirolobenzoqinoqsalinis birTvis Semcveli axali diazo-
naerTebi maTi SesaZlo biologiuri aqtiurobis Seswavlis mizniT.  

meores mxriv, rogorc literaturul mimoxilvaSi avRniSneT, 2-meTi-
lenindolinebi advilad Sedian azoSeuRlebis reaqciebSi, ris Sedega-
dac warmoiqmneba azosaRebrebi. 

amitom, sadisertacio naSromis Semdeg nawilSi Cvens mier Seswavli-
lia azoSeuRlebis reaqciebi sinTezirebuli fiSeris fuZeebis bis-ana-
logebTan. 

 
 

2.3.4.1. azoSeuRlebis reaqciebi fiSeris fuZis 
bisanalogebis  bazaze 

 

Cvens mier Catarebul iqna 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-
dimeTilendipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis  (17) da 1,1,3,8,10,10-
heqsameTil-2,9-dimeTilenindolino[4,5-e]indolinis (15) azoSeuRlebis 
reaqciebi fenil-, p-brom-, p-nitro- da p-sulfamid- fenildiazoniumis 
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qloridebTan. potenciuri biologiurad aqtiuri naerTebis miRebis miz-
niT [108] . 
azoSeuRlebis reaqciebi Catarebul iqna 15,  17 naerTsa da fenildia-

zoniumis marilebs Soris Caunacvlebeli benzopiroloindolis analo-
giuri meTodikiT, Semdegi sqemebis mixedviT (sqema 11-12): 

 
sqema 11 

 

N

N

CH2

CH2

+

R

Cl-2 2 Cl-

N

N

N

CH-N=N-C6H4R

CH-N=N-C6H4R

NaOH

- 2 Cl-

 R=H, Br, NO2,  SO2NH2

N

17

24, 25, 26, 27

N

N

CH=N-NH-C6H4R

CH=N-NH-C6H4R

 
 

 
sqema 12 

 
 

NN

H2C CH2

NN

R-C6H4-HN-N=HC CH=N-NH-C6H4-R

+ 2Cl-

NN

RC6H4-N=N-HC CH-N=N-C6H4R
NaOH

-2Cl-

R = Br,  SO2-NH2

R

Cl-2

N N

15

 29,30

 
 
 

 sabazo nivTierebebis, 15, 17 wyalSi cudad xsnadobis gamo azoSeuR-
leba Catarebul iqna wyali-dioqsanis xsnarSi (pH 7). fiSeris fuZeebze 15, 
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17 Sesabamisi fenildiazoniumis marilebis damateba xdeba -3-5C-ze 
mudmivi morevis pirobebSi. reaqciaTa pirvel safexurze warmoqmnili 
dihidrazonebi, gamoyofis gareSe, tutiT damuSavebis Sedegad gadayvanil 
iqna Sesabamis diazonaerTebSi (24-30) [108]. 

azoSeuRlebis reaqciis produqtebi gamoyofil iqna Seferili fxvni-
lebis saxiT. 

am naerTTa struqtura Seswavlilia speqtraluri meTodebiT. 
literaturidan cnobilia [109], rom azonaerTebis infrawiTel 

speqtrSi diazojgufis –N=N- maxasiaTebeli STanTqmis zoli mJRavndeba 
mcire intensiurobiT 1429 sm-1-is ubanSi. Cvens mier sinTezirebuli azo-
naerTebis iw speqtrebSic fiqsirdeba –N=N- jgufebis STanTqmis zolebi, 
mxolod zogierT SemTxvevaSi diazojgufis STanTqmis zolebi emTxveva   
vazelinis zeTis STanTqmis zols. speqtrebSi qreba sawyisi fiSeris 
fuZeebisaTvis damaxasiaTebeli egzocikluri =CH2 jgufis STanTqmis 
zoli 1643sm-1-ze da vlindeba axali STanTqmis zolebi =CH- jgufisa,  
romelic SeuRlebulia  –N=N-diazojgufTan da vlindeba erTi an ori 
zolis saxiT 1527-1681 sm-1 ubnis farglebSi. garda amisa, calkeuli 
naerTis iw speqtrSi vlindeba Sesabamisi funqciuri jgufebis STanTqmis 
zolebi (monacemebi ixileT eqsperimentul nawilSi). 

Seswavlili iqna miRebuli azonaerTebis, 24-30 1
H-bmr speqtrebi. 

1
H-bmr speqtrebidan Cans, rom sinTezirebuli naerTebi simetriuli 

agebulebisaa, radgan speqtrebSi fiqsirdeba signalebis erTi wyeba, rac 
miuTiTebs, rom azoSeuRlebis reaqciebis Sedegad warmoqmnilia bis-azo-
naerTebi.  

sinTezirebuli azonaerTebis: 2,7-bis-(fenilazomeTiliden)-1,4,5,8-tetra-
hidro-1,1,8,8-tetrameTildipirolo[1,2,3,-d,e: 3,2,1-i,j]benzo[g]qinoqsalinis (24),   

2,7-bis-(p-bromfenilazomeTilen)1,4,5,8-tetrahidro-1,1,8,8-tetrameTildipi-
rolo[1,2,3,-d,e:3,2,1-i,j]benzo[g]qinoqsalinis (25), 2,7-bis-(parasulfamidfenil-
azomeTiliden)1,4,5,8-tetrahidro-1,1,8,8-tetrameTildipirolo[1,2,3,-d,e:3,2,1-
i,j]benzo[g]qinoqsalinis (26),B2,7-bis-(parasulfamidfenilazomeTiliden)1,4,-
5,8-tetrahidro-1,1,8,8-tetrameTildipirolo[1,2,3,-d,e:3,2,1-i,j]benzo[g]qi-
noqsalinis (27), B2-(fenilazomeTiliden)-1,1,3,8,10,10-heqsameTil-9-meTilen-
indolino[4,5-e]indolini(28). 2,9-bis-(p-bromfenilazomeTiliden)1,1,3,8,10,10-
heqsameTilindolino[4,5-e]indolinis (29) 1

H-bmr speqtrebis Sedarebisas 
Sesabamisi fiSeris fuZeebis 15, 17 1

H-bmr speqtrebTan egzocikluri =CH2 

jgufebis protonebis signalebis nacvlad mJRavndeba Canacvlebuli 
meTilenis jgufis =CH-N=N- protonebis singleturi signalebi, 
romlebic gadaweulia susti velisaken da mJRavndeba 7.3-7.8 mn ubanSi. 
aseve speqtrebSi mJRavndeba fenilis jgufebis protonebis Sesabamisi  
signalebi. rac Seexeba hem-meTiluri jgufebis protonebis signalebs, 
romlebic fiSeris fuZeebSi iZlevian erT singlets, azonaerTebSi isini 
mJRavndebian ori gansxvavebuli singletis saxiT, rac gamowveulia 
Canacvlebuli azojgufebis gavleniT. speqtrebis sruli monacemebi 
ixileT eqsperimentul nawilSi. 

sinTezirebuli azonaerTebis 2,7-bis-(fenilazomeTiliden)-1,4,5,8-tet-
rahidro-1,1,8,8-tetrameTildipirolo[1,2,3,-d,e: 3,2,1-i,j]benzo[g]qinoqsalinis 
(24) mas-speqtrebSi molekuluri ionebi ar fiqsirdeba, radgan isini advi-
lad iSlebian. magaliTisaTvis ganvixiloT mas-speqtris monacemebi. speqt-
rSi dafiqsirebuli fragmentuli ionebis pikebis mixedviT SesaZloa war-
movidginoT molekulis daSlis Semdegi savaraudo sqema (sqema 13):  
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sqema 13 

 
 

 

524

370 368(1.8)

464 422(4.8) 394(7.2) 350(1.76)
-4CH3 -CH2N2 -C2H4 CH3-N=NH

 -2  -C6H5

-H2

 
 
garda sqemaze mocemuli ionebisa speqtrSi fiqsirdeba fragmentaciis 

Sedegad moxleCili savaraudo ionebis maRali intensiurobis pikebi, 
romlebic Seesabameba Semdeg ionur fragmentebs (cxrili 7): 
 

cxrili 7 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
speqtrSi arsebuli difenilis molekuluri ionis pikisa C6H5 -C6H5 da 

parafenilanilinis pikebis, C6H5 - C6H4- NH2 arseboba gvaZlevs uflebas vi-
varaudoT, rom sinTezirebulia bis-azonaerTi 24. 
rogorc ukve avRniSneT, Caunacvlebeli benzo[e]pirolo[3,2-g]indolis azo-
SeuRlebis reaqciebis ZiriTad produqtebs warmoadgenen Sesabamisi mono-
azonawarmebi [103].  

fiSeris fuZis 17 azoSeuRlebis reaqciebis Sedegad ki sinTezirebu-
lia Sesabamisi bis-azonaerTebi (24, 25, 26, 27). es SeiZleba aixsnas imiT, 
rom Caunacvlebel heterociklSi erT pirolis birTvSi fenilazojgufis 
eleqtro-aqceptoruli gavlena iwvevs meore pirolis birTvis SedarebiT 
inaqtivacias da masSi meore azojgufis eleqtrofiluri Canacvleba 
gaZnelebulia. xolo fiSeris fuZis bisanalogSi, dipirolo[1,2,3,-de;3,2,1-

i,j]benzo[g]qinoqsalinSi 17, SeuRlebuli sistemis ararsebobis gamo fenil-
azojgufis eleqtronul-aqceptoruli efeqti ar gadaecema meore meTile-
nis jgufs da Sesabamisad, adgili aqvs eleqtofilur Canacvlebas orive 
meTilenur jgufSi. 

m/e ionuri fragmenti 
 
77 (84) 
 

 

C6H5 

 
93 (100) 
 

 

C6H5-NH2 

 
154 (76) 
 

 

C6H5 -C6H5 

 
169 (99.2) 
 

 

C6H5 - C6H4- NH2 
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fiSeris fuZis 15 azoSeuRlebisas  fenildiazoniumis qloridTan  
reaqciis ZiriTadi produqti aris monoazonawarmi 28, rac dadgenilia 1

H 

–bmr speqtrebze dayrdnobiT. 
fiSeris fuZis 15 azoSeuRlebis reaqciis produqtebis, bisazonawarme-

bis 29,30 gamosavlianoba sagrZnoblad dabalia, xolo fenildiazoniumis 
qloridTan azoSeuRlebisas gamoyofilia ZiriTadad monoazonawarmi 28. 
unda aRiniSnos, rom azoSeuRlebisas Sualedur stadiaze warmoqmnili 
ionis tutiT damuSavebisas SeiniSneboda produqtis daSla (airis buS-
tebis gamoyofa), ramac savaraudod, gamoiwvia dabali gamosav-li-anoba da 
monoproduqtis warmoqmna. 

 sainteresoa azonaerTebis ui speqtrebi. maTSi Cndeba STanTqmis 
axali maqsimumebi grZeltalRian ubanSi, rac gamowveulia eleqtrofilu-

ri Canacvlebis Sedegad -eleqtronebis SeuRlebis jaWvis gazrdiT saw-
yis fiSeris fuZesTan SedarebiT. cxrilSi 8 motanilia fiSeris fuZeebis, 
Sesabamisi aldehidebis da azonaerTebis ui speqtrebis monacemebi, sadac 
naTlad Cans STanTqmis maqsimumebis  gadanacvleba. 
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cxrili 8 

 
naerTebis 10, 15, 17, 20, 22, 23, 24, 25, 26, 28 , 29, 30  ui speqtrebis monacemebi 

 
 
 
 
 

 
 
 
 
 
 
 
 
     
 
 
 
 
 

2.4 dipirolonafTalinebis dihidrazidebis sinTezi da gardaqmnebi 
 
cnobilia, rom karbonmJavaTa nawarmebi  azidebi, hidrazidebi, ami-

debi da maTi warmoebulebi policiklur sistemebTan xasiaTdebian bio-
logiuri aqtiurobiT. maT mier gamovlenilia neirotropuli, anTebis 
sawinaaRmdego, analgetikuri da antihipoqsuri Tvisebebi. zogierTi 

 
naerTi 
 

 
λmax,   nm (lg ε), eTilis spirtSi 

 
10 

 

 
348.00(2.341),  368.00(3.194),  383.00(2.899) 

 
15 

 

 
218.00 (3.306),  246.00 (3.418),  259.00(3.396),  297.00(4.058),    
380.00(1.017),   541.00 (0.171) 
 

 
17 

 

 
287.00(3.583), 368.00 (1.516), 381.00(1.573), 
 

 
20 

 

 
197.00(0.348), 213.00(0.403), 255.00(0.400),  396.00(0.308) 

 
22 

 

 
230.016(0.79),  247.35(0.80), 267. 00 (0.92), 315.00(0.70), 539.5(0.21),   
572.89(0.20), 613.00(0.27) 
 

 
23 

 

 
265.00(1.29), 327.29(1.84), 368.27 (2.05) 

 
24 

 

 
203.00(0.7869),  249.00(0.5691),  464.00 (0.2156) 

 
25 

 

 
205.00(0.271),  267.00 (0.266) 

 
26 

 

 
207.00 (0204),  395.00 (0.160),  519.00 (0.163) 

 
28 

 

 
205.00 (0.340), 289.00(0.221), 453.00(0.180) 

 
29 

 

 
221.00(0.248), 258.00 (0.232), 301.00 (0.233), 464.00(0.119) 

 
30 

 

 
205.00 (0.297), 274.00(0.323), 496.00(0.104) 
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maTgani xSir SemTxvevaSi am TvisebebiT aWarbeben samedicino praqtikaSi 
cnobil iseT preparatebs, rogorebicaa: dibazoli, analgini da sxv.  

dadgenilia, rom ZmarmJavas eTerebis molekulebSi eTeruli  jguf-
is blokireba hidrazinis naSTiT iwvevs nivTierebis toqsikurobis Semci-
rebas, anTebis  sawinaaRmdego da antiseptikuri moqmedebis gaZlierebas 
[110]. 

meores mxriv, dipirolonafTalinebis bevrma nawarmma gamoamJRavna 
sxvadasxva saxis biologiuri aqtiuroba. 

hidrazidebi sakmaod reaqciisunariani naerTebia. mravali hidrazidi 
fiziologiurad aqtiuria da es zrdis maTi gamoyenebis sferos. cno-
bilia indolis birTvis Semcveli hidrazidebi, romelTa safuZvelzec 
miRebulia mravali saintereso naerTi. 

Cvens mizans Seadgenda benzopiroloindolisa da indoloindolis 
birTvis Semcveli dihidrazidebis sinTezi da maTi Tvisebebis Seswavla 
kondensaciis reaqciis pirobebSi. warmoqmnili hidrazonebi warmoadgenen 
saintereso naerTebs SemdgomSi maTi biologiuri aqtiurobis Seswavlis 
mizniT.  

sawyis etapze Cvens mier sinTezirebuli iqna amosavali nivTierebebi 
- dihidrazidebi. 

dikarbohidrazidbenzo[e]pirolo[3,2-g]indolis (33) sinTezi ganxor-
cielebul iqna Semdegi sqemiT (sqema 13) [111]:     

 
 

sqema 13   
 
                    

OH

OH

NHNH2

NHNH2
NHN

N2H4 pymee
pfmee

NHN

COOC2H5

COOC2H5

NH

H
N

NH2-NH2.H2O

O

O

O

O

H
N

NH

NH

O

H2N

O

HN

H2N

1 2

32 33

31

                     
                                                                                                                                          

2,3-dioqsinafTalinis (1) duRiliT hidrazinhidratTan eTilis spir-
tis areSi, warmoiqmneba 2,3-nafTilendihidrazini (2). misi urTierTqmede-
biT piroyurZnismJava eTilis esTerTan miiReba dihidrazoni 31. dihidra-
zonis ciklizaciiT pfmee-Si warmoiqmneba dieToqsikarbonilbenzo[e]pi-
rolo[3,2-g]indoli (32). dieTeris 32 urTierTqmedebiT hidrazinhidratTan 
izopropanolis areSi 3 sT-is ganmavlobaSi warmoiqmneba 2,9-dikarbo-
hidrazidbenzopiroloindoli (33). 
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2.4.1. dikarbohidrazidindolo[5,4-e]indolis sinTezi 

 analogiuri sqemiT  ganxorcielebul iqna axali izomeruli dihid-
razidis 38 sinTezi 2,7-dikarboeToqsiindolo[5,4-e]indolis [112, 113] baza-
ze (sqema 14):  

 
 

 sqema 14 
 
 

N2H4 pymee

OH

HO

NHNH2

H2NHN

NH2-NH2.H2ONH

HN

NH

HN

pfme

O

O

O

O

O

NH

NH2

O

HN

H2N

34 35

37 38

36

H
N

N

N
H

N

C2H5OOC

COOC2H5

 
2,6-dioqsinafTalinis (34) duRiliT  hidrazinhidratSi 50 sT-is gan-

mavlobaSi xdeba hidroqsilis jgufebis nukleofiluri Canacvleba hi-
drazinis jgufiT da miiReba 2,6-nafTilendihidrazini (35), romlis ur-
TierTqmedebiT pymee-Tan warmoiqmneba Sesabamisi dihidrazoni (36). misi 

ciklizaciiT pfmee-ebis narevSi 105C warmoiqmneba 2,7-dieToqsikarbonil-
indolo[5,4-e]indoli (37). miRebuli dieTeris (37) hidrazinoliziT izo-
propilis spirtis areSi hidrazinhidratTan  duRilis pirobebSi 2 sT-is 
ganmavlobaSi, warmoiqmneba 2,7-dikarbohidrazidindoloindoli (38). 

  sinTezirebuli dihidrazidis 38 agebuleba dadgenilia speqtruli 
meTodebiT. 

 iw speqtrSi SeiniSneba NH-bmebis sami zoli, romelic Seesabameba 
hidrazinuli NH2-jgufis, indoluri NH-jgufisa da amiduri NH-jgufis 
maxasiaTebel rxevebs. speqtrSi vlindeba aseve C=O jgufis STanTqmis 
zolebi I amiduri zolisa da II amiduri zolebis saxiT. 

dihidrazidis 1H-bmr speqtri Seesabameba simetriul molekulas. 
speqtrSi sust velSi mJRavndeba indoluri N-H protonebis erTi sing-
leturi signali (11,85 mn). 9,73 mn-is ubanSi vlindeba (CO-NH) amiduri 
protonebis erTi singleturi signali. rac Seexeba hidraziduli NH2 
protonebis signals, igi mJRavndeba Zlier velSi erTi gafarToebuli 
signalis saxiT, romlis intensiuroba oTxi protonis Sesabamisia. speq-
tris aromatul ubanSi vlindebian nafTalinisa da pirolis birTvebis  
protonebis Sesabamisi signalebi. pirolis birTvis β-protonis signali 
mJRavndeba 7,70 mn-is ubanSi erTi gafarToebuli signalis saxiT, xolo 
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nafTalinis birTvis protonebi iZlevian or dublets (7,90, 7,63 mn), 
Sesabamisi orTo-urTierTqmedebis konstantebiT. 

dihidrazidis (38) mas-speqtrSi registrirdeba molekuluri  M
+ da  

(M-1)+ ionebis Sesabamisi pikebi, romelTa Semdgomi fragmentacia ar ewina-
aRmdegeba warmodgenil struqturas. am ionebis Semdgomi fragmentaciis 
SesaZlo sqemebi aseTia (sqema15): 

 
 
 
 

sqema 15 
 

M+ 322(18.4) 305(74.4) 258(84) 232(54.4)

204(92) 177(100) 150(51.2)

-NH3 -O-NHNH2 -CN

-CO -HCN -HCN

 

(M-1)+  321(64) 290(16) 258(84) 230(90.4)

204(92) 176(73.6) 150(51.2)

-NH-NH2
- N2H4 - CO

-CN -CO -CN

 
 

(M-1)
+ ionis fragmentacia mimdinareobs benzopiroloindolisa 33 da 

indolo[5,4-e]indolis dihidrazidebis 38 [111] molekuluri ionebis analo-
giurad. sawyis stadiaze xdeba karbonilis jgufTan C-N bmis martivi gaw-
yveta da NH-NH2 nawilakis moxleCva, xolo Semdeg eliminirdeba 
hidrazinis molekula 258 masis fragmentuli ionis warmoqmniT. am ionis 
Semdgomi daSla mimdinareobs Tanamimdevrulad HCN da CO jgufebis 
moxleCviT. 

 
 
2.4.2. dihidrazidebis kondensaciis reaqciebi karbonilur naerTebTan 

 
 

sinTezirebuli dihidrazidebis Tvisebebi Seswavlili iqna karbo-
nilur naerTebTan maTi urTierTqmedebis reaqciebis magaliTze. hidrazi-
debis urTierTqmedebiT karbinolur naerTebTan, amidebis msgavsad unda 
warmoiqmnas hidrazonebi, romlebsac Cveulebrivi hidrazonebisagan gan-
sxvavebiT SeiZleba vuwodoT  hidrazidohidrazonebi [59]. 

 karboniluri jgufis naerTebidan Cvens mier SerCeul iqna meTi-
leTilketoni, cikloheqsanoni da acetiladamantani. warmoqmnili hid-
razonebi sainteresoni arian maTi biologiuri aqtiurobis Seswavlis 
TvalsazrisiT. acetiladamantanis SerCeva ganpirobebuli iyo imiT, rom 
adamantanis Semcveli mravali hidrazidi da hidrazoni xasiaTdeba an-
tivirusuli aqtiurobiT [114]. 
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2.4.2.1. hidrazidebis kondensacia meTileTilketonTan 

 
 

indoloindolis da benzopiroloindolis dihidrazidebs Warbad va-
matebT meTileTilketons, romelic amave dros gamxsnelis rols asru-

lebs da ramodenime wveT ZmarmJavas. reaqcia mimdinareobs 80-82C  2sT-is 
ganmavlobaSi. reaqciis Sedegad gamoyofil naleqs, vfiltravT. gasuf-
Tavebis mizniT vrecxavT izopropanoliT, Semdeg eTeriT. reaqciebi 
mimdinareobs Semdegi sqemis mixedviT (sqema 16) [112, 113, 115]: 

sqema 16  
    
 

NH

HN

NH

HN

CH3COC2H5

O

NH

NH2

O

HN

H2N

NH

O

N

HN

O

N

NH

H
N

NH

H
N

NH

O

H2N

O

HN

H2N

O

NH

N

HN

O

N

38
40

33

39

CH3COC2H5

 
 
 
 
 

2.4.2.2. hidrazidebis kondensacia  cikloheqsanonTan 
 
 

sinTezirebuli dihidrazidebis kondensacia cikloheqsanonTan 
Catarebul iqna hidrazidebis urTierTqmedebiT Warb cikloheqsanonTan 

ramdenime wveT ZmarmJavas Tanaobisas 100C-ze 2 sT-is ganmavlobaSi. war-
moiqmneba naleqi, romelsac vfiltravT, gasufTavebis mizniT naleqs vre-
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cxavT izopropanoliT, Semdeg eTeriT. reaqciebi mimdinareobs Semdegi 
sqemiT (sqema 17): 

 
sqema 17 

H
N

NH H
N

NH

O

NH

H2N

HN

H2N

O

O

O

NH

N

HN

N

HN

HN

HN

HN

NH

O

NH2

O

HN NH2

NH

O

N

HN

O

N

O

41

42

38

33

 
 
 
 
 
 

2.4.2.3. hidrazidebis kondensacia acetiladamantanTan 
 
 

rogorc avRniSneT, adamantanis Semcveli bevri hidrazidi da maTgan 
miRebuli hidrazonebi gamoirCevian antivirusuli aqtiurobiT. amitom 
karbonilur komponentad SevarCieT aseve adamantanis Semcveli ketoni – 
acetiladamantani. kondensaciis reaqciebi Catarebul iqna dimeTilfor-
mamidisa da izopropanolis narevSi. 

acetiladamantans vxsniT izopropanolSi, hidrazidebis xsnars ki 
dimeTilformamidSi da vumatebdiT ramodenime wveT ZmarmJavas. reaqciebi 

tareba 78 C-ze 3 sT-is ganmavlobaSi. warmoqmnil naleqs vfiltravT. 
gasufTavebis mizniT naleqs vrecxavT izopropanoliT, Semdeg eTeriT. 
reaqciebi mimdinareobs Semdegi sqemiT  (sqema18) [112,113,115]: 
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sqema 18 
 

NH

HN

NH

HN

AdCOCH3

NHNH2

O

H2NHN

O

HN

ON

Ad

NH

O

N

Ad

AdCOCH3

NH

H
N

NH

H
N

O

NH

H2N

O

HN

H2N

O

NH

N

Ad

HN

O

N

Ad

43

44

33

38

 
 
 

2.4.2.4 hidrazidohidrazonebis speqtruli analizi 
 
 

39, 40, 41 da 42 naerTebis iw speqtrebSi SeiniSneba saerTo kanonzomi-
ereba; speqtrebSi qreba hidraziduli NH2 bmis maxasiaTebeli STanTqmis 
zolebi 3400-3410 sm-1 ubanSi, xolo amidur CO-NH bmaSi monawile NH da C=O 
jgufebis maxasiaTebeli STanTqmis zolebi vlindebian Sesabamisad 3150-
3280 sm-1  da 1640-1670 sm -1 ubnebSi. speqtrebSi mJRavndeba aseve reaqciebis  
Sedegad warmoqmnili C=N bmis maxasiaTebeli STanTqmis zolebi 1535-1610 
sm-1 ubanSi. adamantanis birTvis Semcvel hidrazonebSi 15 da16 vlindeba 
aseve adamantanis C-C da C-H bmebisaTvis maxasiaTebeli STanTqmis zolebi 
2600-2730sm-1 ubanSi. 

1H-bmr speqtrebis analizidan Cans, rom speqtrebSi vlindeba sig-
nalebis erTi wyeba, rac molekulebis simetriulobis damadasturebelia. 
yvelaze susti velis ubanSi (1185-1199mn) mJRavndeba indoluri protonebis 
signalebi singletis an gafarToebuli singletis saxiT. amiduri 
protonebis gafarToebuli signalebi vlindebian 10,32-10,60 mn-is ubanSi. 
aromatuli protonebis ubanSi vlindebian nafTalinis birTvis α da β 
mdgomareobis Sesabamisi protonebi dubletebis an dublet-dubletebis 
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saxiT, damaxasiaTebeli orTo da meta-konstantebiT. am protonebis 
signalebs Soris vlindeba pirolis birTvis β-mdgomareobis protonebis 
signali dubletis an gafarToebuli singletebis saxiT. meTilis jgufis, 
cikloheqsanonis birTvisa da adamantanis birTvis Sesabamisi protonebis 
signalebi vlindebian speqtris yvelaze Zlier ubanSi. signalebis 
mikuTvneba calkeuli protonebisaTvis motanilia cxrilSi 8. 

saintereso Sedegebia miRebuli hidrazidohidrazonebis mas-speqtre-
bis analizisas. rogorc ukve avRniSneT, izomeruli dipirolonafTali-
nebis dihidrazidebis mas-speqtrebSi molekuluri ionebis fragmentaciis 
sqemebi erTmaneTis analogiuria [111]. isini emsgavsebian agreTve 
literaturidan cnobili benzopiroloindolis dikarbonmJavas diqlor-
anhidridisa da mis safuZvelze miRebuli diamidebis mas-speqtrebs [116]. am 
naerTebis mas-speqtrebSi molekuluri ionis fragmentaciisas orive 
karbonilis jgufTan bmebis gawyvetis  Semdeg Sesabamisi nawilakebis an 
molekulebis eliminirebis Sedegad warmoiqmneba fragmenti masiT 259 
maqsimaluri an maRali intensiurobis pikiT speqtrSi. SemdgomSi mimdina-
reobs Tanmimdevrulad HCN da CO jgufebis dakargva. 

Cvens mier miRebul hidrazido-hidrazonebis mas-speqtrebSic SeiniS-
neba molekuluri ionebis fragmentaciis analogiuri gza. maTSic dasaw-
yisSi xdeba gverdiTi jaWvidan Sesabamisi nawilakebis an molekulebis 
TandaTanobiT moxleCva. orive karbonilis jgufTan bmebis gawyvetis 
Semdeg aqac registrirdeba fragmentuli ioni masiT 259, romlis war-
moqmna mniSvnelovan rols asrulebs hidrazido-hidrazonebis Semdgomi 
fragmentaciisas. fragmentacia yvela SemTxvevaSi ramdenime mimarTulebiT  
SeiZleba warmovidginoT speqtrebSi arsebuli pikebidan gamomdinare. erT-
erTi saintereso mimarTulebaa, iseve rogorc diamidebis SemTxvevaSi 
[116], 259 masis fragmentuli ionis daSlisas N=C=C=O fragmentis dakarg-
vis dafiqsireba (pirolis birTvis daSla), romelic mniSvnelovani 
gansxvavebaa indolebis daSlis cnobili sqemidan.  

amrigad 39-42 naerTebis daSlis yvelaze ufro damajerebeli sqemebi 
speqtrebSi yvela pikebis gaTvaliswinebiT aseTia (sqema 19): 

sqema 19 
 

 
naerTi 39  

 
 

430(14.4)

-40

C3H4 390(92)
-45

-CH2-NH-NH2 345(18.4) -C3H4

-40

305(100)

CH3-NH-NH2

-46

259(51.2) -CO

-28
231(20.8) -HCN

-27
204(33.6)

-N=C=C=O

-54

150

-54

177(21.6)

-N=C=C=O
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naerTi 40  

430(76) 390(11.2) 345(25.6) 318(58.4)

259(100) 233(49.6) 179(27.2)

-54-26-59

-27-45-40

CHC-CH3 -CH2-NH-NH2 -CH=CH2

CH3-CH-NH-NH2

.
-CN -N=C=C=O

-112

-2C 4H8

204(28) 150(9.6)-NH=CH=C=O -N-C=C=O

 
 
 
naerTi 41 
 

M+ 482 (1.6) 386(1.8) 370(3.6)
-CH2CH2CH2CH2CH2C

-NH2

-CH2CH2CH2CH2CH2CH=N-NH2
259(48)

232(12)

206(27)

343(13.6)327(16)

178(60)147

- 96 -16 -111

-27

-26

-HCN

-16

-C2H3

H3C O

-31

-CO

-28

-CN

 
 
naerTi 42   
 

-CH2CH2CH2CH2CH2C

-27

-HCN -CO

-28

M+ 482 (100) 442(25.6) 402(17.6)

-40 -40

-CH2CN -CH2CN

-95

387(46.4)

-16

-NH2

371(93.6)
-CH2CH2CH2CH2CH2C 276(38.4)

-NH3

-17
259(92)

232(54.4) 204(40)
-HCN

177(38.4) -H2CO
147(16.8).

-95

-27 -30  
 

speqtrebSi agreTve registrirdeba molekuluri ionebis gverdiTi 
jaWvidan eliminirebuli ionebi Sesabamisi masis calkeuli pikebis saxiT. 
mag. naerTis 40 SemTxvevaSi intensiuri piki masiT 111 SeiZleba iyos 
eliminirebuli buTilenis ori radikalis gadabmis Sedegad warmoqmnili 
radikali C8H15, xolo naerTis 43 mas-speqtrSi registrirdeba adamantilis 
radikalisa da misi Semdgomi fragmentaciisas warmoqmnili damaxasiaTebe-
li ionebis [117] maRali intensiurobis pikebi. 
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cxrili 9 
 

naerTebis 39, 40, 41, 42, 43, 44 1H bmr speqtrebis monacemebi , mn, J, hc 
 
 
 
 
 
 
 
 
 
 

 
naerTi 
 

 

NH 
ind. 

 

NH 

(amiduri) 

 

3-H, 8-H 

 

4-H,7-H 

 

5-H, 6-H 

 

=C-CH3 

 

CH2 

 
CH2-CH3 

 
J 

 

40 
 
11.88 bs 

 

10.34 s 

 

7.99d 

 

8.15dd 

 

7.47 dd 

 

2.02 s 

(6H) 

 

2.36-2.42 

m(4H) 

 
1.06-1.24 

m(6H) 

 

J13=3.2; J45=5.2; 

J46=3.2;J56=6.0; 

J57=2.8 

 

 

41 
 
11.85 s 

 
10.59s 

 
7.94d 

 

8.18 m 
 

7.46 dd 
Hb Hc Ha  

- 
 
J45=6.0; J46=3.2  

1.61-1.77 

m(12H) 

 

2.35-2.46 

m(8H) 

 

43 
 
11.86 s 

 

11.15bs 

10.06 bs 

 
7.71d 

 
7.93dd 

 

7.31 dd 
 
1.82 s 

 

Ad 

1.48-153; 

1.60-1.75; 

1.86 

 

 
- 

 

J13=2.4; 

J45= J54=6.0 

J46= J57=3.6 

   1-H, 6-H 4-H, 9-H 5-H, 10-H     

 

39 
11.97 s 10.32 s  

7.88 bs 
 

8.03d 
 

7.68d 
 

2.03 s 
 

2.39 bs 

 

1.16 bs  

J45=8.6 

 

42 
 

1.98 b 
 

10.58s 
 

7.86 bs 
 

8.04d 
 

7.66d 
Hb Hc Ha _  

J45 =7.2 

 
1.64-1.77 

m(12H) 

2.25-2.40 

m(8H) 

 

 

    44 
 

11.99b s 
 

10.60 
 

7.89 bs 
 

8.06d 
 

7.71m 
 

- 
 

_ 

 

Ad 

1.70-1.81 

 

 

J45=7.6 
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literaturidan [117] cnobilia, rom adamantanis mas-speqtrSi 
molekuluri ionis fragmentaciisas warmoiqmneba fragmentuli ionebi 
m/z-is  Semdegi mniSvnelobiT: 

 
 

M+ 136(AdH)+; 135 Ad+
93(C7H9

+)

67 (C5H8)

107 (C8H11)

79(C6H7
+)

 
 
aqedan gamomdinare, mas-speqtrSi arsebuli pikebis gaTvaliswinebiT 

dasawyis stadiaze xdeba adamantanis radikalis daSlis Sedegad warmoq-
mnili ionebis eliminireba. eliminirebuli namsxvrevi ionebi registrir-
deba speqtrSi: maqsimaluri intensivobis pikis saxiT (Ad-1)+ (100) radikali 
da SedarebiT dabali intensivobis pikebis saxiT ionebi masiT 107(9,6), 
93(16,8) da 79(128) 

 
 

M+    642 (08)
- C8H11

535 (18.4) 533 (22.4)
- H2

- 107- C
7H

10  (94)

548 (49.6)

- C
7 H

8  (92)

550 (52)

- C
7 H

9  (93)

549 (50.4)

- Ad

- 2H2

503 (3.2) - Ad+, - H2

- 136,  - 2
365 (3.2)

- 
79

 (
C 6

H 7
+ )

563 (0.8)

- 135

 
 
Semdeg etapze grZeldeba gverdiTi jaWvidan Sesabamisi nawilakebis 

moxleCva da orive karbonilis jgufTan bmebis gaxleCis Sedegad war-
moiqmneba ioni masiT 259, romlis Semdegi fragmentacia midis naerTebis 
39, 40, 41, 42-is analogiurad, TanmimdevrobiT  HCN da  CO jgufebis 
moxleCviT. 

 
 
 

259(25.6) 232(38.4) 206(98) 192(22.4) 178(16)
 

 
 
zemoT ganxilul mas-speqtrebSi dafiqsirebuli saerTo fragmen-

tuli 259 masis mqone ionisaTvis SeiZleba warmovadginoT qinoiduri 
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agebulebis  Semdegi oriizomeruli struqtura, romelic savaraudod, 
maT mdgradobas ganapirobebs. 

 

NH

H
N

C

CO

+

NH

HN

CO

C
O

+

O

 
 
 

2.5 3,8-diformil –1H,10H-benzo[e]pirolo[3,2-g]indolis 
diadamantilanili 

 
 

literaturaSi aRwerilia 3,8-diformil–1H,10H-benzo[e]pirolo[3,2-g]in-
dolis qimiuri Tvisebebi nukleofiluri mierTebis reaqciebis maga-
liTze. nukleofilur agentebad SerCeul iyo anilini da Tiosemikarba-
zidi (sqema 20).  

sqema 20 
 

NH
H
N

NH
H
N

NH

H
N

CH=N-C6H5

CH=N-NH-C-NH2

C
H

C
H

O

O

C6H5-N=HC

C 6
H 5

-NH 2

NH
2 -NH-CS-NH

2 H2N-C-HN-N=HC

S

S

45

46  
 
 
reaqciis Sedegad gamoyofili produqtebi, Sifis fuZeebi 45, 46, sain-

teresoni arian rogorc potenciuri biologiurad aqtiuri naerTebi [118]. 
Cveni samuSaos mizans Seadgenda gagvexorcielebina 3,8-diformil –

1H,10H-benzo[e]pirolo[3,2-g]indolis kondensaciis reaqciebi agreTve Zli-
er nukleofilur agentTan p-adamantilanilinTan  farmakoforuli jgu-
febis Semcveli potenciuri biologiurad aqtiuri naerTis miRebis miz-
niT (sqema 21).  
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sqema 21 

 

H
N

NH
O

O

H
N

NH
N

Ad

N

Ad

H

H
H2N-C6H4-Ad

47
48

 
 

kondensaciis reaqcia mimdinareobs eTilis spirtSi suspenziaSi 2 
sT-is ganmavlobaSi duRiliT. miiReba 3,8-diformil –1H,10H-benzo[-
e]pirolo[3,2-indolis diadamantilanili (48) narinjisferi kristalebis 
saxiT. 

nukleofiluri mierTebis reaqcia mimdinareobs orCanacvlebuli 
diadamantilanilis gamoyofiT. monoproduqtis warmoqmnas, iseve rogorc 
dianilis, Tiosemikarbazonis SemTxvevaSi, adgili ar hqonia, rac gan-
pirobebulia benzopiroloindolis molekulis simetriuli aRnagobiT da 
orive formilis jgufis sivrceSi erTnairi ganlagebiT. 

kondensaciis produqtis iw speqtrSi qreba C=O aldehiduri jgufis 
STanTqmis zoli 1650, 1700 sm-1. Cndeba NH- indoluri jgufis da CH=N- 
azomeTinuri jgufis (1600 sm-1) maxasiaTebeli STanTqmis zolebi, aseve 
adamantanis birTvis STanTqmis intensiuri zoli 2846 da 2900 sm-1 ubanSi. 

1H bmr speqtri Seesabameba simetriul struqturas da molekulaSi 
orive Canacvlebuli jgufisaTvis SeimCneva signalebis erTi wyeba.  

yvelaze sust velSi vlindeba NH- jgufis protonis multipleturi 
signali, azomeTinis –CH=N- jgufis protonis signali singletis saxiT 
8,64 m.n ubanSi. speqtris yvelaze Zlier velSi mJRavndeba adamantanis 
birTvis protonebis signalebi: sakvanZo-CH- jgufebis protonebis 
Sesabamisi singleti 2,07 m.n., xiduri -CH2- jgufebis protonebis Sesabamisi 
signalebi 1,9 m.n da 1,75 m.n ubnebSi. speqtrSi mJRavndeba agreTve 
molekulis nafTalinisa da fenilis birTvebis aromatuli protonebis 
signalebi spin-spinuri urTierTqmedebis Sesabamisi konstantebiT. 

diadamantilanilis mas-speqtrSi fiqsirdeba molekuluri ionis M+ 
680 naklebad intensiuri piki, romelic iSleba ori molekula adamantil-
anilinis moxleCviT da 226 masis namsxvrevi ionis warmoqmniT intensiuri 
pikis saxiT. speqtrSi maqsimalur piks warmoadgens  moxleCili adamanti-
lanilinis piki  masiT 227, romlis Semdgomi daSlac mimdinareobs lite-
raturaSi aRwerili sqemiT [117]. 
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Tavi 3. eqsperimentuli nawili 

 
reaqciis msvlelobisa da naerTTa sisufTavis kontrols,  agreTve 

Rf _is mniSvnelobis gansazRvras vawarmoebdiT silikagelis firfitaze _ 
‖Silufol UV-254”. sveturi qromatografiisaTvis sorbentad viyenebdiT  sili-
kagels 100...250 mkm zomis nawilakebiT. 

infrawiTeli speqtrebi gadaRebulia xelsawyoze FTIR-furie, 
gardaqmnis infrawiTeli speqtrometriT. ―THERMO NIKOLET‖ AVATAR 370, 
diapazoni 400-4000 sm-1, gazomvis sizuste: 0,5 sm-1. 

ultraiisferi speqtrebi gadaRebulia xelsawyoze _VARIAN, CARRY 

100, diapazoni 900-190 nm. 
      birTvul-magnituri rezonansis speqtrebi gadaRebulia xelsawyoeb-
ze CFT-20 „VARIAN", sixSire 80 mhc, speqtrometrze Bruker  WP-200 SY, six-
Sire 200 mhc, Bruker AM-400 (400 mhc), Sinagani standarti – tetrame-

Tilsilani, gazomvis sizuste: qimiuri wanacvleba   0.01, spin-spinuri 
urTierTqmedebis konstanta J – 0.1 hc. 
      mas-speqtrebi gadaRebulia maRali daSvebis  qromato-mas-speqtro-
metrze МАТ 95  v. Finnegen. 

  
 

2,3-nafTilendihidrazini (2) [22] 
 

NHNH2

NHNH2  
10g (62 mmoli) 2,3-dioqsinafTalins (1) xsnian 4 ml abs. eTanolSi da 

amateben 10ml hidrazinhidrats. sareaqcio ares acxeleben 102C-mde° 3 sT-
is ganmavlobaSi mudmivi morevis pirobebSi. gamoyofil naleqs 
filtraven, recxaven izopropanoliT, aSroben dieTileTeriT, miiReba Ria 
vardisferi  2,3-nafTilendihidrazinis (3) fxvnili. miRebuli naerTi 
gasufTavebis mizniT gadakristalebul iqna izopropanolidan. 

gamosavlianoba 5.5g (48%). TlR  218-219C.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
 

 
2,3,3,8,8,9 – heqsameTil-3,8-dihidrobenzo[e]pirolo[3,2-g]indoli (3) [22] 

 

N

N

3

 
O0.5g (2.5 mmoli)  2,3-nafTilendihidrazins (2) xsnian 5 ml yinulovan 

ZmarmJavaSi da umateben 1.6 ml meTilizopropilketons. sareaqcio ares 

acxeleben 95C-mde 2 sT-is ganmavlobaSi. warmoqmnil muq yavisfer xsnars 
aorTqleben rotaciul amaorTqlebelze ZmarmJavas mocilebis mizniT. 
darCenil zeTovan naSTs anzaveben izopropilis spirtiT da gadaaqvT 
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yinulian WiqaSi. tute aris Sesaqmnelad masSi awveTeben amoniumis 
hidroqsidis 5-8 wveTs pH 12-mde. Ggamoyofil naleqs filtraven. Ppro-
duqts asufTaveben normaluri heptanis mcire porciebSi duRilisas mra-
valjeradi eqstraqciiT. Eeqstraqtebidan heptanis aorTqlebiT, xsnaris 
dakoncentrirebisa da gacivebis Semdeg kristaldeba naerTi 3. fil-
traven, aSroben. gamosavlianobaa 0.41g (53%). TlR 230-2310

C; Rf 0.4 
(eTilacetati). erlixis reaqtivTan gacxelebiT iZleva muq lurj 
Seferilobas. 

 

Bbis(2,3-dimeToqsikarbonil 5,6,6–trimeTilspiroflouren – 9,4-(1-

aza-2-ciklopenten)[1,5-a])benzo[e]pirolo[3,2-g]indolini (5) 
 

N

CO2Me

N

CO2Me

CO2Me

CO2Me

 
0.25 g (0.7 mmoli) 2',3'-dimeToqsikarbonilspirofluorenciklopropens 

xsnian 3 ml abs. benzolSi.  umateben 3 ml benzolSi  gaxsnil 0.08 g (0,28 
mmoli) benzopiroloindols 3. reaqcias atareben sibneleSi, sareaqcio 

aris 60C-mde gacxelebiT, 36sT-is ganmavlobaSi. sareaqcio narevidan gam-
xsnelis aorTqlebis Semdeg darCenili zeTiseburi moyviTalo nivTiereba 
gadahyavT kristalur mdgomareobaSi heqsanisa da benzolis narevis saSu-

alebiT. miiReba ori naerTi: 2,3-dimeToqsikarbonil-5,6,6,11,11,12–heqsa-

meTil-11-hidrospiroflouren–9,4-(1-aza-2-ciklopenten)[1,5-a]benzo[e]piro-
lo[3,2-g]indolini (4). gamosavlianoba  0.14g (71%) [22] da filtratidan 
gamoyofil iqna 0.1 g (5%) produqti 5. igi gasufTavebul iqna 

qromatografiul svetze (eluenti benzoli).  ТlR 203о-205С,   Rf  0.19 

(benzoli). 

iw speqtri (vazelinis zeTi), , sm-1 : 1720, 1710(C=O), 1590, 1570, 1270-1200(C=C).  

ui speqtri (C6H6), maxnm (lg):355(0,78), 281(3,85).  

ui speqtri (xsnaris ui sinaTliT dasxivebis Semdeg) max nm(lg): 282(4,03).  
1Н bmr speqtri : 1Н (DMSO-d6), , mn (J, hc) (motanilia monacemebi simetriuli 
daxuruli formis molekulis naxevris 5, maRali intensiurobis 

signalebi): 1.50 (3Н, s, 6’-СН3); 1.55(3Н, s, 6’-СН3); 2.335(3Н, s, 5’-СН3); 3.22(3Н, s, 

СООСН3); 3.94(3Н, s, СООСН3), 7.61(2Н, d, 4-Н, 5-Н, 3J=7.0), 7.80(2Н, d, 1-Н, 8-Н, 3J=8.0), 
7.82(2Н, t, 2-Н, 7-Н, 3J=8.0, 3J=7.0), 7.39(2Н, t, 3-Н, 6-Н, 3J=7.0, 3J=7.0), 7.55(1Н, t, 8’-H, 3J=8.0, 
3J=7.5), 7.71(1H, d, 7'-Н, 3J=7.5). (arasimetriuli cal mxrivad gaxsnili 
formisaTvis 5’, dabali intensiurobis signalebi): 1.13(3Н, s, СН3), 1.15(3Н, s, 

СН3), 1.23(3Н, s, СН3), 1.25(3Н, s, СН3), 2.01(3Н, s, СН3), 2.02(3Н, s, СН3), 3.09(3Н, s, СООСН3), 
3.52(3Н, s, СООСН3), 3.75(3Н, s, СООСН3), 3.83 (3Н, s, СООСН3),  6.01(2Н, d, 10-Н, 17-Н, 
3J=8.0), 6,34(2Н, t, 11-Н, 16-Н, 3J=8.0, 3J=7.9), 6.69 (2Н, d, 13-Н, 14-Н, 3J=7.0), 6.94(2Н, t, 12-Н, 
15-Н, 3J=8.0, 3J=7.0), 7.04(2Н, t, 3-Н, 6-Н, 3J=7.5, 3J=7.5),  7.27(1Н, t, 9’-Н, 3J=9.0), 7.32(1Н, t, 8’-
Н, 3J=9.0), 7.34(1Н, d, 7’-Н, 3J=9.0),  7.35(1Н, d, 10’-Н,  3J=9.0), 7.49(2Н, d 4-Н, 5-Н, 3J=7.5), 
7.73(2Н, t, 2-Н, 7-Н, 3J=8.0, 3J=7.5), 8.07 (2Н, d, 1-Н, 8-Н, 3J=7.5).  
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 mas-speqtri ( 70  ev), m/z (Ifard, %): 902 [M]+ (1.7), 747(0.8), 735(0.8), 627(20), 598(21.6), 

582(10,4), 566(8.8), 535(19.2), 446(24), 388(24.0), 377(25.6), 326(31.2), 308(33,6), 292(38,4), 
263(56), 252(33.6), 248(40.8), 205(78), 193(64.6), 189(61.6), 165(100); 
napovnia %: С 78.23, Н 5.62, N 3.15.    С57Н50N2O8 

gamoTvlilia %: С 78.16, Н 5.54, N 3.10.    М 902. 

 
 

2,3,3,7,8,8-heqsameTil-3,8-dihidroindolo[7,6-g]indoli (8) [22] 
 

N

N

 
1g (1.5 mmoli) 1,5-nafTilendihidrazinis dihidroqloridsa (7)  da 0.9 

ml (0.8 mmoli) meTilizopropilketons acxeleben yinulovani ZmarmJavas 
areSi 2 sT ganmavlobaSi. reaqciis produqts asufTaveben 
qromatografiul svetze, eluenti heptani : eTeri, 1 : 4. gamosavlianoba 
0.3 g (38%). TlR 267-268 

o
C, rac emTxveva literaturul monacemebs. 

 
 

 
1,1,2,9,10,10-heqsameTil-1,10-dihidroindolo[4,5-e]indoli (13) [22] 

 

N N

 
0.5 g (2.7 mmoli) 2,7-nafTilendihidrazinis (12) xsnars ZmarmJavaSi uma-

teben 1 ml (9 mmoli)  meTilizopropilketons da acxeleben 2sT 
ganmavlobaSi. reaqciis produqts asufTaveben qromatografiul svetze, 
eluenti eTeri. gamosavlianoba 0.3g (38%). TlR 160-161

o
C. Rf 0,25 (eTeri).  

 
1,2,3,3,6,7,8,8-oqtameTilindolenino[7,6-g]indoleniniumis dimeTosulfati (9) 

[22] 

 

N+

N+
.2CH3SO4

-

 
 

1g (3.4 mmoli) heqsameTildihidroindoloindols 8 acxeleben 6 ml ax-
ladgamoxdil dimeTilsulfatSi 1250C-ze 1 sT. gacivebis Semdeg sareaq-
cio ares amuSaveben absoluturi eTeriT, gamoyofil fisovan nivTierebas 
acileben eTers, isev recxaven eTeriT dimeTilsulfatis mocilebis miz-
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niT. miRebuli marili 9 kargad ixsneba spirtsa da wyalSi. mas iyeneben 
fiSeris fuZis bis-analogis misaRebad.  
 
1,1,2,3,8,9,10,10-oqtameTilindolenino[4,5-e]indoleniniumis dimeTosulfati 

(14) [22] 
 

 

N+ N+

2CH3SO4
-.
 

 
 0.9 g heqsameTildihidroindolo[4,5-e]indols (13) acxeleben 12 ml 

axladgamoxdil dimeTilsulfatSi 100-1100C-ze 1 sT-is ganmavlobaSi. 

amuSaveben naerTi 9–is analogiurad. miRebuli marils 14 iyeneben 
fiSeris fuZis bis-analogis  misaRebad.      

 
 

1,3,3,6,8,8-heqsameTil-2,7-dimeTilen-indolino[7,6-g]indolini (10) 
 

N

N

 
0,99g (3.11 mmoli) 1,2,3,3,6,7,8,8-oqtameTilindolenino[7,6-g]indoleniniu-

mis marils (9) xsnian minimalur raodenoba eTilis spirtSi da umateben 
KOH 5%-ian Tbil wyaxsnars. gamoyofil naleqs filtraven, recxaven 
wyliT neitralur aremde, aSroben. miiReba nacrisferi fxvnili. gamo-

savlianoba 0.94g (95%). TlR 170 -172C. Rf 0.38 (eTilis spirti-amiaki, 10:1).  

iw speqtri (vazelinis zeTi): 1643sm-1 (>C=CH2). 

ui speqtri, λmax, nm, (lg) (eTanoli): 383(2.899), 368(3.194), 348(2.341), 229(3.261), 
201(3.893).  
1H-NMR speqtri (DMSO-d6), δ(mn), J, hc:: 1.31(12H, s, (C(CH3)2), 3.60 (6H, s, (N-CH3), 

4.02(4H, s, >C=CH2), 7,78 (2H, d , Ar-H), 7,24 (2H, d, (Ar-H),  J0=8,4.  
13C-bmr speqtri (D6-dmso), δ(mn):  30.01 ((CH3)2) 78.54 (=CH2 ), 35.60 (N-CH3), 164.53 

(C-2’), 43.53 (C-3), 130.86 (C-3a), 141.71 (C-10b), 120.23 (C-10a), 121.27 (C-5a), 113.81 (C-5), 
118.60 (C-4). 
mas-speqtri ( 70  ev), m/z (Ifard, %): napovnia: M+ 318 (100), 303 (98,4), 289 (84,8), 273 

(40), 144 (24), C22H26N2.  
gamoTvlilia: M =318. 
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1,1,3,8,10,10-heqsameTil-2,9-dimeTilen-indolino[4,5-e]indolini (15) 
 
 

N N

 
 
 Rebuloben 1g (3.12 mmoli) 1,1,2,9,10,10-heqsameTil-1,10-dihidroindolo[4,5-

e]indolis dimeTilsulfatidan (14) naerTis 10 analogiurad. 

gamosavlianoba 0.6g (60%). TlR 1730-175C. Rf 0.4 (eTilis spirti-amiaki, 20:1). 
Ria yavisferi fxvnili. 
iw speqtri (vazelinis zeTi): 1643, 1604 sm-1 (>C=CH2).  

ui speqtri, (C=0,08mg/ml), λmax nm (lg) (eTanoli): 541 (0.171), 380 (1.017), 341.2 
(4.20), 259 (3.396), 246 (3.418), 218 (3.306).  
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  : 1.62 (12H, s, (C(CH3)2), 3.08(6H, s, (N-CH3), 

3.79(4H, s,  >C=CH2,), 7,68 (2H, d, (Ar-H), 6.94 (2H, d, (Ar-H), J0=8,6. 
13C-bmr speqtri (D6-dmso), δ(mn):  30.21 ((CH3)2) 72.35 (=CH2), 28.93 (N-CH3), 47.04 (C-

1’), 165.98 (C-2’), 146.79 (C-3a), 122.00 (C-10c), 129.66 (C-10b), 126.83 (C-5a), 133.14 (C-5), 
105.74 (C-4). 
mas-speqtri ( 70  ev), m/z (Ifard, %). napovnia: M+ 318(44), 303(100), 288(40), 208(16), 

144(24), 97(8), 71(13.6), 57(21.6). C22H26N2. 
gamoTvlilia: M =318. 

 
 

1,4,5,8-tetrahidro-1,1,2,7,8,8-heqsameTildipirolo-[1,2,3-d,e:3,2,1-
i,j]benzo[g]qinoqsalinis dibromidi (16)  

 
 

N+

N+

.2Br-

 
0.3g (0,1 mmoli) 2,3,3,8,8,9-heqsameTil-3,8-dihidrobenzo[e]pirolo[3,2-

g]indols (3) xsnian 5 ml dibromeTanSi, gadaaqvT ampulaSi. ampulis Tavs 

alRoben da aTavseben rkinis garsacmSi e.w. yumbaraSi. acxeleben 160C-ze 
8 sT-is ganmavlobaSi. ampulis gacivebis Semdeg masSi warmoqmnil Savi 
feris naleqs filtraven da recxaven jer dieTilis eTeriTa da Semdeg 
acetoniT. miiReba muqi yavisferi fxvnili. reaqciis produqtis gamosav-
lianoba aris raodenobrivi. 
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1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-dimeTilendipirolo 
[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalini (17) 

 

N

N

 
0.35g (1.2 mmoli) benzoqinoqsalis dibromids 16 xsnian cxel wyalSi 

aduRebiT da filtraven. filtrats amuSaveben 5% KOH-is Tbili xsnariT. 
gamoiyofa naleqi, romelsac filtraven da recxaven neitralur reaq-

ciamde. gamosavlianoba 0.144g (38%). TdaS. > 230. Rf 0.6 ( 5 ml eTilis spirti 
- 1 wveTi amiaki).  

ui speqtri, (C=0,08mg/ml), λmax nm (lg) (eTanoli): 287.00(3.583), 368.00 (1.516), 

381.00(1.573) 
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:1.58  (12H, s, (C(CH3)2), 3.64 (4H, s, (N-(CH2)2-N), 4.18 

(2H, d, =CH2, egzocikl.), 4.10 (2H, d, =CH2, egzocikl.) 7.13 (2H, d , Ar-H), 7.80 (2H, d,  Ar-

H), J=CH2=1.9,  J0=6.4, Jm=3.5.  
13C-bmr speqtri (D6-dmso), δ(mn): 28.88 ((CH3)2), 77.86 (=CH2 ), 49..27 (N-CH2-CH2-N), 
67.19 (C1= C8), 166.53 (C2= C7), 116.22 (C1’= C8’), 130.30 (C3’= C6’), 126.86 (C9’= C12’), 121.85 
(C9= C12), 122.74 (C10= C11). 
mas-speqtri ( 70  ev), m/z (Ifard, %).napovnia: M+ 316. C22H24N2. 

gamoTvlilia: M= 316. 
 
 

bis(6-brom-2H-qromen-2-spiro)-2‟,7‟-1,‟4‟,5‟,8‟-tetrahidro-1‟,1‟,8‟,8‟-
tetrameTildipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalini (18) 

 

NN
OO

BrBr  
0.06g (0.19 mmoli) 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-dimeTilen-

dipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalins (17) odnav SeTbobiT xsnian 7 
ml absolutur eTilis spirtSi. umateben 5 ml spirtSi gaxsnil 0.08g (0.11 
mmoli) 5-bromsalicilis aldehids. reaqcias atareben mudmivi morevis 

pirobebSi 40C-ze daaxloebiT 1 sT-is ganmavlobaSi. warmoiqmneba mom-
wvano-Savi feris xsnari, romlis gacivebisa da dayovnebis Semdeg ileqeba 
produqti. naleqs filtraven. miiReba qromatografiulad sufTa muqi 

lurji fxvnili. gamosavlianoba 0.03g (23%). TdaS. > 200C.  Rf  0.82(eTanoli). 
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iw speqtri, sm-1: 1643(C=O piranuli), 1581 (C=C piranuli SeuRlebuli), 1272 
(N-C spiro) 1157(C-O spiro), 2962, 3070 (C-H aromatuli). 

ui speqtri, λmax , nm (lg): axalmomzadebuli xsnarebi (C=0.08 mg/ml 
qloroformi): 237 (0.971), 252 (1.403), 364 (0.234), 624 (0.050)  
dasxivebuli xsnarebi (C=0.08 mg/ml qloroformi): 241(1.254), 266, 565(0.702)  
ganzavebuli xsnarebi dasxivebamde (C=0.008 mg/ml qloroformi): 237(0.971) 
ganzavebuli xsnarebi dasxivebis Semdeg (C=0.008 mg/ml qloroformi): 
241(1.254) 840(0.037) 
axalmomzadebuli xsnarebi(C=0,08 mg/ml benzoli): 279(0.1978), 313(1.464), 
361(1.227), 629(0.180) 
dasxivebuli xsnarebi (C=0,08 mg/ml benzoli): 279(0.263), 313(1.655), 357(1.286), 
624(0.115). 
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  1.31(6H, s, C(CH3)2), 1.49 (6H, s, C(CH3)2), 2.98 (2H, 

d, N-CH2-CH2-N),  3.05 (2H, d, N-CH2-CH2-N), 5.90 (2H, d, 3-H), 7.70 (2H, d, 4-H), 8.01 (2H, d, 5-
H), 7.52(2H, dd, 7-H), 7.65 (2H, d, 8-H), 7.75(2H, dd, 9´-H), 7.11 (2H, dd, 10´-H), J3,4=J4,3=10.4, 
J5,7= 1.6, J7,5=2.0, J7,8=9.2, JCH2CH2=7.4, J0= 9.6 Jm=3.2. 
mas-speqtri ( 70  ev), m/z (Ifard, %)napovnia: 680.0674 [M+].  

gamoTvlilia%: M=680 C36H30N2Br2O2 

 
 

bis(6,8-dibrom-2H-qromen-2-spiro)-2‟,7‟-1,4,5,8-tetrahidro-1‟,1‟,8‟,8‟-
tetrameTildipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalini (19) 

 

NN
OO

BrBr BrBr  
 

0.06g (0.19 mmoli) 1,4,5,8-tetrahidro-1,1,2,7,8,8-heqsameTildipirolo-[1,2,3-
d,e:3,2,1-i,j]benzo[g]qinoqsalins (17) odnav SeTbobiT xsnian 5 ml eTilis 
spirtSi. mas umateben 3 ml spirtSi gaxsnil 0.08 g(0.45 mmoli) 3,5-alde-

hids. reaqcias atareben mudmivi morevis pirobebSi 45C -ze daaxloebiT 40 
wT-is ganmavlobaSi. warmoiqmneba muqi mwvane feris xsnari, romlis gaci-
vebisa da dayovnebis Semdeg gamoiyofa naleqi. naleqs filtraven. miiReba 

mwvane feris fxvnili. gamosavlianoba 0.09g (56%). TlR 238-240C.  Rf 0.39 

(eTilacetati) 

iw speqtri, sm-1: 1643 (C=O piranuli), 1535(C=C piranuli SeuRlebuli), 1265 
(N-C spiro), 1157(C-O spiro), 2962, 3062(C-H aromatuli). 

ui speqtri,), λmax nm (lg): axalmomzadebuli xsnarebi (C=0.08 mg/ml 
qloroformi): 246(3.731), 273(0.420), 319(1.081), 359(0.759) 
dasxivebuli xsnarebi (C=0,08 mg/ml qloroformi): 210(1.346), 244(3.482), 
467(0.156) 
axalmomzadebuli xsnarebi(C=0.08 mg/ml benzoli): 277(1.978), 322(0.976), 
358(0.678) 
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dasxivebuli xsnarebi (C=0,08 mg/ml benzoli): 278(2.496), 322(1.328), 358(0.916). 
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  1.36(6H, s, C(CH3)2), 1.55 (6H, s, C(CH3)2), 3.05(2H, 

d, N-CH2-CH2-N),  3.20  (2H, d, N-CH2-CH2-N), 6.06 (2H, d, 3-H), 7.05 (2H, d, 4-H), 7.61 (2H, s, 5-
H), 7.52(2H, s, 7-H), 7.82-7.85 ( m, 9´-H), 7.20-7.22 ( m, 10´-H), J3,4=J4,3=10.2,  JCH2CH2=7.2. 
mas-speqtri ( 70  ev), m/z (Ifard, %):  napovnia: 840.2357, gamoTvlilia%: M= 840 .    

C36H28N2Br4O2 

  
2,7-di(formilmeTiliden)-1,3,3,6,8,8-heqsameTil-indolino[7,6-g] 

indolini (20) 
 

N

N

CHO

OHC
20  

0.3 ml (3.45 mmoli) POPOCl3-isa da 1 ml dimeTilformamidisagan amzade-
ben vilsmaieris kompleqss. aciveben -30C-ze da umateben 0.22g (0.69 mmoli) 
fiSeris fuZis 10 xsnars 8 ml dimeTilformamidSi. ureven 3 sT ganmavlo-
baSi. sareaqcio masas asxamen  20 ml civ wyalSi. miRebul suspenzias 
umateben NaOH-is xsnars (5g NaOH, 20 ml H2O). ayovneben 12 sT. miiReba yavis-

feri fxvnili.  gamosavlianoba 0,12 g (46%). TdaS >300C.  Rf 0.3 (eTanoli). 

iw speqtri, , sm-1 (vazelinis zeTi): 1604, 1558, 1519, 1218, 1180, 1069, 910, 825, 
786, 725, 601, 563.  

ui speqtri, (C=0.08mg/ml), λmax nm (lg) (eTanoli): 197.00(0.348), 213.00(0.403), 

255.00(0.400),  396.00(0.308)  
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  5.50 (2H, d, =CH- egzocikl.), 1.65  (12 H, s, 
C(CH3)2), 3.75  (6H, s, N-CH3), 8.437-7.493 ( m, Ar-H), 10.00 (2H, d, -CHO), J=CH-CHO = 8.8 
13C-bmr speqtri (D6-dmso), δ(mn): 202.76 (CHO), 29.80 (CH3)2, 79.51(=CH-egzoc.), 68.14 
(N-CH3), 211.09 (C-2), 74.31 (C-3),  170.13 (C-3a), 177.07 (C-10b), 155.18 (C-10a), 157.04 (C-

5ª), 99.43(C-5), 126.03 (C-4). 
mas-speqtri ( 70 ev ), m/z (Ifard, %): napovnia: M+  374. 1999 (72.5),  gamoTvlilia%: 

M
 
=374. C24H26N2O2 

 
 
2,7-di(formilmeTiliden)-1,1,3,6,8,8-heqsameTil-indolino[4,5-e] indolini (21) 

 

NN

CHOOHC

 
30C-mde gacivebul dimeTilformamids wveT-wveTobiT umateben 0.2 ml(2.3 

mmoli) fosforis qlorJangs (POCI3). ureven 40 wT ganmavlobaSi oTaxis 
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temperaturaze. miRebul xsnars aciveben -30C-ze da umateben 40 mg (0.125 
mmoli) fiSeris fuZis 15 xsnars 5 ml dimeTilformamidSi. ureven 600-ze 
2-sT ganmavlobaSi. sareaqcio masas asxamen  20 ml civ wyalSi. miRebul 
suspenzias umateben NaOH-is xsnars (5g NaOH, 20 ml H2O). ayovneben 12 sT. 
gamoyofil naleqs filtraven, recxaven wyliT neitralur reaqciamde da 

aSroben. gamosavlianoba 0,03g (64%). TdaS >300C. Rf 0.35 (eTanoli).  
mJRavndeba iodSi.  

iw speqtri, , sm-1 (vazelinis zeTi); 1619, 1565, 1272, 1095, 1041, 918, 810, 725, 
563.  
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  5.25 (2H, d, =CH- egzocik.), 1.95 (12H, s, 

C(CH3)2), 3.36 (6H, s, N-CH3), 8.00 (2H, d, Ar-H), 7.43(2H, d, Ar-H),  9.90 (2H, d, -CHO), J4,5=8.8;    
J=CH-CHO=8.4. 
mas-speqtri ( 70  ev), m/z (Ifard, %): napovnia: M

+  
374. 1994 (100),       

gamoTvlilia%: M
 
= 374. C24H26N2O2 

 
 

trimeTinuri cianini (23) 
 

N

N

C
H

H

O

N

N

C
H

H
C

Cl

1

2

4
57

8

9

10

11

12

1



4
5

7



9



11

12





 
0.5 ml (4.5 mmoli) dimeTilformamids aciveben -50C-mde, umateben 0.15 ml 

(1.5 mmoli) POCl3 , ureven oTaxis temperaturaze 40wT-is ganmavlobaSi. war-
moiqmneba yviTeli feris kompleqsi. isev aciveben -50C-mde, wveTwveTobiT 
umateben 0.1g (0.28 mmoli) fiSeris fuZis xsnars 4ml dimeTiformamidSi da 
ureven. xsnaris mTlianad damatebis Semdeg acxeleben 400C-ze 30wT. 
qromatografiuli kontrolis Sedegad sareaqcio areSi SeiniSneba 
sawyisi fiSeris fuZis arseboba. ASemdeg isev acxeleben 60-0C-mde 2 sT-is 
ganmavlobaSi. xsnari dasawyisSi iyo moyviTalo-wiTeli, 600C-ze gaxda 
lurji feris. sareaqcio masa gadaaqvT yinulian wyalSi, umateben 10%-ian 
NaOH-is xsnars (pH 14-mde), gamoiyfa lurji feris naleqi. ayovneben erTi 
RamiT, filtraven, recxaven neitralur reaqciamde, aSroben. miiReba 
intensiuri lurji Seferilobis kristalebi. gamosavlianoba 0.081g (42%). 
TdaS >300-

0C-ze. Rf 0.56 (eTanoli-amiaki, 10:1). 

iw speqtri (vazelinis zeTi), (sm-1) : 1623 (CHO), 1532, 1565, (>C=C<). 

ui speqtri (eTanoli) λ, ნმ (lg): 267 (0.92); 315 (0.7); 378( 0.72); 539.5 (0.21);  613 
(0.27).  
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  4.04 (2H , br s, =CH2),  10.04 (1H, d, CHO), 5.47 

(1H, d, =CH- meTilidenis), 6.35 (1H, d, - H), 5.73 (1H, d, -H), 5.46  (1H, d, -H), 1.93 

(12H, s, C-1-Tan, C-8Tan), 1.58 (6H, s, C-8), 1.65 (3H, s ,C-1). 7.98-8.00 (2H, 9-H,12-H) ,  

7.24-7.27 (2H, 10-H,11-H),   8.07-8.09 (2H , 9-H,12-H),    7.36-7.39 (2H, 10-H,11-H); 

J=CH-CHO=8.8, JCH2CH2=1.6, J=14.4,  J=11.2, J=13.2   
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2,7-di(formilmeTiliden)-1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-dipirolo-
[1,2,3,-d,e:3,2,1-i,j]benzo[g]qinoqsalini  (22) 

 

5 ml (45 mmoli) dimeTilformamids aciveben -50C-mde, umateben  1.3 ml 
(1.5 mmoli) POCl3 , ureven oTaxis temperaturaze 40wT-is ganmavlobaSi. war-
moiqmneba yviTeli feris kompleqsi. isev aciveben -50C-mde da wveTwveTo-
biT umateben 0.1g(0.28 mmoli)  fiSeris fuZis xsnars 4ml dimeTilforma-
midSi da ureven. xsnaris mTlianad damatebis Semdeg acxeleben 35-360Cmde. 
2 saaTis Semdeg sareaqcio areSi sawyisi fiSeris fuZe 17 aRar rCeba. 

 sareaqcio xsnari aris moyviTalo-wiTeli feris. sareaqcio masa gada-
aqvT gamacivebel narevSi, umateben 10%-ian NaOH-is xsnars (pH 14-mde), 
gamoiyo yavisferi naleqi. ayovneben erTi RamiT, filtraven, recxaven 
neitralur reaqciamde da aSroben. akristaleben abs. spirtSi, miiReba 
yavisferi kristalebi. gamosavlianoba 0.07g (67%).  TdaS >3000C, Rf = 0.6 
(spirti-amiaki, 10:1),  

iw speqtri (vazelinis zeTi) (sm-1): 1628(-CHO); 1581, 1535 (c=c) 

ui speqtri (eTanoli),  λნმ(lg): 265 (1.29); 327,29(1.84); 368,27(2.05). 
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc: (E-izomerisaTvis)   5.45 (2H, d, =CH- egzo-
cikl), 1.92 (12H, s, C(CH3)2), 4.03 (4H, s, N-CH2), 8.07 (2H, dd, 9-H), 8.37 (2H, dd, 10-H),  

10.02 (2H, d, -CHO), J9,10=6.8; J9,11=3.6, J=CH-CHO=8.8. 

(Z-izomerisaTvis):   5.44  (2H, d, =CH- egzocikl.), 1.64  (12H, s, C(CH3)2), 4.03  (4H, s, 
N-CH2), 8.07 (2H, dd, 9-H), 8.37 (2H, dd, 10-H),  9.79  (2H, d, -CHO),  J=CH-CHO = 7.2;  J9,10 = 6.8;  

J9,11 =3.6 
13C-bmr speqtri (D6-dmso), δ(mn):  147.03 (CHO), 27.93 (CH3)2, 99.87(=CH- egzo-
cikl.), 53.49 (N-(CH2)2-N), 52.93 (C-1 = C-8), 123.87 (C-12b=C-8a), 185.07(C-2 = C-7),  
126.86 (C-3a=C-6a), 125.59 (C-8b=C-12a), 123.68 (C-10=C-11), 123.14 (C-9=C-12).  

mas-speqtri ( 70  ev), m/z (Ifard, %) napovnia: M+  372. 1838 (100),       
gamoTvlilia%: M=372 . C24H24N2O2 
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2,7-bis(fenilazomeTiliden)-1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-
dipirolo[1,2,3,-d,e: 3,2,1-i,j]benzo[g]qinoqsalini (24) 

 

N

N

C-N=N

C-N=N









'



'



  

0.12g (0.4 mmoli) 1,4,5,8-tetrahidro-1,1,2,7,8,8-heqsameTil-2,7-dimeTilendipi-
rolo[1,2,3-d,e:3,2,1-i,j]benzo[7,6-g]qinoqsalins (17) xsnian 10 ml dioqsanSi da 

umateben 5 ml wyals. aciveben -5C,  umateben diazotirebuli anilinis 
(0.18 g + 0.16g NaNO2) Ria yviTeli feris xsnars. ureven 2 sT gacivebis pi-
robebSi. Semdeg sareaqcio narevs umateben NaOH-is xsnars (tute 
reaqciamde). gamoyofil naleqs ayovneben 1 Ramis ganmavlobaSi, meore 
dRes filtraven, recxaven wyliT neitralur reaqciamde, aSroben. miiReba 

GRia wiTeli feris fxvnili. gamosavlianoba 0.12g. (63%), TlR 1950-197C.  

iw speqtri (vazelinis zeTi) sm-1: 1681,7(=CH meTilidenis), 1589 (-N=N-)  

ui speqtri (eTilis spirti) λ, ნმ (lg): 203.00(0.7869),  249.00(0.5691),  464.00 

(0.2156) 
1H-NMR speqtri (D6-dmso), δ(mn):  J, hc: 1.48(6H, s, (C(CH3)2), 1.53 (6H, s, (C(CH3)2), 

3.39(4H, s, N-CH2-CH2-N),  7.76 (2H, br s, =CH-N). 7.65 (2H, dd 9-H);  7.37(2H, dd, 10).   7.44-

7.48; 7.69-7.71; 7.88-8.07(Ph). 7.479(2H, d, (-H)),    7.459(2H, t, (-H)).7.357(2H, t (-H)), 

J=7.6 hc,   J9,10=7.2, J9,11=1.2,  J10,12=1.6. 
 
 
 

2,7-bis(p-bromfenilazomeTiliden)-1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-
dipirolo[1,2,3,-d,e; 3,2,1-i,j] benzo[g]qinoqsalini (25) 

 

N

N

CH-N=N-C6H4-Br

CH-N=N-C6H4-Br  
 

0.12g (0.4 mmoli) 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-dimeTilendipi-
rolo[1,2,3-d,e: 3,2,1-i,j]benzo[7,6-g]qinoqsalins (17) xsnian 10 ml dioqsanSi da 

umateben 5 ml wyals. aciveben -5C  da umateben p-bromanilinis diazo-
marilis  xsnars (0,27g(1.6 mmoli) parabromanilini + 0.11g NaNO2 ). gacivebis 
pirobebSi ureven 2 sT. Semdeg sareaqcio narevs amuSaveben  NaOH-is xsna-
riT (pH 12) gamoyofil naleqs ayovneben 1 Ramis ganmavlobaSi. meore dRes 
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filtraven, recxaven wyliT neitralur reaqciamde. miiReba yavisferi 
fxvnili. gamosavlianoba 0.06 g. (25%) TdaS.> 2000C. 

iw speqtri (vazelinis zeTi), ,sm-1: 1729(=CH-meTilidenis), 1650, 1581 (-N=N-) 

ui speqtri (eTilis spirti) λ, ნმ (lg): 205.00(0.271),  267.00 (0.266), 463.00 (0.225) 
1H-NMR speqtri (D6-dmso), δ(mn):  J, hc: 1.48 (6H, s, C(CH3)2 ),  1.51 (6H, s,  C(CH3)2),    

3.61  (4H, br. s  N-CH2-CH2-N ) 7.66 ( 2H, s , =CH-N),  7.23-7.86 (Ar-H) 

 
 

2,7-bis(p-nitrofenilazomeTiliden)-1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-
dipirolo[1,2,3,-d,e: 3,2,1-i,j] benzo[g]qinoqsalini (26) 

 

N

N

C-N=N NO2

C-N=N NO2

 
0.12g (0.4 mmoli) 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-dimeTilendipi-

rolo[1,2,3,-e,3,2,1-ij]benzo[7,6-g]qinoqsalins (17) xsnian 10 ml dioqsanSi da 

umateben 5 ml wyals. aciveben-5C da umateben p-nitroanilinis 
diazomarilis xsnars (0.8g (1.5mmoli) paranitroanilinis hidroqlorids + 
0.11g  NaNO2). gacivebis pirobebSi ureven 2 sT. Semdeg sareaqcio narevs 
umateben NaOH-is xsnars (pH=12). gamoiyofa mewamuli naleqi. 

gamosavlianoba 0.13 g (52%). TlR 1850 -187C. 

iw speqtri (vazelinis zeTi) sm-1:   1596(=CH-meTilidenis), 1565,1334(-NO2), 

 864 (C-N-) 

ui speqtri (eTilis spirti) λ, ნმ (lg): 207.00 (0204),  395.00 (0.160),  519.00 (0.163)  
1H-NMR speqtri  (D6-dmso), δ(mn): 1.81 (6H, s, C(CH3)2), 2.07 (6H, s,  C(CH3)2),  4.38 (4H, 

gaf. s, N-CH2-CH2-N),   7.45 ( 2H, br. s, =CH-N ). 8.32 (2H, d, 9-H)     7.74(2H, d, 10-H)    

7.65(2H, d,(-H)),    8.22(2H, d,(-H)).    J9,10=8.4, J9-11=3.2 hc,  J=8.4 hc 
                  

  
2,7-bis(p-sulfamidfenilazomeTiliden)-1,4,5,8-tetrahidro-1,1,8,8-

tetrameTil-dipirolo[1,2,3,-d,e: 3,2,1-i,j] benzo[g]qinoqsalini (27) 
 

H
C

 

'

O2
S NH2

N

N

CH-N=N

C-N=N

 


'

O2
S NH2C

H
 

0.19g (0.6 mmoli) 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7,-dimeTilen-
dipirolo[1,2,3-d,e:3,2,1-i,j]benzo[7,6-g]qinoqsalins (17) xsnian 10 ml dioqsanSi 

da umateben 5 ml wyals. aciveben  -5C  da umateben p-sulfamidanilinis 
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diazomarilis xsnars  (0.4g p-sulfamidanilins + 0.17 g NaNO2) SeTbobiT. 
Semdeg aciveben 00C-mde.  ureven 2 sT. aneitraleben NaOH-is xsnariT (pH=7-

8).  gamoiyofa mewamuli naleqi. gamosavlianoba 0.08 g (33%).TlR 210-2110C.  
1H-NMR speqtri: 1.59 (12H, s, C(CH3)2),  1.99 (2H, s;   N-CH2-CH2-N)  3.56 (2H,s; N-CH2-CH2-N  

) ,1.69( 4H, br. s , SO2-NH2),  7.43( 2H, br. s . =CH-N=N),   7.48-7.91(9-H, 10-H),   7.93( 2H, d, (-

H),   7.38(2H, d,(-H)).      J=6.8. 
 

 
B2-(fenilazomeTiliden)-1,1,3,8,10,10-heqsameTil- 9-meTilen- 

indolino[4,5-e]indolini (28) 
 
 

NN

CH-N=N-C6H5

 
 

0.12g 1,1,3,8,10,10-heqsameTil-2,9-dimeTilenindolino[4,5-e]indolins (15) 

xsnian 10 ml dioqsanSi da umateben 5 ml wyals. -5C amateben p-
nitroanilinis diazomarilis xsnars (0.8g (1.5mmoli) paranitroanilinis 
hidroqlorids + 0.11g  NaNO2 + 0.7g HCl). gacivebis pirobebSi ureven 2 sT. 
Semdeg sareaqcio narevs umateben NaOH-is xsnars. gamoiyofa muqi yavis-
feri naleqi. gamosavlianoba 0.09 g (64%). TdaS.> 2000C. 

iw speqtri (vazelinis zeTi) sm-1: 1797(=CH) 

ui speqtri (eTilis spirti) λ, ნმ (lg): 205.00 (0.340), 289.00(0.221), 453.00(0.180)                                            
1H-NMR speqtri:  1.57(3H,s, C(CH3)2 , C-1-Tan ) , 1.65 (3H, s, C(CH3)2, (C-1-Tan),), 2.00(6H, s,  

C(CH3)2 (C-10-Tan)), 3.04(3H, s, (N-8-Tan), N-CH3 ),  3.095(3H,  s, (N-3-Tan), N-CH3) ,   3.41 
(2H, s, =CH2),  7.30(1H ,br. s, =CH-N=N), 7.40-7.45(ph), 7.43-7.52(ph), 
7.62 (1H, d,5-H), 7.44(1H,  d, 4-H), J4,5=7.2 hc, 7.83 (1H,d, 6-H), 7.80(1H, d, 7-H)   J67=8. 

 
 
 
B2,9-bis-(p-bromfenilazomeTiliden)-1,1,3,8,10,10-heqsameTilindolino[4,5-e] 

indolini (29) 
 

NN

BrC6H4-N=N-HC CH-N=N-C6H4Br

 
  

0.12g 1,1,3,8,10,10-heqsameTil-2,9-dimeTilenindolino[4,5-e]indolins (15) 

xsnian 10 ml dioqsanSi da umateben 5 ml wyals. -5C amateben p-
bromanilinis diazotirebul xsnars (0.27g (1.6 mmoli) para-bromanilins 

(NH2-C6H4-Br) + 0.11g NaNO2 + 0.7g HCl). gacivebis pirobebSi ureven 2 sT. 
Semdeg sareaqcio narevs umateben NaOH-is xsnars. gamoiyofa muqi 
yavisferi naleqi. gamosavlianoba 0.05 g (20%). TdaS.> 2000C. 

iw speqtri (vazelinis zeTi) sm-1: 1797(=CH),   1596(=CH-N=)SeuRlebuli. 
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ui speqtri (eTilis spirti) λ, ნმ (lg): 221.00(0.248), 258.00 (0.232), 301.00 (0.233), 

464.00(0.119) 
1H-NMR speqtri: 1.68(6H, s, C(CH3)2 ), 2.01 (6H, s, C(CH3)2), 3.46 (6H, s, N-CH3), 7.37(2H, s, 

=CH-N), 7.14(2H,d,4-H), 7.29(2H, d, 5-H), J4,5=8.8 hc, 7.46 (2H,d,(-H), 7.61 (2H, d,(-H)),  

J=8.8. 
 

 
B2,9-bis(p-sulfamidfenilazomeTiliden)1,1,3,8,10,10-heqsameTilindoli-

no[4,5-e] indolini (30) 
 

NN

H2N-O2SC6H4-N=N-HC CH-N=N-C6H4SO2-NH2

 
 

0.12g (0.4mmoli) 1,1,3,8,10,10-heqsameTil-2,9-dimeTilenindolino[4,5-e]indo-

lins (15) xsnian 10 ml dioqsanSi da umateben 5 ml wyals. -5C amateben p-
bromanilinis diazotirebul xsnars (0.3g (2.4 mmoli) NH2-C6H4-Br + 0.11g 
NaNO2 + 1.6g HCl). gacivebis pirobebSi ureven 2 sT. neitralur areSi 
gamoiyofa muqi yavisferi naleqi. gamosavlianoba 0.05 g (20%). TdaS.> 2000C. 

iw speqtri (vazelinis zeTi) sm-1: 1689, 1596, 1565 (=CH-N=)SeuRlebuli, 1334, 

1157( SO2-NH2) 

ui speqtri (eTilis spirti) λ, ნმ (lg): 205.00 (0.297), 274.00(0.323), 496.00(0.104)                                                                          
1H-NMR speqtri: 1.56 (12H, s, C(CH3)2),  3.03 (6H, br.s, N-CH3),  7.87(2H, br. s,=CH-N),  5.15s, 

5.02s (4H, NH2), 8.04 (2H, d, 4-H), 7.35(2H, d, 5-H), J4,5=8.8 hc, 7.96 (2H,d,(-H), 7.46 (2H, d,(-

H),  J=8.0. 
 

 
 

piroyurZnis mJavas eTilis eTeris 2,3-nafTilendihidrazoni (31)  
 
 

NHN

NHN

COOC2H5

COOC2H5  
 

4g (21 mmoli) 2,3-nafTilendihidrazins (2) xsnian 50 ml eTanolSi oTaxis 
temperaturaze, umateben 8 ml (73 mmoli) piroyurZnis mJavas  eTilis 
esTeris xsnars 5ml eTanolSi. 1sT-is Semdeg filtraven da aSroben. 
Rebuloben yviTeli feris kristalebs. gamosavlianoba 7.04g (87%). 
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2,9-dieToqsikarbonil-1H,1OH–benzo[e]pirolo[3,2-g]indoli (32)  
 

NH

H
N

O

O

O

O

 

6.7g (19 mmoli) dihidrazonis 31 stereoizomerebis narevs umateben 67g 
polifosformJavas eTerebis narevs. acxeleben 1000C-mde da ureven 20 wT 
95-1000C-ze. sareaqcio narevs amuSaveben wyliT, oTaxis temperaturaze. 
filtraven, recxaven wyliT neitralur  reaqciamde da aSroben. naleqs 
Rebuloben raodenobrivi gamosavlianobiT, romelsac asufTaveben 
sveturi qromatografiiT. eluenti-benzoli-acetoni, 1:1.  TlR 315-316 0C.  Rf  

0.44  (benzoli:eTeri, 3:1). 
 
 

2,9-di(karbohidrazid)-1H,1OH–benzo[e]pirolo[3,2-g]Gindoli (33) 
 

H
N

NH

NH

O

H2N

O

HN

H2N

 
 
0.2g (0.57 mmoli) 2,9-dieToqsikarbonil-1H,10H-benzo[e]pirolo[3,2-g]in-

dols 32 xsnian 20 ml izopropanolSi aduRebiT da umateben 10 ml hidra-
zinhidrats. sareaqcio narevs acxeleben 800C-mde 3 sT-is ganmavlobaSi 
mudmivi morevis pirobebSi. gamoyofil naleqs filtraven, recxaven 
izopropanoliT, aSroben eTeriT. miiReba yavisferi naleqi. gamosavliano-
ba 0.12g (65%). TdaS >3000C.  Rf  0.35  (izopropanoli : heqsani, 10:1). 

 
 

2,6-nafTilendihidrazini (35) 
 

NHNH2

H2NHN  
 

100 g mSral 2,6-dioqsinafTalins (34) da 300 ml hidrazinhidrats ure-
ven mrgvalZira kolbaSi 1050C-ze 50 sT-is ganmavlobaSi. naleqs filtra-
ven, recxaven wyliT da aSroben CaCl2-ze vakuumSi. miRebuli produqtis 
suspenzias acxeleben aduRebamde mcire raodenoba mSral piridinSi. aci-
veben, filtraven, naleqs recxaven dieTilis eTeriT. Rebuloben TeTr-
movardisfro fxvnils. gamosavlianoba 35g (30%), TdaS1670 C. 
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piroyurZnis mJavas eTilis esTeris 2,6-nafTilendihidrazoni (36) 

 
 

H
N

N

N
H

N

C2H5OOC

COOC2H5  
1.5g (5.7 mmoli) 2,6-nafTilendihidrazinis (35) dihidroqloridis wyal-

xsnars umateben 3 ml natriumis acetats manam, sanam pH ar gaxdeba 4-is 
toli. Semdeg morevis pirobebSi wvrili nakadiT umateben 3 ml (27 
mmoli) piroyurZnis mJavas eTilis eTeris xsnars 4 ml eTanolSi. ureven 
1 sT-is ganmavlobaSi. miRebul naleqs filtraven, aSroben. gamosavlia-
nobaa 1.4g (63%).  
 
 

2,7-dieToqsikarbonil-3H,8H-indolo[5,4-e]indoli (37) 
 

NH

HN
O

O

O

O

 
 
1.4 g (3.6 mmoli) dihidrazons 36 umateben 14 g polifosformJavas eTi-

lis eTers. acxeleben 780C-mde da ureven 30 wT-is ganmavlobaSi. sareaq-
cio narevs amuSaveben wyliT oTaxis temperaturaze. naleqs filtraven, 
recxaven wyliT neitralur reaqciamde da aSroben. gamosavlianobaa 1.16g 
(91%). asufTaveben qromatografiul svetze. eluenti qloroformi. Rebu-
loben 0.45g (35%) qromatografiulad sufTa nivTierebas ufero krista-

lebis saxiT. TlR 3220 -324C. Rf 0.62  (bezoli-eTeri 1:1). 
 
 

2,7 di(karbohidrazid)-3,H,8H-indolo[5,4-e]indoli (38)  
 

NH

HN

O

NH

NH2

O

HN

H2N

 
0.1g (0.29 mmoli) 2,7-dieToqsikarbonil-3H,8Hindolo[5,4-e]indolis (37) 

xsnars 10 ml izopropanolSi aduReben da umateben 7 ml hidrazinhid-
rats. sareaqcio narevs acxeleben 800C-mde 3 sT-is ganmavlobaSi mudmivi 
morevis pirobebSi. gamoyofil naleqs  filtraven, recxaven izopropano-
liT da aSroben eTeriT. miiReba yviTeli feris naleqi. gamosavlianoba 
0.07 g (75%). TdaS. >300 0C. Rf 0.49  (izopropanoli:heqsani 10:1). 
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iw speqtri,  sm-1, 3470(NH2),  3320(NH-indoluri), 3200-3290 (NH-piridazinuli), 
1640 (CO-amiduri zoli 1), 1550 (COamiduri zoli 2)   
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  (DMSO-d6) δ(mn), J, hc:  11,85 (2H, s, NH 

indoluri), 9,73 (2H, s, NH hidrazinuli), 4,49 (4H, br. s, NH2), 7,70 (2H, br.. s,   1-H, 
6-H), 7.90(2H, d, 4-H, 9-H), 7.63(2H, d, 5-H, 10-H), J4,5=9.0. 

mas-speqtri ( 70  ev), m/z (Ifard, %) napovnia: M+ 322(18.4), 305(74.4), 258(84), 232(54.4), 

204(92), 177(100), 150(51.2) 
gamoTvlilia%: M=322 . C16H14N6 

 

meTileTilketonis benzo[e]pirolo[3,2-g]indolil-2,9-dikarbohidrazido-
hidrazoni (40) 

 

NH
H
N O

NH

N

HN

O

N

 
0.3 ml meTileTilketons acxeleben 50ºC-mde, umateben 0.05g (0.17 

mmoli) benzo[e]pirolo[3,2-g]indolis dikarbohidrazids 33, 1-2 wveT Zmar-
mJavas da acxeleben 78-80 ºC-ze 2 sT-is ganmavlobaSi. miRebul  naleqs fi-
ltraven, recxaven izopropilis spirtiT da aSroben dieTilis eTeriT. 
gamosavlianoba 0.057g (78%).  TlR 303-305 0C. Rf 0.62  (izopropanoli-eTeri 6:1). 

iw speqtri, sm-1: 3340 (NH-indoluri), 3200, 3240(NH-amiduri), 1640 (CO-

amiduri), 1600(C=N).  
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  11,88 (2H, br s, NH-indoluri), 10,34 (2H, s, 
NH-amiduri), 7.99 (2H, d, 3-H, 8-H), 8.15 (2H, dd, 4-H, 7-H), 7.47 (2H, dd, 5-H, 6-H), 
2,02 (6H, s, =C-CH3), 2.36-2.42 (4H, m. CH2), 1.06-1.24 (6H, m. (CH2-CH3),  J1,3=3.2; J4,5=5.2, 

J4,6=3.2,J5,6=6.0, J5,7=2.8. 
mas-speqtri ( 70  ev), m/z (Ifard, %) napovnia: M+ 430(76), 390(11.2), 345(25.6), 318(58.4), 

259(100), 233(49.6), 179(27.2) 
gamoTvlilia%: M= 430. C24H26N6O2 

 
 
meTileTilketonis indolo[5,4-e]indolil-2,9-dikarbohidrazidohidrazoni 

(39) 
 

NH

HN NH

O

N
HN

O

N

 
 

0.3 ml meTileTilketons aTboben 500C-mde. mudmivi morevis pirobebSi 
umateben 0.05g (0.16 mmoli) dihirazids 38 da 1-2 wveT ZmarmJavas. sareaqcio 
ares acxeleben 80-820C-ze. 2 sT-is Semdeg umateben 8 ml meTileTilketons. 
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gamoileqa yavisferi Seferilobis naleqi. miRebul naleqs filtraven, 
recxaven izopropilis spirtiT da aSroben dieTilis eTeriT. 
gamosavlianoba 0,04g (58%)  TdaS. > 2400C. Rf 0.30 (izopropanoli-eTeri 6:1).  

iw speqtri, sm-1: 3350 (NH indoluri), 3170, 3280(NH amiduri), 1640, 1660 (CO 

amiduri), 1580(C=N). 
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  11.97 (2H, s, NH ind.), 10.32 (2H, s, NH amid.), 
7.88 (2H, br s, 1-H, 6-H), 8.03 (2H, d, 4-H,9-H), 7.68 (2H, d, 5-H, 10-H), 2.03(6H, s, =C-CH3), 

2.39(4H, br s, -CH2), 1.16 (br s, -CH2-CH3),  J4,5=8.6 
mas-speqtri ( 70  ev), m/z (Ifard, %) napovnia: M+ 430(14.4), 390(92), 345(18.4), 305(100), 

259(51.2), 231(20.8), 204(33.6), 150 
gamoTvlilia%: M= 430. C24H26N6O2 

 
 
 

cikloheqsanonis benzo[e]pirolo[3,2-g]indolil--2,9-dikarbohidrazido 
hidrazoni (41) 

 

H
N

NH

O

NH

N

HN

N

a
b

c

O

 
 
2 ml cikloheqsanons acxeleben 50-60 0 C-mde. umateben 0.04g (0.12 mmo-

li) benzo[e]pirolo[3,2-g]indolis dihidrazids 33 da 2-3 wveT ZmarmJavas. 
TeTri feris naleqi TandaTan gadadis Ria yavisferSi. sareaqcio ares 
acxeleben 1000C-mde 2 sT-is ganmavlobaSi. gamoyofil naleqs filtraven. 
gasufTavebis mizniT recxaven izopropanoliT. gamosavlianobaa: 0.03g 
(53%), TdaSl >3000C. Rf 0.50 (izopropanoli-eTeri 6:1). 

iw speqtri, , sm-1: 3370 (NH-indoluri), 3250-3260 (NH-hidrazonis), 1670 (CO-

amiduri), 1610 (C=N). 
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  11.85 (2H, s, NH ind.), 10.59 (2H, s, NH amid.), 

7.94 (2H, d, 3-H, 8-H), 8.18 (2H, m, 4-H, 7-H), 7.46 (2H, dd, 5-H, 6-H), 1.61-1.77 (12H, m, Hb-Hc), 

2.35-2.46 (8H, m, Ha),  J4,5=6.0,  J4,6=3.2. 

mas-speqtri ( 70  ev), m/z (Ifard, %) napovnia: M+ 482(1.6),  386(1.8), 370(3.6),  259(48), 

232(12), 206(27), 178(60),147. 
gamoTvlilia%: M= 482. C28H32N6O2 
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cikloheqsanonis indolo[5,4-e]indolil-2,9-dikarbohidrazidohidrazoni 
(42) 
 

NH
HN

NH

O

N
HN

O

N

a

b
c

 
 
 
2 ml cikloheqsanons acxeleben 50-60 0 C-mde. umateben 0.04g (0.12 mmo-

li) 2,7-di(karbohidrazid)-3,H,8H-indolo[5,4-e]indols (38) da 2-3 wveT Zmar-
mJavas.  sareaqcio narevs acxeleben daaxloebiT 1000C-ze 2 sT-is ganmav-
lobaSi. ayovneben 24 sT-is ganmavlobaSi da leqaven dieTilis eTeriT. 
warmoqmnili naleqi yavisferi Seferilobisaa. gamosavlianobaa 0,03g 

(50%), TlR 230 0 -232 C. Rf 0.50 (dieTilis eTeri : heqsani, 9:1). 

iw speqtri, , sm-1: 3247 (NH-amiduri), 3350 (NH indoluri), 1697 (C=N), 1643 
(CO-amiduri).  
1H-NMR speqtri (DMSO-d6) δ(mn), J, hc: 11.98 (2H, br  s, NH ind.), 10.58 (2H, s, NH amid.), 
7.86 (2H, br s,  1-H, 6-H), 8.04 (2H, d, 4-H,9-H), 7.66 (2H, d, 5-H, 10-H), 1.64-1.77 (12H, m, 

=Hb-Hc), 2.25-2.40 (8H, m., Ha), J45 =7.2. 

mas-speqtri (70  ev), m/z (Ifard, %) napovnia: M+ 482(100), 387(46.4), 371 (93.6),  

276(38.4), 259(92), 232(54.4), 204(40),177(38.4), 147(16.8) 
gamoTvlilia%: M= 482. C28H32N6O2 

 
 

acetiladamantanis benzo[e]pirolo[3,2-g]indolil-2,9-
dikarbohidrazidohidrazoni (43) 

 

NH

H
N O

NH

N

Ad

HN

O

N

Ad

 
 

0.06g acetiladamantans xsnian mcire raodenoba izopropanolSi da 
umateben 0.05g (0.16 mmoli) benzo[e]pirolo[3,2-g]indolis dihidrazidis 33 
xsnars dimeTilformamidSi. sareaqcio ares acxeleben 780C-ze, daaxloe-
biT 3 sT-is ganmavlobaSi. miRebul naleqs filtraven, gasufTavebis miz-
niT recxaven izopropanoliT da aSroben eTeriT. gamosavlianoba 0.05g 

(45%). TlR 300 0 -301C. Rf 0.40 (izopropanoli : dieTilis eTeri 6:1). 

iw speqtri, , sm-1: 3417, 3324(NH indoluri), 3150, 3250 (NH amiduri), 3200, 3240 
(NH amiduri), 1640 (CO amiduri), 1600 (C=N), 2676, 2723 (Ad).  
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1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  11.86 (2H, s, NH ind.), 11.15 (1H, br. s, NH 

amid.), 10.06 (1H, br s, NH amid.), 7.71 (2H, d, 3-H, 8-H), 7.93 (2H, dd, 4-H,7-H), 7.31 (2H, 

dd, 5-H, 6-H), 1.82 (6H, s, =C-CH3), 1.48-1.53, 1.60-1.75, 1.86  (30H, Ad), J1,3=2.4, J4,5= 6.0, J4,6= 

J57=3.6.mas-speqtri ( 70  ev), m/z (Ifard, %) napovnia: M+ 642(02) 

gamoTvlilia%: M= 642 C40H46N6O2 

 
acetiladamantanis indolo[5,4-e]indolil-2,9 dikarbohidrazido 

hidrazoni (44) 
 

NH

HN
H
N

O

N

Ad

N
H

O

N

Ad

 
 

0.06g acetiladamantans xsnian mcire raodenoba izopropanolSi da 
umateben 0.05g (0.16 mmoli) indoloindolis dihidrazidis (38) xsnars di-
meTilformamidSi. sareaqcio ares acxeleben 800C-ze 3 sT-is ganmavlobaSi. 
miRebul naleqs filtraven, aSroben dieTilis eTeriT. gamosavlianoba 
0,06g (56%). TdaS >300 0C. Rf 0.55 (izopropanoli : dieTilis eTeri 6:1). 

iw speqtri, , sm-1: 3301 (NH-indoluri), 3193 (NHamiduri), 2676, 2723 (Ad), 1627 
(COamiduri), 1535 (C=N). 

1H-NMR speqtri (DMSO-d6) δ(mn), J, hc:  11.99 (2H, br  s, NH ind.), 10.60 (2H, br  s, NH 

amid.), 7.89 (2H, br s, 1-H, 6-H), 8.06 (2H, d, 4-H, 9-H), 7.71 (2H, d, 5-H, 10-H), 1.48-1.81 

(30H, Ad),   1.70-1.81(C-CH3),  J45=7.6.  
mas-speqtri (70  ev), m/z (Ifard, %) napovnia: M+ 642(02) 
gamoTvlilia%: M= 642. C40H46N6O2 

 
 
 3,8-diformil –1H,10H-benzo[e]pirolo[3,2-g]indolis diadamantilanili (48) 

 

 
 

50 mg (0.24 mmoli) p-adamantilanilins (47) xsnian 5 ml absolutur 

eTilis spirtSi 40C-ze.   umateben 3-4 wveT yinulovan ZmarmJavas da 20 mg 
(0.05 mmoli) 3,8-diformil–1H,10H-benzo[e]pirolo[3,2-g]indols (47). miRebul 
narinjisfer suspenzias aduReben 2 sT-is ganmavlobaSi. gacivebis Semdeg 
filtraven, recxaven eTanolisa da dieTilis eTeris minimaluri 
raodenobiT. aSroben. gamosavlianoba 20 mg (58%). wiTeli kristalebi. TdaS 
300C. Rf 0.46 (izopropanoli : dieTilis eTeri 6:1). 

iw speqtri, ,sm-1: 3286 (NH), 2846, 2900 (CH-adamantanis), 1627, 1658 sm-1 (C=N). 
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ui speqtri, max,. nm, (lgε): 208 (2.03), 242 (1.96), 255 (1.97), 277 (1.55), 322 (0.93), 
385 (1.96).   
1H-bmr speqtri, (DMSO-D6)  (mn), J (hc): 11,98 (2H, m,1-H, 10-H);  8.64 (2H, d, 2-H, 9-H); 

8.91 (2H, s,-CH=N-); 7.42 (2H, dd,  4-H,  7- H); 7.29 (2H, dd, 5-H, 6-H);  7.67 (2H,dd , 5-H,); 

7.24 (2H,d , 6-H,); 6.97 (2H,d, 3-H); 6.48 (2H,d, 2-H,), 2.07 (6-H, ad, s); 1.90 (12-H, s, ad.);  

J1,2=3,2  J4,5= J6,7= 8.4 ; J4,6  = J5,7 = 3.2. J2,3 = 8.4;   J3,5= 1.6; J5,6  =8.4.  
napovnia m/z(%): M+680 (0.8), 443 (16), 362 (28), 330 (9.6), 253 (11.2), 227 (100), 226 (81), 

170 (100), 134 (82), 133 (85), 106 (100), 91 (16), 79 (10.4). 
gamoTvlilia: M 680. C48H50N4 
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daskvnebi 
 

1. sinTezirebulia benzo[e]pirolo[3,2-g]indolis, indolo[4,5-e]indolis, 

indolo[5,4-e]indolisa da  indolo[7,6-g]indolis axali 25  warmoe-

buli potenciuri biologiuri aqtiurobis gamovlenis mizniT. 

infrawiTeli, ultraiisferi, birTvul magnituri speqtroskopiisa 

da mas-speqtrometriis meTodebis gamoyenebiT dadgenilia maTi 

struqtura. 

2. damuSavebulia 2,7-di(karbohidrazid)indolo[5,4-e]indolis miRebis 

preparatuli meTodi.  

3. Seswavlilia 2,7-di(karbohidrazid)indolo[5,4--e]indolisa da 2,9-di-

(karbohidrazid)benzo[e]pirolo[5,4-e]indolis  kondensaciis reaqcie-

bi meTileTilketonTan, cikloheqsanonTan da acetiladamantanTan. 

miRebuli hidrazido-hidrazonebis agebuleba dadgenilia speqtru-

li meTodebiT.  

4. dadgenilia, rom dikarbohidrazidebi advilad Sedian kondensaciis 

reaqciebSi karbonilur naerTebTan. kondensaciis reaqciis produq-

tTa gamosavlianoba Seadgens 50-78 %. 

5. dihidroindolizinisa da spiroqromenuli fragmentebis Semcveli 

spironaerTebis sinTezis mizniT, damuSavebulia, 2-meTilenindoli-

nuri fuZis, e.w. fiSeris fuZis izomeruli bisanalogebis –1,3,3,6,8,8-

heqsameTil-2,7-dimeTilen-indolino[7,6-g]indolinis, 1,1,3,8,10,10-heqsa-

meTil-2,9-dimeTilen indolino[4,5-e]indolinisa da 1,4,5,8-tetrahid-

ro-1,1,8,8'-tetrameTil-2,7'-dimeTilendipirolo[1,2,3-d,e:3,2,1-i,j]benzo-

[g]qinoqsalinis miRebis preparatuli meTodebi. speqtruli 

meTodebiT dadgenilia fiSeris fuZis analogebis struqtura. 

6. Seswavlilia sinTezirebuli fiSeris fuZis bis-analogebis for-

milirebisa da azoSeuRlebis reaqciebi p-brom-, p-nitro-, p-sulfami-

do- da fenildiazoniumis qloridebTan.  

7. miRebulia fiSeris aldehidis axali bis-analogebi. xolo 1,4,5,8-

tetrahidro-1,1,8,8'-tetrameTil-2,7'-dimeTilendipirolo[1,2,3-d,e:3,2,1-

i,j]benzo[g]qinoqsalinis formilirebisas gamoyofilia aseve reaqciis 

anomaluri produqti – cianinuri saRebaris msgavsi struqturis 

naerTi.  

8. dadgenilia, rom 1,4,5,8-tetrahidro-1,1,8,8'-tetrameTil-2,7'-dimeTilen-

dipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis azoSeuRlebisas warmo-

iqmneba ZiriTadad bis-azonawarmebi, xolo 1,1,3,8,10,10-heqsameTil-2,9-

dimeTilenindolino[4,5-e]indolinisa SemTxvevaSi gamoyofilia mono-

nawarmic. 

9. dadgenilia benzpiroloindolis fragmentis Semcveli spironaer-

Tebis miRebis gzebi. mowodebulia, rogorc qromenuli jgufebis 

Semcveli, aseve dihidroindolizinis tipis spironaerTis sinTezis 

meTodebi: 
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a) qromenuli fragmentebis Semcveli axali spironaerTebis miRebis 
mizniT ganxorcielebulia 2-meTilenindolinuri fuZis bis-analo-
gis – 1,4,5,8-tetrahidro-1,1,8,8-tetrameTil-2,7-dimeTilen-dipirolo-
[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalinis kondensaciis reaqcia mono- da 
dibromsalicilis aldehidTan. sinTezirebulia 2 axali bis-spiro-
piranuli naerTi – bis(6-brom-2H-qromen-2-spiro)-2‟,7‟-1‟,4‟,5‟,8‟-tetra-
hidro-1‟,1‟,8‟,8‟-tetrameTildipirolo[1,2,3-d,e: 3,2,1-i,j]benzo[g]qinoqsali-
ni da bis(6,8-dibrom-2Hqromen-2-spiro)-2‟,7‟-1‟,4‟,5‟,8‟-tetrahidro-1‟,1‟,8‟,8‟-
tetrameTildipirolo[1,2,3-d,e:3,2,1-i,j]benzo[g]qinoqsalini.  
miRebuli nivTierebebi xasiaTdebian fotoqromuli TvisebebiT. aR-
niSnuli Tvisebebi gamovlenilia vizualurad da am naerTebis eleq-
tronuli speqtrebis SeswavliT. bis(6,8-dibrom-2Hqromen-2-spiro)-
2‟,7‟-1‟,4‟,5‟,8‟-tetrahidro-1‟,1‟,8‟,8‟-tetrameTildipirolo[1,2,3-d,e:3,2,1-i,j]-
benzo[g]qinoqsalinis eleqtronul speqtrSi dafiqsirebulia STan-
Tqmis maqsimumi 840 nm-ze, rac savaraudod ormxrivad gaxsnil 
betainur struqturas Seesabameba. 
Bb) damuSavebulia axali Taobis dihidroindolizinis tipis benzo-
piroloindolis fragmentis Semcveli bis-spirocikluri naerTis 
miRebis meTodi 2,3,3,8,8,9-heqsameTil-3,8-dihidrobenzo[e]pirolo[3,2-
g]indolisa da spirociklopropenfluorenis safuZvelze.  
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