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ABSTRACT
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SYNTHESIS, CHARACTERIZATION, AND EVALUTION OF BIOLOGICAL
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Within the scope of this thesis;MeO-Salen compoundslé and 1b) were obtained from the
reaction ofo-vanillin with 1,2-diaminoethane and tdiaminobutane in dry MeB. The process

of reducing 3MeO-Salancompounds ia and 1b) with NaBH, in dry MeOH resulted in the
formation of 3MeO-Salan compound2& and 2b). 3-MeO-Salan2-one compound$3a and

3b) with a new skletal structure were synthesizeyl reactingof 3-MeO-Salan compoundé

and 2b) with K,CO; in dry THE The reaction of compound 2a with
hexachlorocyclotriphosphazatriene [cyclic trimegP}Cl¢] in dry THF led to the formatiorof
partly substitutegphosphazenderivativeswith spiro-bino-spiro- (4) andspiro-ansa (5) motifs.
Thefully heterocyclicamine substitutedpiro-bino-spiro-phosphazene derivativésa-6d) were
synthesized fronthe nucleophilic substitution react®of partly substitutegphosphazenedy
with heterocyclic amines fyrrolidine, piperidine, 42-aminoethyl) pyrrolidine,and (2-
aminoethyl) piperiding in dry THF. The partly heterocyclic amine substitutegdirc-ansa
phosphazeneerivatives(7a-7€) were obtained fronthe nucleophilic substitutioreactions of
partly substituted phosphazeri (ith heterocyclicamines {pyrrolidine, piperidinej-dioxa8-
azaspiro[4,5]decane, morpholind;(2-aminoethylinorpholing in dry THFE. All synthesized
compounds were characterizbg elemental analysis, FTIR, M3D *H, **C and *P NMR
techniquesand the structure of temmpoundg2a, 4, 5, 6a, 6¢, 7b, 7cve 7€) waselucidated by
detailing theprotontrcarbon positionsisingthe 2D HSQC techniquéhe crystal structure &-
MeO-Salan2-on (3b) was determined by -Xay crystallography.Since partly (5) and
heterocyclic amine7@a7€) substituted phosphazenes contain two stereogenic phosphorus
atoms,*'P NMR spectra of phosphazen derivativesafid 7a) with chiral solvatingagent
(CSA) addition were taken as an example inhs observed that the compounds could exist
as pseudmesoandracemicmixture, respectivelyAll synthesized compounds were tested for
their cytotoxic effects on adiposkerived stem cells (ADSCsAdditionally, membranes
based onmicro-/nancfibers of all compounds wer@btained withpolycaprolactone RCL)
using theelectrospinning method he morphology othe membranes was examined usitv
images, their diameters were determined, and their mechammaérpies were investigated
using tensile testsFurthermore, the potential of these membranes to be utilized as three
dimensional bioscaffolds in tissue engineering was assessed.
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1.GKRKK

Fosfazen bilexkikleri, i norgani k bFosfaeki kI
ve azot at dudna+ iéf tar lgR=fE)nal@mé nv e ytae kdrCaritd akneazs
d¢kKeék mol kyatpléd lair tod lukkalbd | ece] i gi bi, bi
pol i fosfazenler de Whh&bshmaktvadéarzof Alalnero | :
ile i1 gild@i i I k - al ek mal alerinin semtdzlenmésiile 9a p € d
yé¢zyél en ortalarénda bakl améxkt ér . 1972 vy
e 11 gili yapél an - al &k mBullem 19¢1,Allcack vo.i | e K i
1972).

Ayr éca fhoaslfkaazZleen |l er ki -PENnyRil reiriminelrei nden d
-%0z¢del efPzignebiBmekeednek, fosfazen bil e
artér mékt ér Fo¢fdzertvy reesVi IN2r0i®@ ¢y uve ki myasall
ol mal aré sayesindead ygkkesreiknpenr étoir maeales ¢ ék |
geci ktirici czedllekKktlreonekndediemaygiehe ol ar
edilmektedir Ay r & cfag z efnd se r y ¢ ks e k veeterreal kaidr €y @&jkd ralr
nedeniyle pillerdev e s ¢ per keakplasn @l°mdlketra ve i1 et ken
yenileebi | i r enerjiarakdoekemdEar é F natd pagtke n  t ¢
ve serami k y¢gzeylere yvapkamazyar!|l I nlieyigéi
dayanek]| éar olapap &uatn@r ana & ltAayd érc a fosfazenl e
y°net i mi vV e -evreye zarar |l e mafdtré evk e r i n
membranlarda yer almakta,ar ar | & gazl arén ve ajét me t
materyali ol ar akYedewmi kao2iEImasivé PEhB Khin add By

Fosf azenl er i n DdMeAntimkrabiyadaktitési ile ilgilimi m4 ok - al &
ger-eklexktirilmiktir (Baxatsew-dni 2@22.,200é&m
vd. 2024) . Byenet ket leen mimard,del er i n gel i

s¢renl eaml akél maséna. katkéda bulunmaktadeée



Fosfazenler biyomedikal uygulamalardaa b ¢ y ¢ k i ktedir. Bigouyumie ve
bi yokararl & ol mal ar & n e dpelimerlgr] byomdlzersefva z e n

doku m¢ghendi sdepli ambhbapkeaeéprpda olCasellakd. ° ne
2022)

Fosfazenle © zel I i k1 e kal p kapak- &kl amleer gbidamar
bi yomedi kal uygul amal ar daFosfazen g€ Ine toil ma adka
malzemé e r , 3D baskél ltak@amlodamak | &r ki ye ©°zel

i skel el er ¢ r e tlabhilméktedit Buduruni e kel | aké€ e doku
I -1 n O°yzaep &1l ar ol ukt urreul magEné 3 anfdrimnmealdtaa
gel i ktiril mesi ne.Bkmatzémeldrabiydjuil ik nonak & mid&r d a

karlkhal @erken v cut taraféudeasakapulbl endikl ak

Ay r éosfazenfpolimerlefihn ¢, cr e i skel et ol ukt ur mak, [
rejenerasyonu gi bi uygul amal arda da ©°nem
b¢yéemesini tekvi k eden Dbiyol oji & ddkakt °r
iyilekmesindéehéezl andér makt a

Fosfazenlerin kimyasaglhruyphpéeea, ekaekmésf a
bu da il a-1larén ve biyolojik fakterl eri
sajmhatradéyr éca, f osf az eeklénetendon varigaemagibi k © z
esnek dokul airreche nklhlelnan &sll mgs é n(&e dll Svkh@awks§ t -
2018,Kopeckavd. 2020t al ék kan vd. 2024, Wang vd. 20

Fosfazenlwerbwm gamidwjyel pazelnil auygulad ma mal
biyoteknoloji v bi yom¢ghendi sl i k gi bima kohuaunhalme d a
g et i r melecakte fosfazernerinb i yomedi k al al andaki k ul

vyaygenl akmasé bekl enmektedir.



Bu doktora tezi Kk&hphk,®@magdh ddldiwagnelllaamr Eér el m.

¢ i z e | dgleverilenld tanesiorjinal (2b, 33, 3b, 4,5, 6a6dve7a7e)o | mak ¢z er
17 b i | elm-8ak1lb-3b, 4, 5 6a-6d ve 7a-7d) sentezlendi Akaj éda sent
bil exigklugpl ar én;a g°re |listelendi
1 2adet3-MeO-Salenbi | e(&avé 1lb)
1 2adet3-MeO-Salanbi | e (Raivé 2b)
1 2 adet3-MeO-Salan2-onb i | €3&\veBb)
1 1ladetké sens ¢ b s gpirotbigoespiro motifli fosfazernt ¢ r v i (
1 1adetké sens ¢ b s spirotansamotifli fosfazent ¢ r B v i (
1 1 adetamamerpirolidin s ¢ b s gpirotbipoespiromotifif o s f az e6a) t ¢ r e\
1 1adetamamenp per i di spirebintspitomatifff fosf azebh) t ¢r e
1 1 adet tamamen 1-(2-aminoetil)pirolidin s ¢ b s tspird-hine-spiro motifli
fosfazebno t¢revi (
1 1 adet tamamen 1-(2-aminoetil)piperidin s ¢ b s tspird-bine-spiro motifli
fosfazebd) te¢grevi (
T ladetk eéenpi r ol i di spirccsapgshnsotifliftossef a z e’ t ¢r e v i (

1 adeeanp péegmdi spirecapdamotifi ft g ef aze’) t ¢r evi

1 a d e en 1,Kk-dioksam8-azaspiro[4,5]dekars ¢ b s tspird-apsa motifli

fosfazem t¢revi (

1 a d eenmdkidirssny, b s dpirotansamotifli fosfazert ¢ r &d) ve (
T 1 ad e én4-R-ansinoeti)morfolin s ¢ b s spirdagsa motifli fosfazen

t¢r ggi (

K1 k od-vanilim K2-hidroksi3-metoksibenzaldehi) i h,2-etandiamin ve 14

(

b¢tandléelur ln met an otepkimesindardideOSak en b@ld eki k
velb) hazéer3-Me®B8al en bild ekl kblineami k(uru metano
NaBH, ile indirgenmesinde3-MeO-Salanb i | e k2akd2)r ie k(d e3-Me@ i | di

Salanbi | e2@idgnéen( kuru KBGiI bet am&nd a K ttiietili
amin (NEg) v a r hekFjaldorosikdotrifosfazatrienNzPsClg) ile tepkimesinders-
MeO-Salar2-on  bi (Bag k € § me, b s spirckbipaespiro- (sbg motifli (4) ve

| mes

spiro-ansa (sa motifli (5) fos f az en t ¢revi3dMe@Salambint el £n



2b) 6 ni n kur u TKECBs; i dret aemtéknidlae Kk t NEtiviamel séijnéin d
N3PsClg ile tepkimesindersadece8-MeO-Salan2-0 n b i1 (3b)eelde gdildi.o-Vanilin

grupl u tamamen hprdlidginr (Bir) (Bap piperadin @ip) gan)i Ia(2- [
aminoetil)pirolidin (AEPIr) (6¢) ve 1-(2-aminoetil)piperidin (AEPip) (6d) ] s¢bstil
spiro-bino-spiromo t i f | i f osf az e rspirebinpspitoé sménzespgbstp
4 6¢n hetero b al & &k, &ip, MEHIr rvé ABEPIp)O(i n akKeres
tepkimesinden sentezlenho-Vani | in gruplu késmeTa, Pipet er o
(7b), 1,4-dioksa8-azaspiro[4,5]dekar{DASD) (7¢), morfolin (Morf) (7d) ve 4-(2-
aminoetil)morfolin (AEMorf) (7€) ] S ¢ bperdansa et i f | i fosfazer
k @€s men spgdasskfids;ifeaz ed 0t gr eaeit ef o hal Rl & a
Pi p, DASD, Monr f a K EAEEMsoOer f i) 6@ t di.pSentemiensni n d e
bi |l eky &p &s é ;anabil MSPHa IR, 11D 'H, °C ve *'P NMR ve 2D HSQCve
X-ekenée ykatemédmdeéenlSanéledaéenen bilexkikIl eri
tespit edi | mesi amaceéeyla insan aidvitpoz dc
sitotoksisite - al ékmal aTéz yaaplékmal ,ar d okwpmgmemd
uygul amal ar énda kul |l amé&lnan ¢ ried k ani enldesr i ns
bil eki kl erin potansagyeyliai pidled te r.|-CadkdBikmra e
bil ek INjJPIClg(@)lvasant ez | enen (Ialdamb-Bbj4]5e6e6dkd7a r
79,FDA taraféndan bi y @uwy-kagrolkibnyBCl) poimerinel a n mé
k at k e lelektrceerj d ky Pna t e mi -/mikito-&f menabranlarPCL-1a, PCL-1b,

PCL-2a, PCL-2b, PCL-3a, PCL-3b, PCL-4, PCL-5, PCL-6a, PCL-6b, PCL-6c,

PCL-6d, PCL-7a, PCL-7b, PCL-7c, PCL-7d, PCL-7¢ PCL-T) h a z € r Hleltno-d &

e] r ibumamkrah ar €én mor f ol o) i lektroh mi&roskopubEMitei t ar
incelendi ve if -apeanal i zI| eri .geAyred&deajkreillerkitkd bme mbr
mekani k davmamé elnaedmn é m ma ceétabitutuldu- K kitrne t e ¢
sitotoksite - al éamelirleyicidrandafaziklad krées éc @ ldail]
edilenf osf az en 6bi6gr7rewel7d Hirkiaft k €1l andeéej ®CL+le mr an |

PCL-6d, PCL-7c ve PCL-7d) her biri i -1 n ISAUAPIVyml ul
st andayrgduénn ao luar a k . Ayerr & cade Ime va n(PGLiokE RCL-6d,
PCL-7c, PCL-7d) doku m¢ghendi sl i Ji al an eboyutduk i p C

(3B) kartl arda de] einvitonhldd arnd me&ksgil t -4amdadakt e me

ger-eklexktirildi
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¢Ci zelllent ezl enen

bi lilexd lkd red & rné lamaskeé vy

d No

A-ék Yapésé ve

Adl andér el masé
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(13) OCH;

OH

HC=N

H3CO
HO

N,N'-bis(3-metoksisalisiliden)etad,2-diamin
N,N'-bis(2-hidroksi3-metoksibenziliden)l,2-diaminoetan
2-[(E)-({2-[(2-hidroksi3-metoksibenziliden)amino]etillimino) metil]fenol
6,6-((1E,1E)-(etanl,2-diil bis(azaneyiliden®is(metaneyilidenkis(2-metoksifenol)

(1b) OCH;,4

OH

HC=N

H;CO
HO

N=CH

-
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2-[(B)-({2-[(2-hidroksi3-metoksib e nzi | i den) ami no] b¢t

6,6-((1E,1E)-( b ¢-1,4diilbis(azaneyilidenlis(metaneyiliden®is(2-metoksifenol)

3-MeO-Salan

(22) OCH;

OH

NH

H3CO
HO

HN

L |

2,2-[Etan-1,2-diilbis(iminometilen)]bis[fenol]
[(1,2-Etandiilbis(iminometienpis(6-metoksifenol]
BigN,N'-(2-hidroksi3-metoksibenzilj1,2-diaminoetan
6,6-((Etan1,2-diilbis(azanedil)pis(metilen)bis(2-metoksifenol)
2-[({2 -[(2-Hidroksi-3-metoksibenzil)amino]etillamino)metillfenol

(2b)

OCH; H3CO

HO

4,41 B ¢ ,4&diilbis(iminometilen)]bis[fenol]
[(1,4-Etandiil)bis(iminometienpis(6-metoksifenol]
Big[N,N'-(2-hidroksi3-metoksibenzilj1,4d i ami nob ¢t an
6,6-( ( B zli4-diilbis(azanedil)pis(metilen)pis(2-metoksifenol)

2-[{2-[(2-Hidroksi3-met ok si benzil ) amino] bg¢gt




¢izelge 1.1 Sent ezl deaedn abnidl éerkéil kmaesréi n( da

Sén| No A-ék Yapésé ve Adl andeéer el
OCH; 3CD
0
(33) ,';'
c
Q
% 1,3B|s(2-h|drokS|-3—metok5|benZ|I)|midazolidiFiZ-on
©
3 OCH; 31':0
()
@ (3b)
1,3-Bis(2-hidroksi3-metoksibenzibl,3-diazepar2-on

>
- | CH;3 H3C, a1
o C
s N
.-

[0
o8 | 4 Clo_ 0 l} Cl

: g 3,; .
o)
— £
— "g N,NG&Etanbis{[ splroZ-(Z-oker-metok&ben2|Iamlno)]4,4,6,6tetraklorosikle
c = 2e° 4er, 6ex-trifosfazatrien}
‘>° & 1,2-Bis(4',4',6' 6tetrakloro8-metoksi2e?,4a°,6a°-spiroe][1,3,2]
S oksaazafosfini¥2,24[1,3,5,2,4,6]triazatrifosfinin3(4H)-il)etan
C 5 HjC N CH;

TN

c»% 0 N N o
<® | (5 ol |l o
_ % ‘;’P\k P{:Cl
_ 2 NN Ry
= 5 L |
c
> o 8,8,10Trikloro-4,2-dimetokst16,17,18,19etrahidro21H-6H-6 & 8,2l 06a40
o (azeno)benzo[l)]benzo[5,6][1,3,2]oksazafosfininofa]Bl]oksa

@ [3,5,7,10]teraaza[2,4,6]trifosfasiklotridesin




¢izelge 1.1 Sent ezl deaedn abnidl éerkéil kmaesréi n( da

Sén| No A-ék Yapésé ve Adl andeér el
S QN QA
o N . R \/
- N\ N
el QY ' O
£ _\\II, Q,,D ) k o II
© -
A N \-” ~ / \
N N N
- o I g
s 1,2-Bis(8-metoksi4',4',6',6'tetra(pirolidin-1-il) -2e°,4'2%,6'a>-spirofbenzof]
- [1,3,2]okzazafosfini¥?,24[1,3,5,2,4,6]triazatrifosfinin3(4H)-il)etan
é QLD QO
< “\P/’ D/CHS H3C\D N
@ AN O AN A
(6b) I 1
: N ol o
£ N Ry K“—\l -\l “ NN \Fj
c < >
()
S 1,2-Bis(8-metoksi4' 4',6',6'tetra(piperidinl-il) -2a°,4's°, 6'2°-spirobenzole]
g [1,3,2]oksazafosfii?,2-[1,3,5,2,4,6]triazatrifosfinB(4H)-il)etan
«© ( '\ /ﬁ (\ { } { \ /} (\ / >
5 H\\/\H CH; H}\/\H
= | oo | (N /j @ @ (\_\‘- )
: wl} 1o e
2 R / I 3 .—-“' e N\
HN N | | N NH
- ; }f_ \.) k/\‘q ;
- 1,2-Bis(8-metoksi4',4',6',6'tetra{1-[4-(2-aminoetil)pirolidinil}-2 & £, &' a
z spiro[benzo[e][l 3,DoksazafosfiR?,2-[1,3,5,2,4,6]triazatrifosfinB(4H)-il)etan
>
o)
O oF & ’w jas
/P\ d.
(60) _\_/w NF N\ (\
.| | o 0 || /\‘H
SN A R AN
HN N N 5 N NH
oY T =T Ly
1,2-Bis(8-metoksi4' 4',6',6'tetra{1-[4-(2-aminoetil)piperidinil}2 & £, &' &
spiroglbenzo[e][1,3,2]oksazafosfif,2[1,3,5,2,4,6]triazatrifosfinB(4H)-il)etan




¢izelge 1.1 Sent ezl deaedn abnidl éerkéil kmaesréi n( da

Sén| No A-ék Yapésé ve Adlandéreéel maseée
17,
: QO
~ HyC, CH
n 3 3
o / ‘\ S
< (78)
- D,._h_l ||
\ x_
(] |—|
g 10-Kloro-4,12dimetoksi8,8-di(pirolidin-1-il)-16,17,18,19etrahidre21H-
g 6e°,8e°,108°-6,10(azeno)benzoll]benzo[5,6][1,3,2]oksazafosfininofZ]R]
-f-é oksa[3,5,7,10]tetraaza[2,4,6]trifosfosiklotridesin
5
(o
o N N
= NS
g H3C, b CH;
- 0 2N o
o (7b) T i’i
< O O
P Pz
. .
> X N
= L |
f 10-Kloro-4,12dimetoksi8,8-di(piperidin-1-il)-16,17,18,1%etrahidre21H-
> 6e°,8e°,108°-6,10(azeno)benzoll]benzo[5,6][1,3,2]oksazafosfininofZ]R]
c oksa[3,5,7,10]tetraaza[2,4,6]trifosfosiklotridesin
c
©
2
° | (79 HyC, \/ CHy
0 & \ o
[
o\IL |
\/\ /\Cl
10-Kloro-4,12-dimetoksi8,8-di((1,4,7dioksazonasv-il)-16,17,18,1%etrahidro
21H-6 3 8,21 “BA0(azeno)benzo[llbenzo[5,6][1,3,2]oksazafosfininof2,3
fl[1]oksa[3,5,7,10]tetraaza[2,4,6]trifosfosiklotridesin




¢i zelgentled!l enen bi lilexdIlkd nred & rné lamaské y(ad

No A-ék Yapésé ve Adlandéreéel maseée

oVanilin gruplu het giroeansafeslazera | & a$
>

@Q

HyC CH
3\ 3

. j@

10-Kloro-4,12dimetoksi8,8-di(morfolin-4-il)-16,17,18,1%etrahidre21H-
6e°,8e°,108°-6,10(azeno)benzoll]benzo[5,6][1,3,2]oksazafosfininofZ]R.]
oksa[3,5,7,10]tetraazal2,4,6]trifosfosiklotridesin

o o
WY (s

(7d)

HN, ,NH
H3C, h'd CHy
(7¢) o 22 TN o

10-Kloro-4,12dimetdksi-8,8-di{1-[4-(2-aminoetil)morfolinil}-16,17,18,19
tetrahidre21H-6 3 8, a1 6A0(azeno)benzo[l]benzo[5,6][1,3,2]
oksazafosfinino[2,3f][1]oksa[3,5,7,10]tetraaza[2,4,6]trifosfosiklotridesin
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2KURAMSAL BKLGKLER / LKTERAT| R ¥ZETLERK

2.1 Fosfazenler

Fosfazenl er, m o VedNlatgrhu bylumgu@n e bweatnd sear@n bi r b
-ibajlleaerajl @€ ol duj EEnbiblidkinlklnervde ren - ok
bi | eikhekzdklerosiklotrifosfazen (#®sCle, trimer) ve oktaklorosiklotetrafosfazen
(N4P4Clg, tetr Baller1p7@)Diirf er trimeri k ve tetram
genel olarakNsP:Cls ve NsP,.Clgb i | ek i k-2 o mid emdné, rdi€Ctri- veya

tetraf onksi yoneli |l i Inekilke oefri | i k S¢bstitesy
edlmektedir. Fo s f az en bi geri k|l erPizpicp |l end&l e8fzigIn
shstit¢gsyomerntmekii maosganik,dPove Na €& oml ar é& i -ern
d o | anprganikave y a p € | aagarékn anorganik veyaorganomed | i k grupl
baj | an adbe nl ndecghndnyecanorganie r a s € n dya sabiporl dyuapbpl é
edilmektedir(Allcock 1985).

22 Fosfazen Bilekiklerinin Sénéflandeéreéel m

Fosf azen dbiizl exii rkd)jenrdili k a(l éiven odnrekkloil kna k ¢z er
¢ grupta incelenmektedir¥ z e | I[(NRX;)# kapal é for mgdl¢kneel és
fosfazenle, anorganik heterhhal kal é si stemleéi ol dxntuwml ma
(Allcock 1972).

22.1 D¢ z 1z ifosfazented i

D¢ z  z ifosfazenter, ilk olarak fosfinler ile organik azidleriapkimesinden elde

edi | mi gegi r zi roBfazenlerin e n bil i nen PHriklor-Bl i [
diklorfosforilmonofosfazen (GPNP(O)C}) b i | e ki | i(Ersleyvd. K K).i | 2 .
Cl (o]

Cl——P—=N—FP—ClI

cl Cl

kelkRLEn bilinen d¢kzilzewmicjiirhiin fysp age
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2.2.2 Hal kicsfhzénler

Hal kal € femsdlaz e[@N=BXF), h=12, X=F, Clljolanbi | eki k1l er
Hal Kalsd azenl erin en DbR=Nbmm; °rkelkerair | an
N3PCle ( k e ki | 2.28pkverNgPd & kieizlye? . 2b yBakt a d é
bil exki kl er, ekiz rtChast eoymua ialetréenvenas ka yapés

fosfazenlerdir.

Kl k ol arak Bacreé radpafvendark atdaké ml anan €
bil exkiiJi, tetrakis(diizopr opvel [Bmi-Brp)si k1 c
forme¢gl ¢ne s(akhekpi |y aBoe2ddB)r | e ki k, ki fosfo
atomundan ol ukan k sahiptk. Hdrhir fosfdn atbrmma iki adetp € s é r
diizopropilamin (-Pr) grubu b aj | an m@aceietlo  vd. 1984)
Tetraikosametilsiklododeosfazen olarak bilinemé ¢ y ¢ k hal kal & f osf ¢
[NioPoMeoyd f or m¢lP fosfoe (P)we 12 azot (Nt o mund alm¢ yod ku klainr
halkaya sahifr ( k e ki | B u 2 Har birdasforkatomuha iki metil (Me) grubu
bajdajnétnamlnamda 24 mekeadn(Qakleywvdi1986).1 - er

(o) () \’
N\ N N N
N e . \ A et P
cl I\ ’/c C‘/n c
cl . ¢ C'P\CI
(a) ® (© (@
k e K2 (a) ve (b)En bilinen (c) En  k ¢ve(@)kEn b ¢hya¢lkk a | & ifno saf-aézke
yapeéese
Cexki tl i sentez y°ntemlerialiklag éelf desninadielne
hal of osfaranl ardan el de edil me y°nt,emi )

Jaegev e Gl eri adébnéen 1998 yeéel énda vy agyé;,nklsaedke j
kaynama n okt adeéhalofosfaranlag n@a mg o y um hallojenyg
et ktiilreikl mesi nden eh alek & |JaehdmiR wé Glariz N.1898).
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2.2.3 Polimerik fosfazenler

Polimerik fosfazenler veya divgMNat obmlrar dajé
bel irli bir tganemasé-vbegehakMPRID KmKI p nde
g%ster il en.Fgsfazen polenerlerier Bin tekrardarganik, organometalik

veya anorganik K i yan grup POR) me-rerkme kotsef daizre.n| er
°zelli klerinden biri, yé¢ksek ter mal kar :

Yapél aréna g°r e pol sikiobneer kesikomariksa polenerlere r I

olarakgy s énéfa aykekmbhk®ed@@ryapéedaki -HvoNf azer
atomlar énén birbirini tPalitnerilp fostazemeeds iiky | e
s¢bstiteéegent gr ubu ( R) f osf @&mrB.uat ogriustai tbgae
alkil, aril, alifatik, aromatik veyaorgaro met al i Kk ol abi | 4 & k i w¥lainl| igk
I K| e v sagdsihde fosfazen polimerleior gani k pol i merl ere
sa] | am@lcaoclk2DEr
R R A R /R
| S e
& " R>L\,\-/ui R/\\'/k
(a) ®)
NSNS
Y P
|1 |
" f/\/" Pa Y f
Y A \
v\ v N\ ¥ Ny
S— R p——

e " Fe "o f%_\/\L
& " W "

©

k e k4.3l (a) Lineer polifosfazenler, (b) Siklolineeve (c) Siklomatriks fosfazen
polimederini n yapeéseé

S kl olineer ve siklomatriks péhi mewnlaerd,o]
zincirlerinin fosfazenlerin ana iskeletinde bulunan ekzosiklik gruidekimyasal olarak

bajl anmasé yoluyl a seartéedzére.nei KIlzoehlli kpedel@i

f os f az e nsaipkarp sildogatrks polimerlebu halkasal birimlerin bir araya

gele ek daha karmakék aj yapelaré oluxkturd
s é r a dosfazdna birimlerineb a J | akezasiklik gruplar, mo |l ek ¢ | ¢ n ki m
° z el | bdirleraektedn{daeger ve Gleria 1998).
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2.3 Siklotrifosfazenler

Siklotrifosfazeh er ve t¢revlieadyaggpognkareamlaé! &jeeé
alev geciktiricilifji, bi youyumlul uju ve
vV e ki myasal ©zeldn klyeerlil arndead e rbi¢yyl¢ek S| c
Siklotrifosfazetere d ay al é mal zemel erin t opoveoj i k
uygul amal ar eénén araktereéel masénaal g¥mal i
gekdexktirilmeélottedifrosf é&Szen, gipregmiEgdiei kmanl z
mal z e me bil i migeh ma r é npdoaeiamildedirk gel raetallerin
sénérl amal aréné akan birdégr. ¢ mBugrmald w earnied re
ve anorgani°kzebillie&kdieklienrii rbi rl ekt i rikim hi br
grubu temsil etmektedirSiklotrifosfazenler, termaler y a h @ 5 a lilé kolaye j €
sentezlenebil mel er ve?slbstieelpbybher eki
Organik kimyadag e ni K uy gul ama banzeaima@rganik kimyadakp ol a1
kar kéeltérjiéf ossifkalzoen y ap €& s éldkéars é(nkdepk ibolil d2ug duk a
ol ukt ur an NgPt yanp éssdegnédsaé ma@s énalNs; gjamés éndaki

si klotrifosfazenl er, altele s¢gbstitegsyon
ve met al ki myaséné Dbir | édentendere&dri k(Wand 8@z el |
2024).

halka siibstitile halka - halka  diiz zincirli Polimer  dendrimer

@ Re Ry
or

benzen R

R’\‘PfRz LT ":.P,-" Ri Re
- VA § _\ P.
N? ol NGRS N
| Il Rs—F. R—R —N " Ne—pree
Py P AT N BN N—FR; Re—Ps #R R
N Ry Ry : " Rs N R,
1 . or
siklotri- l
Rs
fosfazen : - .

Ry R; e P=N N=R R R P.
R @ P ® N p=d \N - 2: 4 \\N N7 N
T N - —
“rl.;l“ '\\pla-- Ra W N g Ri \N—P’ O é\ IFl’
L 1R SN
RS—IP\ P\—Rz Y Re d

Ry i Ry
Ry

kekRdBenzen hal kasaglkekltgtrreivil @esfimzen hal Kk
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Bununla birlikte, &lotrifosfazeny a pblesi€i j e benzersiz °zell ik

1. Aroma i Kk ol mamaslétammnreajemerysa ayné dngzl em
benzer.i bir -NavédahWeNabhdpdaanaddan ol uk

2. Siklotrifosfazen, pentakoordineli Rat o ml| wer ®&-koérdineli Nat oml ar én
i - er me k¢t kelde osf¢ibl Nt ki tpkinselproile haeka dg¢zl emi ni

taraf énda bul bnahorheat omuna i ki s¢b
bajl anabil mektedir.

3. Siklotrifosfazerd n aromati k ol mayan doj as e, S ¢
edilebilimakiradét ki sajl a

4, N3P nN-at oml ar e, czerlerindeki or tmetkll a n m:
i yonl aré il evelaorodigmans yko hse¢ blsa jisliag) ik nadyyaén r

belirli bir der ecede Lewi s baz°lyljegPebaN abk e mdk
S ¢ Hstsiy on s afazla aabilmektediré d a n

5. Si kl otrifosfazen i-erikl:/ mal zemel er ,
zayef kal dejée adanl|l aBda ke ekeé lkse@mlkatkd é k
ékéjéna ve ng¢gkl eer olumnddykaesnyatenlgecikkriairikjée di
sahiptir

6. Si kl otri f osf az e numlalukyve dedgredasyon sargilerypektedd i y o u 'y

7. Kl orosi klotrifosfazenl er, hal kaobur&ma:
cré¢nbenzersioz czelli kl ere sahiop pol i |
ilkevsell ektiril elbotlrnirf o sBfua z°ezaadrghnildribrgkr!,i s

malzemeleri, gelecek vaat eden mazlemeler ofarake nhp ma kt adéer .
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231 Si kl of osfazenlerin sentez tepkimeleri.

Hal kal é@ fosfazenbeéi @ bBentepbpnndeebde edi
bajl ed
ter ¢, tepkimede k@akémnbl hyerckhpkaonader pr gms

(o]

r. Bu parametreler arasénda tepki

Udyonin 1971éjyé& | €aldack ngaada ,her bitnin epkimanme t r e
verimini ve %megmliin Ylapapdsde kéakhimeadiejri ( Ems
1971)

1. Tepki me nseenc akIikidipsEzenlerin sentez tepkimelerinden wgun
sécakl ék-1s0ATédi r 1 diBosfdzdnlerik semtezienmies i - i n e
uygun d80AS8KI @k ve thapkiérmerkilleket kin bir
sambhatrBdésecakl €] én addré-nalalke Kk tsiérdaabkd re ktl
yavak yare;, medllkeaalyéan | a&mra darhan f arzll58 ol u
AConin ¢(g@&aadkldekl airilda gepkiekméleearde - &k
vapesénda bozul ma ol ddujnektedir- i n tepki me verl

2. ¢ z¢iceothisiHae kal e fosfazenlerin sentezini
mi ktaré, tepkime sonucuada grdei edlel!| beal
oynana kradéeSeyr el ti k -°9z¢ce¢l erin kul |l anél
yapéda ol madadlaa syé,lkesjeegkn éml duj u tespi't e
1971). Fosfazem i | eki kl er i ni n el dbea kd dainlgnee s i bnidlee

PCki |l e etkil ekime gir memes:i ve bu bil exi
kriterdir. Ayr éc akaykwlmaa nnéol kit Badsyéin Zak gla2ad
gerek r . ¢¢nkyg¢ kaynA@aninnokgasgndle20ol an b
edil dijinde, tepkime hézeée b¢gye¢ek l€rih- ¢ de
ol uk ma i ht.i madlail mijj emar i dre s ctik sve i alifatile edi
hidrokarbonlark ay nama nokt al ar e, reaktiviteler
uygun seraanekdar yrar Al awatkéd rarda&l ar , sent e
i deal -%2z¢écenéinHEIgt rakdof oet ang® ¢ Cer mi
tetraklaoetar®® n bazé ol umsuz y°nl eri de var
tepki mel erde HCI a-€j a -ékmaséna ned

16



buhar | akmaseéna Bwy ddrum, atepkmeek doraucugda elde edilen
si kl of osfazen Dbi |maktagkrl er i ni n verimini a

. Katabnki®rHal kal & fosfazenlerin sentez t
i ncel emek amaceéyl a lylapmétaaml aveakné maiank lz8& o
ol arak kull anél masé durumunda hal kal é
gestermi kKtir. ¥zelli kle demir ve al ¢min
Kl or ¢r ve -gnbo( Ibli)l ekl &t gwohtenkeluhetadzoté | d € ]
bajl arénén olukmasé nedemalkil @d dra-bhzbtB U € mg
baj | tapkideningi di Kkat éné ol umsuz etkileyere
ol ukmaséné zorl aktémdmaletda | ven g mekiedr.eali ar
Bu bul gul ar, katali z©°r se-iminde dikka
kull anéméepmg€inmiteipkb gny ¢ k n11 g8 de eetmieikit ed i
Udy 1971).

. ¢Cékék bitki®g:kSenter tepkimeleende ul | anél an vy&gkew bi
al anénén geni kK ol maseée, maktpdi mechdleearnbi F
y¢zeyledehi r, tepkimeye katél abil ecek a
daha faz mol ekg¢l ¢n ayne anda tepki reeye (
tepkimenin daha hémhé&trage&cae k|l gemesi 1yi;z
- ek ék nboilleekkéilgireda k iartae mas toerpkn aneéni ar tedrk
yeksel tir. Btepkimes (g eersu ¢ kréedsa,l ér ve ¢r¢én
olur (Emsley ve Udy 1971).
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2.3.2 Hekzaklorosiklotrifosfazen (N3PsCle)

Si kl otrifosfazen ai ljeas, i nhekzialkk okegf kdot
bil exki k, n¢egkl eo€Cli | ibla] Irama &t i fztepkimeyedjibne o |
yetenejine sashikd oolrddjoshmadamen t¢grevierini
katkéda bulunmaktadeér] é vibB:Gskhall krasgapas grr
ol arak d¢zl emsel ol duj u, ancak hal kaneén
g%zl enmi kth).rPrat{ damkad & 2t et r ah €Tdéh)r Bgd simgtre o me t
grubundd é r v e  k romksktir §Allen $981Beeza 2000)

ED\P/ R
L = N~y
R " N N/
\P\N/P/ — /P}/pr\
R

k e RBN3P:Clsthremo | eykagpl € s €

N3PClsthre yapéséndPa,baNdRarveeneM al ternatif bir
Bu bil-€kilkaje ®zunl ujudiryakd ak@kdaP860 paldA
tanemBwungape, bilekijin kimyasal °czel lik
geometri k ve iyapénsselt €°z & Beis ki lil ¢elt dPndey dg Drad 0
uzunl uj u, N=P baj uzunlpmunablwekdat doy hy
bil ekiklerinde g°zlenen baj uzunl ujundan
organik halkalardaki elektron delokalizasyonunu yani muletédm b i r aromat i
ifade etmektedi(Sun 1997).
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Kl k ar aMs®;@stn rabdlrlicbir gromatiklik serg | eyebi | ecej i ni °n
g¢éncecel h e ssappd katnrad sk owd k arowatik almhlaganN3;P¢CkGerg € n d a
yorumlanmasénda y¢k ayrél ma model i-Nson

c
u

bajénén yojun bi runuke dgenellidedPveiNoyl® anrginzdee alyd E]K
u

savunmgldal 4eédr 1991, Luaffa vd. 2001, Chapl
vd. 2017).
N3P:Clgb n @-N-P a - és &, al t e Jyeen@n haa-l&daa ni -binr ag®

[ 122 (1) A -atdmusdf d]) IA§ . oIPan s ¢ INSPt iat- @gesret 11elr9ed ¢
arasénda dejikikI-PK @°a8s@rgbntelA | kilawargdrk
sabit kral maykrtéacdeé, hal kanén baj] g¢c(ékedke Is ¢
2.6) (LinaresFloresvd. 2020).

1.9836(14)\_101.40(5) 1.9911(14)

108.93(10) P 108.80(10)

1.581(2) 1 w
118.61(17)

| [

| \
N J/ 121.12{15) 121.12(15) N 1
122’ '\‘

1.577(2) 1.9813(10)

1.577(2)
109.06(10) 4

109.06(10)
4}3[10‘\_‘ 118.89(14) 118.89(14) |P
101.93(5) Pzw 1.6817018) N 101.93(5)
120.4(2)
108.27(14) ) 108.27(14) '\ 1.9915(10)

1.9915(10) N
2

3 3

k e RBENsP:Clsthre b aj u zabnalju kal-aérléar e



2.3.3 N3P3Clgtn @ sentezi

Si kl ofosfazenler 11k olarak 1834 yél énda
keki fte f osf @ropenntaankd niNb®l) ilk LPo;Rgetrakloroetan
(TeCA) gi bi dayyegkeeki kayerama kadyogania n ok

-0%9z¢c¢ i - elBOiAsCionddeek i 1 45 p k i)ne & p @ sl domfareid P C |

(n=38) sent ez €mk Kk {Liebgy v Wo hl er 1834) . Bu bil
hal kal & yapél arén da ol doumeur t1e92pdi,t Eendsillen
1970). Tepkimes onucunda ol ukan asi kli k poli mer.|
de¢kek -°9z¢ée¢negrnil-dln dhlektkekrl deirjdie n k o(Allaogkc a a'y
1972).Bu °zel | i k, Il stenmeyen asi klik poli me
kol ayl akt ér ér . Ayr éca, hal kal @& fosfazen

sayesinde d¢z zidaeha!l knfaslf @akdhl gapegéna

(TeCA, 146°C, 20 saat)
nPCls + nNH4Cl » (NPCh)), = 4nHCI+ polimer

(n =3-8)

keRi7Hal k al élerih sergezia z e n

Hal kal é fosfazenlrerisnenhezI|ly® nmekagized,egd®i | i «
basamakt a bire siklokokdereasyonme k ani zmas éd)eBu ( k ek
mekani zmaya g°r e [Cl:REN=POhJPCIH majZndal ukur ,
basamaj énda zincir b¢y¢ meshd kgae rk-aepka prenkai sré
¢y NWPiClshal base&ur .
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(a) [PCI‘I’:-IE’C"I;T":ffi;i-‘l.‘-'lcn'ﬂ— clP=NH + Pcly (D) [CIJP=I‘:I=PCI:,](PCIQ]' + nClLP=NH

..............

Cl,P=NH + [PCLJ{PClgl — = (CI,P=N=PCL)[PCle] "nHCl
& e [CLP(NPCL,)NPCIJ[CI)
3
Cl.""/ , // C|2_
/’P‘<—:N P=N
o\ S
C)N pci, [Cl] N PCl, + PClg
(© 2 \\P N
C‘L_N cl,
k e KRBMN3P;Clgd n gentezi
234 N3PClgonepkl eofili k s¢gbstitegsyon tepki me

NsPClschie yapéséendai) bal kar &; i nHastpoentl earr €k airl
atoml ar én-at obmaljalree I @@ n dearke rtj 4 Bui nedehle k ¢ k
NaPClsthreClat oml ar & n¢kl etoép ki ke Ise rbiBut medeges ty lo @& n
NaPsCle1 96 061 ardan g¢nzgmpeveekmadaz kinmy akéna
tutmaya da devamedéni | ek ibkibemdeh ur .

NaPClsi | e nkklsgddfsitliit ¢ syon tepki-anted mlrar é eirle
ol ukt uartaocralkar € n a g°re aminler, adatkag | | er

trifenilfosfinler kheRB®Bk2grupl andér él mak:

k e k2910, N, S, C \vile M3BClgbh ad tk dvml@¢avr@én abi | en s ¢
terl eri
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Sonu- bsP:Glg yackk s e k  keakthwtea sergileyerek fosfazen ¢ r em!| er i r
sentezlenmesine e praz bajl & mal zemel er i n(Alleotkde ed
vd. 1996, Bil ge vldi.u 2v0d0.4 a2 0 1¢2i,| Kvodr.a 2 OvOd6.,

Cl haejker teker s¢bsti-tokentelkart liil e zdareir K t
(Al'l cock vd. 2001) . Bu a-édan s¢gdjsenlt greadit
mol ek¢lini ramp(yekdldem d¢zenl e maeplkemeniu] r a d
se-irciin iddr ol dgpal s¥el Saebnl 2007, Hayes

NsPsClshal kaséna s¢bstiteéegentl erin bak-leakninal it
geometri k ve opti kBuziomemeée OékagP k¢ kil K2 & &
N3PsCle@dek i a-atamendad likisi monofonksiyonal ¢, k | e o fdielj li exrt i irli & di
gem, nongem/trans ve norrgem/cis tipi izomerler elde edilmektedif | n v d. 20:
Uslu ve Yesilot 2015).

Al ternatif o |ba rl ad,if lomklsli ey wfnielli k> zel | i kIl er
durumlarda iki fonksiyonel grupln ¢ k | egymhiel joaldnkhagymaé f osf or a
baj | amprgmatifs,a ayné hah&adbhabkl & fosfiser at o
ansamotifive f ar kdabuluhambk Ebar at oml ar bimanotithi aj | an
fosfazen t ¢ rnecktddie rTit, ted deepentesd¢j bl s tsikldfogfazen
t¢revlierinin ecibenmer bzasyan,ns ¢gry(ghaw ¥8,i p e
Elias ve Shreeve 2001, Chandrasekhar ve Krishnan 2002, Beds@®07, Uslu ve

Yesilot 2015.
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k e RIAAS ¢ b s tekzaklpmsiklotrifosfazeiin geometrik veoptik izomerleri

2.3.5 N3PsClgtn

N3PsClsthre n ¢ k1| od 4 b 9 tki tepkisglecndea ol ukabi |l ecek
s¢bstitegsyon

- % z ¢bcaiz,
ol ar ak
mol ek ¢l |

olarak¢r ¢ n

B n¢egkl eofi

ter ¢,

sécakl

itepkinelgrindet r t asganpél e me

tepki mesi

dej i Np&kKkteodii | i k

er

daj el e menekfedi.r k1 €l ek

e k vV e

ver en i ki

s¢bstitg¢gsyon

g°ster

érél
fonksi

fonkdiakalel ege

t epk

ar ais emevkeaymi zmmoall eakr¢ | ¢ zie-r i nden i

2021ndyee lyebpel aml €k nyaadpag fd atkriiamemi ki |l eki Jin
uzunl uj vamh@llbi¢s t & A o-dmino/lgentdnol)n ¢ k| eddvd | Ear k1l

bazl ar

negkl eofi

| i n
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¢, z edeki atkisi a r aékh€ & tNePsClsh e 4-aminol-b ¢ t aile ofark | é bazl &
varl éjenda t epkzaimecsiir Isiovnéuiclfuandkalk éde vspino-i ml er
fosfazen bil eki k|l exi hrin Nt kKeéaobam blatade | k € h
kull anél da@jee 1t 8p Kitme Imerr : n ¢ kddaasftransy a & lo& i
dispirofosfazent ¢ r evblkeuknupnu rgozlekkn ri rt.il

Zincir yapéseé-amnahpe nutzaunnol olnapgne | d6f ehdakuh
ol ar aki rdcgizr | i bil eki ] iButepkimelerde®jzie e NEizk 1 e nn
varl éjéendazingidiyanidaog!| dpgnbmbgddana goeel i rl e
Bu durum, zayéf bazl arZinnci epki meapéedajg2wun (

y°nlréjnidisonucunu dojur muktur.

NaH kul I aunzeulnd ézjiénncdeari Il ie n glplkeé anfei Ig e zincidik | e K t
ana ¢r ¢ ngprogyragnm® hddeas mukt ur . N¢kl eofil - baz
s¢sht it ¢ e créeénlerinweolzamtcujru ug@uanll eurj mi kKar tt

mekani zmasénén zorl akteéepRe sonucuna var el |

Ayr éca, t ¢ m tzngrk fosfagenlerin d @ Kk dpm pkilaeof i | | er i
u - | a r hekeaklarosiklotrifosfazeme bajl andéjé tespit edi
hidroksil grubuna g°re daha aktif ol duju
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k e k2i11 N3P:Clgnén 4-amincl-b ¢t aleoé p ki me s i son-uve di ol UK

s¢bstitege bilexkikler
>
N =y o
\PFLLW":{ OH
[3b, 92%) (\>
5,?) o " _afit
Eak -~
N TINWGH * \'i %N,)cl
o }R\‘"@
{3, 49%) {db, da%)
L] _}pi
. ’k.rh T!"WGH
THF FawLy
H,N(CH,1s0H
(3h, §7%)
 # s
» L AP
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oAV '
{7h, 31%) (et) {*10b)
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k e k2i12 N3PsClgth re5-amincl-pent anol il e tepki mesi SOl
s¢bstiteéege bilexki kl er
gi bi K

Yapeél an -baal kekkdgRaBli@re2-aminol-etanol (HN-(CH,)-O H)

zincirli bir amino alkol ve Eaminal1-pentanol (HN-(CH,)s-OH) gibi uzun zincirlibir
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aminoa |l k o | il e ol an tepki ReMNsRClskinrek @€ & | @ h mC K
amino alkoller ile tepkimesinderspiro- hal kahewtdyjgzunci r | i yapeé
daha uzun zincirli aminalkoller ile tepkimesinderme y dana gel di j i t e
(Sournies vd. 1997).

“H%{\O

a -] -]

Diiiz zincirk

HD/V*W

bino
(' 3 b

n

Cls-anse
frans-ansa

k e KRiLIN3P;Clsn reaminoalkollerile aminolizinden beklenek o nf i g¢r asyon

2022 yélenda yapeéel an DbNsRClst ratépkirresisonueunda b e n z
monaspirof os f aziesre ntt grzédve nmidkt i Ar d &redkan Ru lbi |l «
aminler @ir, Pip, DASDve Md) i | e tepki mel eri rgsekonder k| ek
aminos ¢ b s mandaspgcefosfazent ¢ r ev | er i (eB ereb eerdda jl Imi kvt d .r
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k e k2i14 Hekzaklorosikloterifosfazéin diaminler ve sekondeaminler [(i) Pir, (ii)
Pip, (iii) Morf ve (iv) DASD]i | e n ¢ k1 e of itepkimeleris ¢ bst i t ¢
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2.3.6 Fosfazenlerde NMR pektroskopisi

1. 3P NMR Spektroskopisi Fosf azen t¢crevlerini mPyapeées
NMRspektroskoplinseimPPedléedku k d@f i nin spin ku:

drr'HNMRve™®C NMR verileri tek bakéna yapeéeysé
fosfazent ¢ r ev lyamiérsiém én ay d'P NMR spektroskogisine i - i n
sékl ekl a b a*PWWR spektroskopisa elde edileenler ile fosfazen

hal kaséndaki el ektroni k etkilekimin do]j

et kil ekim hakkeénda nyaakptredydaclve Nbeng IP9Bl e r d
Yapédaki z oonpetril ke r v e hiall kialnieé nbiylagpie seédiini
kimyasal kaymad e] er | er-s pivne estpkiinl e ki nfbsiazen ni n

t ¢reviC8Ailaveli P NMR spektruml ar(Pavissesd er | en
2000). Siklotrifosfa en bi | exki kl er i nde kek tipyfes®ra | - e
merkezi var isé\zspinsistemnek i my a s a | - efgstoranerkeziivaamisek | & |
AX, AcBveyaABs pi n sistemlerine ve Kkmenkezias al
var ise ABC, ABXveyaAMX spin sistemlerinesahip>P NMR spekt r uml
r a s mbksa@ &rishnamurthy vd. 189).

2. 'H-NMR Spektroskopisi: 'H NMRs pektroskopisi, fosfaze
aydénl atél maséenda ol duk- a ikderir'dNMR an ka
spektroskopisik u | | arfélrarla&d&k ki myasal osferprotand e k i
ekl ek me sgerinalgeménal olmayar, cis-trans izomerlerin kimyasal

kayma dejerl|l erat oml gr-érbagt Rmdkteticin de bel

3. ®C-NMR Spektroskopisi: *C NMR spektroskopisi Fosfazen hal
bajl ananesibsyapvéeeh&t mada ©° neaomuna bi r 1
i ki ydajdac°geden bajl e /adlowmhapiklénkikidir mon ¢
sinyal Kekl i nddag?® 2 t@eattickni. | RAKyir mlcearP,- i Ki
C et Kkleril eckd rm d a h(@onttagtoy \wl k1987)r
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2.3.7 Fosfazent ¢ r e v Isd reir reiozgllkleri k °

Kirallik, bir mol ek¢l de mer kezi bir ato
bul unmaséyla ortaya -ékan ve yapénén opt
Hal kfadsef azenl er , tetrahedr al yapédaki f
aktiflik g°sterebilir. Fosfazen bil exkikl
1962 yélénda Shaw ve -aléekma arkadaxkl ar é
Siki otri fosfazenlerin kiralite a-éséndan i
kiral mer keze sahip si kl otrilkomysmuktennr .t ¢

-al ékmal ard&j r sladeee k @2 g rasenhbii p  thRBEWKII &r

g°nli e ken, K ekdej er kasem@RSImenmexo@®@FSR s a h i
izomerl er rapor edil miktir. Kk i fraserhk | € Kk
kar é RR/95&eRSISR ) bel irl enmiktir (Bexkli vd.

En az bir stereojeik P-atomlu spirosi kl ot ri fosfRzenS t ¢ r e
enantiyomerlerininrasemk ar é Kk éml ar éné vermekte ve ste
(kekibd) .2 . Kk ekdejer apifome kKt ok r if foecd foa z ea
di ast er e o manmezoRISR € K(émMmoelneak ¢[I ¢n bi r gdsamet r i

(RRSS ] sahiptihhy. (Eede] earBi dlfmaykdmre yatémlu st er
spiros i kl ot ri f osf azenrasemk ia e & RIE3IBIge RG/SKR) halinkle f ar

var olan bir diastereoizome kar é Kk € ména Yy o I5¢) @elenadk200t)d ér (|

Tetrahedral €&t oml ar én a benzer Kektraltdoem!| o & f adzae

koordinasyonludur ve kiral °zelli k g°ste
bilekiklerini-mlkamakteenat @R @e@eeckét éné
yontemidir. B C®AU itaveliy*#® nNMR  sp=ktraskopisi(Porwolik-

Czomperlikvd. 2002) y ¢ksek basén-1 é& séveée krdpvmat ogt
dairesel dikroizm (CD) (Cemalojlu vd. 20
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Fosf azen haatkoansuénnad alkaj INe dod ma nk asysnbaskt|i a n;,aem

akti indelenme i ne y°neli k -al éekmalar da y¢r ¢
2006, Safranvd2 0 0 5, Tercan vd. 2t00r4 , - &Kled kema lvadr. d a
N-at omunun stereojenik merkez haline gel e

-evreye sahip d°rt farkleée yan grubun baj
atomu kkzenmnirméa&l anmamék el ektron -iftinin
yapéda ol maaslema laBilgedé R0Q4a2005,2006)

Dijer taraftan, mol ek ¢l | er i-ne kkeinr abli r° zkeolnl

biyokimya ve farmakoloji @& n | a roélndduak n a ml Bigblojik sistemlerin

i Kkl evsel lijJi fiziiKdelkiyadpodaaugial Bk Jnakeéh
bi yomateryallerin tasaréménda ©°neml: bi i
hen¢gz tam ol &#@xalol amls&w@l amdmen il a- tasa
farmakokineti k wuygul amal ar gi bi bir-ok a
etmektedir.
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238 Kiral 4Jah@E3A) ¢ a

Chiral¢° z¢sce¢ Aj an [ Cthd AgénghNMRadektrdSkopisinde optik

i zomerl erin ayréméné g°rebilmek i-in kul
girerek farklé& enantiyomerlerin ppm deje
Bu dejikiklikler de ki rsal] |l aimb&kxiaklleer i n¢z
sekt°r¢nde, dojru enantiyomerin se-il mes
bu t¢r ajanlara sékléekla bakvurulln@ddakt adeée

g°r ¢l mektedir.

HO. _CF3 HO,, _CFs

a b

kelkilCSA ol ar ak kul(bd&Rp(eH2aATrifloro-L-@-antribetamol
ve (b)(S)(+)-2,2,2Trifloro-1-(9-antril)etanol

Cemal oJjlu ve ar kadak]!| ar é nteandispirefosfazerieline Kk t i r
kiralitesinib el i rl emek 1 -in sentléz |veen el®KiCIA e .|l e
laveli » NMR spektruml ather i nkeél elmidli ¢ k injdien
kompl eksl ekmes-atomdl @am éedéhaké mPasalve&agunae ke
sabitlerindekjierdepnidirml eni k tdi r . kekil 2.
P(piro) ve PChb ve keki | 2. 21bd6éde piro) ve P(pirolidimp t ¢ r
sinyal erininayrkél deekjiet v-ei zlgpu yereedenl e f osf
trans(rasem) [ e ki t enantiyamedRRveS& | ol arak var ol duj
(Cemalojlu vd. 2022).
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k e Kil1Dispirofo s f az en tORITEW! eriiynreadip MR va 158 mol
oranénda CSA ¥PNMBaipeletkr @amléeamd

239 Kiral -°g¢cS8klgreamj anki mekani zmasé
Kir al -0 zeéscel oer (CSA), kiral mol eke¢l | er

tepkime sonucunda- © zel ti de farkl e diastereoi zome
g°zlenir. Ol ukiafP eMMR tsi pyeokmerru nedge ifed rekl. @ s

CSA kiral -Rkgoii g&) dRyoqguaddjau (Kabul edi
k ar é vraSem@VRR+tMSS formu ile kiral -%9z¢cCe¢  ar
tepkimesi akajédaki gibi y¢regmektedir.

[MRR+MSY + ¢R Z MRR* R + MSS R
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Tepki mede RO Rwak IS8 ®Vk omp |l eksl er i, farkl él a
i fade etmektedir. G'P NMResrp elku rdiimd satr @ma@md ra

kayma dejerlerinde pik vermektedir.

CSA ilavesinin®P NMR sinyallerine etki®) meembakée
kar eékéména CSA ekl endijinde kiral mol e
di astereomer e bajl e ol ar ak e Kmézo(MRSd d et t
formundaki mo | enku¢calmenl,e s CBAen | ese akaj ede

ol mxk tradée
MRS+ R % R R

Olukan tek t¢gr kompl eksin, NMR sinyall er|

gor ¢l megktgr (Uslu ve Yekil ot 2015) .
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25 24 23 2 2L 20 19 18 17 16 L5 la 13 ppm 25 24 23 23 X1 20 1% B 17 16 18 4 1% ppm

k e k2i18 CSA ilavesinin dépirofosfazent ¢ r ev PR r NMMRn s p e kdlanu ml a |
etkisi

Organi k ki my-ae nal fam®nddcaasgeneot gamwi ki fpapepal @
kul |l anéména Vy°nBdkilki ialrek a-tQaal Rébklemraé t ar af é n
yayg ml anan bir makaPef@doaarmekel mémeekez,
at omu i - efroesnf azieknl ott¢rrie valteormunndae -abt agjrikéa c @ In dP
birisinin bir sgbftkt pemesiiyl ®ol pné& @ g ;mg k
hekzaklorosikloterifosfazéni¢n- -aPomundan i ki sine aygi®é grl
i zomerde-atogmuc¢c¢ YRpeEénén ps°°doadSdagerdlke nme
mezoy a p € | anezdln \¢k aezd2 ) psfPdaaski mer kez i Karet
transi zomer | erde bu me r k e frangk wlnwmraa nsackbtsatdi étry¢,
t¢e¢revlierde asimetri kRveSekaeanteywyomayhaki ey
vd. 2017).
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Cl Cl Ci

R R R cl cl R
Cl Cl cl R . R Cl
I v
X lx J X
X cl ci X ) X ci
R R R R R cl R o i c R c R
cl cl cl cl Ci R cl R R cl R cl
n m A
mezol mezo2 rasem

Cl diastereotopik atom @ kiral merkez

Cl homotopik atom @ psodoasimetrik merkez

k e RI1IIKK i ekdejer stereojodritktfasfraviatze mi
o | ater&izomerleve stereokimyasal ifadeler

Kkkdej er o | ma y-atomlu &arbazulé ver berkzil/klBrobenzil pedant

kollu dispirosi kl ot ri f osf azen mebho |rasematkyl aepréisnéd e i |
kar kel akéekéme&k tkear.éenXe mmetresinden yararl an
i -GSfRYE ve (amy( SISE)n i zomeri bed)X-gd &manéd e mr
y°ntemi nden el dhulgula di b e h e kviekrlielrefth NMBS A [
spektrumlaréndan el de edilen verilcesr il e

I zomer i mezok apr sé°kdéaneizomeenrasemk ar é Kk émé haj] unde

belit i | MCR spektrumlarénda g°zlenen poziti!
bil eki k| erasemk arcé&zked m@ adteabli ddgu bil diril mi
2024).
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(a) N o (P I
\ A;. ’ 4 B |
i \‘)"! ! ‘ \
\ / W/ ] \,/
~ /% *.\ [ ¥ So— & —y
’—\/\,' \ \. v,
e VN :
cis- ’ > o “' I + CSA
\‘/.l_l
"3 ] W i
A i/ I
(b) | 3, o
) Ve :'; / .,“ 7 ;‘
N/ \:) %/ 1k 1 9
AD Au /4
s \}_/\‘/ Y en : H
S,r':r ¢ ) | | |
$ ot T e RN
DA AN 52, + CSA
< 4 77 )
_" \\'/\/A\ //\ |
Pred :‘|‘ ’
&\ /G trans-- | Il 1|

k e RRA Karbazolil ve benzil/4«lorobenzil pendant kollu (afis- ve (b) trans
Dispirof osf azen QRIEPdV i agi a’PINMR e 16:lemol
oranénda CSA %Pk |INMRe rsepke katlréunmal na r &

2.4 Sklotrifosfazen T ¢ r ev I &y g wliaama Al anl aré ve Gg¢gneci

Sklot ri fosfazen t¢revlierinsi¢gnbsihtemprakewi pl |

S¢bstiteph amesn il e olf aw &km & b ibli & w0ilinygsal kve fio:
el ektrdnikk kazaln nBauk t aa@lEepl| e fdoes|fiagguekmd e r ,
al anénda kendisine yer bul abil mektiedi r .

ne¢ kil esnd hdtiitepkiresndemelde edileb i | eki kl erin anti bak
2000), antikesinojenik (Labarre vd.1 9 7 9) ve HIV ¢zerinde inl
2001) et kil er gesterdiiji tespiitesegtbl mt gt
edi | mi K fosf azaserhich ek ek ls@midBni BINA&@t ur an

zincirine hasar vererekk ans er h¢egcrelerini @ rgeellmekkitng rn.
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bulgy, fosfazenolban eikli kil mirm ndaha . Dl aayrétsnéa si

sentezlenen yeni foafrasén -adeewmbé&nis gpnlde
uygulamaard a l i teratge¢rde artarak yer al makt ¢
kombi nasyonluarga |l qqinrad iajliamdear € daha da - ek

2.4.1 Alev geciktiriciler

Sikiotrif osf azen i -eren al ev gecikkmdizrenceinien , K
faze nda et kirl.i B@lyrhaelkteadé | i merin k°m¢gr |l e kK me

tekvi k edeceecki peinrgeellilze nsyyj k ol makt adé

Tamamensg, bstsitlgleot ri f osf azerne-ti aresv | eir-iinn na lA
ol arak nrkaun | degeéd &in@dik mad a i f,id\NsPtChdare fienol,t ¢ r e v
katekolve 2,8 i hi dr ok si n af tepaimesinders ¢ ret eazylr €n miykw €év e
alev geciktirici ol arak kul |l anpibBave kGl ér .
testl eri il e karakterize edil mi k1.vBa mek
bil eki k|l er -dii -he rdiroikred & e®,ah® rreiyi alav gecilktirci ol a
°czelifjJi ve mekami°kstezei kit J r . nboPviNoél Paakd garreavs
sinerjik bir et ki ger ¢l ¢rken, dijer t ¢r
(Shin vd 2018).

QO 0 .

e}
N

o,
o}

\

/P§ b ~ /°
et L, o o
o Ny @ O\/P\\ /P\/ O\T\N//ll’/
3 O SR O
/ o
—
PNCP CTCP HNCP

kelRRIAlev geci ktiri cel stiakmaonterni fsogsbfsatzietng,

Xueve arkd a k|l ar@gngel @0@a yap NBLl€l1,3propandicl Bel & K me
t amamen aiplliHCOPelleedim k e k2)l v2e. 2b uolildktiklasg K i k |
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(PLA) kompozitler ni n al ev geé&in ma k r iic-iilamikjtimi. | addrle
kompozitlerindeHCOPO6ni n bul unmasénén - ayerbanan baj |
yanénda kar bminy iklaestkmainrlialrneenséi yl e birl i kte
tespit edil mi.ktir (Xue vd. 2021)

(a) Ro, OR RO, P R = H, CHy, C;Hs, Ph, SI(OR);
NZ N “N’F‘H CH, CH,
—— I Ph
1l o] 0
RO }Q‘N’P\ OR l:mp.\ ,q\\—nn Y \“/& \n)\
RO OR R o o o0
{h} M '..-'-"M

Ok oM -’L"" S
G0 C; C':“*
e B el U:;i i §<‘,
L. Siihstitiisyon 3,
tepkimesi . oM
@%G%}O
Yeniden uzenleme ‘:bh‘} i ‘l" lderlduzenle f
tEFIkII'I'lEI
Sl # '1 :j
o, _-,g,,
O'"Q "4 Cokiu Eutkstl‘tlli'ﬂ:l‘l tepkimesi ve
b e Yeniden zu'llemel:epklmesl
g X CDHU sl-l'bsﬂr ﬁ '
S d

PO2- radikali Lol Yeniden dierign ) ve i . S W

Yanici olmayan gaz '\4 "“ [ A fot do A

Is1 ﬁ\ﬂ j'ﬂ' "" W Lot L .f-..é:é

Komiir kalintisi ¢ A A

S L

k e k2i22 Siklotrif o s f azen t ¢r evi HCOPOGun PLAOGI m C
°zelli k kazanmasé
Al ev geci ktiricilere y°nelik gemrm&ksi rikmltd

sebebiyle farkl & pomektedy . NP:Elgth réi -ail-atoefura@rl k | € |

anilin, nitrobenzen fenol, katekol, o-naftalin difenol, p-formilfenol, p-

hidroksifenilboronk asit, siloksan, fosfat estgri b i s¢hsyert ¢ dnefie kt i |
sonucu el de edi | e hullafaraksbfua z g & r etkesrienvil nelre rnii
m¢ mk ¢ bilirdBuada -exi tl i htiya-1ar e pk &«rark &«led

al ev geci ktir B on bluabilra n koe3k(Akd. ED18Ri
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k e RR3Sklotrif o s f az e n geciktidaleen al ev

242 Kyoni k sével

Q

r

Si kl otrifosfazeawynérhmmal k@zse&lnléink legagrikit i a d a ypda re
séveélldaer edi | mi kiklatrif o s f¥a&Zzd 1 i k laét koanstadektrdes, Kk | )
bakéméndan zebgijihabdt dspuopl aerak yval@Bs | i r
hal kaséna salbtsadlatay] eifnatrdarnmas é na ik i 1€ wadlreer edl
( k e k 4) (Ben8on 2d. 2007).
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Pozitif yékeéen konumu, ilyoni k sévelareén k
etkilemektedr. Bi r k a - Srén, floresan i mm¢gnol oj ik

antitegmlr uyokwl amal ao@nmdadar vermi kKtir

Rs Re Re Re R’;R‘ @ {:? €l cl

,Pi_ Ra R :Pi
T g2 Tl NP N 1
— R | Il | 1l @, ~Cl
Ry—Pa@ P r—p® p—Rs X pa. p—Ps Rz | Il _gr, Zry, P
.
K | o R 3sz‘“|~||” “R; RN g, R1/F'*-.NJ’\R Céc'e N e
R L 4
X Ry Carb = CHB,;RgXy"
cl cl [ |
\ V) o, e c, @ R
o o ol o
cl & |l
Cl—P~@® p—C! Cl—Pa@ P~ Cl—P~@ p—C | e RwpZ  p—R
CI{ \T/ . CI" 'i'lf \CI CI‘_. \hll.f \;I CI—#P..‘;_-‘S),P{;I Rfe\'i‘z \R
cH© cHQ SIR3 0 “ e X Ch,
Carb .
. R = Sekonder amin
R = H, CHy, CI; X=Br, CI Mes: Metisilen R’ = Me, Et X= AICly, GaCly, AlBr, X = Halojen
¢l ¢l RO OR (‘\I
\ /7 cl d @
NF N CI—:P=0 Tf» KIT HN. _NH Me,N\ :NMez
| I —0R - P.
Cl—Pa@, PN ON RO—PIERC =N — NN g |2BF
o N “ww, ci—p=o RGO OR MooN—Pa @ PNz MoN—bs, b —NMe;
N =
H cl CHs S MeN ) NMe; MegN N \Nnag
3

R = Ph, N-Bu, MEE, TFE &

kekRR4Si kl ot ri fosfazen bazl é bazé tem

Ak bak- avleée Kk ma arkadaxkl!| ar é h gNePE(HGaHg)g]Gre 1 d i n
gentisik asit dekanoik asit ve horik asit ile tepkimesinderg, -yeni protik iyonik
séveée/mpirmitk ktlako (&Il de( I€e kni IBu2 it 2 &ipslifecatif
etkleride i ncelenmiktid¢gk Ak reicaotbak siuk, ag &nl
DNA topoizomer az I nhi bitant i®kzaenlsleirk| et Bn
ol abilece]j{(Abkakrvdl m2at1vy.
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F/ ,-Q-ll
."ﬁ ‘2; IEII |z|:l :(:_. _‘20 175 <l‘\0
Konsantrasyon (pg/mL)
k e K23 Hekzapirolidinosiklotrifosfazent ¢ r evi | eri ne dayal é pr

sentezi vantiproliferatif etkileri

El mas vV e -al ékma a r Ketrahmirolsg rbés4t(florsherail e z | e
spiro(N/O)siklotrifosfazenler (2a2d)6 y i kur u THF neitikt asiméen d a
et kil ekt i r eréevké llpdrrio IB@B) idyl odnei( He ¢dkmb) ik t 2Pri2L 6 | et
y a p ENMMR spektroskopisik ul bBan&l ser best f2a2d)f iz e n
karwtedraél arak belirl enmicktir . spiflouhzall &kraésre n s
bitikik ol mayan fosfazen halkgdsémremi atzbt
durum da Nat omunun difjer i ki f o .af alzaezni kh ad Ikdau
kaneéet | ayméékctaé r legnnherdeldyséedy n € t er mal b sahip n ma
ol duju tespit edi.lmiktir (Elmas vd. 2017
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X Bilesikler
2 3

r—@‘—cm—m r-@-(*ﬂ,—.(\& 0 .
% Ny® N )
ZAN A © s
N N Ikincil aminler ‘Is T (‘O .
. —_——— a 2c

(l\ I IP/C] THF \\P I X \\)

N

P . P
a” Ry Na X N
spiro fosfazen (1) spiro tetraaminofosfazenler (2)

X Bilesikler m
r—@—rn,-.

: N,

N 3a \/; \

Q * X | l\l X
AN -~

£t = ¥ Ny

ool

k e RRA Tetraaminos ¢ b s t4(florghenzilspiro(N/O)siklotrifosfazeh e r e daya
protik Iigo@ankseBgwveézi

243 L¢minesans mal zemel er

S kl otrifosfazen tg¢revliedfiosifmzeps hldekiat E |
olan fonskiyonel gruplar belirlemektedirA y r dosfazenhalkes € ndaki -her

atommn a bajikiadetglkdreofi |, steri kBéyhelceyygrapt
bir konfig¢grasyong miuihaestaéajse °zed inaktedice Ir € mii
Bunlara ekolarakmo | e k ¢ | - veya moldek Jlalrekrl aarda§

lc mi nesanskl°aterlilfickdfiazen t ¢irevlierine ol an
¢

2014 vy éeéEhmaalyapeada ot vV e -alNePRsOlg@@e2ar k a d

hidroksipren ile n¢gkleofili k s¢ devietredsiyjoin
komplekslem I¢ mi nesans °zell i k q&rekd)le@VYepkni ot
2014).
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C I Q‘(.‘l
j‘u)<

c.,oo,lmr

HPCT(% 83)

k e RR7AN3P;Clgn re 2-hidroksiprenilen ¢ k | esolgs t | t tepkignesin

Yapél anbibrakkal ékmada B OBOMPY siklotribosfagen h ek
nanoparti k¢l (ke ld@®. e2Biul miaknteipraml k¢ lyaméhé
kezel°tesi (NIl Remef | oreeshosoakUurs@Alixg bg®r
kull anél abi |l e(ldwoifvd.2022).l i rl enmi kKt ir

kekRRL ¢ mi nes ans aBORIPYIsikidrif o shakz2n seateziop ar t |
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244 Doku m¢ghendi sl éji uygul amal ar

2.4.41Dokum¢g hendi s i 7] i

Doku m¢ghendi sl iji, idbkul aréekaybgbambkghan
yenil enmesi i -1 n yeni biyolojik benzerle
al an@der . al an, hastal ékl é dokul ar én t ed
yar ar | anbBria-kit m @ VeJranaka, 2018, Rmani ve Mooney, 2018).

Doku m¢ghendislijinin temel hedef i, he¢gcecr e

sman ve hg¢gcre déké (ekstlhakbekplar)tmhitirt
cretme&tklré mal zeme ve % zyeolnaitkelreyrad sf aohrinm
doku m¢hendi sl i Ji I -in ©zel ol ar ak gel |
I skel el erine olan 11 gi, bu yapélaréen fiz
Doj al ECMéye morfolojikaoakhrphr bahaegknl
polimer i k | iflerldedmkol uis&kre!l abapi, kekerdak
umut verici bir AFGe al ané ol ar gMahbbudigd. 20E/ knduak&rvda d é r
2020,Akg¢ner ve ) ¥zt gerk, 2021

- boyumblbzdmklberi, dokdammemdi sliji ral
Poli merl er, bu mal zemel eri n, theanerlelyearp év e
h¢crebdwersideteml erin biyolojik iklevselli]
H¢ececreler, bu ¢ - boyutlu kapelgaea@dadi st i nen
bul unmakt¥azdeél | i kl e k°k h¢gcreler, far k!l & F
sayesinde, doku onaréeménda ve yenil enme:
h¢crelerin polei neirr |iexkelrell enresi , doku my¢,
°neml bir stratejidir. Bu kombi nasnyon,
geliktirilmesine olanak sajlamaktader
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2442K° k¢ chr el er

K° k h¢ireviveveievittool ar ak uygun kartl ar alteéende
°czelli klerini kaybet meden -ojalabilen v
altéenda -exitli czeél exab k!l hrgldo@Kfowyd/e ¢ e 0 1
Scadden 215) . Kok he¢gcrelekl arkhkeépbarmasenefl an

1. Totipotent: Er kej i n sper mi il e kKadelhendzgot)imyc it e
tek bakéna t¢gm organi zmayé meydana geti

KI'k 4 ggigmdea -celruerdmtbwpoheganrtelk®k he¢gcreler

2. Pluripotent: D° 1 | enmeden sonr aki 5. g¢e¢nden son
he¢cr el er me pbtdamsiyelieelsahlp olsatlee k thakwéncaanl ey é n
getiremez Bu h¢crel erégecr @0 P | uardilepuo i eproitt [eihrt. h
bl ast osi st akamahermdeakiki ¢ inleis veyeaimiyonikied d e
k°k h¢cr eBvaud ém@&cradléer i n pr olki fyerkasseyka n rk
germ tabakaseéna d arm, (ektaderm)dfear rnk, | € leanrda ki

BuoOr t al ama 200 -exkit h¢gcre tmeptedme f ar k|

3. Multipotent: Pl ur i pot ent h¢creye aqreye dhhm¢ ksed
potansiyeKiervanaanar. yer al dekl ar é ger
farkl él akabilirler. ¢ok sayéeda hg¢gcre ti

4. Uni potent Y aloé&k lexri:t h ¢kcea beiylemed °knggpasi t e s
(Alison vd. 2002).
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2443Knsan laay mpakliec rkel ke rh

Adi poz dokudan (yaj dokusundangddiipoal ek °e
h¢creler (AKH) ol arak adlandeéereéel maktader
verilen vakum yardeméyl a deri realktugamndca k i
uzakl akt ér él maseéna d ay an anve liibroblastybenzdrie m i
mor fol ojiye sahip ol ma, kol ay yapékabi
farkl él akapesimei kgi Dz el | i(Buhrelr vd, g2008)tLekalme k t €
anestezi bt éebgwgn¢ k mi ktarl arda eri kkin yaj k ¢
dokusundan elde edilmektedir. Buduruma Kkt a doku m¢ghendi sl ifJi
alanda yojun il gi duyAduKKHbae s Ena kaedkhe nil ma
mar ker | ar@ 7@ r nClJ9iOn, CD105 puirli poyapt!l male
doj r ul an®haikd?2a10)e r

Sonu- ol ar ak, é - boyutl u dokin, matiaeeeamkeéer
k °© k h¢crelerin entegrasyonu, hem yapeésa
m¢hendi sl i Ji uygul amal arée i-in temel bir
daha etkili tedavi y°ntemdlktracadam (@2£Harmxdg iw
245 Doku m¢ghenftbisd laizieinhnede i n kul |l ané meé

Son 20dokum} danduygaldmaleei - i n bir-ok yeni trim
fosfazen si st emi geliktirilmiktir. Bu ma
ol masé gerekmektedir. Yani hem kendil er i

kanserojen, pirojeki veya alerjik tepkimelere s e b e p ol mamasé ger
Fosfazenl erin °neml i bir avant aj é, -exKi
biyomalzemelantasarl®d i | mesi di r . Bu dmakl zaesmiealreer ,ma°l rzne
il a- dajetem kliat &dmlyemiedighk dli d yageutédme ma | a
(Haroon vd. 20180guerivd. 2020,Chen vd. 2022, Gholivand vd. 2022
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Polifo§ azenl erin bozuntehtruwtragm| eiri , t pHPy®R si
Bozunma hézénén mod¢ | arefgbik veuhidrofikoyan gnuplar z i n
ekl ener ek sajlanabilir. Ke b g tki t @dennmesl, e a $ in
mal zemenin daha hezl e bozunmaséna neder
biyol ojik ol ar ak kararl & i veya obdypblojdul
kull anéel mal aréné sajlar (Andrianov 2009) .

2451KI| ak étma

KIl a - t ak ékna- ¢akl amehelk¢e!l | ¢ il airllar - alemé ltc
vegcutta hezlé metabolize ol ma ve yktersi

kar kel ak é |IBma kztoardléurk | ar e amkimak yakhawywamg el

ykl ak&gnmnksi yonel ke¢-¢k moleke¢gllerin boy
tedv i si nde, temtesimnkmoasi di k pH seviyesi
d¢zeyl eri, il a- t akéma sistemlerinin t
sajlayabilir. Bu sisteml er, Ge | kisinden k G
yararlanarak ont boft Il gkeki | de akti f il a-1laré veya
Jun ve - alarkamaé narykaptaéjlady abkilré -sailkél kontardi af 0
[NP(PEG750)(GlyPheLeuitt]s ( CP 7 50) i I e kaplgDIX)Imeselleni kK d c
sent ezl(ekkerB2¥ t iBu mi sell erin, dojrusal bl
getirilen pol i merik mi sel Isetr¢e ikleéay-asy @k | s

karamglPasli@ejrat espiCP7860i | me k dosealsliisdllerinunlu K

su ve PBS dahib | ma k czere her hangi bir sul u 0
sécakl ejénda ofhazanepgndaabkbe-bD&taarar |
toz formunda el de edi ldesbtakélmir s e ICIPTI510 k U ea
kullanemdareEanl axareéel aktéreél déejéenda
profil. o | mamvvekésnean orgarjanfietn ,d e hn €rke Idearhia, d% Ki
dozda meme kanseiMB-2BJ¢r &klae xkiéEne a(mMMDA mM°r g
kanser h¢egcecr@8) krairke dMKIMN Pyi akg¢ e wvgatneeidti ¢
g°r ¢l i@ankvd. 2002)
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MPEG

DTX (D)
(a) <
HO
Oligopeptid
Dongusel trimer Misel kapsulli DTX

[NP(MPEG750) (GFL)2)3

Etanolde Etanolin Toz halinde Suda Cézlinme
(b) DTX/Trimer yavas DTX/Trimer
: buharlagmast

|

Temsili bir bilesim: llag/Trimer/Su=4

mg/36 mg/1ml

"
kekRRd] - ayakl é& siklotrifosf e npEt]la(@R7505 i | [

a
kull anél ar ak suklt'i-? zé DT XJe mdseeéet akl
y © n €d) Kakramsal diyagrawve( b ¢ mikt i Kk pr osedgr

Fosfazen polimerlerin n m¢ ke mme | bi youyuml ul uj u
par-alanabilirlijinden ffawdlalparmadr aske - iunig
nanei | a-1 ar geliktirilebilir. Bu iltgmPar,

ortaménda papridonsbajée yapéesé par-aland

kademeliolarak sebest bér akéel magé&@&mra ol anak sajl anm

Wang Ve ar kadack (Da@x)éae GStHpks®tr ulvies iebis-(4-mo n o n
hidroksifenilyd i s ¢ | € JP®iNo6 f onksi yonel birimler 0
mi kro-evresine duyar | &ntpeozlliefyoesnf a z é k te &
Ger-ekl exktal edmh Heortiok e mma | terap°tikler [
verme sistemi (DD DOX ve H P S 6 MsiP;@l; ile tek kapta yerinde polimerizasyonu

yoluyla -ok duvarl é& karbon nanotg¢ploer (
polifosf a z e n (PPZ) kapl ayar28® . g &lui kitiilra d em lke
nanotg¢pl erin bir abl@sCloile tepkimeyesokdarak,peir 5o 1y mn
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bir polifosfazen il a- kaplamaséna sahip
eldeed | mi ktir (Wang vd. 2017) .

100nm

k e k2i30 (a) MWNT@PPZDOX-HP S i - i n s eMRDH malzemelermiha v e
TEM g°re¢nt el eri, (b) (cHefdi MPDHIKO, MWN -
MPDH3-1, MPDHX%1, MPDH1-3 ve MPDHO1

2452Ant it ¢m°r ©°zeirleivklileirif osf azen t

Kim ve ar kagmrgk amaliletilerk glitol) eel tetrapeptitles ¢ b st i t ¢ ¢
si klotrifosfazen(kegkBVIveer Barid ésngdeaitiieardsér ¢ i K
i lal-an doksorubi si ne ibkaljdtaryiafroaskf aszuedna b- & zzl,
°n il ace el de etmiklerdir:Phelfeae@I| W@ HRItp i0-l @an
yeni bir termosensitif biyobozunws i k1 ot r i f ¢ doksarwisininbtatrdpepkid j i

ara par-asé yoluyla konjuge edil difJi bir

serbest doksorubi sinden daha d¢kKeék bir

enzimati k kontroll ¢ saléneménaekankgl el di
in vitro sitotoksisite(IC50=1 . 1 OM) g°ster-gnd ksormrubiTitm alp@
plazmini | e i nkgi(basgankontroll ¢, enzimati k sa
2005).
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] ®
\& . . «+— doksorubisin
o o Q o (o] )
H «— tetrapeptic
— N J\/rm N ‘P\"u\)l\,‘ ~ - DOX pep
DOK-~ N S N H n/\[
" H s\ «—— f0osfazen

) o d W=v-o
1‘0/\>\’ o }(\ «—— MPEG350
o
m«"(o —_t
A S B B
- /\. . . on | Losemi L1210 hicre hattma  karyt
o BNy | 0.0 “ I sitotoksisite karsilastirmalar:
7/I | S S T | Bilesik Sitotoksisite
| - N (EDsa, pm)
DOX% e Siklotrifosfazen-doksorubisin i1
L R T e Pt konjugats :
Doksorubisin 0.10
_Cis-platin 10
k e iB1Siklot r i f osf azen i loksorubisidm nu de r e anialk miowno d
il ace
Bakkaabiéekmada da weesimklingprPapi,| nPeatpi | ami n
siklotrifosfazent ¢ r ev |l er i (skeerkti2d z M2en3i Kk t srevlierin

hatl aré ve t¢gmor deké hpceetemmitktire. ¢(Be
sper min S ¢ b g8}, ietng eg amilt lg et kgime r r neitkktii r g ° sCtael €
devameigpldtiag n ( 30 & M) pozitif kont r(®i@ ol ai
farkl é& konsantrasyonl ar,&mérs adé]f akrakndi rbi:
kanser h¢gcre hat hazmledg®jrset ya k & yna kit librirll @Bjuirku
8 6i nuygul anan konsantrasyonl ar I -1 n kan

ol duk-a az olduju tespit edilmixktir (¢if:

Gasc-n ve arkadakl arénéen ger - elkommeksteii r di j
lebirl i kte tamamen edyg bts¢trietveg eers i ksleonttreizfl oesnt
bhem Au hem de Ag Psewomoms derogmpsalaekisinékearr ikné

t ek bir met al e sahip ol anljait@éampi tdaldi lyi
Sitotoksisite @ ney sonu-I|l aré il e ,bbuiydnikdmpleksledne] er |
uygun konsantrasyonlarda sitotoksik olmayan etkilere sahip antibakteriyel ajanlar
ol abil eceji Einf kde abdeEf anek aktesSmmpzitif (GOZ. e | | i
aureusbakterisinev e MTBC sukl aréna karké antibakt
edilen t¢m metall ofosfazémhrémiankaMEET7 i vye
aktiviteyedalsalhiipl enmdiufjtuisc - pkeki | 2223) (C
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0.5

Hiicre canliligi (Kat Degisimi)

0.0

Em Untreated
. ! : = Solvent
. 50 uM
k - 100 M

LA <

kekkB2Sper mi n, Pir,

L B A
Bilesik

Pip Ve si-kolkophapklar

siklotrifosfazent ¢ r e mbeateziviN SCL C h ¢ ¢ k a rsitoteksik € n a

° z el hin ikcklenmasi
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CyHN, ;*IHCy

P.
NT N
CyHN_ | || _.NHCy
WPy AP,
CyHN N NHCy
phos-1

lAuX(th wxnmn

X =Cl(2), CsFs (4)

CyHN IqHCy 2 [AuX(tht)] CyHN" ;JHCY
N//P\N/Aux xAu\N,’,/P\N/Aux
CoyHNa | I _aNHCy oyiNG | [ _aNrHoy
R AL ¢ WP PT,
CyHN N NHCy CyHN. NHCy yHN N NHCy
“r
X = CI (1), CsFs (3) K P AU AuxX
CyHNo_ | || _.nHCy X = CoFs (5)
TP
CyHN™" SN NHey

3)

CyHN, NHCy
P
— N\,
NZ TN 3 [AU(ONO,)PR;]
o CyHN | 1l _NHey
P P,
CyHN™" SN “NHey
phos-1
CyHN. ’NHCy
N / o oy
P. AUuPR
CY“N\,L\ |'|,/N“°Y (NOy) 2 [AU(ONO,)PR;] 2 [AUCKPTA)] / 2AgTIO RaPAU~ ="\~ M
CyHN™T SN “NHey -2AgCl CyHN\JL\ /JA_ (NHCy (NO3);
CyHN"" N~ “NHCy
PR; = PPhy(6), PPh;Me(9) AuPR;
i 3 Y PR, = PPhy(8), PPh,Me( 11)
RyPAU— 4P\N’ AuPR;
CyHN\'I; I|_.NHey | (NOy),
wPX, _P7
CyHN"" SN “NHey o P,Nm:y
APT)AU . _AU(TPA)
PR; = PPhy(7), PPhoMe(10) (APDAU— 2"y~
CWN\L\ I'I’ _NHCy (T0),
HNY Xy
[AG(ONO,)PPhy] Cy! N NHCy
12)
CyHN. NHCy
PhoPAu— | P~ ~AUPPhs
CyHN | Il_.NHCy |(NO3);
whis AP,
CyHN N “NHCy
AgPPhy

TUmor Hiicre Hatti

Tumoral olméyan
hiicre hatti

k e k2i33 N ° t veadatyonik metallofosfazenler Vv C F 7

k a retkiléri

Bakteri

vV e
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2. 4. 5. 3eramogtikdérir t

Kanser t e d a fototermal tarapavreé ndat odi nami k tedav
fototerapi Inéekteemrem Bla ztaesadoaganiklb ¢ 1 @ ebirliker g & n i
kul makéhder (Wang vd.ma 20483 . dtWyrgaeadna |k & zk
kazandér érkemaganlog gaymiklen k&széel °t esi (N
kazandér ér . Bu kompheksasydmrexi kdrirp &l g
h¢gcrelerini °l d¢gr mek a -9inn oolledtu ko kas itjoeknse k

(Liu vd. 2019).

T e ma sowterapigfe |l enek s el ol arak kull anél an ken
farkl & ol ar ak, mi ni matemoksi «kiyagi kit kaVv &1
vV e bu ‘el tedavi gy mdle miamiakt € r mahbliner € n |
getirmektedir. Ek arakbaz é ékéja duyarl el akteéerécéel ar
m¢e mke¢n kélan kayda dej er mektedk(Ban vdR@EZ).e | °©t e s |

Tan ve atr&raafakndare ZnPc mol ek¢l Il erinin Kk
-apraz baalesipywdnin nanoparti kel eri sen
PVP ile stabilizee di | mi k -°z¢nebiPlziemekbhnjnySIECHR) me kK I .

hazéerl anmasgeirkiekbagsamakti ani Kkt i r;

(1) P-C | bajl arénén amins¢ghgsgtpildar & goluKae ma g k
SCMP (ZnPc) WQCP sentezlenmixktir.
(i) PVP yol uyl a SCMP (ZnPc) WQe6eudd ni n

birlexktiril mesi

El de edilen wywakeémparktéizked I°lteersiin b°l gede gg¢
singl et okgi ben ge ksta hi e viwol Mg rue deneyl e
dojrul anmécxkter. Bu bul gul ar, s®z konusu

terap®tik uygul amdalydrari -oil duf arthaun gi®°ysele r mi
al t &1 dhg/mL kénsantrasyonlu bir® z e | t i nn @nWscaicdadkel &7] ed a k i
i -indeni3m ALHr i ne - ek ke kidltHeBcprBet deednielynie
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nanoparti k¢l |l eagl et mgke mme hg °gsrteetrndei Jy e tgenre
(Tan vd. 2018)

(a) N\ i;i
NH, \u;l\ul s PVP yoluyla
N " Pk &.-'T"L':':@( suda
.. \‘,.‘ “W{_ DMF, 120°C, 72h birlesme
c,_;f.;",}\.a + N BN D X ——>
HN
’ PVP ile stabilize

HCCP ZnPc(NH,), SCMP(ZnPc)-HCCP

SCMP nanopartikiiller

Bl

704 31
- W 65 50 8
R, W s
Yakin kizilotesi lazer “\lw Sw o
(A =785 nm) \@ e — [0 8
" - e— 3
-_— 50 10

- 8 o

'Y ) 454
@) - 20 0
" i m 4 E

N “ 4
‘%'ﬁ : 4 35 L 10 g
N, ’..I-:” D 304 r
&n‘Q) 254 FO -~
\ Sicaklik T ok Y =

f

m\ © 99\“0 96\’90 ?06 é

50“9\1"90 W e
kelkBd ( a) PVP [
pd i mer | er
nanopart.

| e stabilize edi PmerxekI°z
n (SCMRM) hdazéerAVaPlh mialseé wsta
¢ | ¢enz e718°5t ensmil w(aNel &@R3) n kl aanznears €

i
k
Zhu ve ar kadakIN#Llgile popdliimeeaze edereknyenmnlirmmalzeme

sente | emi. ktDiaha sonr a, yezeyl eriond¥ et mi Kk
3(4Njdr oksi fenil ) propygnik yasit@Suk(HPACS imto)l &k ¢ |1 | er
akmé ratagtik ¢ | IPer e zehikda2Zanrbdéramakzoeplalnisadl Bor
bir tepkimeger - ekl ekt i ri Il mi ktir29 .E3 demebéy ekl &«
pol i fosfazen mi kroke¢reler, canl é farel e
kull anél méktér. Bu miikkbir &k ¢ red d iklelt d re,me % & 6.r
kaneét |ljammqnstod azehi mfkemmegoPopl ki ve, kol | ¢

sergileni Kkt iBu t ¢r mi kroke¢relerin gelail atniemidlar
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°neml i bir Il erl emeyi temsi | et mekte ve

etkinlijini artérmak i -in umut verici bi i
2020 yél énda ger -ekl exktiri lpeon (57 iwve - al
dispirosiklotrifos f azenl er sent ez e n mhCkdatdmuna gakipe k i |

monacspirofosfazenler, tamamen¢ b st 0 ¢ fg 2z e n5a?cdrye viled die (et me
bil exkbikye@lrojni k ©°zel | isékbnder ammier (RiRipav& DASD)ma k i
ile tepkimeye soku mu K tBis(4-bromobenzil)dipirosiklotrifosfazenlein trans

(rasen) (8-10) vecis(mez9 (11-13) i zomer |l eri ne sahip ol duj

Di J er manspmd- (G-d)nrans(rasen) (8-10) ve cis-(mez9 (11-13) fosfazenler

s ér as ey | fasforpmernxdzlerineadiastereotopik ve homotopik @t oml ar én
sahiptir. B1 durum, b u bilexkki kl erin far Bl &s tmoitlepe nvtel
fosfazenndegnteawzleenaeabi | ecefj i a ntétrapmndgdidina g e |
f osf az e nbavegHa)denvEl meragiE. coli ATCC 25922B. cereusve B. Subitilis
bakterilerilerini kontrol antibiyotiklern i n e tkkaidnalri Jjiinhi be etti]
MBC ve MFC EdeijAEQCI38218B. cereusP. aeruginosase P.vulgarise

kar ké en et?3bi6b, irb,50i6dveici koll edruijrunu ortaya K¢
dej er Ibaarkierd e & u € nkdial, etk iakbitaesrve €. Tropicalisb ek ar kK &
Ketokonazdld e n daha aktif ol duj u gor ¢l megktgr .
plazmitDNAi | e et ki |l eki ml er i a gnetir. Sjo e lu fosfdzenk t r o f
t¢e¢revlierinin GG ve BNAy&kobapramaabpomednpian
neden ol duj u(luzeygd 220er mi Kt i r
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BrPh: Br—<: :>_ . ﬁ m
) a a BIFRCHy—Y MR BrPhCHa—N  NR X
\f' \/ —

\(

P n:0;R:CHy(5a)
0 /\ \/\ . secondary \/\ O n:l]:l{:(::ll,:bal
BrPhCHy—NH  HNR + L Ilr S \l |l/ amines X L 'L X n:13R:CH, (7a)
n:0:R:CH,(5b)
a”" \n/ Na a” v/ Na N VA Kp n:0:R: CoHg (6b)
" N n:l:R:CHy(Th)
MOnOspire
n:0;R:CH;(5¢)
n:0:R:CHy(1) HCCP n:0;R:CHy(5) _ n:0:R:CyHe (6¢)
n:0;R:CHs (2) ) n:0;R:CH, (6) el R:CHy(Te)
nil:R:CH,(3) n:l:R:CHy(7)
1 Cl
a a a a " / o
\/ \ﬁ’ Ih( PhBr | / l
0 “ ‘nf
| r-)\l C N .
BrPhCHy—NH  HNR l IL : - / \ / \ \/ ‘\
~N N
a” X Q Brl'h( Ha "2( PhBr
BrP h( H3 cis-dispiro

HCCP trans-dispiro n:0;R:CHy(11)

) n:l:R:CHy(8) n:0:R:CHg (12)

n:0:R:CyHg (9) n: 1 R:CHy(13)

m:l:R:CHy(10)
Cl : Diastereotopik Cl atomlan

Cl : Homotopik Cl atomlan
PCl,: Prokiral P merkezleri

k e KRBAN3P:Clgth tmonodentat ve bidentat aminiess ¢ bst i t ¢ syon tep

Si kl of osfazenl erin DNA ile etkilekimini:
bajl anmasé nedeniyl eédnfearmkeét iel ifljaifmdred by €
azal maya yol a-teée]j® Kdnmnatrlekmnhmaxktvar IOali) |

Bil ge Ko-ak ve -aleéexkxkma arkadakl areéenén (
tamanenheteroh a | k al & a spircransaspito-sag ve spim-bino-spiro- (sbg
fosfaz n t ¢¢revlieri sentezlenmik (kekil 2.37)

et ki li mciemie®onm K-tdisame n kssgsBwesbsdb ¢@ For m | | DN
hareketlilijinde azal maya neden ol dujunu
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Cl l\\/
i r! R? X Bilesik
NArCH,NH  NHR? (ClL), CHy oo
1 3 (CHy), CH)CH; F @)
XAr: x—@L (CHy); CH; ¥ 3)
it (€l CHy  NO, @
X: F,NO, (CHzp, CHyCH3 NO,  (3)
\ ¥
2 3 C Cl
a /t 1 (>y/$| kp
N/ r\ r2 \m{uz q R? .\;\r(ll, N le\r\
oSl I LA W
\/’\M >’\ *"\u € >"“\ M
\\r(lil xart H, &

mono(4-floro/nitrobenzil)

spirofosfazenler , Cg

rR'  R? X  Bilesik
(CHyy Iy ¥ (1a)
(Clly); CHCHy  F Qa)
(Clly); CHy ¥ 3a)
(CH,), CHy NO, {4a)
(CHyly CHCHy NO, (5a)
PCly: Prokiral P merkezlen

trans-bis(4-floro/nitrobenzil)
spirofosfazenler , C,

SS/RR
r' R X Bilesik
(CHL); CHy ¥ (1b)
(CHy); CH,CHy F (2h)
(CHy); CH, ¥ 3b)
(Cly), CHy NO, (4b)
(Cl); CHyCH; NO, (5h)

Cl: Homotopik Cl atomlan

(la-5a 1b-5bvel b3 b N

cis-bis(4-florobenzil)
spirofosfazenler , Cg

RS/SR
U S X  Bilesik
(Clh) CHy 3 (1b")
(CHy)y; CHyCHy F 2p')
(CHy); CH; F @b’)

*: Kiral P merkezleri

Cl : Diastereotopik Cl atomlar

E

k e KBAN3P;Clstn religandar (1i 5) ile tepkimelerindereldee d i | e n

N (3a) ; (Ba)
3
N 3y (5b): (6b)
1 1
::‘Pi‘\ N 0 (3c) ; (6c)
il -
0, 1 (8]
e - A
- N (5d) : (6d)
™ — \\?'_/ \l__l U‘]
w\,‘l g ] E ~0, | _,\(
/ S / -—" \\ - \‘(

k e RB71K é s metamarenheteroh a |

k a
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klorobenzildiaminler 1-3) ile tepkimesi4d-k | or obenzi |

sitotoksik aktivitesi, L929 fibroblast ve DLDB1

Asmafiliz wve -al ékma ar kadak INgPICeGMrE4d
y a spira4-6u b u
ve 4a-6d) ve cis-dispiro (7-9) ve transdispiro (10-15) si k|l ot ri fosf azen
ver mi( ke ki)l (Asgaf il iz vd. 2019) antibdkteigef ez e n
antifungal aktivitesi,Gram pozitif (Gt+) ve Gramnegatif (G) bakterilere ve mga

sukl ar éna kaFx®f asve(ld)] teznenh iB.kcekelise E. hiraeolmak

iczere test edil en o r guawvetii antnaikrodiyale aktivite o j u n
gostermi Bti |l eki kl erin f amlidlek i b aMBtCe rvie vMEF Cn
. 826000 OM araséndacaflepf a me KE 4 ddve) Agi é

Kncel @nfeamz elnerti¢ raerva s(@h OED-1®i |keaw ikke

yé¢ksek ol an bilexkiktir.

RO ‘\

m z . (
1 u_©_‘,,,_‘“ AR ORI RO M " ¥ "
. iROM | /\ |
N
N
- o

I [ .
« (u-—\\' b—@—(u-—\\' AR Q1 (u~—\\' I—QIH—}' R
\ \ O ‘ 5 \

n:i®: Rz O, (da) .0 OM, ) "0 ROy (b O #10:K: O,y )
R IR O S w0 RCAN S CRLFE  BY &% A S RCA (N
wchs RO, (ba) w1 OM, ) Wil RIOM, ) wih i Oy )

C1: Diastereotopik Cl atomlan

h¢ecr el eincelenm K Kiarmr K €

sitotok

C1: Homotopik Cl atemlan
PCL,: Prokiral P merkezleri

nuIN: 4 '\. r@—v é S— \._“_‘ j ::
[ L" i ] g ——0
M I
‘@J CHLH,

LS EAl

Bilegik Miktar g

k e KRBAN;P;Clsth rediaminlerve sekonder monoaminlde tepkimeleri
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S¢bstit¢egeksi ml g& af bikkhofri®afazent ¢ r e v IGeam ipazitif n

(G+) (S. aureusve E. faecali ve Gram negatif(G-) (E. coli ve K. pneumoniage
bakterilerinek ar kK € ©° nteinmhii k rba bri yaanl akti vi¥tzee lsleirkgliel
k e k i39dayya p € s € sildorifogfazemtn ¢, r i@ A.inigerve C. albicans a kar K é
Sipksasin ve Flukonazol i | e k ar k eHiraaktifuagalé dktavbiitla r g° st e

gor ¢l ikgranvd. 2013)

75
_-0
OCH;
N 7
1 OCH
MO oc:H3 ?
m \'v B A
O ~
4P = N s

HaCO
OCH,
,.,-fN
0 H,CO
m
d o

k e k2.39 Sipksasinve Flukonazoli | e k ar k ébir antimilk@obigal aktivitel i r
sergileyenoksins i k|l ot ri foisdh agyamédsgrevi
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2.4.5.4Doku iskelderi / membranlar

Doku m¢ghendi sl ifji ve rejeneratif tép wuyg
s¢rder gl en araktérmal ar polifosfagemd er
yola- mékt ér . Y a p é-yve& Madtao ni | eakrr eaar doagamik @huBaya

bajl anan al koksiden amino asitlere kadar
sayesinde fosfazen temell] mal zemel erin
(Andrianov 20099 Bu nedenl e farkle fonsiyonel gru
bi yomal zemenin mekani k °zelliklerini vV e
damar |l ar é gi bi be¢yeék °]1 - ¢de farkl e fiz

m¢hendi sl afjnaséunyaguuyacak mal zemel er el de
Seli ktar 2001, Si n2009,0gudrivd.20200.6, Chl up&8I| Vv

2012y él énda yapel aanl ébbi ro | bsgpladtkenpas)|istaden

( PMPPhHh) ve -ekirdek oplodriakkr k o loanert iri lej ( iP
-ekirdek-fkinenhbérfa nnankooaksi yel e lheakztérro aenjmeérkr
Nanclif me mbr anén mor froilzog i sti mé k kiatialkt al an ¢

elektron mikroskobu ve transmisyon elektron mikroskobu kl a n e | medA).er ( K ¢

PAN ejirme -°zeltisinin konsantrasyonunu
or anenénelkelktkrsa yejndebatreyicyptr mlogmiadéeéj &€ bul uni
Ek olarakk ar ar | € halk&i gdéekRhinégndierke ntbMPa n , m¢ k em
bi youyumlul uj u, ye¢ksek y¢égzey/ hacim oraneé
i mmobilizasyonu i -in bir d e s i, adsorpsiyora r a k

yoluyla nanelif me mbr an czerinel minknoi bazdninBrail iefdo s f

membran ¢zerine i mmobil ¢elevwwiek RAGINandifi pazé
membr am®mil i zasy denk a°rzkeéll laikkt [éerréil mékt ér . S
edi |l mi k | i pazadhf megaolbir fams fiatzmpsiyondkapassinin

( 2 0. & mdlg) & .aktivite tutulumunun (98 ) PAN membran ¢zer.i
daha y¢ksek ol duj udoR) Wadgyd. 2082mi kt i r (keki l
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Poliakrilonitril gekirdek

Cozeltisi ‘A) {B)

Polifosfazen kilif gozeltisi

¢

—&—PAN/PMFPh
—=—PAN

g

g

E

Lipaz adsorpsiyon (mg/g)

1 2 3
Lipaz Konsatrasyonu
(mg/mL)

Koaksiyel elektro-egirme

> Lipaz

k e RAAPAN/PMPPh nandif me mbr an éme mased i m

2010 yél éndar yam@méléeaxmada -liflero mpgif¢amninbeti n an c
ester) gAglisinoetil ester)sfosfazen] (PAGP) ve jelatém trifloroetanolde elektro
ejril mesi i | € k ehkaid)e delawddinmé K RIGPfoar k1 é kar
oranlnd,2th,da3 0, 50, AiDelde edile®lOktirce]] & ri kompozit % 6

nanclifl er , yaklakék 300 nm ile 1 Om aras
nanok al adaki I i f I¢erzdeelnt i adlelkk mu ketluart.i n mi kt a
- armqpl&birat ekl a sonu-1l anmékxkter .

Transmisyon elektron mi-kRkéskobpekéer emet
hi britteki jelatin i-eriji %50 aj éand ek al
lifl erinin oluktujunu, amaa&k Y7Ol atei HIRPA GR €l
arter el deéjPa@Pddaatintkkampazif remtfl er i n el de edi | di ]
¢al ékma, jelatin ve PAGP araseéndaki et ki

T memlrraa rl [éa r heael saf PA@® tanalifd iejrii ni n  hi dr of
i yilektirmeyag?Oyar dignmedZ10p| duj u
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a
@ NHCH,COOCH,CH,
+P=N+,
|
— NHCHCOOCH,CH,
E i e
£ 300 CHy
o
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s
(1]
£
s
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£ 400/
o

PAGP  PGYO  PGI0 PGS0 PG30  PGIO
PAGP ve Jelatin kompozisyonu

k e k241 (a) PAGPI/jelatin kompozit nanbflerin - a wes (b) PAGP/jelatin SEM
go°r ¢nt RGO, (E):PGT0D)

2013 yeéelenda yapeéel an bir -al exmada, ken
ger |l i kti r merklin matilester (Pto@Me) ve-didroksiLprolin metil ester

(HypOMe) takéeyan polifosf @2zEekttog@ ri h msent e
polibis(L-pr ol i n met i | ester)fosfazen] (PProP)
mi nerali zasyon, l'ifler ve d°kme pol i mer
saat sonra bol mi kt ar da kal s iggnulifierinflegis f at
hi droksiapatit b¢yé¢egmesini taklit eden ka

g°®zI|l enSivakyk¥nén vd. 2013).

NSw u ProOMe 1
i -] fp=n- = Lp=n)
L NP SL ETL § THF. TEA RS
c a ", 7253 O
40°C243a [)\(
o

THF, TEA
HypOMe | Buz Banyosu
rt, 96 za

H
\°j\ﬂ> How/» o
J ~N %
[-p=n tf*:u b
A N
no“\)\’\g uo*\)‘ﬂg

PHypP

k e Ki4APProP vePHypP polimerlerinin sentezi. (A) \eB) 3BA i@& ¢basyo
48 saatsonrge ( C) i nk¢basyonmaadehnade énan Pl
ejil mi kK SIEIMf Ime kirmgr afl ar é
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2012yéel énda yapeéel an](etb alanato) @rheél-temoksy dosfazep]o | i

(PNEA-mPh), tendo dokusu m¢ h e n d-kagrolaktpm) elektrospun pol
l'i fl erinin y¢zeyi nif odaijkilktjiimme kgzed meitt @ ir arkei
ger -ekl ektMezémrmini marns ak® k lér) darr ealf eernid a 6§ h NS
sentezini ag& r ma kkullan-éilnrme Kkt ér . P(CBL5, : 1Mbe) C | k dErz éDdHemmp & n
ve 18 g' | eilkdmlomintabkiérk ihjénz éaddea ell ekkM rcom e i r 1

leli f haline getiril mi«k, 1 sani ye -nbPohybuynec a
dal der el ar b &k tfiorniklsmiyXotnierl¢ a(l exknial 12 .e4 h¢cr
fosfazen il e modifiye edilmik y¢gzeye seé
infiltrasyonunun g°zlendiji tespit edil mi

o~< >— @ @
P=N-{—n
o)

(a) b) )
(o] }'Z"/ .‘(,.:"-;J. X

. e -
PCL % % 4 >

n

HN o
w/‘ko/\ 3
R 32N
PNEA-mPh a TR _—s

17.5% wiv

k e RAJ (i) (PNEA-mPh) (a) (PCL) ( b) 6 ni n (ii)y BNEA-mFh, ile
fonksi yonP@mndEeirmameks | er i (iiANBA-s ent e
mPhi l e fonksiyonl andeér élPELk Ilvief | feo mk
adhezyonu ve (iv) iflere hMSerin infiltrasyonu

2015 yél énda ger - ekl ext i riirl l@rn polimer rile - al é

poliorganofosfazenb i r | ekt i ri |l er ek bir bi yomMal z e mi
Geliktirilen bi yomadtzemsiny el geyerlekmalka
osteokondrald k u mgdhe!l i J i ol ac 8 redesleAdiponka y ma kt er

Kok H¢creler (ASC) | gxemail md & gigtr gttt ¢ R amig Kit t¢

°n -al éemaygksekeoranda polifosfazen i -e]
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42 g¢nesikataksisite g°stermedi]i tespit
-al ekmakamda, nbut aséendai popameal an@8pé& g
da par - al anma créenlerinin viegyiak balnhad &
gostermerktlgdseml ekmal ar &, poli merlerin ve
ol mayan dojaséné ve yajdan tg¢retilen k°k
g°%ster me kemend 2015).( Rot h

0~ polymer 2
O~ polymer 4
polymer 8

bozunma

Kiitle Kayb: ( %)
co3888838338388

o

o 0—~0
plo-g— 89 ——9 94
0 20 40 60 80 100 120
Siire (glin)

k e K44 Biyobozunur gkin temelli foto-polimerize edebilir polifosfazenlerden
biyomalzeménh az ér | anmas é

Membran/ i skel e yapéméenda genell ikl e pol
polimerlete birlikte kompozit haline getirilerekk ul | anél déej 8unag® r ¢ |
kar K &ll @k ,ri g$iosf amembratti¢gsrkeevlleery aapeaménda Kkul
-0k saazy eda -al ekxkma20R0! uynanakn chal € rg.a madan
hekzakis(2,2,2rifloroetoksi)sikldrifosfazen ve tetrakis(22-trifloroetoksi)}diaminc
siklotrifosfazen t ¢viee sent ez |l enmi k9 i r ( Bwe k,ibiitré €k i4k |
sistemlerinde yaydiamd PAS),gpolistiken Sy aklilaitrie | a n
stiren akrilat(ASA), stiren akrilonitril SAN) v e p o | (PESt) @alimegldriieo n

kat k é maddesi ol arakj] ikaneel mert evme e ll ek
ol ukturul mudt urF o(sK ek mrdrofoldsie4 gWVisdreir di J i nder
ejirme y°ntsémizenl ¢ ¢ be v pandliftedheda hidnotolzisgéer | a n a
gosterdiji. beilfilréercinmi kt drof obi k ©°zell ikl
trifloroetoksi grupl arénénBwamediéehidpa et
i f1 eri n y zkedrhudnma skéu ¥ k|, a @ € | malkopeckh wk20280)n me k t
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@ ®
polimerler: o)
Polimer —«,
> :g::zi-\i — goz=ltisy * S
PESU —_— /
e wed fiterised mohae
Yiilsek roltaj

Il

Polimer -~ Katka maddesi

viizey ozelliklerinin iyilestirilmesi

kelkddSi kl ot ri fosfazen t ¢brue vtl sgerPAMRBASAKNT | st a
SAN ve PESU polimerleri ile elde edilenlif me mb r aénnSEM € n
goerént gl eri

2018 yélenda yapeéel amati hes ¢ bstri t- ;pd £ixhriagia
(HACTP)s ent e z | e rHMAICKT tRid mkipnolakon) PCL) veya poliL-laktik

asit PLLA) il e har manlajnimme w%ntedmiktirloe mod]
nanel i f | er el de edi |l mi Kkt modi fPiodasneandwr |l nf
farkl él ekl ara nedemvitrod enuey Iveer tis-m m awnyd u nf |
El de edilen |lifl4&deki m&EMokhopi sizj] kékilg©°:

k e k2i4T Liflerin SEM g ° r ¢ n. @y PC&,r(b) PCL-HACTP, (c) PLLA ve (d)
PLLA -HACTP
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H A C Trith@olimerle i modi fiye etlti jdio,j r D Xoem@ral ivai

dajéeléem ¢g8Bpl ammketEeirma i -in epitel (i nsat
h¢creleri, H441 h¢creleri) vV e baj dokus
ASC'ler) h ¢ cr esleeriil mi Kkt i ydshaBu® nlziel elii K bi yoma
arakt er @Clnve RLEX,t éPriziek ]l e biyol oji k ©°zell ikl
m¢hendi slijinde b¢gyeée¢k bir potansiyele sa
yakl akém, amino gruplareée il e-eijkrlidvnsiel |ieskk

i -1 n ami nskiotrdogféweent iitl ge modi f i yRCL velPLLAG D& n ed
biyolojik aktivi t esi ni n 1 yil eki p Sitgtokdise e @& dnlajl iar &r a
epitel hpsaepl akici Jer papill er adenokars
kaynakl|l & KAKKH)]kadd ealneéd mé kht¢ear.e Hegr ¢ kde HA
me mbr anl ar dvae -yod yad Inme&k t € r .tabakbfa@ayR y enb tha f ivy
- 0] al ma g.°Modgiflyemadmayag kontrol membranlagfPCL ve PLLA)O d a

kolonilein d a ha k¢ - ¢ k okl tdeufferu kapdayan ¢abakee k st r as el |
matriks (ECM) olarakt a n € ml a nom@urumEeEM vel r ¢nt ¢l er i il e
(kekig( S8dl 8kov.g§, vd. 2018)

Il nnm KN
- -
6(DDN‘... |
AR?\ L2 1 uNNSM@D\I
0 ®DN
| .. -- 6qJDN.. . ;
60D N\ : .

CL PCEHACTP PLLA  PLLAHACTP

Hiicreler Modifiye
Yapisma
Yayilma
Cogalma

AR)\LJQI uNNB(ZJfA
o ®DN

Hekzaaminosiklotrifosfazen
ile modifiye edilmis
PCL ve PLLA

N NH,

Nanoifler Kontrol

k e KRi48Hekzaaminosiklotrifosfazenilemo di fi ye edi Il mi k | i fl e
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2.5 Nano-lifler

Nanalif, bazeée gkParyen akd (a r @ mki bogupaéarsahidifler @amat a
tanamltken, bazée ka@maklhta@md agkeir eb telyelarad a r a
tanéemlanmakt ald2003)Huatgkiw | i yapé, bil e
boyutl arénéen ka4% éd agtreglemenatsédike ki l 2.

~  Nanolif = ‘ ,l
H,0 atom ATP A Alyuvariar Sac Teli
(2.8 A) (~10 nm) (S00nmY, (2~5um) (60~120um)

DNA Viras ~ Bakteri Ugucu Kl Polen
(2~12 nm) (20~300 nm) (03 ~5pm) (10~20pm)  (10~100um)
kekdd¢exki t 1l i yapeée, bilewen ve mikro

2.5.1 Nanolif membrang, r et im y°nteml er.i

l.¢cekmRu y°ntemde, ua d evceey ak ersi kkirno ghnigretd e k u |
biri ktilriimemi k- °mel ti sinin bir daml as e

-ekil-i°rzkednt 1 deki -%z¢cC¢, sévée eddaadéywnr e
buhar(lkeekkdyl. 2¢e5killern, by zleiyf al anénén yg¢k
-0 zéiceéeneén buharl|l akmasé sonucu kat el ak
mi kropipetler de kull ancdlkbeklienmd@sui nipc
lif - ap@an tutarl el ejé& artéréer ve hacim kyg¢g:
mi kromani pg¢l ator il e damlaya bateéerél ér
hareket ettirilir Bu hareket sonucunda nalid er ol ukur ve yg¢gzeye

biriktirilir. Bu i KI em, her d a tedradanabilir.Y © n tba lerik a | i fk
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boyutl arénénsikndntgajll aeadilil gmeesteirneikd dnrg, .nmmkaen
Ancak bu ladydmateunv ar °1 - ejJ i ndelflerstékntékr | & d €
creti | nvel tneedzicrastik malzekae&klul | anél abi llarin Ve

-apé geneldenddhdbe vy, kG ¢rmd Beachl ey ve Wen,

milimetrik
damlacik

ylizey
mikropipet temas hattina mikropipet yizey hathyla mikropipetin geri
dogru hareket eder temas eder cekilmesiyle lif tretir
kekRbdDaha ©°nce biriktirilmik bir pgemhsi mer

ettirerekrvel gatt s EBubfbkr - yPeteim nanc

2. kabl on sentkBRweiy%rftndadmde, yaldekmyasabksidatfy a s a |
polimerizasyomk kaudayadhma&!| a1 & k50d i-mm k k agl° &rel
bulunduranmembrank u | | akrpeélimexik, metalik, nantifl e r cretil ebi
istenilen bir malzemeyi vey yapéyé el ddifl et mgk etwvme knan
kabl on veya kal ép kul | ameétneel aonkl sainté nme nghe
etmektedir. 8 baseéncik puwyl gurearn a- °© z-gkdld -i asp énn dcha kn
g°zenekl er didemangifder elde edllirnBacsda pol i merin eks
neden ol ur ve kateéel agi adec & k+%a3d Bukiur i |
y © ntilebry ylgikf uzunl ubdpliflner ilegehestdecend@an- mi kr or
uzunl uj ulifler aldeedilin(dhangd. 2005).

3. Faz ayér maBuy °yrPtheenmnm| ol arak fiziksel uy
fazlaren alyreemadasgamperrnsdarzaadgyElrana lyi°fnt.
polimerin -°z¢l mesi, j el ol ukumu, -%2z¢
kurut ma adémlaréndan ol ukur (keki |l 2. F
(Kumar 2012).
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$i —fo= = = - Basingh Su :-0-:—:—:-
Polimer \\Q
Cozeltisi Alimiinyum Oksit
Membran
e S Nanolifler
Katilagtirma © =~ _=_=_"I Nano Gézenekler
Cozeltisi - = = = '«
| gl | 1- |
a b
k e bl Su basénce uygul anar ak °plo-leikmeir --ap

g°zlklher den ge- Hiflielrmegieyleay Pkeatbhd min s e

Coziinme

Coziicl

Cozlclnin
Ayrilmasi

Jellegsme

Gozenekli
Nanolif
Yapisi

&
2
L)

L

kelRbAFaz ayérinmananglfaolkt emt ur ma

4. Elektro e ] i r meldr o(sepi nni ngl)9 3y4° nytéelmeinda For mhal

kuvvetlerin kullanémé ile polimerl erden
ve bu y°ntem "elektrospinning" Elekirar ak
ejirme ngecanayg@mn c ¢/°-2%z ¢ C ¢ bdunas kpplmérn d a
- © z entlenh yasdi a eriyijJjindeygklsietk pohkialnisi en |
uygul anarak pol i mer mektéderk.t rDkzenh e kotl earr ak é
jeti, karkésénda bulunanstoprdlel, apmoé K mik

incel f -1 kl er e ayrmlenanoboyatlardalliffel edde editi mi Kk e k i |
2.530etelektroe ] i mme t e mi g% st &rad]jlinterhe eyl Emeri e nkil re

kaynajé ve t(dapl dteg®ald elv ajjali a sisneed lod oal
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bi
Si
ar
uz
k u
h é
it

vre «Kekyri.nd®i sgermdle ki i ki el ektrottar
i yijine daldéreéel érken, di jeri karked
rlektiril dteflonhicrp pomma,e kd am @leit méroy-unzxe
sma deeovjarmbas én+l a i ter. Pol i mer -°zelf
e bir el ektriksel, aygwé pil na¢é ububkurel e
ri kmesine neden ol ur olanéirkyvygetr@wty age ekhlar
steme wuygul anan gerrélild imr .3 0E Ikevkdétar i kkesced
t t éjjéomneduan d a K i yoandakis R gy ee k®lini k bir «keki

ar . Bulekohekawkgkde " Tayl odenir.Elektriksél ( T a
vvet y¢égzey gerilimini ¢ @ md K jpolomiedyesi el
iljalekéna dojru y°nelir ve ayneé el ekt
me s i i1 kesi il e poli mer j etia -d&kkeirn

(Agarwal vd. 2008, Wang ve Ryan 2011).

Yiiksek Voltaj

+* [—

>
‘ ‘Nawq

Polimer jeti

Polimer |igne
Cozeltisi |

Taylor

Konisi

Siringa
Pompasi

k e Rb3Elektroe] i r me si st emi
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26 Tez Kaps amd rmda&] BEmikek
2.6.1 o-Vanilin
o-Vanilin, aromatik bir aldehit olan vanilim izomerlerindenbiridir. 2-Hidroksk3-

met oksi benzal dehi ovanhialriak, dai akll ahdlee €i aa
el de edil en or gano¥anilimibre ng & méah la et¢sltdeetit k at

ve fenol fonksi ykekl (HgsRam pelSaid 20806 1 - er i r
O H
OH
_CH
o 3

k e Rbdo-Vanilind ian ék yapeéeseé

2.6.2 Poli-Okaprolakton (PCL)

Polikaprolakton PCL) , yaré kristal yapedha - al analvie
sentetik birpoke st er t ¢r ¢gder . Benzersiz ter mal vV e

uygul amal arda yaygeéhk ek ia(Kundbar¥dn20ld)an el makt :

kelkBAPCLpol i merinin yapeéseée
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https://www.tandfonline.com/doi/full/10.1080/00914037.2018.1539990

PCL, yakl akék 60AK Iiirvaeéndaa o gkdurans én a
enj eksiyon kal epl amxi tvlei ekrséetngemkplaydan tge i
i Kl enebiall hadmiarkit a deark. | a6ROGAKCE c ¢ i vaaga@&mda e -bii k
sécakl ejéna saPCLpyiok. dBugllusnednaa ttlhi | e esn.
tut makt aBRlie °zelilk kbéeayralbi pardagk amalbd 4] ¢n
PCLOy i t @ébbi ci hazl ar ,evra dosiu-amisalajlarégiii alanlaia e ml
pop¢el er bir  manektedinighany \adl 205nUdayakentai vd. 2031

Ester bajl arénén hidrolizi yoluyl a zaman
i Kl evsell iJin gerekl i lemimgantjargibilmygyamblardai k o
polimerin- e ki ci | i J i rflabetave Thielenrarzss RGOS To&iwa vd 2009).

PCL, dg al h¢cre déekéermathraize rg lkaalaanle éddroikmd ei 3
kel t cdegantoek]l emek amaceéeyl a dolau é nnd¢gah e 3 @ ik 4
kull anél makt2adled, (Qdiwmenrgi vwde n ®?i0sLI9i)]. i Dwykgiu
icinPCLONi n bi yobozdrnPClL, paimeuan& zmerimhidioke olabilen

ester gsapl pr émladuj undan esteraz g e b a
mi kroorgani zmal ar (bakteri v e PEL@OmMti aar | a
morfolojisingeg kKol skaltl ekiderecesine g°r
g°sterebilir PApkewaewvdbaPRDaBgnén hidrol
fazlarda sonra kristalin fazlarda bozunm
ol ukan kar boksi | i katalalenir(tJhrighad. IR89)PEInSznii nml earn ai
zincirinin di J er mo kubameér | | kepadirkerizasyonu ile  modifikasyonu
sonucunda bozuména we Klainmn e bilmijpe&tedir.Hidrofdlf | K t i ]
monomerlerin eklenme€,CLb | ok | ar é né n knaktab ¢l gel c ey adpaéhsaé nhé
s u di f ¢zyowma g kmsaekk amloa u & medktede @asig ive
Konkimalla, 2012).
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3.MATERYALVE Y¥ NTEM

3.1 Materyal

3.1.1 ¢ ° z ¢ cvekineyasal maddeler

tcoz¢seevleer

go°r ¢l mektGedit ekl exktirilen
ger -eklBuky i Fral diepki me
belirli zamanlardaince tabakakromatografisiile izlendi

tepki mel erden

ki myasall ar a

veriml il

y°nel ake

cteretige

Tini

¢i zeldlgeal | akmgasadmaddelerve® z ¢ c ¢l er

hele i:irrmz t nelE i:irrmz t
o-Vanillin Merck Diklorometan (CHCI,) Merck
1,2-Etandiamin Merck Dietil eter Merck
1,4B¢ t diamin Merck Di met i | DMZQ) | Merck
Sodyum getat (susuzlCH;COONa) | Merck Pirolidin Merck
Metanol MeOH) Merck Piperidin Merck
Glasiyd asetik asit Merck Morfolin Merck
Kal si yum s)!l fat |Merck 1-(2-Aminoetil)pirolidin | Merck
Potasyum karbonat ¢g€0Os) Merck 1-(2-Aminoetil)piperidin | Merck
Trietilamin (NEb) Merck 4-(2-Aminoetilmorfolin | Merck
Hekzaklorsikldrifosfazatrien Sigma 1,4-dioxa-8-azaspiro Merck
(N3PCle) Aldrich [4,5]dekan

Silikajel 60, 236400 mesh Merck DMEM-F12 :?]'SLOS%ICS‘S"
Silikajel 60 P F254 Merck Poli-Ukaprolakton i:g:ﬂ;
Tetrahidrofuran (THF) Merck Eg?;-n(t-?i-l)zé?éﬁ-gﬁiﬂoro-1— i:g:?ci
Toluen Merck (SI\?SI%/EE)] bor — hid Merck
Benzen Merck Asetonitril (CHs;CN) Merck
CaO Merck Na Merck
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3.1.2 Kul | anél awmeCilh&zlarp ma n

¢tal exkenadlea edi |l en t ¢ m izelgel 32Gdeivérilere ekipman yea p € s |
cihazlar yardemé ile incelendi
¢i zeld2¢al | ackimmarave cihazlar
Adeé Modeli Bul underj u
Eri me No k t § Gallenkamp Ankar a I ni kee
Cihaze Fak¢l tesi, K
Anorgani k Ki n
Laboratuvaré
I R Spekt r umulJascoFT/IR430 Gazi osmanpaka
Fen Edebiyat
Bl ¢ mg¢
Element Analizi Tayin LECO CHNS932 Ankara | niver
Ci haze Fak¢l t esi
K¢t e Spekt|Agilent Technologies 622{Bi | kent 1 ni ve
Ci haze time-of-flight (TOF) LC/MS | Ulusal Nanoteknoloj
Arakt ér ma Mer kK
'H NMR Sp ekt |Agilent Technologies, Ankara | niver
Ci haze Varian Mercury400BB, 400| Fa k ¢ 1 t e s
MHz , Si Me 4, i
C NMR Spekt|AgientTechnologies, Ankara !niver
Ci haze Varian Mercury400BB, 400|Fa k ¢ 1 t e si
MHz, SiMe4,i - st an
HSQC p e kt r u| Agilent Technologies, Ankara | niver
Ci haze Varian Mercury400BB, 400|Fa k ¢ 1 t e si
MHz , Si Me 4, [
b NMR S p e k t | Bruker, 600 MHz Ankara; ni ver si t e
Ci hazeée Fake¢l t esi
X-ekéné Yapé |Enmaf-Nonius CAD4 ve Stog Ge b z e Tekni k
IPDSIIKér énémmet|Temel Bil i ml
Ki mya B°Il ¢ mg
Tar amal e ZeisseVO 40 Ankar a I ni veer
Mikroskobu (SEM) BilimlerEnstit¢sg¢
Mikroplate Ckuyucu SpectraMax M5, Moleculat An k ar a ' ni kep
Fake¢l t esi
Vakuml u Fér e Shel Lab Economy 1./Ankar a p nive
Cu.Ft. Fake¢l t esi
Mekani k Test|Shimadzu, AG& Ankar a 'nive
Fake¢l t esi
El ektro EJ i r|NewEra Burdur Mehmet Akif Ersoy
iy niversitesi,
Fak¢l tesi, K
Anorgani k Kin
Laboratuvar e

76



32 Y°ntem

3.21 3-MeO-Sal en bil exi kl eri (l1la ve 1b)onin s
3-MeO-Salen (1a ve 1b), oov ani | i -eténdiamin e 24 ¢t andi ami ndi r
met anol ortaménda kondenzasyon tepki mesi

vd. 2017, Majumdar vd. 2021) yararl anéel al

OCH;, OCHj, H4CO
OH R~ OH Hoj@
— HoN NH:  gyry MeOH
HC=N N=CH
\_-/R\-/ (3 1)
3-MeO-Salen
(1)
R
CH>-CH? (a)

CH>-CH»-CH-CH3 (b)

la 250 mL haci nalona 2hidkokst3-sngtaksibenzaldéhitogvanilm)
(1.83 g, 12.0 mmol )oéin 25 mL kur 4,22 met a
etandiamin0.36 g, 6.0nmo | ) 6i n 25 mL kuru metanol deki

yarém saat i -erisinde yavak yavack il ave
karéktéreéel de. Saré renkli kate olarak -2°
kez) ve dietileter(k ez) il e yékanarak oda kokull ar é

(1.78 g)e.n: 163.5A C

1b: 250 mL haci ml i -hidkokst3-mgtaksabenzalddhitofvaniimpa | o n a
(2.00 g, 13.1 mmol )deki 25°znell thk i u -kmmentua
b tandiamin( 0. 57 g, 6. 50 mmol)éin 25 mL Kkuru n
il e yarém saat Il -erisinde yavak yavak I
karék$Sarel dénkl i Bargeol hapkde°kte. s¢zel
kez) ve dietil eter (1 kez) ile yékanar al

(2.28 g), e.n: 148 C
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3.22 3-MeO-Sal an bil exi kl eri (2a ve 2b)oénin s

3-MeOSal an b i(daeve 2,l leirtier at ¢ r (lyfmel tvek Nn2012)d e n
yarar|l agaehadedBhbeen b({ldve tb)akn 0eAr G &utuemetanol
o r t a miaBHdlaindirgenmesinden elde edildi (Tepkime 3.2).

OCH3 OCH; H;CO
(" ‘”’\@ w oC, 0
HC \ Kum MeOH., 0°C NH HN
) N r_/ (2
3 \1e0 Salen 3-MeO-Salan
(1) R (2)
CH>-CH> (a)

CH2-CH»-CH»-CH> (b)

2a: 250 mL hacimli bir balona-81eO-Salen {a) (2.00 g, 60.0 mmol) ve kuru metanol

(150 mb konul du. Manyetrektikias @k &€ é s@gaeddaan si y
geld.Ar déndan buz®Chgey sojrudail @ u (0.91Kg, 240,0 si ne
mmol ) tek seferde ilave edilerek yavak-a
indrgegnmenin etkisiyle beyaz renkdSaasig&paggt
i Kl eminin ardéndan ince tabaka ile indir
gl asi yel aseti k asit il avesi il e -°zel ti
i entlereY © nt ee ° h t )daii tubuldu.

Y°ntemBdyaz katé s¢zge- kajédetielre id gz ylé

ve oda kokullarénda kurumaya2fM®Erakeéel de.

YontemS@gze¢nt ¢ aléndé@rwvé upnk@emdalnt aafad @ ¢ ¢ mé
sécaklO®®k: uzakl akteéerel de. 30 mL saf Ssuyu
diklorometan (30 mL) ilave edildi. Bu esnada az miktarda sodyum bikarbonat

(NaHCO) -%zel tisi ekl enereRkR toat amdai kiall dib.
i Kl emi |, di kl orometandéen i ki kez daha i1 &
sodyum asesat (GB OONa ) ilave edilerek 1 gece be
Ssézént ¢, evaporatorde Kuruldi lkl okadeaet an
kristallendirildi. Beyaz katé ®6A@rak el d:
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2b: 250 mL hacimli bir balona-81eO-Salen {b) (2.50 g, 70.0 mmol) ve kuru methanol

(120 mL) konuldu. Manyetk Kk ar & ®tzérl & d € dsaa r ansiyore haliné i b i
gel di . Ardéndan’”Chbye dajnytosludg @.05K 280.0 si ne
mmol ) tek seferde ilave edilerek yavak-a
i ndirgenmenin etkisiyle tamameg. -Yagamésg.
karéktérma 1iIkKleminin ardéndan 1ince taba
Sonrasénda 5 mL gl asi yel aseti k asit I
-%z¢c¢ kuruluja kadar vakudGn) au zéaskedaakét( mak
saf suyun il avesi Il e olukan sg¢gspansi yon
az miktarda sodyum bikarbonat (NaHgJO - ° z el t i s ekl enerek o
n°trallexktirildi. Ek st r akdahayjaes ii kIl ee mti ¢ k rde

Ekstrakt e esddydmeasesat (TI€CGONa) ilayeeedilerek 1 gece bekletildi.
Ardéndan s¢zeéel dyg Ve s¢zént ¢ evaporat?®orc
di kl orometandan kristallendiri%7d{l138gheyaz
e.n. 100°C.

3.2.3 3-MeO-Salan2-0 n bil eki kleriov@dal ivre @rbygpl we
s ¢ b s spirabip@spiro- (4) vespiroansa( 5) fosfazen tg¢grevl

3MeOSal an bi2dve2b) Kniem i kfru THFO6de Bilear gon
ol ukturul an p o2 vey Kp@b) Tt wrzil mr & r ig)édtritlaamm&innd a
N3PsClg ile tepkimesinden-31eO-Salan2-o n b i | 8awe 3K) vem4vanilin(gruplu

ks men spgdbmdspito-d4¢ vespirccansa (5) f osf az elde @ildg r e v |
(Tepkime 3.3).Bi | eki k1l er kol on kr omat orgtd amin s i [
(NEtz), t epki mel erde ol wklA@l HiChzuasoldamak NEXK:
uzakl akt érmak amacéyla kull anél de.
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0CH3_ H3CO
0%K* *K°
2 K,C0;
~H HN Euru THF
\b._-vlh_/
3-MeO-Salan potasyum fuzu
R
(CHy)z[Kz(2a)]
(CH)[K(2b)]
e —
C P/
J" '\\
ol Ja
o X N
= Cl
kuru THF \ll"
NEI_; L‘
S ——

OCH,4 H3C0
H HO
R
NH HN CH3-CHz (a)
CH3=CH3=-CH;-CH3 (b
\ R / 2-CHp 2-CHj (b)
3-MeO-Salan
2)
0(H3 H3C0
i
C R
" \“‘“ CH3-CHa (a)
\ '} CH3-CH2-CH2-CH3 (b)
J-MED-SE!J:m-Z-ﬁn
(3)
(3.3
CH H (‘
H‘P l 3 3 C] /C |
-\
/'L =
CH2-CH2
: \-rlb—-/ :

o-Vanilin gruplu
kismen siibstitile
spiro-bino-spiro-fosfazen

(4)

o-Vanilin gmph
kismen siibstitile
spirg-ansa-fosfazen

(5)
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(3a,4veb): 250 mLhaci ml i é - afMe@% & n r Rab(@80ainjai  3(
1.80 mmol) konul du. ' zerine 20 mL kuru T
ge-iril’coe& ROEDLG(DA. MOK gK 6. 66 mmol ) il
manyeti k kadekt2&lr éscaéat ¢ zbeoryiunca kar ékteéer el
‘Coye sojutulan -°zelfdi(Pe73nge ©6rbét inineor
NsPClsonéen (O00mn®l)2 mMLr8&8 THF®Hdektii si yakl ak:
s¢rede damlal ar hawpwl i ndaeekkil endid.as ¢diéghEkl
karéektéeréel de. Tepki maHCH Ki(Zabve K.8@0 ¢on uxaar é

s¢z¢lerek ayreéelde. S¢gzegntégye uygul anan i
3 farkle ¢reng8¢mantl £dekibeThkR leed®m®aranb kh
kadar uzad k't ér &1 d e . THFONi n uzakl akt @rm&l mas ¢
toluen/ THF karékéméenda (4/1) -°z¢lde ve

kromatografisintr@adweb thuitrubdidrui.ndBen eay rkél d

(38 : Kol on kromat ogr aWMaeOsSalashzom @a) | i dekée ] adi
0.8). ¢o°z¢ceéenegn doner buharl| akt érécéda u
el de edil di . KatiddiVarim:%BE @20 g),eem154C.i st al | en
(4): Kolon kromatografisinderi k i n c i ol ar aokv aayt eéhamgr gpino

S ¢ b s tspiro-re-spirof osf azend) GtyRfire0.6. ¢P? z¢sceéeneén de°
buharl aktérecéda wuzakliaktlkatéd mat ar aed, e e Ibd
toluenododen Werim$41a(0.18¢)rec.il28C.1 d i

(5): Kolon kromatografisindery, - ¢ nc¢ ol ar a&v aanyirléilna ng reurpelnu,
S ¢ bsspirotagsaf osf aze5 REOYvi ¢Cz¢ecegnegn doPner
uzakl akt érél masé il e beyaz renkl i bir
kristallendirildi. Verim: %24 (0.25g), e.n.1.7 °C.

(Bp): 250 mL haci mli a3MeCGSadzalné )i (OHE Iy, §1660 N
mmol) k onul du. i zerine 20 mL kuru THF il av
ge-iril’coeé& RODLE(®. @M®Kk gK 6. 66 mmol ) il
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manyeti k karéxktéerécé ¢zerinde 24 saat bo

°Coyseoj utul an -°zeltiys(0.n7c3e gt,ri @t 66 ammo
N3PsClgd n € B7 g 16 mmo | ) 20 mL kWwrzeel THBEOG d eykaik | a K
s¢rede damlal ar halinde ekl endi. Ni hayi

k akrtéér e | dkeat eéOl sukzamlSesrzecknt g yred&li d éT.HF dPner
Kurul ufj aukakllhaktHEorl déuzakl|l aktéerél maseée s

mL toluen/ THF karéekéménda (4/ 1) -0%z¢l dyg
kolon kromatografisie t ab i tutul du. Kol on Kk ©rrMe@at ogr
Salan2-on (3b) bil ext:iQ.i3)i.r A°Rz ¢ c g rkearr eb@mamé & K
uzakl akt érél masé Il e beyaz renkl i bir

kristallendirildi. Verim: %19(0.12g), e.n.160°C.

324 oVanilin gruplu tamame
fosfazen t¢grevl eri (6)

h sgdirebino-spito-a | k a |
nNén sentezi

n
0
oVanilin gruplu t amamea), Pip @b, AEPo Gdhve ABPp| € a
(6d) ] S ¢ bpeBatbindsgire mo t i f | i fosfazenl er, késme.l
4 6¢n hetero hal kal e, pipending 2(2zaminoetd)@rolidinsve i | e
1-(2-aminoetil)piperidin 6 i n alkietreersa&t (kg2 af kemi @612, Pe
g ° ntepkimeye sokulu (Tepkime 31). Tepkimes ér aaépBfla -ékan HCI
hal kal @ifmmil mis@ il e hetero halkalé amin.H
sonunda el de , loldn Kroematogrbfisili e K islalf ¢ mkt ér el dée
halinde elde edildi.
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~ (‘
\P/ 0/ o ~N
_\/ N N \.\. CH;-CH;
C'\l lxli o\ L/ il
Ve N N N v\~
R iR B e x:j @) H.\'/Na (©)
o-Vanilin gruplu
kismen siibstitiie N (b) H.\'/_\.' ) (d)

spiro-bino-spiro-fosfazen

(4) (34)
g™ O/CH3 3y ‘>P/x
.\é \ N \
\\l u,/o \!! |/\
kuru THE x/ §_\-/ TSN NN Z \
-Hk@H('(Ia \/R\_/

o-Vanilin gruplu
tamamen hetero halkali amin siibstitiie
spiro-bino-spiro-fosfazen
(6)

6 : 250 mL haci mlav a-i |ajné zglréu pl ispirodixdas! noema
spirof osf azed (05¢ g &B66mmo !l ) 6¢n 50 mL -T°HzFe lit-iesr
konul du. K-erisinden ar g&mumg, 1g3ammior i)léem -1%5z

THFO6deki -0 zeltisi 30 dakika s¢rede daml
sécakl ejénda mangeinde khacrekteeeBdeée,z C
(CaHoN.HCI) t u z u s¢zeel deg ve -°9z¢éiceéenén dllrer b
geride kalan kat é, 2 mL benzen/ THF Kkar éck
kromatografsine tabi tutuldu. ¢ ° z ¢ Kkear EK ehEmeé n buhar !l ack

uzakl aktéer él mas,EH;CN@®dgrer k dies tkall BMgO2Ggart iel d i
e.n.2e °C, Rf: 0.21

(6b) 250 mL haci mldv agn-i lajne zglréu pd ispirokis@es| noema
spirof osf azed) (0t5Q¢ g, @566 mmaol 6i n 50 mL THFzeltirs
konul du. K-erisinden ar g6m, 1g3anmorli)lée m -1°z

THFO6deki -0 zeltisi 30 dakika s¢rede dam
sécakl ejéenda manyeti Kk kar éktéreceée szer
(CcHUN.HC)t uzu s¢gzeéel deg ve -°%9z¢igceneén dOleer b
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geride kalan kat é, 2 mL benzen/ THF kar éck
kromatografisine tabi tutuldu ¢ ° z ¢ c ¢ kar eéKkémeénen d°ne
uzakl akt ér él mas,EH;CN&deagrer k rdies tkall EdO@gart iel di
e.n124°C, Rf: 0.46.

(60 : 250 mL haci mlavagn-i |lajné zglréu ph ispirodidas| noema
spirof osf azed) t(c0r.e5v0 g, 1.20 mmol ) 6frebbi s
konul du. K- eri si nde nl-(2eamigoetihpirojden{(1i29 g,l1Hh - ° :
mmoloi n 15 mL THF&6deki =-°zel tisi 3l@5sahtaki k a
s¢reyl e oda seécakl ézéenrdian drea nkyaert & yhit. HEBt aerl edkét
(CeHiNo.HCDt uzu s¢ze¢el deg vdduharfpaghgnéd@dar uz
geride kalan kat é, 2 mL benzen/ THF kar éck
kromatografisine tabi tutuldu ¢° z ¢ kear EK ethEmeé n buhar !l ack
uzaklx t ér él amas éy ajl emsé bi r i Yerip:re6d(053g),Rk el d
0.09.

(6d) : 250 mL haci mlavagn-i lajné zglréeu pd ispirokiides | noema
spirof osf azed (05Q g d2d mmplé6 ¢ n 50 mL THP zied ¢iis:
konul du. K- eri si nde nl-(2amigoetilpipayidin(0.58 0,480 - © :
mmol )6in 15 -mzeTHF&deBIO daki ka s¢rede da
s¢reyle oda sécakl &jzéemrd an drea rkyae téeiepipdHCled a et
(CHigNoHCDt uzu s¢ze¢gl deg ve rPagtengegoéedd&neralb
geride kalan kat é, 2 mL benzen/ THF kar éck
kromatografisine tabi tutuldu ¢° z ¢ kegar é Kk eheEmeé n buhar !l ack
uzaklx t ér el smmas éy ajl @emsé bir Yerip:Pn8d04ag),Rk el d
0.08.

325 oVani lin gruplu ké&smen h epireansafostazeh k al &
t¢erevlioeri (7)6nin sentezi

oVanilin grhepgleu ok éhsarhdiah, Pig (b DED(rc), Meri (#d) vé

AEMorf (7¢ ] S ¢ $psotansafqg € a z e nnints¢gerneg welzer ii - i n késr
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spirccansaf osf azerm) tkurrwi THFOde ve argon at ma
aminl er [ sér as éyl a -dipksaB-azbspim[d Sldekan pASDEe r i di |

morfolin ve 4(2-aminoetil)morfolif 6 i n akéer eésé i lKeo-bijteaer 2104
Pekt akg°2negkitgye sokuldu (Tepkime 3.5Tepkimes é r aaéapga - éKk:
HCI , hetero halkalé aminin fazlasé ile h

Tepki me sonundk&lerklod ® ne kirloenat miglr ek ii si yl e

C Cl

p”
N

0 N N 0
(}H| ||
/‘\ e """‘*(l
\._/R\..-/ R

o-Vanilin gruplh CH;-CH;
kismen siibstitiie
spiro-ansa-fosfazen X

S5
©) NG (@) (3.5)
kun:l*_] Tl-g AXH \~ ) (b)
-2 XHCl
e
I/

H+C
SN

\/'

\

CH
/s 03

. N 0 (d)

Hj('\ "“\ X ;{'H3 S
""4\ HN W00 (e)

A—

0 N N 0
Ok ke ©
/\ /"“*‘{:l
\-/R\—/

o-Vanilin gruplu
hetero halkal1 amin siibstitiie
spiro-ansa-fosfazen

)

(7a) 250 mL haci mlav ag-i ajné zglréu pH ispirokssl neema
fosfaze® t(Hr. &0i gy 0.88 mmol )-6Piznel 530 smL kD
K-erisindeena+r Ypnel gieg7g,r4p8nrnmmoll i) diim (1G. mL T
-0 zelti si 30 daki ka s¢rede daml al ar hal i

manyetik kar ékt ér ecé czerindgHNKRA)riewt ér é

s¢zeldeg ve -°zigcenegn d°ner buharl akteéer éc
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benzen/ THF kar ékéméenda (8/ 1) -%z¢l erek
tutuldu ¢ ° z ¢ c ¢ kar éeékéméneéen uzakl akt ér élnnmas é
hekzan kar dcledinid.VerimRk0.1b@,te.n.167C, Rf. 0.21.

(7b) : 250 mL haci mlovaini |lajné zglréu phb iapirokdmesal noenna
fosfaze® t(Hr. &W0i gy, 0.88 mmol )-6Piznel 80 smL kD
K-erisinden argon ge-ir B3mamol -) %2 enl tliSy enLpiT
-0 zeltisi 30 daki ka s¢rede damlal ar hali

manyetik kar ékt éréecé ¢zeri ndslyNKG@l)tezat ér &
s¢zeéeldeg ve -°29zicenéegn d°ner buharl akt ér éc
benzen/ THF karékéménda (8/ 1) -%z¢l erek
tutuldu ¢ ° z ¢ c ¢ kar éekéménen uzakl akt ér élnnmas é
hek zan k ar é kaeemdliildi.d/arim: %433 (019 d), e.n.189C, Rf: 0.23.

(70 : 250 mL haci mlavasni laijné zgl réu pbliapirokdesal noenna
fosfaze® t(Hr. &W0i g, 0.88 mmol )-6Piznel 530 smL kD
K-erisinden ar goh4digksas-azaspirbo[4,5]dekan®.62eg] 43B y e

mmol ) 6én 15 mL THFOdeki -°zeltisi 30 daki
s¢reyle 180 AC s écakdréeiknde rdaanry@dx i kkbl@kl stk ASSK
(CsH1sNO,. HCI ) tuzu s¢zegldeg ve -°9zeégceceéeneén d°n
geride kalan kat é, 2 mL benzen/ THF kar éck

kromatografisine tabi tutuld¢ ° z ¢, c ¢ kar éekeméehéeéngez akleaiktaé
diklorometani-h e k z a n  k a r éaiesdimldi.nverann %24 (0.169), €.n.96°C,
Rf: 0.27.

(7d) 250 mL haci mlavaini lajné zgl réu pb ispirokdésal moenna
fosfaze® t(Hr. &0i gy 0. 88F mmodr)idsznaldiedk $ mL kD
K-erisinden ar g morfolig@42ig,r4B8meno | -) ¥z enl tliSy enL T
-0 zelti si 30 daki ka s¢rede damlal ar hal i
manyeti Kk kar ékt éer éc én mododntHCIn (G NOKHEly ®izut ér & |
s¢zeldeg ve -°29zicenegn do°ner buharl akt ér éc

benzen/ THF karékéeménda (8/ 1) -%z¢l erek
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tutuldu ¢ ° z ¢ c ¢ karékéménégeruizthek | Rat ané lkma £é
hekzan kar &ledind. VerimrPRK0.17 @,te.n.® °C, Rf: 0.48.

(7 : 250 mL haci mlaovasni laijné zgl réu pbliapirokdesal noenna
fosfaze® t(Hr. &0i gy, 0. 88 imneoli)stimnd kA smL kD
K-erisinden argo@amenoeitikepmefPizelitmnyeO045.

mL THFO&deki -0 zeltisi 30 daki ka s¢rede d
sécakl ejénda ma nzyeertiinkd e2 k akradr&ét kétr © lc.&é®l a g A
(CeH1aN2O. HCI ) tuzu s¢zegldeg ve -°9z¢é¢ceéeneégn don
geride kalan katé, 2 mL benzen/ THF kar éck

kromatografisine tabi tutuld Kol ondan al ehkameéegemp,mzake?
Saré yajémsé bir ¢r ¢ A9(03RR,e.ndSCRIE@0S8. edi | di

3.3 K vitro Biyolojik Aktivite ¢ al ék mal ar é

331 H¢crelerin k¢gltegreg ve -o0jaltél mase

Tez -alékmasé kapsaménda tipashaj loamar ak a:
86°Co6de stoklanmék olgwnakina ak?® ladhAdpmse [dork u
Derived Mesenchymal Stem Cells; Normal, Human CATE P09 11 E)

kull angEhsa@an AKHO6l er | aborat uv dCG¢ae tavyaarsifée
banyes undaeré@k ¢haci mce %10 f et astrepton@iginé&e %ls er u
L-glutamin ihtiva eden 5 mIDMEM-F12 besiyerii - er i si nde .Ellspans
edilen h¢gcre s¢gspansiyonu 1100 devir/ dak
toplanaa k h¢cre sialyé@iméEnpamemaxcirei sbyg@melelnie

he¢cr elObh¢ cor%eo/lcamt ak «kekiillkdek 215t ¢aom knarpkd ar ér

inkg,bat°r(%500@/é317’€,rHéracelﬁé240i, Ther mo) . Knk¢b
K g ¢ n duebedyerr tnoepvl ca nvataze kesiyet e ddgi Ki mi. ger -
K¢l t ¢gr s¢resinc-komgtemd gtk nmil lkar akk ofbauz i | e

kel ter kabe zeminini yakl akeéek %8 0 or ane

standart tripsinlema kMie yapél ar.akBypaarmrpmaddé Hagcr el
tamponlu salin (PBS) ( pHve PBS tdmponu + er it ®ikm &
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hazérl anmék o040arm3%OMMO EDTAI pLizrel t Hgcr ell er
zemi nden k &«dntkast anikkrdskobu aile takip edildi Topl anan h
s¢spansiyonu 1100  dsegvrier /idlak i ke dap 17 g pdeaekni

pel |l et be#h:,corarnHdal tor segrder ¢l dyg

332 Kwiitrosi t ot oksi site -al ékmal ar €

Sentezl enen bunmlexli Kjluwemrum tbda sypiuty ediih-me s
vitro si t ot oksi site -al eékbma20lrOe TreSh bEN cli 3@ z ¢
dejerl enBiIrgmmesi V¢ cutdengydeksé asnidtao tdogknsai suiytge
ger - e ldil Bu tkapsamdla Kl t ¢r ¢ s¢rder ¢l en okgisies an
-al ékmal arl®hgma ®@8y¢ Irkau ysuxc ki Il u ol ¢ kraegp | ar én a
K¢l tegrde %80 doluluja ul akt éjbg yghmel dreen

ortamdave semtezéeneth &€ | eir4 kFar kl & konsantrasyon

s¢l foksit ( DMSO) I hti va eden besi yer.i

-ozeltileri i | e ,4e837°C geaayarés ¢ rnek ¢iblad °© %6 e C® ¢
S¢re sonumda obdaaaimfdearmd eu zhaglRB&K team@loa @ i | e
canl el ék analizlerine ge-il di

Hecrelhaet ehéekl arée floresan/ absorbans t eme
Fisher Scientific, alamarBlGeCell Viability Assay, ABD) kulla@ | ar ak .Buncel e
ama-tliea,ar i kit talimatl| aegi defrubttuamddan
ve taze h¢gcre kelter beErieyaakn'infei %d 0] ®m em e
le37AC séecakl,#@B6ah®wyaC@®a&r tilnkredmd °ayaemslk ¢ | t

sonundas ent ezl enein- ebrielne kb &d ieyer i ortamdan t
boyunda °1I| -¢ml er nallé&lnéakr akr ahn:(BaacchMak &5 nc ae
Mol ecul ar Devices, ABD). Mol ek¢l | er i i ht |
besiye r i kontrol. olarak -al éxkél de
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34 Doku M¢ghendi slifji Kskele Geliktirme ¢a
Tez -alékmasé kapsaménda sentezlenen bil
y°neilsikkel e ¢retimdg°krRuembném potansiyel.
-al earmgler - ekBekkiapshdda doku m¢ghendi sl i]
-o0oj] al maséna, tutunmaséna ve ghesgsenahama
velveya mikrelif t e me | | i me mbr an creti mi najei ramek |
yontdemyara|l anél dé. (EKuekdarma-3l.al)bi youyuml ul uj
f or mu n d akagprolaktom) PCL() Polimeri (Mn: 80000), son konsantrasyon %10

ol acak kKeketde: mekdmolo ( 4:.1BElde édden poiinmee n d a
-%zel tikoinmeangomsyon 5 mg/ mLbol aekehkeiele e ki |
46 saat ISgmrektsomalnda. el de edieljamr neo lsiimdre
et egre enjekt°re ly¢hkl/edaki k aA2 &le a@una ht doPHd ,a
mesafesi ve 1& V. v ol t aj alténda 30 daki kaanal ¢ mi

topl ama i kKl.emi s¢erder ¢l dyg

Elektro-e J r i | mi «

PCL cizeltsi & | l
- | |
Tl |
1 | || | ;
7/1 \ t |\l k |
\ i /\ /{ | /,I\
\/ \‘. / ‘\\ §.3 I\ / \\ | \y‘
J \\.,"/ \ /, \ / \\ ’
AV /
Akis Hiz1 Kontrollii ‘ , € \ ’
Enjektor Pompasi /
omm gmmg °®° 0 Toplayici
0°%c "0 '2q0l (Aliiminyum Levha)
Yiiksek Volta) Gii¢ Kaynagi
kek3llTez - &1 ekkanpassa mé nd a keujl il rame2 | a n h aed éerké |

g° smier i
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3.5 Elektro-ej r i | mi k Me arbktegzasyoaur é n K

351 Taramal & el ektron mikroskobu (SEM) an;

N3PsCls ve ®ntezlener i | e khiiva éderrelektre | r i | mi Kk monolojika nl ar
czelli klerinin incahahimelser iamge € pénlal- ¢SEEM
boyutl ardaki me mbr anll ar °karelkkont uldaireduy § ar
yéezeyl eri i nce bir tabaka alteéenla kapl an

edildi (Zeiss, EVG40).

352 Lif-apé analizl eri

Elde edilen elektree | r i | mi kK membr anl arén bilexikl er
grubu ol arak PRPCahtemel &n msmeabdampttardaa] @9 ©enl
belirl enmesi amaaéybkzherg®°r geBy ekdmx-tlia il
magnifikasyonlarda elde edin SEM mi krografl arénda her Lk
far kl & Inmoakgteald aynaz €l émé yardéméylapéel idfa]J €&
di yagr amdildi.r € el de e

353 Mekani k ©°zelliklerinin incelenmesi
Elde edilen elektrce j r i | mi K meimberiraikkh ek @1 anmas é Pl
davranéxkl|l aréndaki potansi yel ane jtestkeri ml e r

ger - ekl eBtui rama-il a exk b o gnu k 2 anr) dnembrandaz € r | a
Shimazdu AGSX mekani k test aci-heanzed e p le atriamsiétmain
ardéndan 1 mm/ dakimleab+ a maksimum dw\et vadiline n d a

dayanéemlar é incelendi
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354 Kan uyumlul uju

Kivitrosi t ot oksite -al éxkrkalt&kreasmedad,elhgdregicar
menbr a n | BAGL®&m PQL-6d, PCL-7c ve PCL-7d) h e r biri i -1 n ka
testleri ISO 10993 : 2017 s tyagnudna rod éanraa ku. g 8u- aknlhe k i 1h
e K boyut kK e s ialjeanrbtréaknt!| aa r 1 saatle boYaurexa]
kull anél ar ak es tae diet dmumnca@8 @éadior bi t al bir

czerinde PBS il e Xk: 2t0a np rkaanné nidlaeK agotgkmalkd K tl
sonra ©°r newlkanrl500 dekralakigadad1® dakikag, r es ainlt e i f ¢ | e
(Allegra X-15R Beckman Coulter, BreaC A , ABD) . S otoplanam Kk a ma

sé¢pernat andea aab SorSb aamd %he gl ezi daf enar ak

355 Knsan AKHOIl erin 3B bi yoiskeleler ¢ Z €
canl él éjenén tayini

Elektro e]J i r me I Kérdam, n b laltekkei | kalteenpén | w- kart
dej er | endi r iinkvilnehs¢l ¢ raemakcéel vt lgdr § Kk malmerl L Bwer - e k
ama-la ek boyutta hazeéerl anan sentezl ener
kasnakl|l ar éna yerl ektirigderieki zhsyah.t é&rmd
Steril i zasyotnaurng asredrédnsdracnl €kaZel ic © s @yod AaknH oul ket re
b¢yeée¢me besiyeri i -ehiusnl adha s gspanmsgbedik
i htiva eden biyohi byve3a7ACdemdyale tiansklsabkaltarréd ey
al esgee somnywemdeaerbesirt amdan uz BSItampdn@& rr € 1
Il e yélkhaha&il @&k @na.lHg¢zclreerlaendeiengéek-lialrdei f | or e
temel | i sitotoksisite aSniawiifit,zaIanmrBld%t(Elmi (T
Viability Assay, ABD) kul l aneél arBaauk aimacdlagndti car i
dojrul tusundaessiyyarmi odratrarkd &n t az & k | hagkctréeer
besiyerine %10 Brreaanketnidfai  ad kalnteBEBIGuks &4c askal ast
%5 CO-%95 hava «kar tilnakr¢ebnaat ©a ydeaer $k & let ¢sroen uanldé@
i -eren besiyeri ortamdan toplanarak 570
cnl él1 ék or an(Spactraviax MbyMolacular DevicedBD).
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4. ARAK T RBMIEAGULARI

41 Bi |l exkiSénte2 r i n

Bu -al owmadd ] ndi n k u-etandiarve @&HIG4d et aln,d2 a mi n
et kil ekt i rMeD3nelse m d b nlh €&klb)kelde edildi. 8BMeO-Salen

bil exklakd1l®)rdni(n k ur NaBHY deQOndidgdnenesinden -B1eO-Salan

bi |l ek2akd2e)r i h a(z e-MéCaSaldn-o n 3 b i Bakwe b-yanilin gruplu

keés men spydbmnospitos(4 ve spiro-ansa (5) fosfazefMeG ¢r evl
Sabn b i 2@ kbinjéin (k ur A£O0; TeHéEpkirdesinddl elde edilen potasyum

tuzu [Kx2a) ] 6ngmaNEé&] eénda kuru THFO6de ve argo
N3PClg i | e et kil ektiri |-MeOsSalanzicern bsielBbt gzl iendi
MeO-Sal an 2b) 1 6enki in] i k u(r uCOsTilel Fepkdmesind&n elde edilen
potasyum tuzu [K(2b) ] 6 nisvmnaNIE&G] énda kuru THFOde ve a
trimer NbP:Clgi | € et ki |l ekt iril me s tsep laismeadleaa & -eé

HCI asiti, NEs. H C | tuzu ol ukturarak ortamdan uza

Sal an bil #£Klkiklleertienpkni nNel er i nde, tepki mede
I -in ya Salan bil exkizRClerei i re kawéar &snéd Skl
daNEgo ¢ R éaésé ( IPChlei2ekawdlemthbi;) Nk ul | anél makt ad
sonraseénda i s espiro-tkniospifoaea skilo-ansaspod salipefosfazen

t ¢revi sentkeoz-logjnlme k22 ,r Bakter zi 2013,

2015  (ild.@)kAncak NEt6 ¢ n kul | an é| mspisodinospirbve piroé ol a
ansaspiromot i fl erine sahip bil exki kl;ykkenryanv er i n
Salan bilexi kl er i mpirobinespiiomes éf kul Fasgéhbhdehn
veriminin spiro-ansaspiromo t i f | i fosfazen t¢revierinin
NEtz; var |l é]J énda i se t a spiro-dansaspid mod u rfd mu nb i y an
veriminin spiro-bino-spiro mot i f Il il eri nkine g°re daha

(Ko-o2012Bakter zi AWRI3L,3,KdB-axk er zi vd. 2015)
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OH HO
©og Ok
NH HN -

CH;-CH; C
N R’ CH;-CH;-CH3 1\ /
Salan CHy-CHy-CH2-CH3
ae O j@
kuru THF |K2COj3 }\p/ 4 ‘\\/\
NZ N NC_R.
C l\ | }Il,CI spiro-ansa-spiro-Fosfazen
@(_ )@ i
cl Cl Cl Cl
- e
kuru THF :;,‘P\_ /P“@.\
N N N N
C|\J. I :i '()/\_LI L _a
Ry TN N N\
Cl N N cl
\_«R\—/

spiro-bino-spiro-Fosfazen

k e kdilINsPsClsthreSal an b ilelteekpikki | neersii nsdseensbsaonbtiflik a n
fosfazen t¢revlierinin sentezi

Tez -aléwmaharéendagruplu késmen 4¢P St int ¢ ¢
senteziNEfvar |l eéj eénda oMaOSeaklaak tRd dialedy aNBfe] énd
N3PsCls ile tepkimesindenspiro-bino-spiro (4) ve spirc-ansa (5) motifli fosfazen

t¢revieri Bel det iefdli ¢ din ol ukmaséné g°°ster
4. 206de g ° r gM0he k é3da-Sra.l a N bilexki]inP I e t

mekani zmasé czerinden BRECls chnael kktaesdéinrd.a n B Wb i

anyonunun ayr él mas & yoninune [NPiCB]S fod zuekruymum i K
bakl|l amaMetSdadl ra.n (@d) b & keimjoil i K oksijeninin p
baj | an mepkiree devane etmektedir-#£t omuna fenol i k oksi|j

grubun hacimliol mas é nedeni-atiolmungnuptyankti fMsfor
yapmasé ve yapédan HLY epacsmodiinfiim ea ysraéhli npa sk
(@) olukmaktader. B u spireendoetnil fei °©oahcsaer imakkl tia , o
moti fl er.i I S espir@binotspim aespirekdansathét i f | er i nin ol
ara ¢ren ¢zerinden gapdekhedkmabt e di .k sAj
N3PsCls h al k a sagmému nRR  at a gpiropiaospmama@t iifliePClay n é
hal kasénén dijer bir iléspsofamsamoatti ofmu ncal uaktnaak
Tepkime NEt var | éj enda ger -s2&rl & k argemlsdi NA mdH
hidrojeni il e hi droblil emz dtag funv efr@es fekr aAr
kol ayl aktéermaktader ( k e gpirdkansaimo3t)i.f i Biu nd wrl u

y°n¢gnde il erl emesi ne nspidansamot maki ad®d®isf ab
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(5), spiro-bino-spiromo t i f | i f ohfoazen dtahrae wickek ver
spiro-ansa motifinden sonra tepkime daha ileriye gidememekée @Me grubunun

yarattejeé sterik sgroansspiro mede i ni nl e ol
ger -ekl ekememektedir. Tepki me sonraseénda
I - er meMe®falad2-0 n bi I3@kida gl de edi | di . Bu

kromatografisii | e birbirinden a-WeO&shlahépb) 6 Dii jae rNETt
var |l é] e n d#sCldile Eepkomesinderspiro-bino-spiro ve spiro-ansa motifli
fosfazen te¢grevlieri el de edi | MexShlan2-qnk e k i |
bi | e3b)ielda edidi. Bu durum, 3MeO-Salangb) 6 ni n t aMe®8s#an2e n 3
on bi I3 Oiyjei dC n¢kKGPCsgnee wvwd KINl ekebi |l ecek
[Kx2b) ] 6nin tepkime ortaménda kal madeéej éné
MeO-Salan (2a) 6 d a-MeO-Salan2-on @a) 6 n € n el de edi | me
karkeéel akt érel dej énda, t dve® Salarelb)ktockaMidOl 3 r é
Salar2-on@Bb) 6 ni n daha hézlé elde edildiji s°y|

3-MeO-Salan Rave2b) 6 ni n kuru T.68Bi bet amkenbdak Kiril:
MeO-Salanr2-on 3ave3db) bil eki kl erinin elde edildiij
3-MeO-Salan2-0 n bi |l xveldlh)&rnii n( ol uklugmu n@PE€l6 NE h

etkisinin ol mad2grenmo tgi®fsitbeirlldiirt eenSaall icarnd eno t
Bu nedenl e bu moti fin Sal an motifinde

bilinememektedir. Ancak tepkimenin-NeO-Sal a n yapeéséndaki ik
°ncel i k|l iO0tlear ag& ligemna BiDaj & il e b afd;anmas
olwmu ve sonragodmda yawype&darask kKekl i nde i

Ayréca Sal anCoii ll exitlelp&n imeil er Knden bu mot
4.1), Salar?-0 n mot i fi ni pkonrhundaki metoksl §OCH grubunun

var |l éjiélnienoledkj unu d¢kender mekt es@Clgrile Ayr
tepki mel er i ndspirmoansasgiramdt i¢sfrigmidne g °spirb-ansame s |
moti finin h8prdaasaspino mo kiefkii he ed?® n ¢ KoAVEG | ( ke
Sal an Raloen@mCld NI (€ verdiiji t e spiro-ansaspeo, t er
mot i fi b as a ma§pieorarmssa mpitd e me ybh @s amaj gned-a s or
konumundaki metoksi (OCGif gr ubunun varl éjénén °neml:.
(kekil 4.3).
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-HC1

H3C0

spiro-ansa-spiro-Fosfazer

k e KR dpirc-ansa, spiro-ansaspiro- ve spiro-bino-spiroF o s f az e n

sp.‘rm-bma-sprm-Fosfazen (4)

o ‘5‘0: f
NH HN Cl\ /C(;/ C]\ /C(;/
R’ x’f \x )_,f \x
- .
“ CI\J’\ o e el I(.(-)--xf{-\l?
R 7Ry Na \ o XN Ca
CH;-CHa 8o M %0 NH
H3C H3C_
0 HCl 0
CHy CHj
HyC, ck\ el cmy C]\P/Cl o C]\P/Cl o
0 \’% \\ 0 \"; \\ \/’,' \\
ol Il .o ol Il o 5 Ch I| o
~p P P P B -C1 P P ~
@ﬁﬁ\\\./\\_j@ oS AN o S AN
N RS * (aii) *
spiro-ansa-Fosfazen (5) ) i \
@0 NH @0 NH
HiC H3C_
o 0
c c1
oK
¥ N
J La
o’ Xn Nar
\P Hsc\ c1 CI\P/CID/CH.'! HBC\OCI>P/CI
4; _\"f \'_\' N -“‘\'.\'
cl a| ——= a (0] 0 cl
\ \ l’ HC1 \1!'\ | L ! :-‘.Jl ,l’/
N a” Ny TN N SN Na
\JR\_/ L

mot i f I

er

n

n

ol

ukKum mek



C Cl

HyC, o CHj
0 :iﬁ \\l o
Orask <0
P P

PN
A
\\,R\J

spiro-ansa-Fosfazen (5)

keldBAra andmsgiiocansamot i fi nin ofogwmmanéngda

OCH; H;CO
OH HO
OCH; H3CO
U OH ﬁ HO
—— C
TN

3-MeO-Salan N N
@b) N

(3b)
kuru THF | K;CO3 l/\<\
'
OCH; H;3CO c1\| | 1
P P~
0°x? “x%0 a” XN Na
U hu‘EETIHF
L 3
K;(2b)

spiro-bino-spiro-Fosfazen

k e K44 N3P:Clsth e3-MeO-S a | a n Bb)ile eepkimgsi (
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OCH; H;CO
K

OCH; H3CO
0
f i0H HG: f CO,s OH i Hﬁ
— C
kuru THF
NH HN o - \_\-

&/R\J _I\S/R\_/

3-MeO-Salan 3-MeO-Salan-2-on
(2) 3)

k e K45 3-MeO-Salan Rave2b) 6 d MeO-Salan2-on Bave3db) 6 ni n sent e:

oVanilin gruplu t amamea), Pip @, aAEPo Gdhve ABPp| € a
(6d) ] s ¢ bpsgabind-spire-fosfazenler kespeat it e fHsdfganz en
hetero hal kal & amjpmperidim, }(2-asnenoetl)pirdlidin \e&(2-pi r o |
aminoetil)piperidin 6i n akér ésé il e tepkimesinden se

oVanilin grupl u Kkeés me7a),Pipdéh),DAID (7c)aMok @d) € a mi
ve AEMorf (7¢) ] S ¢ bpgaand-fe¢oes f azen tk@rsamelnersi¢g bst it
t¢e¢reévodoi n( het er o [hsadrkaad & japiperidiry € ,Admksa8d i n

azaspiro[4,5]dekan, morfolin vé-(2-a mi noet i | ) mor f epkimesihden n a |
elde edildi.

Heterohal kal € aminlerin akeér ése, tepki mel e
ami n. HCI tuzu ol ukt ur ar a kspirotbinaspire-fesfazanma c &
terevleri stereoj eni k spiromass&fasrf a memn k € zir e v |
birbirine ekdejer ol mayan iki stereojeni.l
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42 SentezleneBi | exki kl eAnal Ezxem8abhu-1 ar é

Sentezl enen bil exki kl er v a k u mleneent ;sanalizlerd e i

y a p t.8MeOSdlén Lave 1b), 3-MeO-Salan Rave 2b), 3-MeO-Salan2-on 3ave

3b)veovanilin grdavebu vkeé shneetne r(c ¢ b a bpkatbipee a mi
spiro- [Pir (6a), Pip ©Gb), AEPIr (6¢), AEPip ©6d)] ve spiro-ansa [Pir (7a), Pip (7b),
DASD (7] f osf azen dl¢gaeamesdteramalni zi sonu-1|ar én

uyumlu ol duj¢u zed gleemdil) . Bu nedenl e el d
d¢ Keéngél elorfy7a)pvé AEMorf&7€)d o] r u

S ¢ bstsprbansmf osf azen

bilexki kl er i -1 n
t¢revli eri i -in el emen
dejerl er

il ed. uyuml u g°r ¢l me

¢i zedlglemenanal i zi s ofhesaplaman)e [ Anal i z
i Kapal e Mol
BII\IOIEFofmg,Ig, K¢t e %C Vo 7N

(1a) | CigH2N,04 328.36 | 65.70(65.84) | 6.08 (6.14)| 8.34(8.53)
(1b) | CyoH24N,04 356.42 | 67.03 (67.40) | 6.34 (6.79)| 7.56(7.86)
(2a) | CigH24N,04 332.42 | 64.95(65.04) | 7.46(7.29 | 8.238.43
(2b) | CaoH2eN,04 360.45 | 66.32(66.64)| 7.54 (7.83)| 7.43(7.77)
(33) | CigH2N,Os 358.39 | 63.37(63.37) | 5.89(6.19 | 7.82(12.71)
(3b) | CoiHagN3Os 386.45 | 62.98(62.99 | 6.54(6.549 | 10.49(10.72)
(4) | CigH2ClsNgO4Ps 881.85 | 24.52Q4.52 | 2.29@.29 | 11.91(12.7)
(5) | CigH21ClsNsO4P; 570.66 | 37.45(37.88) | 3.56(3.71) | 1235(12.27)
(6@) | CsoHgaN1604Ps 1159.17 | 51.37(51.81) | 7.11(7.30)| 19.53(19.33)
(6b) | CsgH10N1604Ps 1271.28 | 54.23 (54.79) | 7.67(7.93) | 17.44 (17.63)
(60) | CogH124N2404Ps 1503.72 | 52.11 (52.72) | 8.11(8.31)| 22.55 (22.36)
(6d) | CraH140N2404Ps 1615.94 | 56.18 (55.00) | 8.27 (8.73) | 20.05(20.80)
(7a) | CoeH37CIN,O4P; 63999 | 48.33(48.79)| 8.27 (5.83)| 15.04(15.32)
(7b) | CogHaiCIN,O4P; 668.05 | 49.98 (50.34) | 6.22 (6.19) | 14.78 (14.68)
(70) | CaHasCIN;OgPs 784.12 | 48.87 (49.01)| 5.15(5.78) | 12.18(12.50)
(7d) | CaeH37CIN;OgP; 671.99 | 49.31(46.47) | 6.37 (5.55) | 15.23 (14.59)
(7€) | C3oH47CINgOPs 758.13 | 49.43(47.53) | 7.31(6.25) | 15.76 (16.63)
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43 Sentezl enenkKsBillee kSipkellket rrikammg i | i

Sentezlenem i | e K elekttogpray y oni zat i on -MS)n t gefdedcier

ke¢etl e

shpk kiva elug t | e

s p ekt r urdeverldie Fosfdzenr i

terevl er @l ni kgt d e eessagpd aanld@&nar ak h

¢Ci z ed2@eantezleneb i | ek i k| e rummnverilerg t | e
Bil exki k Ky on K¢t esi Bil dai k
(19 [MH]* 329.123 328.36
(1b) [M]* 356.159 356.42
(2a) [MH]* 333.149 332.42
(2b) [MH]* 361.182 360.45
(33 [M-H] 357.135 358.39
(3b) [M-H] 385.162 386.448
(4) [M]* 881.911 881.85
(5) [MH]* 571.938 570.66
oo | e s
(6b) [M+4H]* 1275.379 1271.288
(60 [4AEPIr +H] 457.291 1503.72
ip +

(89 [M-8AEPi] so0140
(7a) [MH]* 640.136 639,99
(7b) M]* 668.162 668.05
(79 [2DASD-2H]* 281.092 784.12
(7d) [M+K+7H]* 718.261 671.99
(79 ['\EIMAE'I\]A] + 352:222 758.13

99

Yor uml

spekt




44 IR Spektrumu K|l e Kl gi Il i Yoruml ar

4. 4.1 Sentezlenen bilexkxiklerin IR spektr

Sent ezl enelR sgektrune kKK 2kdldedR spaktrumu verilerit | z e4l. g8ed

sunuldu

¢i zed3ent ezl en ekaralieristilelR Spéktrumverileni (7cm™)

Bi |l €

No Ncv@om) | McHit) | Mc=c | Mp=Nn | Mpct | NcN | ANH | Nco | Mc=0 | Mc=N
(1a) 3046 ggg? 1537 T ) 1244 T ) T 1631
(1b) 3057 gggg 1539 T ) 1269 T ) T 1534

(2a) 3015 gggg 1590 T ) 1276 | 3307 ) T T

(2b) T gggg 1588 T ) 1276 | 3279 | 1160 T T

(39 3065 gggg 1592 T ) 1252 T ) 1661 T

I i I i

(3b) 3077 2946 1581 T ) 1269 T 1157 | 1534 T

. 2938 1178 . . N

4 I 2890 1594 1230 593 | 1273 i 1154 | i

N 2944 1173 . .

(5) I 5837 1581 1228 588 | 1273 | 3397 | 1136 i i

N 2849 1177 . . . .

(6a) I 2938 1582 1215 i 1267 I 1124 i i

N 2851 1179 . . . N

(6b) I 2920 1581 1244 i 1280 | 1139 i I

(60 T ggg; 1584 | 1176 ) 1270 | 3279 ) T T

(6d) T gggg 1582 | 1178 ) 1270 | 3299 | 1134 T T

N 2875 1176 . . N

(7Q) I 2931 1576 1244 597 | 1271 I 1141 | I

2851 1179 . . .

(7b) 3095 2920 1581 1244 597 | 1280 I 1139 i I

(79 T 2869 1584 | 1180 | 596 | 1272 1140 T T

(7d) T 2920 1583 | 1194 | 591 | 1272 1144 T T

(79 3063 gggg 1582 | 1178 | 539 | 1270 | 3288 | 1134 T T
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Teal ékxkkmmapsaménda sentezl erermehii hrecktédies ér i 1
Buna bajhbiél eoliakrlaekr ilRnspektiunuindd3e7%38®one'mr as é nd a
tipik aromatik CH b agrena gaime ti t ferigi°ml enbirlkkemi k1 e
t amamée®oe37 cm! ar as&r@ dbaj |l aaiétna ger i lleme ti

go°r ¢l mektedir.

3MeOSal en bildvel)iiklienr ika(rakteri séin &klc&veialne C-=
1625 cm’6 d e g° z beilr&krin] i n ylae eldkiedilgnd-MaedeSalan

bi | e kJakeRbgniniIR gpektrumundabger i | me kaybbmaktave sné rear si €
ile 3307 ve 327¢m*6 d eHgNer i | me o0 t Byak mBEadSalan2-

on bil éaveldh) dmii n | R slpedti8lcm’mumda&dEu bi | eki kK
i -in -0k kaC=gereirl me¢ iitk? bf emekt edi r

Sentezlenen t ¢ m@4HBdodaddarasn -ti ¢r ekvarearkit er i st
badgenagait!l me ,t1RBI¥Mcinindreasighdlaenmekt edir .
s ¢ b s spirotbipoespiro- (4) vespirc-ansa (5, 7a7¢) f osf az e nd9R53r evl e
cm'ade RC | bajl ar éna ai g° glee nthrmakmenchdtetbrael kki anh| ée
amins ¢ b s spircbipaespirof o s f a z e n(6aBd)or neiknspektrumunda €1
bajémracgaiitl me Kkiatybek mBkdunangled s men spydst it
bino-spirof osf az g4) 0t or deit er o (Pir,&PlpkA&pir&e AERp) ilel e r
tamamen s¢gbstiteége ol duj uneabdodmesleany @xzé einlde
g°ster mektt @emli ar. €éna baj INé grshy bbslundutag @etetol e r d
hal kal & amin s ¢ bs6c(AERIrE 6d{AERIH) eeZed rA EtMoIr d V) [] & m
IR spektrumnda s & r a S&9 3299%ve 3288 citdb de-H g i | me titr ex
g°r ¢l mektedir.
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442 Sent ezl eneankPEL nteenxbirka mkR spek&umu

PCLpol i merinin ve sentezlenen bilexikler
EK 26de Seatektenen bRCL enie imib Ir e Ml spek&umu, e n

k a t kPElsneembrarspektrumuna benzemektedlire k i-k eki 6 4. 9) . Bi |
spektrumud a g°zI|l enen PCGLtmembrant mtbaemxtilmdreg,i yl e ©°
bul unmaktadeér. Bunun s &6Legolimerinelg & tr ke é | ocal ndaunk
d¢kéek konskatt k @alsyromaldeod ary.é, Blbbndaxi k|l er e
bant | ag@megh mesi z AAnchkagenala darak RICE rpolimerinin  ve
sentezl enen bkkiimeileiklalr il mkt Br 8pdéjénda bi
me mbr an Ispektremmundg B r i | me t iktaryenkail nalr eerhiyrodt ed @ B iu |
Ayr8oh 4mMl6de t art ékkaétlkB&asjeaz!| ¢ mere il e kar k.
modi fiye pol i mer | erg®nz| SibMblojig P ag kit glliékl ad
-apl ade&n d & kbkilliekclP€krdyee rki ant knégl°asntdeérjnée kt ed i r .

3-MeO-Salen(1a ve 1b), 3-MeO-Salan Ra ve 2b) ve 3MeO-Salan2-on (3a ve 3b)

bil eki kPELrpionliinmewa ni n modi fiyd Rhalple&rt irylme
(kekil 4. 6) 3-MaOeSaldne nd e k(lakdd®)d hi n | R spektr
sérade@2velle®7 cmodg® z| €x&n lbarféna atiitt tegeriind m
bi | eklakvé &b) (e kat kel a(RChéla ve rAELib)r GamiiR na r
spektrununda da g © mektedir. Bklerild i J i 3-eOisalenb i | e k(lakvk e r i
1b)d n iindirgenmesi ileC=N I|barfjé na ati t r legkanrkna ynbeo | ma s € n ¢
dol ayleexawl2igr i ( e kat k él aPClmZarke PRQleZbindRn | ar
spektrumunda dabu t i tr exki m gf°rre¢kl aimesnh Gakte@eSdlan?-on

bi | e K3akeBMir - kamakteristko | an v e s érl534 é'didlee gl &6 le n
C=Obaj éngerilmeit i t ina mi nk i dbdielt&8axveldd) eri | (e kat k &l
membranlarPCL-3ave PCL-3b) rin IR spektrumunda z al makt adér
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k e k4i6 PCL polimerinin, 3MeO-Salen {a ve 1b), 3MeO-Salan Ra ve 2b) ve 3

MeO-Salan2-on (3a ve 3b)

bi

eKilku ebi herxi

membr akhmake&hakt érmal é | R spek

PCL polimerinin,o-va ni | i n

kleer i
t rumu

gr upl u spikodbisorsgra (4sve bpad i t ¢ e
ansa (5) fosf azen itl¢er ek & erkeinbranlarnfEk-4 ve PCL-5) 0 n
karkeéel akt ér mad@&n(Re/Biplellat t ummr eki m

103

frekans



Gegirgenlik (%)
E g
J

Gegirgenlik (%)

—S5

001 ——pCL C
404 —PCL-5 -
T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Dalga boyu (em™) Dalga boyu (em™)

k e k4i7 PCL polimerinin,o-vanii n  gr upl u k spgabmaspirs- {dp\et i t ¢ €
spirc-ansa (5) fosfazen tbeur e v kL eeivhien Veée
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t ¢r enlé &rait k & | nmaeminanlar (PCL-6aPCL-6d) 6 nkarr K €1 akt ér ma
spektruth ar gsnédraa k é kii ll ed4. 8 drae keerkiill med . gBYtst @K i n
gel di Ji glr ¢l mektedir
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e
spiro-bino-spirof o s f a z e n6a6dy Mneverbl ue rti ¢ir(leev  leat kel a
membr akdakehakt érmal é I R spektrumu

104



. \ . . . . .
. . . . . .
207 r 240 L
2204 0 220 4 r
2004 - 200] [
5 180 4 L ;-; 150 L
<
é 160 - ] 160 o
= =
z‘i 140 - § 140 L
:%' 120 4 - g 10 =
~ 100 5 S o B
804 - 804 -
7a —7b
0] ——rcL [ 601 —rpcCL [
404 ——PCL-7a - 404 —— PCL-Th L
T T T T T T T T T T T T T T
4000 3500 3000 2S00 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Dalga boyu (cm") Dalga boyu (cm’l)
L 1 L L L 1 1 N 1 i 1 1 \ 1 L 1 i
240 4 - 240 I
220+ - 20 7_‘%7
2004 B 2009 L
g 180 ——\\/f—_«ﬁ i g 180 -w-
= 160 F 160 -
= ] [ =
& 140 i & 140 L
51204 S S 120 -
é _\W——"j 3 5
100 - - 100 -
30 F 80 I
Te F —T7d
604 PCL C 01 —rcL [
404 — PCL-Te - 404 —PCL-7d -
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3300 3000 2500 2000 1500 1000 500
Dalga boyu (em™) Dalga boyu (em™)
. . . . . . .
240 L
220 4 L
200 =
e
g 180 4 -
2 160 L
S 10 i
(14
Bt
‘S 1204 L
2
~ 100 -
80 L
Te
1 —rcL r
404 —PCL-Te L
T T T T T T T
4000 3500 3000 2500 2000 IS00 1000 500
Dalga boyu (cm™)
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t¢reviaggdini n bwe t¢grevl er il e kat k él

kar kel awpgeldomial € | R
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450Vanilin Gruplu Késmen (4 vebdyg 7akele Het

S¢bstitee Fosf dRZNMR ShelruneuKll er iKnign | i Yor ur
oVanilin grdayel5u e smene r(obabdad ade € s gims ni {(
fosfazent ¢ r rne 4ité'P NMR s pekt r umiPaNMR kirByksal Xaymae Vv e
dejerl eri ¢ideel ge 4. 406te veril

3P NMR spektrurh ad @i d e s e B-deOSaldnk i b e g2akd 2b)rilé
NsPsClsdbnén tepki mesi nde piro-binodpiro (4 dai daspiro-anbai | e K i
(5) motifinesahi p ol duju kol ayl ékl a anl akél abi |l |

K é s m4& we tafnamen Pif6a), AEPIr (6¢) ve AEPIip 6d) s ¢ b s $pirotbigoespiro

mot i f i f osf agzpeinn tgirsetvdmirng sAXhi p (i ki |
bir* NMR spektrumu ver mekt eveikiipikb | } Bgve i k
t¢regaéddr i(-in sérasé ile CIPCI ve XPX (
g° st er mepito-bimogpiro-Fosfazen4) 6 9PN f osf or u i - Bsal g° z |

kayma dejeri bekl enendgapddhabhb} vpleh met
grubunun el ektron - e ki ci PNbfosforungnr eleatrono | ma
yojunl ujunun az alkpnabmeéspia-Foafazéneg)dd 4 rebs ¢ bhstit
ile daha elektronegatif olan @t o ml &reé& re& ro hal kal & amin
dej i Kkt i r memnals slhatuictus sy onun BN)kimypsal kdyroas f o r |
dej ert=h0d@. 5 4 ppmoél ik bi osfaozdlama&,né ®PNXi m
dejer itgd7g2 .is® ppmbél i k bir bir arték s°z |
amin gruplarénén bajlé olduju fosfor at
et mektedir. T a m apirehino-spiro-fosfazse;nb s t gh)t BPeNMR (

spektrumunda ek bir pi k vermixktir K i fosfor S

-akekmaséndan d delinygridbelineRemémektedie ¢ -1 ¢ pi kK

Dijer taraftan t ama me nspito-kirio-spirefostazart k a e & | @ mi
6abd) i -in i kiP Ekxjl extiisd smlbP & me spitobigos@ro-i t ¢ e

fosfazedhotprexi eckme sabitine g°re daha k.
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¢Ci zethgwani | i n
s¢bstite¢e

gravwebwvekdemen o ( 6aéd vk &@lrep
f o s*1P AR spektturg veeileril (RDCh, ipipm

ami

JH2)

X x [CH3 HiC x X X x [CHj3 H3C x X
~p / \0 ;P/ ~p” 0/ \0 N
\\ NN N NN

x\ | o U | x x| | o | | x

X f-’%_ /lj"‘* N-" P\_\-?P\x X{%_\-/IA\N N~ P\_\-:’/P y
X: Cl, Pir, AEPir, AEPip X: Pip

Bi | e k| Spin sistemi| GCIPCI uCIPO UOPN UNPN “Jo/Hz

(4) AX Px:24.22 T Pa:18.07 T 2Iax:42.2

(6a) AX T T Pa:19.84 | P«:24.18 | “Jax:54.7

(6b) AB., 1 1 23.79 “Ing:

(60) AX T T PA:20.16 | Px:23.76 | “Jax:58.3

(6d) AX, T ] Pa:20.26 | Px:23.68 | “Jax:58.2

HyC Cl\ / CH; H3C\ N /CHS H3C\ /CHS
éA
I T I
™~ P
@&/A\ ,P;(j@ @;m ﬁ@iofgm ﬂd@
X: Plr, Pip, DASD, Morf X AEMorf
Bi | e k| Spin sistemi| GCIPCI | GCIPO | UOPN UNPN “Jpd/Hz
2
JAB'*
(5) ABX Px:29.33 | Pg:25.08 | Pa:22.33 | 1 2Jex:73.9
2
Jax:45.0
2Jam:54.3
(7a) AMX 1 Px:28.22 | Pu:26.40| PA:20.15 | “Jax:43.3
2 .
Jux:46.6
ZJAM:47.6
(7b) AMX T Px:27.81 | Py:26.23| Pai23.74 | 20ax:47.7
2 .
Jux:47.7
ZJAM:*
(70 AMX 1 Px:33.19 | Py:27.63| Pa:24.13 | “Jdax:*
2dux*
JAM:*
(7d) AMX T Px:33.34 | Py:27.68| Pa:24.35 | “Jdax:*
2JMX'*
JAB 55.2
(7¢) ABX T Px:23.72 | Pg:20.91 | PA:20.25 | %Jgx:60.8
2 .
Jax:40.1

*Hesapl anamadeée.
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spirccansaMot i fl i S5)kéesememet er o 7afid | ksagbest a migre

terevl eri s & r aspirésisterhire sahBPXNMR spekéuvh¥ vermektedir.
spiro-ansaFosfazenler § ve 7a7d) onm™P NMR spektrumda ¢ - f &
go°r ¢l mektedir. D¢kek ki myasal kayenae dej e

dojru fosfor késmgal k5 b PN (P, @PQ (B)yve CPC|

(Px) ve hetero hal kal(@a7d mii RPN £P;)bQPN (Ph)ye t ¢r
CIPO () Keklinde sér al an maha telakttanegatif ofag Els t i t
atomyyar ene hetero hal kal é amin ghi B-pl ar é
atomllaranpa&sal kayma. 28] epmid t e RM bf9oBs faozral | anm
ki myasal kayma -BeB8&8rippimédl|l i e bBr 9@&r t ma o
kéesmen s¢bbtohaeppealtigalear dan fosfazen hal k
akékénén, hetero hal k asé £ o safnai zne ns ¢hiedsto ki at s¢éel
halkalan d difeluekt ron akékénén ol dujunaspirgg® st el
ansaFosfazen7e) ise*'P NMR spektamundaNPN (Py)ve CPN(P;) f osf or | ar é
birine aitikilinin ikilisi ve CIPO (P) fosforuna ait iKi pik ile ABX tipi bir spektrum

vermektedir. Kisahleir pbiikr ap-iéklidnéjkeinrdear o0 mu z
dol ayésée ileibunikilkipikinotddujk anl akeée

D°rt farkl & kimyasal -evreye sahip fosfo
stereojeniklik X-e k éné kér éinléaméei nyCealteemabi | mektedir
-0 z¢cel o er (CSA) P INeMRe r ke kkt a yudhd cairléenrd a  r
deji ki kliklerden yar aklleanalrarkale rdd adt ¢ me
Czomperlik vd. 2002). Kki stereojePi k fc
NMR spektr umu kiral - 027 ¢ crademformuadnINdIR e r e k
sinyall erinde e K i t mezoifodrdiruh NMR sinkallesinde isey r € |
ayrél manén ol madéjé veya kimyasal kayma
g%zl enmekt ekdiirral He® z¢,ce¢ 1 se b u ama - -0
kimyas é nda CSA ol arak en --@Gk2.22teéflordiOfantrie-di | en
etanol )l6k) blegk i bu 2ki r al-ve-Raz gmiagBn®& | -eren
et ki | i o | dedif Bterebizomerlerdardemk ar é K BRMe BF (- er en
fosfazen t¢grevlierbSkdenfhger @gyonl waadjpeaet i
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yaparak kompl eks ol uSSéenantiyorackine aitdpiklerde k&ma n e d
g°r ¢IRRklo@h i g ¢ rsanip gnaniyomese aitpiklerer i nde kal makt

Sentezlenemo-vani | in gr Bplwe kestmemo 7a¢fiea | ksglbes t am
fosfazen g<creatlerénfilesf or atomu bul unmak
tanesi (N ve CPC1| ) d° kt myashkl € -evreye sahip ol
(kekiOl vie 1di astereomerlerin oluk@8MabDna ne
Sal an Bad) been] TH¥adkeé ppERIdIae Nsobstitegsyon
farkl & gruba baj ikéaerked otan iki losfar atomunsasipspino-e o j e n
ansamot i f 15) 0t ¢ ve W df miYemgpirolansamo t i f | i késmen
fosfazen®) 6i n hetero halkal é aminler ile ng¢kl
edilen fosf daZ@n dte¢riekvil eende(j er ol mayan
i -ermektedir. Dol ayéséyl a t esproansamaii mal ar
fosfazen t¢erevlierinion s [(R-(-)e.Q,RTeiffoioR-(9- °© z e | |
antril)etanol]ilaveli ®® NMRs pektroskopisi ile incel enm
°rnek ol masé bakeé&mBndvaen bkuée sbmelne ksi¢jbidat i Ri¢pe
se-ilerek bu bi¥PekNMWR esrpierk tG A Amui lad veenldié .

HyC, C'\P/ CHy HyC, X\P/X CHy
P "\\ o 0 25 TN o

d: O T/ I
RE *P<O
N Xy < e .\(\\/ Hae

| L]

‘\

o-Vanilin gruplu o-Vanilin gruplu
kismen siibstitiie hetero halkali amin siibstitiie
spiro-ansa-fosfazen spiro-ansa-fosfazen
(5) (7a-7e)
k ekdilOo-Vani |l in gr%plvie kKédmamal®al késibspio-iatny en
ansamot i f | i fosfazen t¢revierinin 1 ki

kekilll e4.g°r eb) k ev'sememe t(er o 7aliep | Is g Ibgpito-arsg, a (
fosfazen(it)e mesokl eecr@ Kk é nméemlaan @ K § ménamezetr (0 i i

rasemk ar € K € manezrasempas ° dahi p ol abilir. Enant
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olarak RS' ve SR, si metr.i d¢zl emi ni n orheposisteans € n e
dejil di RSveSRen&nti yomerlerinin varleéejeée d
kar g'kpesnhex®d si st e mi ol arak tanémlanabilir

spirccansa-F o s f az e nb5we{a7€ WIn®PMmve OPO f osforl aré far

raj men bu énéms f orplta k - e aktifliklerinin
de¢kenegl mektedir . Stereojeni k fosfor at om
yani K ekdejer ol mayan ster eocvanlrk f os

grupl u % é&es mtero hdkk | € aamien s(¢ b spiroiansgfasfazen

t ¢revl @sryianpdéedna o | amdzakraérné KRRIBE)®ve bansy ap € d a
ol anitasemkeanr é(RESBE ol arak var ol mas&)Auék!| enr
2008).spiro-ansaFosfazen:CSAn o | orané 1:10 olacak «kekil
3 NMR spektr umlsgiroansafl as fCBSASM & we;7r)edvni@ ne r i
NMR spektrumu ¢zédideege Bk eMMR dleikmy a sda | Kk
czerine CSAO6néen et kiseniti gébgersgimmédngaee i 5 u

fosfazebhveTae,reei ki(r al -%z¢c¢ (CSA) araseéen
sonucu olarak -°zelti%*Pe NeMRanstiinyoamelrelreir g
Il avesi nden s o @aodan e fefoaurraain pikin kilirenvikilisi) (ki

v
farkl é& enantiyomere ait¢t K - i7a @ingsem ayr é
karéekémé ol arak var dell dujdumu idgfbyeodazehmr e
bil ekrnagemhaméeka&@lménde var ol abil mesi i -in

sinyall erinden biri ni n deabprrdélil oteaakyeterlidij. r a d &

Dol ayéseée i | spirobhneafosfazen {dk adéan yayvanPOpveklI| er
NPN f osforl ar éyi nCe&S Ay a )y vaare sa IPM fdséetunagit pikip | s e
ayrél maya uj r arasgskéa r eébkue mei lod kdiujjiumtna | Kar et
(78) i -in ¢izelge 4.506te g°r ¢l en Faodkn éyng k-
spektrumunu ol dakmakea#létedijJi anl ack

Dijer taraftan CSA il av@sdimddmssont ar & o:
k¢-¢k kimyasal kaymal arén déekénda her han
kil i osi ol BCGlakf aLfrogrl temunClpi ki ndenl-eo kb ibled

B) 6in b¢gye¢k wmdzaymapleslkelna pxahdp ol dPNwe syl
CIPOf osforl aré i-in g°zlenen yayvan pikIl er
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g°r ¢l mektedir. Dol ayéseée il e balarpaolabilier i n
Bu nedenlespiro-ansafosfazen ), rasemf or muna sahi p olspio-i | i r .
ansafosfazen %) , pnezbfd@r munun rase@heénochanu da i -er

dur umda ndeacragemftydaop € séndan bahset melb) diemr ek

p s °nekzo rasemato | ar ak var ol up ol madej é i se
anl akeéelabilir. CD spektrumunda g°zlenebi
(5) 6 rasemato | ar ak var ol abil ecejini g°sterec
bi iklerim 3P NMR spektrumunda meydana gel e
spektrumlaréndan el de edilen sonu-1aréén
sentezl emproansaamper f |l i f os f @Ze rve niceglari|nv | er i

ps°®domemnay ey aonesademai | arak var ol up ol maye
Bileki klerin uygun kristaller:i el de edil

fosforatomér énén mutl ak konfig¢rasyonu konusun

O X /Cl Cl X O
AN
a4 ’ R ]
R | S \ / s |
NQO O\X/N
RS’ SR’
X
psddomezo
karisimi Cl
cis-spiro-ansa fosfazen hetero halkali amin

rasem
karisimi
trans-spiro-ansa fosfazen

k e Kd4illcis vetransspiroansaFo s f az en 5S5veJa7ev lie-riin (ki r al [
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¢ i z el sproansaFo s f a z deni (5ve7a) edwi'e NMR spektrum verileri ve

3IPNMRkimps al kaymal aré ¢zerine CSAO6Nnén

MH*P NMR spektral veri-sLize(lppns,i n2d%3 K60

Bi | ek i|UCIPCI uCIPO UOPN UNPN 2JpeHz
Ins*

) Px:29.33 Ps:25.08 Pa:22.33 T 2Jex:73.9
2Iax:45.0
Jam:54.3

(79) T Px:28.22 Pv:26.40 Pa:20.15 2Jax:43.3
2Jux:46.6

(i) 101CSA mo |l ek ¢ | noSA ilavelr*'® NMER spektral verisi (ppm)

Bi | ek i|UCIPCI uCIPO UOPN UNPN

(5) P«:29.55 | Ps:i25.09 | Pai22.35 |1

(7a) T Px:28.95 | Pyi26.29 | Pa:20.12

(i) 101CSA mol ek ¢ | n’bF NoMRankéinndyaa s al kaym

etkisi (ppb)

Bi | ek i|UCIPCI uCIPO UOPN UNPN

(5) +220 +12.4 -30.2 i

(79 T +730 -110 -30

(iv) 101 CSA mol ek ¢l mmlandriayménmeda k si nyal

Bi | ek i|UCIPCI uCIPO UOPN UNPN

(5) i . .

(79) 460 * 280

* hesaplanamadeée, ** belirl enemedi
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46 Sent ezl enen’CBMRSpekirunu lré nK1 gi |l i Yoruml a

4.6.1 3-MeO-Salen (1a ve 1b)3-MeO-Salan (2a ve 2b) v8-MeO-Salan-2-on (3a
ve3b)bi | e ki KdNMR spektrumu

3-MeO-Salen {a ve 1b), 3-MeO-Salan Ra ve 2b) ve 3-MeO-Salan2-on (3a ve 3b)

bil eki kCe NiMRe saietk t r untiCa NMRE K i sndtas ave kayn
¢tizelge 4.606da v &€ NMRspektruBundarbelde edildn kpikler,r i n
mol ek¢l l erin yaré par-aséendaki karbon sa

simetrik oldujunu g°stermektedir.

3-MeO-Salenb i | e k(laké ¥y 6 TCn NMR spektrumunda sér
165. 0 e @mzommedird karbonuna G+ N) ait s i ny a3tMeCgSalens, | me k
bi |l exlakdlb)roini n i n3dMeO-atambel rl eekx(2akd 2B)rodiy i verdi
imin (HC= N) kanbhomal ar i kin yok olup sérase |
karboraré an (ArCH,N ) ait sinyalinndrakay a.b3iMednela s € C
Salan2-onb i | e K3dakel3® r6irBiMaO-Salanb i | e ki K2aeerkh) mddem el d
edi | di3MeOShlaneb i | e k@& Vee2b)i 6 nfCn NMR spektrumu ile

kar kel ak t3aVe@Sathr@jore d 4 e k (3& lve r3b) 6 n & NMR
spektrumunda aromati k b°l gedeki karbonl a
dej eri nde 3pLe6182.4ppm3)] MC(Q)N karbonuna ait yeni pikin ortaya

-ékmaasrel adél makt adeéer .
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¢i z etb3PIMeO-Salen fa ve 1b), 3-MeO-Salan Ra ve 2b) ve 3-MeO-Salan2-on

(3ave3b) b i | nink*C MMRepektrunu verileri (CDCls, ti ppm,J Hz)
OCH; | H;CO  OCH;j H;CO 0cn3 5 H;3CO
s Sl 0H fC)j E):]/CH )ﬁ)j 1 -OH " ):Cl))
3 ch=\' NH / ~
\_/R \../R\../ \..4\../
3 —.\-‘IeO—Salen 3 —MeO—Salan 3 —.\-{eO—Salan—Z—on
(1a ve 1b) (2a ve 2b) (3ave 3b)
C (1) (1b) (29) (2b) (39 (3b)
NCH,CH, T 28.4 T 27.1 T 23.9
NCH, 59.5 58.5 47.6 48.3 42.6 45.7
ArCH,N T T 57.1 52.3 43.3 49.4
ArCH=N 166.7 165.0 T T T T
OCHj 56.1 56.1 55.9 55.9 55.0 56.0
NC(O)N T T T T 162.2 164.2
ArC [ C, 148.3 148.6 146.8 147.4 144.8 146.2
C, 118.4 118.4 122.7 122.7 122.9 122.1
Cs 114.1 113.9 110.9 110.9 111.0 111.9
Cs 118.1 117.7 118.9 118.6 119.4 118.5
Cs 123.2 122.9 120.8 120.5 122.5 123.9
Cs 151.4 152.3 147.9 148.1 147.9 148.8
46.2 oVani | n grupl u k €s men ( 4) v e -6td)a ma me
s ¢ b s spirabin@spiro-f 0 s f a z e nnin £3¢ NMRwspektrumu
oVanilin gr4plvue ktéasmmaeme n( h &&6Hr os hispikiatl ge

bino-spirof osf azen

ki myasal

kar bon
g°stermekteldive
bino-spirof osf azenl| eMHSIQCOQ ¢srpeevkiterruimu

proton

kayma

sayeéseéna

eKi tti bt Be gl iumer tmr, |
K&wmanmean ( h éavedco shealdsghtail té¢, ea
( EK

sinyallerinin
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tamamen heter o h agir&kbandspiro-tsfazemler §aHd) Otrbintr¢ e
k°pr ¢s NGH) &kkair bonl ar énén ki myasal kayma C
s¢bstit¢gerCHl lkearimare kisi Myal |l eri nden edirol ayl
Kés men S¢bhbAr ot g-kt arglikaervé n(én hetero hal kal
s¢bstit¢ge ol dujunu g°steren en ©°néanli d
6d) nn™®C NMR spektrumunda hetero halkal e
sinyallginin (6b ve 6d i - NGH,CH,CHy; 6a6di - i n ;,CIN,@&INCH,; 6¢ ve 6d

i - NHCH.CH, ve NHCHCH,) g°zIl enme$C dNMR 6&pekkr uml
gerekseH NMR spektr uml ar é sgrabino-spiro-fosfezanler§a, b s t i
6d) inngeminalheteroh al laanli &@ s ¢bstit¢gentl erindeki k
ki myasal kayma dejer.i farkl el ekl areée ile
Kemati k yapédan da IB&8Yy .|l betepro¢sghal Ral&et
birisi 1,2etard i a mi n  @kia N-atansimeiig 8 r ¢ r k e npiroéhiajl &krais € 3d a
ArOCH; oksijeniniy i ne eki t rmekafeden bg® madcdakt adeécx
Het ero hal kal & ankianr bso¢nb sattiotnyl eamaéhaeurimond eekk c
NCH,CH,CH; [Pip], NCH,CH, [Pirve Pipgéchar ka) bon singlklhetrib
kekilde g°r¢l mektedfiasf dr aidl)erie @aeld®m k(ar
(6b) s ¢ b s tspird-binespirof osf azenl erin hetero hal ka

NCH.CH,k ar bonl ar & i -.i nDigC%uz| etnanféafttéadnierd &n loar
fosfor ekl ekmel er i ,4) &kEGHMePACHN bk bvgal drgé
tamamen Pir 6a beNEHprkgeboagltawve (i-1nspig®r ¢l m
bino-spirof osf azen t ¢ z&kwalrdmoinhiam é OaCH &bv.4 ppmi ny a
aral ejénda g°r ¢l mektedir. Bileki klerdeki
ar aseéendak iC;(Bprk)l @ RIrapVe €&iCJrco k ar bonl aré i-in b
ekl e KGnEc) @ veba)veCr(*Jpc) 68) kar bon atomlare -
Fosf azeba 6 LCeve@ikaf bonl ar e i - ilem ikigcH etkidenn e n €

(second order effect) (Shaw 1989) kaynal
kar Kkémeéza -ékmaktadaeait t Bl gemmg palki tel er
al enar ak h e s spipolbiaorspiré-fosfazAnfer £ edba6d) 6 ni n ki my a
kayma dejer.i birkiveCsmpsokaokbogwphkeanodamnhan
yé¢ksek ki myasal kaynean ad ekjaerrairn ev esaanheidpei bl i

g°zl enen i kincil etkilekim faydaleée ol du.
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X X X X
N N
X—ag X Cl-- —O

\_/N\_/ O\_/N
(a) (b)
k e k4i13 o-Vanilin gruplu heterch a | k al & a rta) spiro-Binp-BpErd [(6a-6¢) e
ve (b) spiroansa (7a-7¢) fosfazent ¢ r e v lheertienrdoe hal kal

s¢bstitegentl erine ait karbonl ar én
farkl él ek

X

hetero halkali amin
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811

HCNMR VI er i ni

¢Ci zelfg\¥ani |l in grddphe kasmamene n( h éa6dr os ¢hbsgirokieiotg@ofaons fna Z e n
spektrunu verileri (CDClg, U ppm,J Hz)
XX Ofsﬂﬁ 4 H3C\b X>P _X
N/; N 1 3 N Xy
X | o | o_ll | _x
X/P\‘QN/P TSN N7 P\N,-:»’fP .
C (4) (6a) (6b) (69) (6d)
NCH,CH,CH, | 1 T 24.99 (A) 1 24.3 (A)
25.04 (B) 24.4 (B)
NCH,CH, ] 26.3 (A)°Jp=7.6 26.1 (A)°Jp=6.9 23.4 (A) 25.4 (A)
26.4 (B)3J1p=7.0 26.4 (B)®Jp=5.5 23.5 (A) 25.6 (B)
NCH; 44.7°Jp=15.1 pirolidin piperidin pirolidin piperidin
46.1 (A)°Jp=3.8 45.2 (A) 54.2 54.2 (A)
46.3 (B)2Jpc=3.9 45.3 (B) 54.3 (B)
bino bino bino bino
53.6 53.4 53.4 53.3
NCH,CHoNH | 1 1 1 54.0 56.2
NCH,CH,NH |1 T ] 54.8 57.1
ArCH:N 43.0°Jp=6.3 51.7 51.7 51.6 51.6
OCHjs 56.1 56.4 56.5 55.8 57.4
ArC | C 146.8 149.5°Jp=7.1 149.5 151.5 151.5
C 122.7°3p=7.1 126.1°Jp=8.3 126.1 128.3 128.2
Cs 122.2 122.9 123.0 118.2 118.2
Cy 119.7 118.2 118.2 123.2 123.1
Cs 110.3 112.1 112.2 111.8 111.9
Cs 144.2 140.8 140.8 135.8 135.5
A ve B heteo halkalé aminlerin kimyasal -evresi farklanmék karbonl are.



463 ooVani |l in gruplu keésmem((7&m)g bvet gpiteg eer o |
ansafosfazen ¢, r e wvnin &€ NMR spektrumu

o-Vanilin gruplu k¢ s mén e h et emiro (7afieq & K It pitogrsa
fosfazen ait'icr eN\MRe rsi pneek t r u mPCaNMR kirByksal 4ayrhae v e
dejerl eri ¢i z SénpAenespir@anshe o yfea z ¢ Wlier si met
sshi p dejildir. Bu nladbanlariC eve dp olarak gadecedildie r e
Fosfazen (Btveiveer®li ethiet er o h al gmolamsa motifigéddené n d a
kaynaklanan iki MNCH,, iki ArCH,N ve iki OCH; karbonubul unmakt adér
bil exki kl enniamaf éndaki aromati k karbonl ar
doj al fodraklakndéjée Bg°rfiamkelkammalr'¥rNMRi | e K |
spektrumunu ol duk-a zor h ab) & targaeneni hetete kK t e ¢
hal k al(7, 7aveiies ¢ b s $pirotagsa&f o s f a z e nin HSQC sektdursur |
(EK6),bi |l exki kl er deki tsipyallerkira yertewnm bérlenmepinde t o n
ol duk-a y&eamlea ol ,duh) 0t g-et otrgliraervé m@mh k &le & ¢
aminler ile tamamen s¢bstiteéege ol dujunu g
fosfazenler {a-7¢) anr°’C NMR spektrumunda hetelba | kal € ami n s¢bst
karbon sinyallerininb ve 7ci - NGH,CH,CHy; 7a-7ei - i n ;CNL@dHNCH,; 7c

ve7d i - NHCH,CH; ve NHCH,CH, ve 7ci - ©CGH,CH, ve CCO)g°® z| enmesi d
Gerek®3C NMR spektrumiHaNMRspek t gambies@meda het ¢
hal k alsé¢ basmspirccapsafosfazenler(7a-7¢) inngeminalh et er ohal kal €
s¢bstitegentlerindeki kar bon ve préedktloanrléari
iki sinyal vermektedirBi | eki kl er 1 -i nnda zd?°reml exceenjait i k:
4.13), heteron al kal € ami n @2?aamli aarmd md g rdio@sigNnid a k
gor¢r kepiroal leas é s daksijeninri @@H ekit megaf ede
da heterohal kal é& amin gCl-a p b mmu &sor dkagrih r bdiirjiesrii /
oksijeninve bghedekRte ekde] eHeterohalmkh ah &t aadr
s¢bstitegentlerindeki k @amarbao duruma,NCHpCHL£H, é -
(7b), NCH,CH; (7a-7c), NCH, (7Tave 7b) ve CCH, (7 k ar bon singll het i
bir kekilde go°or¢l mekfodifor le¥pbelniiateeeden
Pip (7/b) s ¢ b s tspird-apsafosfazenlerin heteron al kal é amin s¢bs
NCH,CH, k a r b ova Mafr(7&) s¢bstitege OCHKkarbaontiagr ev
g%zl enmektedir. Ddd e P t & defad kfamrb bekii | ebkarfe | ¢
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(5) ve tamamen Pir7@) ve Pip {b) s ¢ b s spirdapsafosfazenlerinNCH, ve

ArCH,N k ar boin-liam ég°r ¢l mektedir . kaBibloacxkiakloeml da
fosfor atomlar é,QEf&ad €Wk C Chad)|CERCIRS ICe 1

Clrco veCeEClrcd k ar bonl aré i -in be&ien(sverdde bu

C.H5)kar bon atomlaré i-in g°r¢lmektedir.
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¢Ci zed8g¥Wanilin gryphve kheéeds me @a-7p a | sk;abdped-i a mien
ansaf osf azen 'C/NMRsdekruniu verilér(CDCls, U ppm, J

Hz)
H3C\D
5 &,
4
3 2
C 5 (79) (7b) (70) (7d) (7€)
NCH,CH,CH, 1 1 248 (A) |1 T 1
24.9 (B)
NCH,CH, T 26.1(A) |26.1(A) |345(A) T T
3,=9.1 | 3Jp=6.0 | 34.6(B)
26.5(B) | 26.2(B)
%3p=9.2 | 3p=3.8
NCH, 44.6 425 42.7 43.243.7 | 43.4436 |53.2
21pc=14.0 | p=14.1 | 2Jp=14.2
NCH. 44.6 425 42.7 43.243.7 | 43.4436 |53.2
NCH, (ha) T pirolidin piperidin DASD morfolin morfolin
449 (A) | 45.0(A) | 420 43.443.6 |53.7
46.1(B) | 45.4 (B)
NCH,CH,NH 1 1 1 1 56.4
56.6
NCH,CH,NH 1 1 1 T 56.9
57.1
ArCH,N 42.9 46.5 42.9 43.243.7 | 43.4436 |51.6
2)p=4.2 23o=3.8 | 2p=4.8
ArCH,N 1) 429 46.5 429 43.243.7 | 43.4436 |51.6
OCH; 56.1 56.0 56.01 56.0 56.0 56.2
OCHg0) 56.1 56.1 56.03 55.9 56.0 56.2
OCH, 1 1 1 64.4 66.4 66.8 (A)
%)p=11.4 | 66.9 (B)
0CO 1 1 1 106.8 T 1
ArC C, 147.1 148.8 148.6 147.2 147.7 148.7
C, 122.0 122.0 122.2 122.2 122.0 118.9
33p=5.2 3p=4.6
C, 122.6 123.4 123.3 123.0 123.0 118.1
C, 119.6 118.9 118.8 119.3 119.4 123.2
Cs 110.5 111.6 111.6 111.0 111.0 112.2
Cs 144.4 145.8 145.7 144.9 144.8 145.2
Ch 152.5 152.5 152.4 151.5 152.4 152.7
Ch 128.3 128.4 128.4 128.6 121.2 128.2
33p=3.2
G 124.2 124.3 124.3 124.2 124.3 125.0
Ca 126.0 124.9 124.8 125.5 125.5 126.3
Csf) 113.3 112.9 112.9 112.9 112.9 112.6
Ce) 135.8 140.9 141.0 135.8 138.9 140.3
A ve B heamiroml|l @drail k akiemyasal - dahreetseir of ahrakl|kaanl ngé ka nki a
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47 Sent ezl enenHMMRISpektiuku Kelrei nK1 gi | i Yoruml at

4.7.1 3-MeO-Salen (1a ve 1b)3-MeO-Salan (2a ve 2b) v&-MeO-Salan-2-on (3a
ve3b)bi | e ki WINBIR spekirumu

3-MeO-Salen {a ve 1b), 3-MeO-Salan Ra ve 2b) ve 3-MeO-Salan2-on 3a ve 3b)

bil eki kHeNMRe saiekt ot eH&MRKINEKs 61 kayma de
¢izel@ea 4vdril di .'H BMR spektiuraundark élde redilen pikler,
molek, | | erpar yas &n dsaakyiée spmat cerk i t t i r . Bu dur

simetrik oldujunu g°stermektedir.

3-MeO-Salenb i | e k(lakvedh)ii - i nt Ear aki k ol an azome
(ArCH=N) ait sinyaller s= 8 . 3 4 de pepfemélik protofara (ArOH) ait sinyaller
sérage3i.led ve 14. 063MppSaént ¢ | g k(Iakelb)ddin i n
indirgenerek3-MeO-Salanb i | e KZakeRbydrii v e8iMd@-Jalenb i | e Kliak | er i
velb) 6fH nNMR spektrumunda g°r ¢l e®Me®Saamet i n
bi | e k@akd 2b)inin *H NMR spektrumunda yok olup & r a §=8.01 ivd 399

p p wedbenzilik protonlara (ArB,N) ait tekli pikinorty a - ékmasé il e anl

472 oVanil in grupl u ks men ( 4) v e -6td)a ma me
s ¢ b s spircbin@spirof o s f a z e nnin tH/NMR spekérumiu

oVanilin grd4plvue ktéastmmaenme n( h &6y os himspitkiatl £e -
bino-spiro(6a6d) f osf azeait'Ht ¢c:NMR | peélkted t eTH&MR EK
kimya s a | kayma dej edd eerildi. Bai zbeil Iges®li MMR& 0 i n

spektrumundan elde edilen pikler, mglek | er i n yar é gpayesaseadak

Bu dur um, bil eki kl eriq®stererhd k tdeed isri . met r i |
Sentezl enen kpysbmespiros @ bt & z €4p Hrepgarheavi ik as énda

ArCH;N ve binok ° pr ¢ s¥HCHdpkdDt onl arie4sE3 ave 3L a8
g°r ¢l mektedi fosBar pabomonl aaraéeadaegd2 e b
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ve 10.6Hz 16i k b i mabitiley @ kénlear ak i ki Buiprotpniakheteree r me |
hal kal é a mispiro-biro>-gpircsf toi stf ;aez e n 6a6d § 6 dH BMR (
spektrumunda diastereotopi k pgot dbmlljar®tel
fosforpr ot on ekl ekmel er i g ° r ¢spircenmspikotfosfazenr . K ¢
(4) ékiClat oml ar énén thalnkaar éa]@alidirn®i), @perain Pip),
1-(2-aminoetil)pirolidin  (AEPir) ve 1-(2-aminoetil)piperidin (AEPip)] ile yer

deji ktirdiJini v @ir (@hp Pim b AEPIr 69 \& AEP#H(6d me n
s¢bstostazemnaegnteevdleandi Ji ni g°steren en
heterohal kal & amin gr(Gabdi -pgrnoGNeQEHNG, &m a ai
vebdi - NOH,CH,CH,ve6cve6di - NHCH,CH,veNHCH,CH,) g° z | enmesi
K é s mé) rve tdmamen Pir6@) ve AEPIir 60 s ¢ bspito-bino-gpiro-fosfazen

t ¢reivdiem i kayd e dektdiureun(EKH)S,Q Cb islpe Kk i k | erondagkk i al
hi drojen ve karbonlarénl krimgamasi kg mal d
oldu. TamamerPir (6a) ve Pip 6b) s ¢, b s $pirothipoespirof o s f azeninHer e v |
NMR spektrumunda ayneé fgemirfalchre t at o ma h &k a |b&
s¢bstit NEHp(Ghie-riimin, 27 \oei -3i.m2 83 .plpompreten 3. 2 1
sinyalleri,k ¢ - f¢&kr k liéllee kilkammy d aalk | lea kma dBuderum nde
s¢bstit¢eentlerdeki proton -evreltedir.®@i n b
N MR spektrumu Il e ilbgi i yoruml ar bo°
s¢bstit¢ent | eprehnadl ekna sAa®dCiHEa ®-atomuno d i J er i ni n
spiro-hal kaséendbmtkki® pyeganatekmdi lam2 n -gomunu as € n
g°r mesi , bu protonlarén kimMyakial. 4AglEami
bekl eni I ¢ spiro-bingspirb-i osf azen tsgroteall kea df éanr dkal kai
-evreye sahip ¢- @3 dimaHs)i ikli (\reyalikikinen ikifis) et o n u
¢-1 ¢ svaymékee, aromati kHslpalok oynd abajlié&se.

ol arak g°r ¢l mektedir.
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¢i z e£BDYPIMeO-Salen La ve 1b), 3-MeO-Salan Ra ve 2b) ve 3-MeO-Salan2-on

(3ave3db) bi | e RH NMR spektruni verileri (CDCls, i ppm, J Hz,
t:tekli,iiklli,il i ki linin
CHj3 H3CO OCHj . H;CO
H; OH H OH ﬁ H(:j\é)j
BT T re=x . —CH Hi \H H / ~
H, R H, \/R\J H, \/R\J
3 —MeD— Salen 3 —MeO—Salan 3 —.\-‘IeO—Salan—Z—on
(1a ve 1b) (2a ve 2b) (3a ve 3b)
H (1a) (1b) (29) (2b) (39) (3b)
1.83 ( 1.59 ( 1.73
NCH,CH, T . T . T .
JHH:6.2 JHH:6.5 JHH:5-4
3.66 ( 2.67 ( 3.22
NCH, 3.07 (t,4H) . 2.84 (t,2H) . 3.33(t2H) | |
JHH:6.2 JHH:6.5 JHH:5-4
ArCH,N T T 4.01 (t,4H) | 3.99 (t,4H) | 4.38 (t,4H) | 4.37 (t,4H)
ArCH=N 8.34 (t,2H) | 8.34 (t,2H) T T
OCH, 3.90 (t,6H) | 3.92 (t,6H) | 3.89 (t,6H) | 3.87 (t,6H) | 3.90(t,6H) | 3.90 (t,6H)
ArOH 13.61 (t,2H) | 14.06 (t,2H) ** % T T
Ar [Hs 6.91 (ii,2H) | 6.93 (ii,2H) | 6.83 (ii,2H) | 6.81 (ii,2H) | 6.84 (i,2H) | 6.88 (ii,2H)
H [H, 6.79 (6.81 ((6.76 (6.73 (|6.81 (6.77
Hs 6.86 (ii,2H) | 6.88 (ii,2H) | 6.65 (ii,2H) | 6.62 (ii,2H) | 6.80 (i,2H) | 6.72 (ii,2H)
334 7.9 7.9 8.0 8.1 7.2 8.0
335 1.5 1.5 1.2 1.4 * 1.6
%us 7.9 7.9 8.1 7.8 7.5 7.6
* hesapl anamade, ** g°zl enmedi
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T4}

¢i zetlOpe&/ani |l in gr @&plwe ktéasmeme n( h eba@df o s h bspito-bito-gpirod misi agen Herevl er
NMR spektrunu verileri (CDCls, tppm,JHz , t : t ek !l i , i Pki i, b i ki lhinino i i [
H (4) (6a) (6b) (60) (6d)
NCH,CH,CH, |1 T 1511 .62 (-, 141 1.40 (-, 16H)
NCH,CH, T 1.84 (-,32H|1511.62 (-,161.79 (-,32H)1.55 (-, 32H)
NCH, 3.18 (i,4H) pirolidin piperidin pirolidin piperidin
$3p=10.6 3.27 (-, 16H]|315(y16H)(A) 2.57 (-,32H)2.39 (-,32H)
3.28 (-, 16H]|3.21(y16H)(B)
bino bino bino bino
3.13 (-,2H)|[3.43 (-,2H) |3.17 (-,2H) |3.08 (-, 2H)
3.42 (-,2H)|3.84 (-,2H) |3.38 (-,2H) [3.35 (-,2H)
NHCH,CH, T T T 2.59 (w646 H) 2. 43 (k=62 H)
NHCH,CH, T T T 2.86 (646 H)2. 46 (Cku=62 H)
ArCH,N 4.13 (i,4H) 3.78 (i,2H) (a) 3.99 (i,2H) (a) 3.83 (i,2H) (a) 3.96 (-, 2H)
Jp=9.2 4.45 (i,2H) (b) 4.48 (i,2H) (b) 4.44 (i,2H) (b) 4.41 (i,2H) (b)
23.4=15.0 23u=14.8 23u=15.2 23,4=15.0
OCH; 3.90 (t,6H) 3.82 (t,6H) 3.84 (t,6H) 3.83 (t,6H) 3.83 (t,6H)
ArH Hs | 6.97 (ii,2H) 6.62 (i,2H) 6.63 (i,2H) 6.64 (i,2H) 6.60 (i,2H)
H, |6.85 (¢, 2H) [691( ¢, 2 H) 6.93 (¢,2H) |6.93 (¢,2H) [6.89 (¢, 2H)
Hs | 6.83 (ii,2H) 6.79 (i,2H) 6.81 (i,2H) 6.80 (i,2H) 6.77 (i,2H)
34 |71 7.6 75 7.7 7.9
3J3_5 21 * * * *
4s | 7.4 8.0 8.0 8.1 8.1
A ve B hetero halkalé aminl er,aveb#iasgtnyeaostaolp i-ke wprreostio.nflaarrk,| a*nhneéska pp raontaonmal deér &
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473 oVani |l in gruplu késmen (-b9) ve dpstt ietr pe |
ansaf o s f az e nnintH/NMR spekérumiu

oVanilin grbpl vue ks meno {afiepa | kg lb&pitoansg 8  (
fosfazen ait'Hr eNWIRe rsipneek t 1t mfHaNER kirByKsal kayma
dejer | er i 0dveridieB w eb i4l. elkli k | e spjro-assannoi tpi foi | dguekr
Simetri KHedejhiel kiard.ar bi | ek ialpléedrairre nsgliame tamil
bil ekiklerin yaré par-alaréndaki protonl

proton i kHavelBkledmeineei yapél deé.

Di ] er ,tspiro-ankafoafazenler § ve 7a-7¢) dieki ArCH,N ve ArCH,NE

pr ot o didstareo®pik protonlar olarab i r b i r i n tiekimyadala kakra é

dej erinde ibkvelkii@a7gpi ki €ér sdl &r a Bupklerdep | me k
hangisininArCH,N hangisininArCH,NEp r ot nal ar €8 ol duj u i ki b &
hidrojenthid r 0j e n e Wlyev&gme | bearfi  °(t-hidbjene k1 @ x fid@) e r i
ile belirlendi Fosfazen t¢revlierinion ¢izel ge 4 .
ArCH,N grubundaki Nat omu f osf azern omahhkadGHNE Yy RPen
grubundaki NatomuP-at omuna bajl e deJCHINdirro.t oDbolaa ¢
ArCH.NEpr ot alrilassrntéreotopi k ol dujundan ©°ncel.
yaracak soACHINsgmataondaar &€ ¢at obmaljar ®twvedaerna f
ArCH,NEp r ot @ nl &rad NCHtEe dpernot onl ar é@ tar a’fepgndan
ekl ekme s albligteikhiem meéejsamii ti nin deAr@HN nden
vVeArCH.NE protonl arénén ki myasal kayma dej e
ArCH.Npr ot onfHaNBRé@deki sinyal desenlerinder
esnek spiro-bino-spiro ya da daha rijitspiro-ansa motiflerinden hangisine sahip

o | d u jdaukarar verilebilir. K € s m® we Rjp ¢b), DASD (7c) ve AEMorf (7€)

s ¢ b s spirdapsafosfazent ¢ r evl eridi |l enn vkeayke 66da vy«
spektribml akiékl erdeki alifati k ve aromat.

kayma dejenll emimeisn ndel ol duk-a yararl é& ol

Kés men sspirbansafosfazen §) ékit Clat o ml are®mmelnk al et a mi 1
[pirolidin (Pir), piperidin Pip), 1,4-dioksa8-azaspiro[4,5]dekan(DASD), morfolin
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(Morf) ve 4(2-aminoetil)morfolin(AEMorf)] ile 'y e r deji ktirdiBiri ni \
(7a), Pip (/b), DASD (7c), Morf (7d) ve AEMorf (79 s ¢ bst os L @azemnt ¢r e
sentezlendiJini g°steren en Iy del il l e
protonl ar én(@7cai-ti npChNkdHeir 4 N@H,CH,CH,, 7a7ei - i n
NCH,, 7ei - NHCH,CH, ve NHCH.,CH, ve7c-7ei - iQH) ®° z | e n IKés imeinr .
Pir (7a), Pip (7b) ve DASD {c) s ¢, b s spirctagsafosfazent ¢ r e v fHENMRn i n

spektrumunda a y n € fosfor at ogeminah hetdbdjall & a loél a ra |
s¢bstit NEHMEHL @aii-ninn 1. 65 VNCHA(7a7 8 i mp B) 1%e v e
ppm ve7bi - i n 3. 1ppm) preon Sinydl€rik ¢ - ¢ &r klielle kil hr f 8

kimy as al kayma d&jduumegdbsgiPtregéntgl er deki p
birbirine exkdejer o tGndMRéespektmirau ilé ifgik ybeimla t me k
bl ¢m¢gmndadde edhill ceikji ik | girbii,- i n n- idzai |genr ¢kl eer
czere (KedtaronakhkaBb® amin §2eutpa nadriéanndiann pbairr-
N-atomunu veya GAt omunu g°r pio-kahkas ¢ edaoksignimhr OCH
yi ne aKietd eme ge’bunneedketnel e e kK d e ] epiro-andaMatifh ma k t ¢
fosfazen t¢ir evl er ibGHiNrzincyirdekeNag aorml aag @mdlaa nN @
Prat omuna baj lHanumaklairmmke Nkal déj énée dol ayeé
ol madeéej &@mé dgeddtldrer den7e bidrékkseinmdae ¢ beH eer #
protonuna ait pikin Hg® zplreontnoensliadriér .t aBua fpain
yar él maséHfyar dtao AN @atéeorenn tNar af éndan vyar
beklense ddN-H pr ot onu n uNCH;ypamaé rochd ar € t ar amedenind an

ile NCHE protonlarénén -oklu ya da vyayvan
ekl ekmel er belirl enememekte ve dol ayéseé
Ayr éca bekt egmirobndaf jois f gizkein tkil (veyaikiliaim ikilisii - i n

ve ¢-1 ¢ hal nwgd e lagrAatkl halka @rotdn a(H£ Ha, Hs, Hat HiE v e
HsE) bil exki kl erin her i ki rpama-td ské hia-likm yay
OCH; ve OHsE pr ot otnd kalrié pi k ol arak g°r ¢l mekH

edilebilmektedir

127



8¢T

¢i zedlgoVani |l in grSiphe keées me Fa7f a sk adpitv-ardarfpidar e(n t ¢ r'd NNMRespektmiriu n
verileri (CDCl3, Uppm,JH z , t:teklIl i, i ki, P i kil inin
C 1l . X X .
e I e K ™
S - S e 5 os
I'{E B ) o 3- HJ . 3
H ©) (78) (7b) (79 (7d) (7¢)
NCH,CH,CH, ] ] 1.57 (-, 4H)]1 ] ]
NCH.CH, T 1.82 (y,8H) 1.55 ( 8 H) 1.65(y,4H) (A) 1 T
1.78 (y,4H) (B)
NCH, 3.07 (i,2H)*J=15.5 2.96 (y,2H) 3.02 (i,2H)*J»8.0 3.12 (y,2H) 3.09 (y,2H) 3.33 (-,2H)
NCH3 ; 3.23 (y,2H) 2.83 (y,2H) 3.83 (-, 2H)[297(y2H) 2.96 (y,2H) 3.08 (-,2H)
NCH; (ha) pirolidin piperidin DASD morfolin morfolin
3.15 (-,4H)|[3.15 (-, 4H)| 3.40(,8H) 3.21-3.29 (y,8H) 2352.52 (-, 8H)
3.27 @B ,4H)|3.20 (-,4H)
NHCH,CH, T T T T T 2352.52 (-, 4H)
NHCH,CH> ] ] ] ] ] 2352.52 (-, 4H)
ArCH;N 4.23 (ii,1H) @)°Jp=11.2 | 4.39 (i,1H) (a)Js=9.5 4.33 (i,1H) (a’3=9.1 | 4.24 (i,1H) (aJs=8.8 | 4.16 (i,1H) (@)Jp=10.2 | 4.30 (i1H) (a)°Jp=9.6
4.26 (ii,1H) (0)*Jp:=11.3 | 4.42 (i,1H) (b)’Jp=9.5 4.36 (i,1H) (bYJp=9.1 | 4.27 (i,1H) (by'Jp=8.9 | 4.47 (i,1H) (byJp=10.2 | 4.33 (i,1H) (b)*Ip=9.7
234i=15.0 2Juy=15.0 234=15.0 2Juy=15.0 2Juy=15.0 2J=14.8
ArCH,N 1) 4.08 (ii,1H) (a)°Ju=8.1 3.91 (i,1H) (@J=10.1 | 4.00 (i,1H) (8’ Juw=9.8 | 4.15 (i,1H) (aJuw=5.1 | 4.24 (i,1H) (a)’Ju=8.9 3883.91 (-, 2H)
4.26 (ji,1H) (0)*J4+=8.0 | 3.94 (i,1H) (b)’J=10.0 | 4.03 (i,1H) (b)*Ju=9.7 | 4.18 (i,1H) (b)*I=4.8 | 4.28 (i,1H) (b)*I=8.9
2Jui=14.9 2Ju=15.0 234i=15.0 2Ju=15.0 2Juy=15.0
OCH, 3.88 (1,3H) 3.87 (1,3H) 3.87 (1,3H) 3.8754 (,3H) 3.86 (1,3H) 3.82 (t,3H)
OCH3 3 3.88 (t,3H) 3.84 (1,3H) 3.86(1,3H) 3.8782 (1,3H) 3.85 (1,3H) 3.84 (,3H)
OCH, 1 ] ] 3.99 (1,8H) 3.663.80 (y,8H) 3.67 (-,8H)
NH 5.31 (t,1H) 5.31 (t,1H) 5.31 (t,1H) 5.32 (t,1H) 5.32 (t,1H) **
ArH Hs 6.93 (ii,1H) 6.75 (i,1H) 6.76 (ii,1H) 6.87 (i,1H) 6.86 (i,1H) 6.59 (i,1H)
Ha 6.8145 (¢, 1H6.76 (¢,1H)Y]6.77 (¢,1H)6.79 (¢,1H)6.79 (¢,1H)[6.91 (¢, 1H)
Hs 6.8201 (i, 1H) 6.85 (i,1H) 6.85 (ii,1H) 6.82 (i,1H) 6.82 (i,1H) 6.77 (i,1H)
%334 5.6 7.8 7.7 7.5 7.9 7.7
3Jas 3.6 * 1.8 * * *
%us 5.6 7.7 7.8 7.6 7.8 8.1
Haf 6.83(i,1H) 6.75 (i,1H) 6.83 (i,1H) 6.83 (i,1H) 6.83 (i,1H) 6.93 (i,1H)
Han) 7.12 (¢, 1H)[7.08 (¢, 1H)[7.12 (¢, 1H)7.14 (¢,1H)]7.15 (¢,1H)[7.10 (¢, 1H)
Hsh) 6.97 (i,2H) 6.92 (i,1H) 6.97 (i,2H) 6.96 (i,1H) 6.96 (i,1H) 6.90 (i,1H)
%ay | 81 7.8 8.1 8.0 8.0 6.7
\]315I1 * * * * * *
gy | 76 8.1 7.6 8.1 8.0 6.9
A ve B hetero halkaleée aminler,avebldiasmgasapi kepresonfar g? almaidataqgprrg hhoambkda| eéé

a mi



48 X-l Kk Ke €

3-MeO-Salaro n
aydéemdBateki]je

4155« verildi. 3-MeO-Salaro n

Bar & nt K me

bi (BB)&n ikra-h & |
d e nl@dygsamrhik kocedinatlar eerterndal z e |
par amet r el Bod b@i] z eul zguanzelekdldaervee
di e kfir. laleWed t

ait

Kl gili Yoruml ar

baj a -

bi(BbPmIORITEP

paketl eme di yatgee amémekkiebdi 4. 15
¢i z edllg3eOMe-Salan2-onb i | €3k)0 y € ait deneysel

Ampirik formgl ¢ C,1H26N,O5

Mo | k¢etl esi 38644

Sécakl ek (K) 172

Radyasyon Tg¢r ¢ MoK

Kristal sistemi Monoklinik

Uzay grubu P2,/c

a, b, ¢ (i) 9.1333 (3), 15.2885 (5), 14.0186 (5)

b, (U) 102.043 (6)

vV i 1914.40(11)

z 4

e (mm"”") 0.10

Dcalc (Mg m™3) 1.452

Kristal boyutu (mm) 0.41 I 0.19 | 0.16
(sin d/amax (|3 0.597

¥| - ¢l en yanseémal ain 4770

Data Toplama Difraktometre

Bruker APEXII QUAZAR threecircle diffractometer

Yanséma sayeéseé

3379

Bilgisayarpr ogr aml ar €&

Bruker Instrument Seice v2013.12.0.0 (Bruker AXS),
SAINT V8.34A (Bruker AXS), SHELXS97 (Sheldrick,
1997),SHELXL97

At omi k sa- el ma f al Int Tablefor Xxray Cryst. Vol. IV, 1974

H-at om i kKl eme Bajéemséez ve k ékseert 8 k€e mré gy fl-ian
atoml ar é

Parametre sayése 335

Rint 0.1297

(si mudyle) 0.597

(DT )max (A7) 0.15

(DT )min (€A®) -0.20
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¢i z edll3xBeOMe-Salan2-on bi | e(®Bb) J ii tomik koardinatlar ve termal

parametreler

X y z Uiso*/Ueq
H3A 0.3053) 0.221114) 0.624416) 0.0657)
H2A 0.0822) 0.110313) 0.735q16) 0.0516)
H8B T 0. QIBG 5 0.218§10) 0.676212) 0.0244)
H14B 0.291718) 0.102511) 0.522313) 0.03Q5)
H8A T 0. 104 6 0.219411) 0.610312) 0.031(4)
H3 T0.3®03 |10. Q30 | 0.839113) 0.0315)
H18 0.633119) 0.390711) 0.429612) 0.0305)
H11B T0. @269 0.160411) 0.275113) 0.0345)
H10A T0. @41 0.038411) 0.351113) 0.0355)
H5 T0. @18 0.112112) 0.630214) 0.0425)
H16 0.3612) 0.186412) 0.311114) 0.0395)
H12A 0.0722) 0.227612) 0.341q14) 0.0395)
H14A 0.248719) 0.097§11) 0.405313) 0.0335)
HOA T0. @273 0.082512) 0.500414) 0.0415)
H12B T0. @60 0.247713) 0.400313) 0.04Q05)
H11A T0.@31 0.095313) 0.283114) 0.0466)
HOB T0. @709 0.169313) 0.435G14) 0.0445)
H17 0.5352) 0.300112) 0.296115) 0.0445)
H10B T0. @74 0.030112) 0.422913) 0.04Q05)
H4 T 097@) T0. qI®21 | 0.717314) 0.0486)
01 T0.0@064 |10.03)935| 0.889038) 0.03223)
02 0.0540412) 0.084278) 0.785519) 0.030%3)
03 0.3856113) 0.256418) 0.6244(8) 0.02763)
04 0.5684113) 0.382297) 0.6060%8) 0.03213)
05 0.1437612) 0.157977) 0.633338) 0.02793)
N1 T0.0@538 | 0157938) 0.5475719) 0.02543)
N2 0.1019715) 0.166079) 0.468319) 0.02643)
C1 T0.QZ30 |710.1@371| 09462q14) 0.04155)
H1A 0.0161 1T0.1300 0.9919 0.062
H1B 1T0.1173 1T0.1566 0.9032 0.062
H1C 1T0.1462 1T0.0872 0.9828 0.062
c2 T0.1A4837 |1 0. 0Q® 79| 08192712) 0.02664)
C3 T0.2@003 |10. 0@ 2 7| 0.8009313) 0.03014)
C4 T 09422) 0.0138413) 0.7286%14) 0.03545)
C5 T0.3%95 0.0807212) 0.6759314) 0.033%4)
3 T 0. 16@® 0 0.1072210) 0.6922612) 0.02684)
c7 T0.0@368 | 0.0642110) 0.7636112) 0.02434)
Ccs T0. X544 0.18261(11) 0.6349313) 0.029q4)
[ T0. 2230 0.1221613) 0.4667014) 0.034Q4)
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¢i z ellldB-©OMe-Salan2-onb i | €3b)i § M iafn uzunl ukl

01-C2 1.371719) C8-H8B 0.98917)
01-C1 1.4272) C8-H8A 0.99917)
02-C7 1.363§19) C9-C10 1.501(3)
02-H2A 0.892) C9-H9A 0.99919)
03-C20 1.365719) C9-H9B 0.981(19)
03-H3A 0.91(2) C10-C11 1.5293)
04-C19 1.375619) C10-H10A 0.99918)
04-C21 1.431(2) C10-H10B 1.02719)
05-C13 1.265718) C11-C12 1.5222)
N1-C13 1.351(2) C11-H11B 0.95919)
N1-C8 1.47§2) C11-H11A 1.002)
N1-C9 1.4832) C12-H12A 0.96519)
N2-C13 1.3512) C12-H12B 1.02719)
N2-C12 1.47Q2) C14-C15 1.5092)
N2-C14 1.4742) C14-H14B 0.97418)
C1-H1A 0.9800 C14-H14A 1.01718)
C1-H1B 0.9800 C15C20 1.3962)
C1-HiC 0.9800 C15C16 1.40Q2)
C2-C3 1.3842) C16-C17 1.3743)
C2-C7 1.41Q2) C16-H16 0.991(19)
C3-C4 1.3893) C17-C18 1.3933)
C3-H3 0.941(18) C17-H17 0.962)
C4-C5 1.372(3) C18C19 1.381(2)
C4-H4 0.952) C18H18 0.97318)
C5-C6 1.4052) C19-C20 1.40942)
C5-H5 0.932) C21-H21A 0.9800
C6-C7 1.3942) C21-H21B 0.9800
C6-C8 1.51Q2) C21-H21C 0.9800
OlLLLO?2 2.600816) C7TLLLHLLA 2.832)
O2LLLO5 2.687316) C8LLLH2A 2.572)
O3LLLO4 2.595517) COLLLH12B 2.65418)
O3LLLO5 2.697316) Cl13LLLH3A 2.51(3)
H21CLILLO1 2.46 C13LLLH10B/| 2.76418)
H11ALILLEO1 2.731(19) Cl3LLLH2A 2.642)
O2LLLH8B 2.69016) Cl4LLLH3A 2.542)
H17L L O3 2.652) Cl5LLLH12A]| 279519)
H3L LY 04 2.63118) Ci17LLM:H9B | 279419
O5LLLH2A 1.802) Cl8LLLH21B]| 271
O5LLLH3A 1.793) Cl8LLLH21C]| 278
O5LLLH14B 2.41917) C21LLLH18 2.50§17)
N2LLLH3A 2.692) H1BLLLHS3 2.28
N2LLLH10B 2.62318) H1CLLLHS3 2.3013
ClLLLH3 2.49§18) H2ALLLHS8B 2.24 (3)
CoLLLMHIL1A 2.741(19) H3ALLLH14B]| 230(3)
C3LLLH1C 2.77 H5LLLHS8A 2.34 (3)
C3LLLH1B 2.73 H14ALLLH16 | 228(3)
C3LLIHL6 2.881(19) H18LLLH21B]| 226
C5LLLH9A 2.69519) H18LLLH21C]| 232
C6LLLH9A 2.660(19) H2 1BLLYH2 14 239
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¢ i z edly3eOMe-Salan2-onb i | €3k)dninhbh a j

av-eé ltaorrés i (ylo)n

C2-01-C1 117.5Q13) C9-C10-H10B 108.910)
C7-02-H2A 110.913) C11-C10-H10B 108.810)
C20-03-H3A 113.414) H10A-C10-H10B 109.q14)
C19-04-C21 116.9813) C12-C11-C10 109.4§15)
C13N1-C8 118.8513) C12-C11-H11B 107.511)
C13-N1-C9 126.3914) C10-C11-H11B 111.311)
C8-N1-C9 114.2414) C12-C11-H11A 110.211)
C13N2-C12 121.4715) C10-C11-H11A 109.611)
C13N2-Cl4 120.4§13) H11B-C11-H11A 108.116)
C12-N2-C14 118.0714) N2-C12-C11 112.1714)
O1-CL-HIA 109.5 N2-C12-H12A 107.511)
O1-CL-H1B 109.5 C11-C12-H12A 111.q11)
HIA-C1-H1B 109.5 N2-C12-H12B 106.710)
01-C1-HIC 109.5 C11-C12-H12B 108.910)
HIA-C1-H1C 109.5 H12A-C12-H12B 110.615)
H1B-C1-H1C 109.5 05-C13N1 121.0§15)
01-C2-C3 124.515) 05-C13N2 120.1315)
01-C2-C7 115.0§14) N1-C13N2 118.7714)
C3-C2-C7 120.4115) N2-C14-C15 114.3q14)
C2-C3-C4 119.6217) N2-C14-H14B 107.210)
C2-C3-H3 118.911) C15C14H14B 111.410)
C4-C3-H3 121.411) N2-C14-H14A 108.710)
C5-C4-C3 120.3817) C15C14-H14A 107.910)
C5-C4-H4 119.712) H14B-C14-H14A 107.514)
C3-C4-H4 119.912) C20-C15C16 119.0§15)
C4-C5-C6 121.1517) C20C15C14 121.1715)
C4-C5-H5 121.612) C16C15C14 119.8715)
C6-C5-H5 117.412) C17-C16C15 120.7616)
C7-C6-C5 118.7q16) C17-C16H16 121.910)
C7-C6-C8 121.4§15) C15C16H16 117.310)
C5-C6-C8 119.8716) C16-C17-C18 120.4q17)
02-C7-C6 123.7415) C16-C17-H17 120.912)
02-C7-C2 116.5514) C18-C17-H17 118.9412)
C6-C7-C2 119.7q15) C19C18C17 119.7517)
N1-C8-C6 115.3113) C19-C18H18 119.§10)
C1-01-C2-C3 0.32) C9-N1-C1305 i 15 4167 0
C1-01-C2-C7 T 17147 7 C8-N1-C13N2 i 1581416
01-C2-C3-C4 179.5716) C9-N1-C13N2 30.72)
C7-C2-C3-C4 i 10Q)4 C12-N2-C13-05 i 15Q140 8
C2-C3-C4-C5 i 034 C14N2-C1305 24.02)
C3-C4-C5-C6 1.1(3) C12-N2-C13N1 21.62)
C4-C5-C6-C7 i 0(@3)1 C14N2-C13N1 i158g1482
C4-C5-C6-C8 i 1741633 C13N2-C14-C15 i 1091738
C5-C6-C7-02 179.8§15) C12-N2-C14-C15 70.7119)
C8-C6-C7-02 i102)9 N2-C14-C15C20 74.102)
C5-C6-C7-C2 i 1Q2)7 N2-C14-C15C16 10 §18% 0
C8-C6-C7-C2 176.5%14) C20-C15C16C17 0.33)
01-C2-C7-02 0.1(2) C14C15C16C17 17 169 8
C3-C2-C7-02 T17 91404 C15C16-C17-C18 0.03)
01-C2-C7-C6 T 17 q14) 3 C16-C17-C18C19 1 0(3)2
C3-C2-C7-C6 2.42) C21-04-C19C18 1025
C13N1-C8-C6 i101.98(17)] C21-04C19C20 i 1791390
C9-N1-C8-C6 70.2519) C17-C18-C19-04 T 17 9151 2
C7-C6-C8-N1 85.92) C17-C18C19-C20 0.22)
C5-C6-C8-N1 i95(1®0 C16-C15C20-03 T 17 9143 2
C13N1-C9-C10 8.83) C14-C15C20-03 0.02)
C8-N1-C9-C10 i 164157 2 C16-C15C20-C19 i 023
N1-C9-C10-C11 T 752) 1 C14-C15C20-C19 178.9814)
C9-C10-C11-C12 44.02) 04-C19-C20-03 i 1@)5
C13N2-C12-C11 i 8625 C18C19-C20-03 179.1714)
C14-N2-C12-C11 93.41(19) 04-C19-C20-C15 179.4514)
C10-C11-C12-N2 42.32) C18C19C20-C15 0.02)
C8-N1-C13-05 19.52)
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k e 4il4 3-OMe-Salar2-on b i 3beé&mj ORTEP di yagr ame

O5-atomuna hidroksi hidrojenlerii n baj | anmasé inoekegl @i kam ¥
HLLLO hidvajdar bagé bunl ar mer kezi hal ke
ger¢é¢nmektedi rmolKek sltlaBE lyla@a&kmd Cog leek dplaljdr
zi kzak ©bir Kekilsbemshzeksaviryén{igdeehde
4.16). Burada zincirleralkts eni y° nipaekldedr. i st i f | en

¢i z edll§3eOMe-Salan2-onb i | €3k)i FiimMrmj en baj@) geome
D-HLA L D-H HLEA L DL AL D-HLA L
O2-H2AL L L. O5 0.892) 1.80(2) 2.687316) | 177.q18)
O3-H3AL L L. O5 0.91(3) 1.793) 2.697316) | 17572)
C21-H21CL L. L O1 0.98 2.46 3.2682) 140
C9-H9BL Cd2” 0.981(19) 2.93719) 3.7842) 145.414)
C14-H14AL g1 1.01718) 2.98417) 3.9932) 171.7113)
ViTicgl ve Cg2 séraseéyla C2 LLL C7 ve CI1
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