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0z

Bu calismada, asagidaki makrosiklik Schiff bazi ligandlari ile monomerik, trimerik
ve tetramerik fosfazenlerin kristal yapilari, tek kristal X-i1ginlari kirinimi yéntemiy le
belilenmistir. Yapilarin g¢ézimlerinde; Enraf-Nonius CAD4 difraktometresinde
toplanan siddet verileri MolEN ve kisisel bilgisayarlar icin geligtiriimis WinGX
paketindeki SHELXS97 ve SHELXL97 kristal yapi ¢6zim ve aritim programiari
kullanilarak degerlendirilmigtir. Molekdl i¢i ve molekilller arasi etkilesmelerin

belirlenmesinde PARST97 programi kullaniimigtir. Molekuler diyagram ve sekiller
ise CHEMWIND ve ORTEP3 programlar: kullanilarak gizilmistir.

)] 1,5-Di[N-2-oksifenil-salisiliden]-3-oksapentan (C3oH2sN2Os)

I)  2,6-Dioksa-14,18-diazatrisiklo [18,4,0,0”'%-tetrakosa-7,9,11,
20,22, 24(1)-hegzaen (C2oH26N2052)

ny 3,4,6,7,15,16,17,18,19,20,21,27-Dodekahidro-2,5,8-trioksa-
16,20-diazatrisiklo [20.4.1'%2°0.0%'*] heptakosa-9,11,13,22,24,26(1)-
hegzaen (C22H2sN203)

IvV) 3,4,6,7,15,16,17,18,19,20,21-Undekahidro-2,5,6-trioksa-16,20-diazatrisiklo
[20.4.0.0%'*] hegzakosa-9,11,13,22,24,26(1)- hegzaen (Cz1H2sN203)

V)  15,21-Bis(dietoksifosfinol)-2,5,8-trioksa-16,20-diaza-trisiklo[20.4.0.0%]
hegzakosa-9,11,13,22,24,26(1)-hegzaen-Etilfosfonik Asit-Su (1/1/1)
(C31Hs5N2043P3)

VI)  15,21-Bis{2-[(hidroksi)(metoksi)fosforil]}-2,5,8-trioksa-16,20-diazatrisiklo
[20.4.0.0%'*]hegzakosa-9,11,13,22,24,26(1)-hegzaen-Su (1/2)
(C23H34N205P2.2H,0)



VI)  2,4-[2,2-Metilenbis(4-nitrofenoksi)]-2,4,6,6-tetrakloro-siklo-2A%,42.5 6A°-
trifosfazatrien(ansa) (C13HgClsNsOgP3)

VIIl) 2,4,4,6,6-Pentakloro-2-(2,4,6-trimetilfenoksi)siklo 2A%,4A% 6A%-trifosfazatrien
(CgH11N3OP3Cls)

IX)  N-[Bis(2,4,6-trimetilfenoksi)fosfinol]-P,P,P-tris(2,4,6-trimetil-fenoksi)
fosfazen (C4sHs5NOgP2)

X) trans-2,6-Bis(n-propilamino)-2,4,4,6,8,8-hegza-tert-butilaminosiklo-21°,415,
6A° ,8)° -tetrafosfazatetraen (CsoH76N2Pa)

Anahtar Kelimeler: Makrosiklik ligand, Monomerik, Trimerik, Tetramerik Fosfazen

Danigman: Prof. Dr. Tuncer HOKELEK, Hacettepe Universitesi, Fizik Mihendisligi
Bélumi, Katihal Fizigi Anabilim Dall
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ABSTRACT

In this study, the crystal structures of the following macrocyclic Schiff base ligands
together with the monomeric, trimeric and tetrameric phosphazene derivatives
were determined by the single crystal X-ray diffraction method.

In structure solutions; the intensity data collected on the Enraf-Nonius CAD4
diffractometer for the specified crystals, were processed by MolEN and
SHELXS97 and SHELXL97 crystal structure determination and refinement
programs incorporated in the WinGX package for the personal computers. The
intra and inter-molecular interactions were determined by PARST97. The
molecular diagrams and figures were drawn by CHEMWIND and ORTEP3

programs.

) 1,5-Di[N-2-oxyphenyl-salicylidene]-3-oxapentane (CaoH2sN20s)

) 2,6-Dioxa-14,18-diazatricyclo [1 8,4,0,07'12]—tetracosa-7,9,1 1,20,22, 24(1)-
hexaene (CaoH26N202)

i  3,4,6,7,15,16,17,18,19,20,21,27-Dodecahydro-2,5,8-trioxa-16,20-diaza
tricyclo[20.4.11%2°0.0% *|heptacosa-9,11,13,22,24,26(1)-hexaene
(C22H28N203)

IvV) 3,4,6,7,15,16,17,18,19,20,21-Undecahydro-2,5,6-trioxa-16,20-diaza tricyclo
[20.4.0.0%™] hexacosa-9,11,13,22,24,26(1)-hexaene (Ca1H2sN203)

V)  15,21-Bis(diethoxyphosphinoyl)-2,5,8-trioxa-16,20 diaztricyclo [20.4.0.0%']
hexacosa-9,11,13,22,24,26(1)-hexaene-Ethylphosphonic Acid-Water(1/1/1)
(C31Hs5N2013P3)



VI)

Vi)

VIII)

IX)

X)

15,21-Bis{2-[(hydroxy)(methoxy)phosphoryl]}-2,5,8-trioxa-16,20-diazatricyclo
[20.4.0.0%'"] hexacosa-9,11,13,22,24,26(1)-hexaene-Water (1/2)
(C23HasN20gP2.2H,0)

2,4-[2,2’-Methylenebis(4-nitrophenoxy)]-2,4,6,6-tetrachlorocyclo-21°,42° 6).°
triphosphazatriene(ansa) (C13HsCl4NsO6P3)

2,4,4,6,6-Pentachloro-2-(2,4,6-trimethylphenoxy)cyclo-2A°, 4)°, 6A°
triphosphazatriene (CgH11N3zOP3Cls)

- N-Bis(2,4,6-trimethylphenoxy)phosphinoyl]-P,P,P-tris(2,4,6-trimethyl-

phenoxy) phosphazene (C4sHs5NOgP2)

trans-2,6-Bis(n-propylamino)-2,4,4,6,8,8-hexa-tert-butylaminocyclo 2)°,41°,
61°,8)° -tetraphosphazatetraene (CaoH76N2P4)

Keywords: Makrocyclic ligand, Monomeric, Trimeric, Tetrameric Phosphazene

Adviser: Prof. Dr. Tuncer HOKELEK, Hacettepe University, Department of
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1. GIRIS

Bir metal iyonu bir elektron verici (donor) ile bag yaptigi zaman olugan yeni
maddeye kompleks veya koordinasyon bilegigi denir. Metal iyonu, merkez atomu
olarak adlandirilir ve bu atoma bagli olan nétir molekill veya anyonlara ise ligand
adi verilir. Ligandlara 6rnek olarak; NH3,H-O, CO gibi nétir molekiller, CI',OH" ve
CN" gibi anyonlar verilebilir. Ligandlarda bir veya daha ¢ok sayida donér atom
bulunabilir. Tek dondér atomlu ligandlar sadece bir atom ile merkez atomuna
baglanacaklarindan béyle ligandlara tek digli (monodentat) denir. Bazi ligandlarda
ise iki veya daha gok sayida dondr atomu bulunabilir. Bu ligandlar sirasiyla iki digli
(bidentat), ti¢ disli (tridentat) ve dért digli (tetradentat) olarak adlandirilirlar. Iki veya
daha gok digli ligandlara selat da denilmektedir.

Son otuz yillik zaman zarfinda Schiff bazlarn ve onlarin biyolojik olarak aktif olan
metal kompleksleri (zerinde yogun arastirmalar yapilmigtir. Schiff baz
kompleksleri, katalitik reaksiyonlarda kullaniimiglardir (Hamilton et al., 1987).
OxNy-donér turlinde (x=2,3 ve y=2,3) 16-liyeli halkadan olugan makrosiklik gok
digli Schiff bazi ligandlari ise “potansiyel metal-iyon segici ajanlar” olarak daha
onceleri arastinimiglardir (Goodwin et al., 1982; Lindoy et al., 1993a). Bu tip
ligandlar ,kati haldeki alkali, toprak alkali ve gegis serisi metal iyonlari ile kristal
kompleksleri  verdikleri ve c¢o6zeltilerde metal iyon segici ajan olarak metal
iyonlarini birlestirdikleri i¢in kullaniimaktadir (Lindoy, 1997). Ayrica &zel metal
iyonu baglama uygulamalari ile iyon tanima, inorganik ve koordinasyon kimyasinin
alanlarini genigletmek &6nemine de sahiptirler (Lindoy, 1997). Yapilan
aragtirmalarin ¢ogu, gegis serisi metal iyonlarinin bir kesiminin kompleks
olusturmalarinin sentetik, yapisal ve/veya termodinamik 6zelliklerini igermektedir
(Adam et al., 1983; Adam et al., 1993; Adam et al., 1994). Ama, literatlirde serbest
makrosiklik N2O. ve NoO3 dondr tiril ligandlarin yapilart hakkinda sadece birkag
rapor mevcuttur (Adam et al., 1983; Chia et al., 1991).

Makrohalkalari fosfor iceren kriptandlar literattirde tartigiimigtir (Camirade &
Mayoral, 1994). Acik zincirli alkilfosfanatlarin 1960° dan beri bilinmesine karsin
(Jagodic, 1960), karbon atomlarina baglanan alkilfosfanatlari iceren makrosiklik

cok digli ligandlar (C-bis-pivot lariat eterler) ilk &rnekleri teskil etmektedirier.
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Aminoalkilfosfanatiarin, fungicidal (Cameron et al., 1993), antibakteriyel (Assche et
al.,1991), antitimor (Lavielle et al., 1981; Zygmunt 1985) ve antibiyotik
(Kuemmerle et al., 1985; Yokota et al., 1981) aktivitelerinin olduu ve ayrica
alkilfosfanatlarin gecis serisi metal komplekslerinin biyolojik aktivitelerinin oldugu
da bilinmektedir (Bozic et al., 1991; Sigel et al., 1994; Bloemink et al., 1994,
Ochocki et al., 1998).

Fosfor bilesikleri ile azotlu nikleofillerin reaksiyonlarindan fosfor-azot bag igeren
bilegikler olugur. Bu bilesiklerin bir kismi gizgisel, bir kismi ise halkall yapidadirlar.
Son yillarda fosfor-azot bagi iceren bilesiklerden, fosfazenler ile degisik
ntikleofillerin reaksiyonlarinin inceleme galigmalarinda énemli gelismeler olmustur.
Bu caligmalarda hazirlanan bilesiklerin ¢oguniugu, ileri teknolojik malzemelerin
yapiminda kullaniimaktadir. Bu ylUzden fosfazen tiirevleri énem kazanmaya

baglamigtir.

Fosfor-azot ve fosfor-oksijen bilesiklerinin endustriyel ve tibbi dnemleri bUyuktir.
Bunlar yeni polimerlerin hazirlanmasinda, yanmaya dayanikli malzemelerin
tretiminde ve antikanserojen maddelerin hazirlanmasinda kullaniimaktadiriar.
Fosfazen tiirevlerinin belirgin fiziksel ve kimyasal 6zellikleri; anorganik, organik ve
organometalik yan gruplara bagl olarak degdigmektedir. Ornegin, bir fosfazen
tirevinde yan gruplar degistikge, tlrev; sivi kristal, gaz algilayici, faz transfer
katalizorli, cizgisel olmayan optik karakter ve biyomedikal madde olarak
kullanabilme 0&zelli§i kazanmaktadir. Bu &6zelliklerinden dolay: ileri teknoloji
malzemelerinin yapiminda kullanimaktadir. Bu bakimdan yeni fosfazen
ttrevlerinin sentez galigmalari ve uygulama alanlarinin belirlenmesi 6nemlidir.

Son yirmi yillik zaman zarfinda, halofosfazelerin &zellikleri ve yapilar; yeni kiglk
molekil organosiklofosfazenlerin ve yeni inorganik omurgali makromolekdillerin
sentezlenmelerinde oldukga ilgi toplamigtir (Alicock et al, 1987). Organofosfazen
turevleri polimer sentezlerinde kullanilirlar ve olusan polimerlerin egsiz fiziksel
6zelliklere sahip olduklari bilinmektedir (Allcock et al, 1987). Ariloksi, alkoksi ve
metallosenil yan gruplarina sahip olan polifosfazenler ise 6zel 6nem tagimaktadir
(Allcock et al., 1987; Allcock, 1990; Allcock et al., 1984). Halkali fosfazenlerin
aragtirimasi onlarin sentetik, spekiroskopik ve aligiimigin diginda ya ,|§§L&-w
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6zellikleri nedeni ile blyik ilgi toplamigtir (Allcock , 1972; Shaw, 1980; Fincham et
al., 1986; Krishnamurty & Woods, 1987).

Siklofosfazenler farkli amaglar icin fosfazen polimerlerin Uretiimesinde kullanilirlar
ve onlarin bazilarinin “kanser kemoterapik ajani” olarak yararli olabilecekleri
distndlmektedir (Chernov et al., 1959; van der Huizen, 1984). Siklofosfazen
yapilarda P-N halka iskeletindeki elektron verici gruplarinin (aziridin, pirolidin,
birincil ve diger ikincil alkil aminler gibi) etkili olduklari saptaniimigtir (van der
Huizen, 1984). Farkli ¢bzlicllerde oktaklorosiklotetra fosfazenlerin (N4P4Clg) gesitli
birincil ve ikincil alkil aminler ile etkinlestiriimesi, reaksiyon kosullarina gére kismen
veya tamamen substitue olmus aminotetrafosfazenleri (Contractor et al., 1987;
Katti & Krishnamurty, 1985) olugturmaktadir. Tetramerik fosfazenler igin standart
bilegik olarak bilinen N4P4Clg’ in iki kristal modifikasyonu, K ve T formlart mevcuttur
(Hazekamp et al., 1962; Wagner & Vos,1968). Hegzaklorosiklo-2)°41%61°5-
trifosfazatrien’ in(NsPsCls) ve octaklorosiklo-2)° 4A° 6)°-tetrafosfazatetraen’ in
(N4P4Clg), bulky fenoksi tlrevleri; yeni kugik-molekll organosiklofosfazenlerin
(Allcock et al., 1992a), inorganik omurgali polimerik fosfazen turevlerinin, ylksek
kirma indisli camlar olarak kullanilan ariloksi yan gruplarinin (Olshavsky et al.,
1995), ferroelektrik ve gizgisel olmayan optik polimerlerin (Alicock et ai., 1991), sivi
kristal materyallerin (Allcock & Kim, 1991) ve biyotip ile ilgili materyallerin (Cohen
et al., 1990) sentezlenmelerinde potansiyel kullanim alanlarina sahiptirler.
Fosfazen polimerlerin belirgin fiziksel veya kimyasal 6zellikleri; organik, inorganik
veya organometalik yan gruplarinin yapilarina baglidir (Allcock, 1985).

Tdm bunlarin diginda CI,POPCIs" in tirevleri, kargilik gelen cizgisel fosfazen
makromolekdlleri igin ktglk molekuler modeller olarak da kullaniimaktadir. P-
trikloro-N-(diklorofosfinol)monofosfazen, Cl,P(O)N=PCl5’'iin aminler ile olan
reaksiyonlari kapsamli olarak aragtiriimigtir. Cl,P(O)N=PCl; bilesiginin termolize
edilmesi fosfor oksikloriir, P(O)Cls ve polidiklorofosfazen, (NPCL), in

ayristirlmasina neden olmusgtur.

Bu calismada; makrosiklik Schiff bazi ligandlar ile monomerik, trimerik ve

tetramerik fosfazenlerin kristal yapilarinin aragtinimasi hedeflenmigtir. Bugline

3



degin makrosiklik Schiff bazi ligandlari ile farkli substituentiere sahip mono-, tri- ve
tetra-fosfazen tlrevlerinin yapilarinin aragtiriimasi laboratuarimizda yillar boyunca
strdurilmektedir.  Bunlardan  bazilari;  1,8-di[N-2-oksifenil-salisiliden]-3,6-
dioksaoktan (Yidiz et al., 1998), 2,5,8-trioksa-16,20-diaza-trisiklo[20.4.0.0%'4]-
hegzakosa-9,11,13,15,20,22,24,26-oktaen (Hokelek et al., 1999a), 5,6,7,8,9,10,
11,12,18,19,21,22-dodekahidro-8,9:18,19-dibenzo-1,4,7-trioksa-11,16-diazasiklo
nadeka-10,16-dien (Hokelek et al., 1999b), 2,7-dioksa-15,19-diazatrisiklo
[19,4,0,0%'*|pentakosa-8,10,12,21,23,25(1)-hegzaen (Hokelek et al., 2001),2,cis-
4,trans-6,trans-8-tetrakloro-2,4,6,8-tetrabis(dietilamino)siklotetra (fosfazen)
(Hokelek & Kihg, 1990), 1-(diklorofosfinil-2-kloro-2,2-bis (diizopropilamino)
fosfazen (Kiig et al., 1994), 2-(2,6-di-tert-butilfenoksi)-2, 4,4,4,4’,6,6,6,6'
nonakloro-2,2"-bi(siklotri-A°-fosfazen) (Hékelek et al., 1994), cis-ansa-2,4-dikloro-
2,4-[2,2 -metilenbis(4-nitrofenoksi)]-6,6-difenilsiklo-2A°,4A%,6A5-trifosfazatrien
(Hokelek et al., 2001) olarak verilebilir.



2. DENEYSEL YONTEMLER

Kristallografik giddet verilerinin toplanmasi i¢in laboratuarimizda mevcut bulunan
Enraf Nonius CAD4 Difraktometresi kullaniimigtir. Elde edilen siddet verileri, PC

uyumlu paket programlari ile degerlendirilerek kristal yapilar belirlenmistir.

2.1. KRISTALLERIN ELDE EDILMESI

2.1.1. 1,5-Di[N-2-oksifenil-salisiliden]-3-oksapentan (CzcH2sN205)
KRISTALININ ELDE EDILMESI

Bilesik, dietilen glikol bis (2-aminofenil eter) (1.00 g, 0.0035 mol) ve salisilaldehit’in
(0.85 g, 0.007 mol) THF (Tetrahidrofuran) (100 ml) c¢oézeltisinin karisimindan
hazirlanmigtir. THF’ nin buharlagtinimasindan sonra, arttk CHCls:hegzan(3:1)dan
kristallendirilmigtir.

Sekil 2.1. CgzoHosN2Os kristalinin kimyasal diyagrami.



2.1.2. 2,6-Dioksa-14,18-diazatrisiklo[18,4,0,0"'?]-tetrakosa-7,9,11,20,22,
24(1)-hegzaen (CxoH2sN202) KRISTALININ ELDE EDILMESI

Bilesik, 1,5-bis(2-formilfenil)-1,5-dioksapentan (2,84g, 0.01 mol) ve 1,3-diamino
propan (0.74 g,0.01 mol)'in reaksiyon Urtiniinin, Na BH4(2.00 g, 0.05 mol) ile THF-
MeOH karigimi (1:1) iginde indirgenmesinden hazirlanmigtir. Artik ,CHCls-petrol
eteri (1:1)iginde ¢zlinmils ve oda sicakliinda kristallendirilmigtir [e.n.91°C, verim
1.4 9(%49)].

NH HN

Sekil 2.2. CooHosN202 kristalinin kimyasal diyagrami.

2.1.3. 3,4,6,7,15,16,17,18,19,20,21,27-Dodekahidro-2,5,8-trioksa-16,20-
diazatrisiklo[20.4.1'%%,0.0%'*]heptakosa-9,11,13,22,24,26(1)-hegzaen
(C22H2sN203) KRISTALININ ELDE EDILMESI

Bilesik, diimine-crown bilesiginin (Hokelek et al., 1999a) (2.0 g, 5.7 mmol) kuru
metanol’ de (300 ml) boraks (1.2 g,30.0 mmol) ve sodyum borhidrir (1.2 g,31.0
mmol) ile indirgenmesinden olusan uriniin 333K’ de benzen igerisindeki (50 ml)
formaldehit (0.18 g, 6.0 mmol) ile reaksiyonundan hazirlanmigtir. Bilesik THF’ den
kristallendirilmigtir (e.n. 484K).



Sekil 2.3. CasH2gN2O3 kristalinin kimyasal diyagrami.

2.1.4. 3,4,6,7,15,16,17,18,19,20,21-Undekahidro-2,5,6-trioksa-16,20-
diazatrisiklo[20.4.0.0%'*]hegzakosa-9,11,13,22,24,26(1)-hegzaen
(C21H2sN;03) KRISTALININ ELDE EDILMESI

Bilegik, diimine-crown bilesiginin (Hokelek et al., 1999a) (2.0 g, 5.7 mmol) boraks
(1.2 9,30.0 mmol) ve sodium borohidrit (1.2 g, 31.0 mmol) ile kuru metanolda (300
ml) indirgenmesiyle hazirlanmigtir. Karisim 4 saat kanstirimigtir.Daha sonra
metanol buharlagtiriimig ve artik, dietileter ile ayrigtinlmigtir. Organik tabaka
magnezyum  sllfat ile kurutulmug, buharlastinimis ve dietileterden
kristallendirilmistir (e.n. 357 K).

Sekil 2.4. Cz1H25N2053 kristalinin kimyasal diyagrami.

e TlEsusds
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2.1.5. 15,21-Bis(dietoksifosfinol)-2,5,8-trioksa-16,20-diaza-trisiklo [20.4.0.0%'
hegzakosa-9,11,13,22,24,26(1)-hegzaen-Etilfosfonik Asit-Su (1/1/1)
(C31Hs5N2043P3) KRISTALININ ELDE EDILMESI

Bilesik, kuru etanol (250ml) iginde 2,5,8-trioksa-16,20-diazatrisiklo-[20.4.0.0%"]-
hegzacosa-9,11,13,15,20,22,24,26-oktaen (Hokelek et al. 1999a & 1999b) (1.0g,
2.84mmol) ve kuru etanol (50ml) icindeki dietilfosfanat (0.80 ml, 6.00mmol)
reaksiyonundan, reaksiyon karigimi tzerinden 14 saat boyunca argon gegirilerek
hazirlanmigtir. Cézilici, karigim hacmi 150 ml.” ye ulagincaya kadar
buharlagtinimigtir. Artik, ortam sicakliginda 15 glinde kristallendirilmistir [verim
0.45 g (%20), e.n. 383K].

. EtOP(0)OH . H,0

(EtO),0P u PO(OEt),

Sekil 2.5. C31H55N2013P3 kristalinin kimyasal diyagrami.

2.1.6. 15,21-Bis{2-[(hidroksi)(metoksi)fosforil]}-2,5,8-trioksa-16,20-
diazatrisiklo[20.4.0.0%'*]hegzakosa-9,11,1 3,22,24,26(1)-hegzaen-Su (1/2)
(C23H34N209P,.2H,0) KRISTALININ ELDE EDILMESI

Kuru MeOH (100 ml) igerisindeki dimetil fosfit (0.95 g, 8.60 mmol) yavagca
kaynayan kuru MeOH(250 ml) icerisindeki 2,5,8-trioksa-16,20-diazatrisiklo
[20.4.0.0%*|hegzakosa-9,11,13,22,24,26-oktaen bilesigine (1.50 g, 4.26 mmol)
eklenmis ve slrekli karstirlirak reaksiyon karigimi tzerinden argon gegirilmistir.
Karigim alti saat karigtirilarak, ¢dzlct vakumda uzaklastinimigtir. Yagh artik,
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diklorometan/n-hegzan karisimindan (1/1) kristallendirilmistir (e.n. 100°C, (rln
1.37 9(%59)).

HO(CH;0)0P l\/l PO(OCH3)OH

Sekil 2.6. Ca3HasN2OgP2.2H,0 kristalinin kimyasal diyagrami.

2.1.7. 2,4-[2,2"-Metilenbis(4-nitrofenoksi)]-2,4,6,6-tetrakloro-siklo-21°,42°% 6.°-
trifosfazatrien(ansa) (C13HsClsNs;O¢P3) KRISTALININ ELDE EDILMESI

Tetrahidrofuran (THF) (100 ml) igindeki 2,2’-Metilenbis (4-nitrofenol) (10.00 g,3.44
mmol), THF (50 ml) icindeki NaH’ e(1.65 g,6.88 mmol) 30 dakikalik bir zaman
stirecinde, 298K’de yavasgga ilave edilmigtir ve bu esnada karigim Uzerinden
argon gazi gegcirilmigtir. Céziicl, indirgenmis basing altinda uzaklastirnimis ve artik
kurutulmustur. Bu karigima (1.00 g,2.99 mmol),CHsz CN (150 ml) icindeki NgPsClg
(0.96 ¢,2.76 mmol) yavasca ilave edilmis ve olusan ¢ozelti sabit karigtirma ile
ortam sicakliginda dengeye getiriimigtir. Karigim sirekli bir gekilde karigtiriip 12
saat slresince geri sogutucu altinda kaynatildiktan sonra, g¢okertilen tuz (NaCl)
filtre edilmis ve ¢dziicl vakumda uzaklagtirilmistir. Uriinler , cis-ansa-(l) ve spiro
(I) kolon kromatografisiyle ayrigtiriimigtir. Bilesik, kloroform-petrol eteri (3:2)' den
kristallendirilmigtir [e.n. 515 K, R 0.33, verim 0.46 g (%3)].




0" Ny
—P
O,N 0/ ~Q
O,N O,N

M

(II)

Sekil 2.7. C13HgClsNsO6P3 kristalinin cis-ansa(l) ve spiro(ll) izomerlerinin kimyasal

Diyagramlari.

2.1.8 2,4,4,6,6-Pentakloro-2-(2,4,6-trimetilfenoksi)siklo-2A%,42%,615-
trifosfazatrien (CoH;1NsOP3Cls) KRISTALININ ELDE EDILMESI

Bilesik literatirde acgiklanan ydnteme gére (Hokelek et al, 1999c) 2,4,6-
trimetilfenol (5.37 g, 0.012 mol), Na (0.500 g, 0.022 mol) ve N3PsCls (4.18 g, 0.012
mol)'nin THF(100mL) igindeki karigimindan hazirlanmigtir. Artik, hegzan iginde

¢6zilmis ve kristallendirilmigtir.

Me

O\/N r/\aN
Me(\ <

Q\a

Sekil 2.8. CyH11N3OP3Cls kristalinin kimyasal diyagrami.
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2.1.9. N-[Bis(2,4,6-trimetilfenoksi)fosfinol]-P,P,P-tris(2,4,6-trimetil-fenoksi)
fosfazen (C4sHssNOgP2) KRISTALININ ELDE EDILMESI

Dioksan (20 ml) icindeki 2,4,6-trimetilfenol (5 g, 0.037 mol ), dioksan (20 ml )
icindeki Na (0.90 g,0.039 mol)un kiglk pargaciklarina 30 dakikalik bir zaman
zarfinda 298K’ de karigtirarak ve reaksiyon karigimi Gzerinden argon gegirilerek
yavag yavas ilave edilmigtir. Fazla olan Na, filtre edilerek uzaklastinimig ve elde
edilen g¢bzelti sogutulmustur. Bu karngima, dioksan (40 ml) icindeki Cl.LPONCI;
(9.89 g, 0.037 mol) yavag yavas ilave edilmistir ve olugsan ¢bzelti sabit hizda
kanigtirilarak ortam sicakhgina ulagtinlmigtir. Karigim, oda sicakliyinda 72 saat
boyunca kuvvetli bir sekilde karigtirildiktan sonra ¢éken tuz (NaCl) filtre edilmis ve
¢bzlich vakumda uzaklagtinimigtir. Artik n-hegzan'da ¢bzinmis ve
kristallendirilmigtir (e.n. 482 K).

Me
Me o— Me
Me 0\0 Me Me
e lla————-Nz p—0 Mc
Me / M
e
Me
Me
Me
Sekil 2.9. C45Hs5NOgP; kristalinin kimyasal diyagrami.
et




2.1.10. trans-2,6-Bis(n-propilamino)-2,4,4,6,8,8-hegza-tert-butilaminosikio-
2)5,415,61°%,81° —tetrafosfazatetraen (C3gHzeN12P4)
KRISTALININ ELDE EDILMESI

2-trans-6-Bis (propilamino)siklotetrafosfazatetraen (2.04 g, 4.00mmol) kloroform
(150 ml) iginde ¢bzilip trietilamin (6.07 g, 6.00 mmol) ilave edilerek ¢bzelti -20° C’
ye kadar sogutuldu. Kloroform’ da (50 ml) ¢ézilen t-butil-amin (4.39 g, 60.0 mmol),
sOzkonusu cb6zeltiye 45 dakikada yavagga damlatildl. Olugan ¢bzelti iki saat
boyunca soguk ortamda kanstirildi. Reaksiyon karigimi geri sogutucu altinda 12
saat kaynatiidi ve ¢6zlicl uzaklastinidi. Kalan yagimsi kisim 100 ml benzen’ de
¢oztlerek, trietilamin (10.1 g, 100.0 mmol) ilave edildi. Geri sogutucu altinda G¢
saat kaynatilip ¢6zilici vakumda buharlastirildi. Kalintt kolon kromatografisi ile
trietlamonyumhidroklorir  tuzundan  kurtariidi ve bilesik  asetonitriiden
kristallendirildi [ verim 0.52 g,e.n.235 °C ].

NHC(CH3)3 NH(CH2)2CH3
(CH3)3CHN P—N P NHC(CH3)3
N N
(CH3)3CHN P N=———P—_NHC(CH3)3
|
NH(CH2)2CH3 NHC(CH3)3

Sekil 2.10. CsoH7eN12P4 kristalinin kimyasal diyagrami.
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2.2. ENRAF-NONIUS CAD-4 DIFRAKTOMETRESI
2.2.1. CAD-4 DIFRAKTOMETRESININ GEOMETRISI

X-iginlan kinnimi yontemi ile yapi tayini igin cok sayida Bragg yansimasinin
siddetinin 6icimid gerekir. Bu amacla Enraf-Nonius CAD-4 difraktometresi
kullaniimigtir (Enraf-Nonius, 1994). Difraktometre; X lIsim kaynagi, dedektor,
kappa gonyometresi, bilgisayar sistemi ve kontrol programlanni igerir (Sekil 2.11).

X :
Ly ISINLARY Y ]
: Lo : | YATAY DlZLEM.
pUi7- i
$-EKSENI i
w_ ) . 2 THETA EKSENE

Sekil 2.11. CAD-4 difraktometresinin geometrisi.
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CAD-4 difraktometresinin en 6énemli bolimi kappa gonyometresi’ dir. Bu bdlim
tek kristali difraktometre merkezinde tutan gonyometre bagligina sahiptir. Kappa
gonyometresi i¢ donii eksenine sahiptir ve bu dbni eksenleri difraktometre
merkezinde kesisirler. Ug¢ déni ekseninin kesistii noktaya tek kristal
yerlestiriimektedir. Difraktometre ise kappa (x), theta (8), omega () ve phi (¢)
acilari ile tanimlanan dért bagimsiz agisal harekete sahiptir. Gonyometre baslig,
kappa blogu tarafindan olusturulan ¢ ekseni tizerine yerlegtiriimigtir. Bu eksendeki
dénme acisi ¢ olarak tanimlanmaktadir. Kappa blodu, kappa ekseni etrafinda
dénmektedir. Kappa blogu, omega blogu tarafindan taginmaktadir ve omega blogu
da omega ekseni etrafinda dénebilmektedir. Omega ve kappa eksenleri arasinda
o olarak tanimlanan agi 50° kadardir. Ayrica phi ve kappa eksenleri arasindaki

acida yaklasik olarak 50° dir.

Difraktometrenin merkezinden gegen ve omega eksenine dik olan duzlem, yatay
diizlem ya da ekvator diizlemi olarak adlandirilir. X-igini kaynag: ve kristal bu
dizlemdedir.Kinnima ugrayan X-iginlarinin siddetleri ve konumlari bu yatay
diuzlemde kaydedilir. Gonyometre bagliginindan merkezinden X-igini kaynagina
ybnelen vektér kartezyen koordinat sisteminde x-ekseni olarak tanimlanmigtir. z-
ekseni omega ekseni boyunca yukari dogru yoénelmistir. y-ekseni ise sag el

kuralina gére ydnelecektir.

Difraktometre, dedektérli destekleyen ve omega ekseni ile cakigan 26 eksenini
icermektedir. X-igini kaynagdi ve dedektdr arasindaki ac¢i 180°-20 kadardir.
Dedektér, sabit R yarigapli bir yay lzerinde yatay dizlemde 26 ekseni etrafinda
dénmektedir. R yaricapi, 173-368 mm arasinda degismektedir.

2.2.2. ENRAF-NONIUS CAD-4 DIFRAKTOMETRESINDE AYARLAR VE
KIRINIM VERILERININ TOPLANMASI

X-1gin1 kinmim  verilerinin toplanabilmesi igin, iyi bir tek kristal cam g¢ubuga
yapigtirilarak gonyometre bagligina takilir. Gonyometre baghgini difraktometreye
takmadan 6nce sistem VIEW 0 komununa getirilir. Bu komut ile teleskop,

difraktometrenin 6n paneline dogru déner. VIEWO konumunda x=-59.9°, 6=70°,
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®=122.95°, ¢=11.36° olacaktir. Bu konumda gonyometre baglgi, difraktometreye
yerlegtirilir. Boylece gonyometre bagli§i ucundaki kristal teleskoptan gorilebilir.
Cep terminali kullanilarak ¢ agisi istenilen dedere getirilebilmektedir. $=0°-180° ve
$=90°-270° degerlerinde kristal, teleskop yardimi ile dénme eksenlerinin

merkezine optiksel olarak odaklanir.

Odaklama iglemi sonrasinda hizlandirma gerilimi, akim uygulanir ve difraktometre
REMOTE konumuna alinir. Sistem programindaki ana mentiden COMPOUND ile
kristal hakkindaki gerekli bilgiler girilir. GO komutu ile veri toplama iglemi baglatilir.

Kullanici tarafindan bu iglemlerin tamamlanmasinin ardindan CRYST, DAT, HKL
dosyalari agiimis olur. CRYST dosyasi Kkristal verilerini ve veri toplama
parametrelerini icerir. DAT sgiddet verilerini, .HKL ise indis listesini
kapsamaktadir.Sonraki asamalarda SEARCH, SETANG, INDEX, TRANS,
OTPLOT, DATCIN, DATCOL, DATCON ve DATAR programlari otomatik olarak
cahstinhir. SEARCH ile birim hicrenin belirlenmesinde kullanilacak 25 yansima
saptanir. Program 25 yansimanin bulunmasindan sonra otomatik olarak son
bulacaktir. SETANG ile bulunan yansimalar merkezlenerek, bu yansimalarin
kappa (x), theta (8), omega () ve phi (¢) agilart antihir. Bu dért agi ne kadar iyi
antihrsa birim hilicre parametreleri o denli hassas olarak bulunur. INDEX ile 25
yansimay! belirleyen agi deJerleri, birim hiicre parametreleri ve hacmi standart
sapmalanyla birlikte listelenerek yansimalar indislenir. Bu iglemler sonucunda
kristal sistemi belirlenmis olacaktir. TRANS ile segilen eksen igin birim hiicrenin
dénisima yapilir ve 25 yansima yeniden indislenir. OTPLOT komutu ile bu
yansimalar igin omega taramasi yapilarak Bragg yansima siddetlerinin profili-
yansima profili (Gaussian egri) gikarilir. Bu profil géruniimt baklava dilimi seklinde
olmalidir. Sayet dilimde yariimalar var ise, kristalin mozayitesi kbt veya secilen
tek kristal Uizerinde bagka kristaller var demektir. Profile gére yansima piklerinin
merkezlenmesinin ve simetrisinin iyi olup olmadigi incelenir, DATCIN programinin
SCAN dosyas! doldurulur. DATCOL komutu ile siddet verileri toplanmaya
baglanilir. Data toplama iglemine ara verilip tekrar baslanildiginda DATCON
kullanilacaktir. Kristal yapida adir atomlar bulunmasi durumunda siddet verilerinin

toplanmasi sonrasinda sogurma dizeltmesi yapilir.Bu dizeltme igin blylk 6
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degerlerine gidilir. CUnkd bu agilarda sistematik hatalar sifira gidecektir. ¢ agisi
10° artinlarak buyik 0 degerlerinde 9 adet yansima segilir. CELDIM ile birim hicre
parametrelerinin aritimi yapilarak, 25 yansimaya ait gézlenen ve hesaplanan 6

degerierinin uyugumu izlenilir.
2.3. KRISTAL YAPI ANALIZI

X iginlari ile kristal yap! analizinin temel amaci, atomik diizeyde kristal yapinin
ayrintili resminin elde edilmesidir. Atomlarin konumlarinin bilinmesi ile atomlar

aras| mesafe, bag acgilari ve molekdler yapinin diger ézellikleri hesaplanabilir.

Siradan bir optik ya da elektron mikroskobunda cisim tarafindan sagilan igima bir
mercek sistemi tarafindan toplanir. Bu gekilde cismin bir gérintlist alinmis olur.
Atomlardan sacilan X-iginlart ise bir gérinti olusturabilmek igin  yeniden
odaklanamaz. Sagilan X-iginlar1 Gzerinde birtakim matematiksel hesaplamalar ile
U¢ boyutlu elektron yodunlugu haritalari elde edilir. Bu haritalarda atomlar ytuksek

elektron yogunluguna sahip boélgeler olarak gdsterilir (Sekil2.12).

Hesaplanan ug
boyutlu elektron
yogunlugu haritasi

iginlar N\ SRS A
Cisim \«J
(Kristal) > &

I

X—I§|nlér|

Sekil 2.12. X-isinlari kinnimt ile bilinmeyen bir kristal yapisinin tayini.
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Bilinmeyen bir yapinin tayini i adimda gerceklestirilir:

1. Birim hicre boyutlarinin deneysel 6lgimi ve kristalde kirinima ugrayan

demetlerin biiylk bir kisminin siddetlerinin élgtima.

2. Bir atomik dizenlenig belirenir. Kirilnim maksimumlarninin giddetleri bu

diizenlenige gére hesap edilir.

3. Olgulen siddetler ile belirlenen diizenlenige ait siddetler arasindaki uyusum
deg@erlendirilip, yapilan gézlemier hata limitleri arasinda kalana degin iglemlere

devam edilir.
2.4. TEK KRISTAL YAPILAR

Kristaller ¢ boyutlu periyodik yapilardir. Tek kristallerde i¢ duzenlenme
kusursuzdur. Tek tip siralanma vardir. Buna karsin polikristal yapilarda degigik
siralanmalarin oldugu “grain” adi verilen kiigtk bdélgecikler vardir. Amorf yapilarda
ise atomlar gelisiglizel dizilmis olup higbir sekilde belirli bir dizen yoktur.
Kristallerin en blyilk karakteristik 6zellikleri diizglin sinirlar ile birbirine baglanmig
diizglin ylzlere sahip olmalaridir. Kristallerin i¢ yapilarindaki periyodiklik 1611’ de
Kepler, 1665’ de Hooke tarafindan éne siriilmisg, 1773’ de Bergman ve 1782’ de
Hauy tarafindan saptanmistir. Kristallerde en kiglk birim, birim hiicre olarak
adlandinlir. Bunlar temel yapi bloklaridir. Bir birim hlcrenin blyUklGga ve sekli
orijin olarak alinan kdseden gizilen a, b ve c vektérleri ile agiklanir. Bu vektérler
kendi uzuniukian ve aralarindaki agilar (o, B, v) ile de acgiklanabilirler. Eksen
uzunluklan ve agilar arasindaki dizenimlere gore yedi kristal sistemi vardir. Birim
hiicrelerin ¢ boyutta dlzenli siralanigi ile kristal iskeleti olan “latis”, 6rgl elde
edilir. Kristal 6rgide noktalar atomlara kargi gelmektedir. Orgi iginde bir noktadan
bakildigindaki durum, bagka bir noktadan bakildidindaki durum ile aynidir. Bu
nokta o6rgl kosuludur. O halde 6rgl bir tek noktadan baslayarak 6rgly
karakterize eden temel bir ételenme setinin sonsuz sayida tekrari ile elde edilen
sonsuz sayidaki noktalarin bir takimidir. Fransiz kristallograf Bravais, 1848
yilinda, nokta 6érgu sartini saglayan 14 tane 6rgi oldudunu ispat etmistir. 14 6rgi
sistemi Bravais 6rglisi olarak adlandiriimigtir.
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Ancak yapilarin mimkin simetri elemanlari da dikkate alinirsa 230 farkl
kristalografik uzay gurubu elde edilir. Birim hiicre orijininin segilmesinde simetri

ozellikleri dikkate alinir.

Bir 6rgil icindeki diizlemler, Ingiliz kristallograf Miller tarafindan kullanilan sisteme
gbére sembolik olarak indislenir. Miller indisleri, dizlemin ekseni kestigi noktalarin

orijine olan kesirsel mesafelerinin tersidir.

Kristallerin i¢ dUzeni, kristali olusturan atomlar arasi mesafe ile
kargilagtirilabilecek dalga boyuna sahip i1sima kullanildiginda anlasgilabilir. X-
isinlarinin dalga boyu 0.1-100 A arasindadir ve elektromagnetik spektrumda mor
Otesi ile gama 1ginlan arasindaki bélgeyi isgal ederler.

X 1gint galigmalarinda buytkligiu 0.1-0.4 mm. olan érnekler uygundur. Boyle bir

kristal icin ortalama agirlik bir miligramin ¢ok kigtik bir kesri kadardir. Bu durumda
yapida ortalama 10'®-10'® birim hiicre bulunur.
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3. BRAGG YANSIMASI

Kinnim iki veya daha fazla dalga arasindaki faz bagintilarindan ileri gelir.
Dalgalarin aldiklari yollarin uzuniuklan arasindaki farklar faz farki meydana getirir.
Esas olarak kirinim, ¢ok sayida atomun katildigi bir sagiima olayidir. Atomlar bir
orgude periyodik olarak yerlesmis olduklarindan sacilan iginiar arasinda belirli faz
bagintilart vardir. Bu faz bagintilari dyledir ki sagiima dogrultularinin gogunda
yikici girigim olurken, bazi dogrultularda yapici girigsim olugur ve kirinim demetleri
meydana gelir. Kirinima ugrayan bir demeti, birbirlerini kuvvetlendiren gok sayida
saciimig 1sinlardan meydana gelen bir demet olarak tarif edebiliriz. X-1ginlarinin bir
kristal tarafindan kirinimini anlamak igin Sekil 3.1’ i inceleyelim. Gelen demet
icindeki 1 ve 1a iginlan K ve P atomlarina g¢arparlar ve bitin dogrultularda
sagllirlar. Fakat yalniz 1' ve 1a' dogrultularinda sagilan demetler ayni fazdadirlar
ve birbirlerini kuvvetlendirirler. Birinci diizlem iginde bulunan bitin atomlarin 1' ne
paralel dogrultuda sagtigi isinlar ayni fazdadirlar ve birbirlerini kuvvetlendirirler.
Bu, her diizlem iginde ayri ayri dogrudur. Geriye farkli diizlemlerdeki atomlarin
sactidl isinlarin birbirini kuvvetiendirme sarti kalir. Bu sart Bragg sartidir:

nA=2d'Sin0 (3.1)

olarak bilinir (Glusker et al., 1972). Burada n yansimanin mertebesi olarak
adlandirilir. Birinci mertebeden yansimada 1' ve 2' sagiimig isinlar arasindaki yol
farki bir dalgaboyu, 1' ve 3' igin yol farki iki dalgaboyu ve kristal iginde béylece
devam eder. Kirinim demeti ayni dogrultularda sagilan iginlarin hepsinin toplami
olmasi nedeni ile, olduk¢ca siddetli ancak; kristal atomlarinin, Gzerine gelen
enerjinin sadece kliglk bir kesrini sagmalari dolayisiyla, gelen demete gére son
derece zayiftir. Bragg esitliginin kirinim maksimumlarinin giddetleri icin bir bilgi

tagimadigi unutuimamalidir.
Bragg kanuna ait iki geometrik nokta vardir:

1. Gelen demet, yansiyan dlzlem normali ve kirinim demeti daima

aynt duzlemdedir.
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Sekil 3.1. X-iginlarinin bir kristal tarafindan kirinimi

2. Kinmim demeti ve gecirilen demet arasindaki a¢i daima 26’ dir. Bu agi, kirinim

acisi olarak bilinir.

Bragg kanununda Sin0>1 olamayacagindan ni/2d'<1 = A<2d' iligkisi kirinim
sartidir. Dider taraftan A ¢ok kuglk olur ise kirinim agisi uygun sekilde
dlctilemeyecek kadar kiigik olacaktir. Bragg kanunu;

A=2(d'/n)Sin6=2dSin6 (3.2)

olarak yazilabilr. Bu durumda (200) dizlem takimindan yansimalar, (100)
diizlemlerinden ikinci mertebe yansimalara denk olacaktir. Benzer sekilde (300),
(400) yansimalari (100) dizlemlerinden tg¢lincli ve dérdiincti mertebe yansimalara
denk olur. Yani mesafeleri d' olan (hkl) diizlemlerinden n. mertebe yansima,
mesafeleri d=d'/n olan (nh,nk,nl) diizlemlerinden birinci mertebe yansima olarak
dustnilebilir (Sekil 3.2).
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Bragg kanununun cikariiginda kusursuz kristal, mikemmel sekilde paralel ve
monokromatik radyasyondan meydana gelen bir demetin dikkate alindidi
unutulmamalidir. Sayet birinci ve ikinci dizlemlerin sactig! 1ginlarin yol farki tam
dalga boyundan biraz farkli ise birinci diizlemin sagtidi 1ginla zit fazda 1gin sagan
dizlem kristal icinde daha derinlerde bulunacaktir. Kristal, bu dizlemi
iceremeyecek kadar kigiik ise bitln sagilan iginlarin birbirini tamamen yok etmesi

mumkiin olamaz.

Sekil 3.2. (a) Bir ikinci mertebeden 100 yansimasinin ve (b) bir birinci mertebeden
200 yansimasinin denkligi

Gergekte; sonsuz bir kristal tam olarak kusursuzdur. Sadece bir kristalin
boyutlarinin kigtk olmasi, diger bakimlardan kusursuz bir kristal olsa bile, bir
kristal kusuru olarak diigtintlebilir. Kristal kalinligi, t=md olmak tizere;

t=A/BCosbg (3.3)

ile verilir. Burada B ve 6 Sekil 3.3’ de gosterilmigtir. Sekilden gorilecegi gibi B—0
olmasi igin t—e olmalidir. Ayni zamanda tamamu ile paralel olmayan X-iginlari
demetlerinden dolayi Bragg kanununu tam olarak gergeklemeyen acilarda kirinim
olayt meydana gelebilir. Diger taraftan, demetin tam olarak monokromatik

olmamasi 20 i¢in kiigtk bir araligin dogmasina neden olacaktir.
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Sekil 3.3. Kristalin gok kiiglik olmasinin kirinim egrisine etkisi.

Ayrica mozaik yapi olarak bilinen bir kristal kusuru vardir ki, gergek kristaller az ya
da gok bu kusura sahiptirler. Bu, bir gesit tek kristalin kirilarak meydana getirdigi
Sekil 3.4° de abartili olarak gésterilen yapidir. Orgi bir takim kigtk bloklara
parcalanmistir ve bloklarin her biri digerine nazaran pek az degigik yéndedirler.
Asil dogrultudan sapma e ise bir paralel demet 6g+< ile 6z-€ arasindaki bitin
acilarda kirinim verecektir. Mozaik yapinin diger bir tesiri de; yansiyan demetin
siddetini, ideal olarak kusursuz kabul edilen bir kristalden hesaplanan giddete gére
arttirmasidir.  Bir bagka 6nemli nokta ise; bir tek atom gelen X-iginlarini her
dogrultuda sagarken, bir kristalin nispeten daha az dogrultuda sagmasidir. Clnku
Bragg kanununa uyan agilar diginda diger bitin dogrultularda bozucu girigim
meydana gelecektir. O halde kusursuz bozucu girigimin meydana gelmesi igin
gereken kosullarin bir veya daha fazlasinin kristal kusuru dolayisiyla
bulunmamasi halinde Bragg agisi digindaki agilarda kirinim meydana
gelebilecektir (Sekil 3.5).

Sekil 3.4. Gergek bir kristalin mozayik yapisi.
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Sekil 3.5. X-iginlarini (a) bir atomun sagigi (b) bir kristalin kinnimi.

3.1. BRAGG YANSIMALARININ SIDDETLERI

N atomlu bir birim hdcrenin (hkl) diizleminden yansiyan X iginlarinin siddeti, igin

genel ifade (Glusker et al., 1972);
I(hkf)=K.L.P.A.T.|F(hki)I
ile verilir.Burada:

Skala faktori

Lorentz faktdri

Polarizasyon faktori

Sogurma faktéri

Sicaklik Faktéri

IF(hkD)I%  Yapi faktérintn genliginin karesi

5>V oA

olarak tanimlanmaktadir.

(3.4)
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CAD-4 difraktometresinde toplanan ham yansima siddetleri(lham):

ATN
Iham:WDTX(C_RXB) (35)

ile verilmektedir. Burada;

C: Toplam sayma

R: tarama siresinin dodal fon sayma zamanina orani

B: toplam dogal fon sayma stiresi

NPI: en blyiik tarama hizinin élgim tarama zamanina orani

ATN: zayiflatma faktéri

seklinde tanimlanir. Olgiilen ham siddet degerlerinin kristal yapi analizinde

kullanilabilmesi igin gerekli diizeltmelerin yapilmasi gerekir.

3.2. BRAGG YANSIMA SIDDETINI ETKILEYEN FAKTORLER
3.2.1. YAPI FAKTORU

Birim hiicre icerisindeki atom konumlar kirinim demetlerinin giddetine etki
etmektedir. Sekil 3.6’ da taban merkezli ve cisim merkezli ortorombik birim
hiicreleri ve orgllerin (001) dizlemlerinden meydana gelen kinnim demetleri
gosterilmistir. (a)’ da 1" ve 2" 1ginlari arasi yol farki olan ABC, bir tam dalga boyu
oldugunda kirinim gézlenecektir. Buna kargin (b) de 1° ve 2" iginlar ayni fazda
olmalarina karsin (001) dizlemindeki bir atomdan sacgilan 3" igin, 1" ve 3" zit
fazda olacaktir. Ayni sekilde daha agagidaki ilk dizlemden sagilan 4" gini 2°
Isinini yok eder. Bu olay kristalin her bd&limiinde olur. Sonugta cisim merkezli
orgiide (001) yansimasi gbzlenmez. Kirinnm demetinin siddeti atom
konumlarindaki herhangi bir dedisme ile tamamen sifira digsmemekle birlikte
degismektedir. Bunun tersi olarak kirinim siddetleri gbézlenerek atom konumlari
tayin edilebilir. w
amﬂ‘&“&mﬁ%
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Sekil 3.6. Atom konumlarinin kirinim demeti siddetine etkisi.

3.2.1.1. BIR ELEKTRON TARAFINDAN SACILMA

Bir X-igini, demeti, siddeti demet igindeki herhangi bir noktada siniissel olarak
degisen, bir elektrik alan ile karakterize edilen bir elektromanyetik dalgadir. Bu
elektrik alan, elektron gibi yiikli bir zerreye ortalama konumu etrafinda bir salinim
hareketi yaptirir. X-1isin1 demeti etkisi ile salinan elekiron, hareketi esnasinda
strekli olarak hizlanir ya da yavaslar. Bu nedenle bir elektromanyetik dalga olusur.
Bu anlamda elektronun X-iginini sagtigi séylenir. YUkQ e, kitlesi m olan bir tek
elektronun sactigi demetin | siddeti, elektrondan r kadar uzak mesafede;

I=lo(e*/Pm?c*)(1+Cos?26)/2 (3.6)
I=lo(e*/Pm%c*)P

ile verilir. Burada P polarizasyon fakt6éri olup, denkleme sadece gelen demetin

polarize olmamasi nedeni ile girmektedir.
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3.2.1.2. BIR ATOM TARAFINDAN SAGILMA

X-1s1n1, elektrona gére blyilk kiUtleye sahip olan bir gekirdede titresim hareketi
yaptiramaz. Bir atomun koherent sagmasini, sadece bu atomun elektronlari
olugturur. Verilen bir atomun, verilen bir dogrultudaki sagmasinin verimi f atomik

sagma faktoéri ile belirlenir;

f=(Bir atomun sactigi dalga genligi)/(Bir elektronun sacti§i dalga genligi) (3.7)

ile verilir. Sagilma ileri dogrultuda ise yani 26=0 ise atom numarasi Z olan bir atom
icin, f=Z olacaktir. Clnkl, atomun elektronlarinin hepsinin sactigi dalgalar ayni
fazdadir. Ancak 0 arttikga elektronlarin teker teker sagtiklar dalgalar arasinda faz
farki artar ve f azalir. Atomik sagma fakiéri gelen demetin dalgaboyuna da
bagldir. 6 icin sabit bir degerde A ne kadar kisa ise f de o kadar kiguk olur. Glinkd
yol farki dalgaboyuna gére daha biyik olur. f-Sin6/A grafigi, Sekil 3.7’ de degisik

atomlar igin verilmigtir.

Sin(6)/A

Sekil 3.7. Degisik atomlar icin f-Sin(6)/A degigimi.
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3.2.1.3. BIRIM HUCRE TARAFINDAN SAGILMA

Birim hiicrenin butin atomlar tarafindan sacilan dalgalarin bilegkesine yapi

faktord denir ve
Fra=IF (hkI)| = =A(hkl)+iB(hkl)= IF(hkI)|(Cosdnk+iSin k) (3.8)

ile verilir. Fnq bileske dalganin hem genligini hem de fazini ifade eder Yapi

faktérindn genligini ise;

Birim hiicredeki biutin atomlarin sactigi dalga genligi
IF(hkl)I= (3.9)
Bir elektronun sactigi dalga genligi

olarak tanimlayabiliriz. ¢(hkl) birim hicre orijinine gére bilegke dalga fazidir.
Sacilan radyasyon siddeti yap: faktértintin genliginin karesi ile yani |F(hkl)I? ile
orantilidir. A(hkl) ve B(hkl) j. atom igin bilinen atomik sagma fakt&rlerine gére;

A(hkl)=z ficoso, (3.10)
B(hkl)=z fisind, (3.11)

olarak verilebilir. Burada £ j. atom icin atomik sagma faktord, ¢ ise j. atomun
sacti§! dalganin fazidir.Bu durumda yapi faktéri, N atomlu bir birim hiicre igin;

N
F(hk)= ¥ fe" (3.12)
=1

ile verilir. Kesirsel koordinatlar x;, y;, z olarak verilen j. atom tarafindan Bragg

yansimasina ugratilan dalgalarin toplam yol farki

9, =k(hxj+kyj+lzj) (3.13)
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olup, faz farki ise, bu yol farkina bagli olarak
o= 9 (2/A)=2m(hx;+ky;+zj) (3.14)

olacaktir. Faz farki, Denklem 3.12’ de yerine yazilirsa yap faktoru;
N .
F(hki)=Y" f,e™ " ey (3.15)
j=1

seklinde tanimlanir.

Daha sonra tartigilacak olan elektron yodunlugunun bulunabilmesi igin ¢ bileske
dalga faz agisinin bulunmasi gereklidir.Ancak fazlarin hesabinda her durumda
gegerli olan bir baginti yoktur. Bu nedenle kristallografide, yapi faktorlerinin
fazlarinin belirlenmesi “faz sorunu” olarak bilinir. Faz sorunu ¢ézilmeden kristal
yapi ¢bziilemez. Yapi faktérlerinin fazlar, incelenen yapida bulunan atomlarin
agirliklan dikkate alinarak direkt yéntemler, Patterson ydntemi veya agir atom

ybéntemlerinden biri kullanilarak hesaplanir.
3.2.2. LORENTZ FAKTORU DUZELTMESI

Bragg kosulunun saglanabilmesi icin, herhangibir ters 6rgli noktasinin yansima
kiresi tizerinde bulunmasi gereklidir. Deneysel ¢alismada kristalin dénme hareketi
sliresince agisal hizi sabit oldugundan farkli ters érgii noktalari, orijinden farkli
uzakliklarda bulunmalarn sebebi ile yansima kiresini farkli strelerde gegerler.
Bragg agl degeri, yansima kiresi Uzerinde kalma siresini etkileyecektir. Lorentz
faktérii kullanilan deneysel yontemlere ve sagiima agisina baglidir(Stout and
Jensen, 1989). Lorentz fakioérl difraktometre teknigi igin;

1
= —— - (3.16)
Sin 20n«

ile verilir.
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3.2.3. POLARIZASYON FAKTORU DUZELTMESI

Kristale gelen X-iginlari polarize degildir. Buna karsgin yansiyan X-iginlari yansima
agisina bagll olarak polarizedir. Bu polarizasyon, siddette azalmaya neden

olur.Siddetteki bu azalma ise polarizasyon faktdrl ile diizeltilir. Bu faktor:

1+Cos?20
Pz — (3.17)
2

ile verilir. CAD-4 difraktometresinde ©6lgllen yapi faktérii genligi Lorentz—
Polarizasyon dlizeltmesi yapilan siddet verilerinin karekéki alinarak elde edilir
(Fair, 1990).

“VLpP (3.18)

3.2.4. SICAKLIK FAKTORU

Atomlar, ortalama konumlari civarinda mutlak sifir Gstiinde genellikle birbirlerinden
farkli yonelimlerde elipsoitler iginde titresim hareketi yaparlar. Atomun titresim
genligi; her dogruituda ayni blylklikte ise izotropik, x,y,z dogrultularinda farkl
genliklerde oldugunda ise anizotropik olarak tanimlanir. Her atom igin elipsoitler,
termal titresimlerden dolayi farklidir. Sicakligin artmasi durumunda titregim genligi
artacaktir. Bu ise 6rgl diUzlemlerinde carpilmaya neden olacagindan siddette
azalma gozlenilir.

Debye ve Waller, 1sisal olarak uyarilan bir atom igin atomik sagma faktériind:
f = f,eB(SIN'E)/X (3.19)

ile tanimlamiglardir. Burada fo mutlak sifir sicaklifindaki sagma faktorii, B ise
izotropik sicaklik faktdridir ve;

29



Blso=81t2<u2> (3 -20)

ile verilir. Burada <U?> atom titresim genliklerinin kare ortalamasidir. B degeri
arttikga atomik sagma faktorii deg@eri kigtlecektir. Bu durumda Sin6/A nin biyuk
degerlerinde yansimalarin gdzlenmesi zorlagacaktir. Sicaklk faktériine bagh

olarak f- Sin6/A grafidi Sekil 3.8’ de verilmigtir.

I

~B(Sin?8)/32
foe

2 4 6 8
sin 9/ A—>

Sekil 3.8. Degisik sicaklik faktorll degerlerinde atomik sagma faktérintin, Sin(8)/A

degerine gore degisimi.

Anizotropik titregim yapan atomlarin izotropik yerdegistirme parametreleri
ortogonal U tensériinln izinin 1/3 Une esit olup,

Ue$=%ZZuijai aj aj aj (3.21)
]

ile verilir. Bu durumda;

Be$=8%zzuijai aj aj aj (3.22)
i

kullanilarak bulunur.
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3.2.5. SKALA DUZELTMESI

Deneysel olarak 6l¢lien siddet degerleri ile hesaplanan siddet degerlerinin ayni

skalaya getiriime iglemi, skala dizeltmesidir. Skala faktdr;

<|Fp 2,
K=s—oar— (3.23)
< Fhlz>

ile verilir. Burada Fs ve Fy, 6lgiilen ve hesaplanan yapi faktérleridir.

< Fa‘z >
=] . VoY) 2 (3'24)
<| szOZe 2BSin 6/7u|>
j
2
InK=ln < Fa‘z >-In sz_OZ fEEch g (3.25)
j W
2
< Fa‘ > ")
In K=In ,2BSin"6 (3.26)
jo
l
Sin%e < Fé‘z >
olacagindan — In ~. 3 grafijinde; edim ve dogrunun baslangig
X | Xfjo

j

degerleri kullanilarak, B ve K degerleri bulunabilir.
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3.2.6. BOZULMA DUZELTMESi

Kristal, X-iginlari demeti igerisinde bulunurken kimyasal ve fiziksel bozunuma
ugrayabilir. Bozulmanin zamana bagli dedisimine gére dizeltme yapilir. Cizgisel
dizeltme faktéri;

1

rreTm—s (3.27)

olarak tanimlanir. Burada t iginlama zamani, m ise zamanla giddet degisimlerinin
egimidir. Bu faktér kullanilarak ;

Fatzettimis=A" Fauzeltimemis (3.28)
yapi faktéri (zerine bozulma dlizeltmesi yapilmig olur.

3.2.7. SOGURMA DUZELTMESI

X-iginlan kristalden gecerken sogurulmaya udrarlar. lp gelen demet siddeti, p

cizgisel sogurma katsayisi ve x kristal kalinligi olmak Gzere;
I=loe™ (3.29)

ile verilir. Kristal yogunlugu p olmak Gzere kitle sogurma katsayisi;

N
B Yo, B o ez (3.30)
p j=1 p /i

seklinde tanimlanir. Burada o; j. atomun, molekuldeki ylzdesidir.

PSI sogurma dizeltmesi igin gerekli deneysel olarak elde edilen verileri igeren
dosya PSI.DAT, veri toplama iglemi bittikten sonra olugmaktadir. x agisi 70°-90°
arasinda iken yedi siddetli yansima, sagilma vektéri y etrafinda, ¢, 0° den 360°

ye kadar 10° araliklarla 37 kez &lculur. Bu élgiimler sonucunda sogurma egriletimwm
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her bir yansimaya uygulanarak sodurma diizeltmeleri elde edilir. CaoH7zgN12P4
kristali icin elde edilen cizgisel sojurma katsayisinin dederi 11=0.196 mm™,
gegirgenlik katsayisinin minimum ve maksimum degerleri Tpin=0.9247, Tmaks=1 dir.
Ayni kristalin PSI dlizeltmesi uygulanmadan &énceki ve sonraki halleri igin siddetin

ve gegcirgenligin Phi agisiyla degisim grafikleri Sekil 3.9-3.12’ de verilmigtir.
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Phi agisi(°)

Sekil 3.9. CzoH7N12P4 kristali icin yansima indeksi (040) durumunda deneysel

siddet-phi a¢isi(°) grafigi.
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Sekil 3.10. CsoHzN12P4 kristali icin yansima indeksi (040) durumunda deneysel
ve diizeltilmis siddet-phi agisi(°) grafigi.
33



Gecirgenlik(T)

'36.00 ‘72.00 '108.0 '144.0 '180.0 '216.0 '252.0 '288.0 !

324.0
Phi agisi (°)

Sekil 3.11. CsoH76N12P4 kristaliicin psi dizeltmesi uygulanmadan énceki
gecirgenlik-phi agisi (°) grafigi.

Gegirgenlik(T)

Phi agisi (°)

Sekil 3.12. CzoH76N12P4 kristali igin psi dlizeltmesi uygulandiktan sonraki
gegirgenlik-phi agisi (°) grafigi.
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4. SIMETRI

Birim hucre icerisindeki simetri, kirinim deseni simetrisi ve sistematik olarak
bulunmayan yansimalardan ortaya c¢ikarilir. Kirinim desenindeki bu bilgilerden
kristalin miimk(n uzay grubu bulunur. Uzay grubu bilinirse kirinim deseni analizi
kolaylagir. Ctnkd kirimim deseninin farkli bélgelerinin 6zdes oldugu bilinmektedir.
Kirinim deseninde goézlenen (hkl) noktalarinin siddetleri arasindaki sistematik
iligkiler, yapidaki molekillerin paketlenmesinde belli simetri iligkilerini ortaya
gikarir. Kirinim maksimumlarinin  bulundugu pozisyonlar sistematik olarak
iligkilidirler.

Bravais latisleri ve onlarin Gzerine kurulan kristaller cesitli tipte simetri gésterirler.
Bir yapinin simetrik oldugunun séylenebilmesi igin, yapi pargalarinin yapiya bazi
islemler tatbik edildiginde kendisi ile gakisacak hale gelmesi gerekir. Bu iglemlere

simetri iglemleri denir.

4.1. NOKTA SIMETRISI

4.1.1. OTELENME SIMETRISI

Kristal 6rgtisti gibi noktalarin sonsuz bir dizisi 6telenme simetrisine sahiptir. Ctnkd
orgll vektorleri cinsinden tamsayilar ile &telenme, 6rgiyt kendisi ile cakigik
duruma getirdiginden bu bir simetridir. Otelenme igleminde higbir nokta degisiklige
ugramaz.Cink0 tim noktalar paralel yénlerde esit miktarda &telenir.

4.1.2. n-KATLI DONME SIMETRISI

Orglinlin bir noktasi, bir eksen etrafinda 2n/n kadar déndurtliince, 6rgtintn diger
bir noktasi ile gakigiyorsa bu 6rgiinin o dénme eksenine gére n-katli dénme
simetrisi vardir denir. n=1, 2, 3, 4, 6 olabilir. n= 5 ve n>6 olma durumunda bu
simetrilere sahip olan birim hicrelerin uzayi bogluklar birakmadan doldurmasi

mUmkdn degildir.
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4.1.3. n-KATLI DONME-TERSLEME SIMETRISI

Orguiniin bir noktasi 2n/n kadar déndiriiliir, sonra eksen {zerindeki simetri
merkezine gore simetri§i alinir ise bagka bir nokta ile ¢akigir. Bu durumda n-kath
donme-tersleme simetrisinin oldugu séylenebilir. Bu iglem n ile gosterilir ve saf
déniiden farkhdir: Islem bir sol eli sag ele gevirir. Oysa saf déniide bir sol el ancak
bir sol ele dénistaralebilir (Sekil 4.1).

XYz

< a T—

¢ ekseni boyunca 4 kath dért katli ¢ eksenine
doénme ekseni yukardan bakig

Sekit 4.1. ¢ ekseni boyunca 4-katli donme simetrisi.

4.1.4. AYNA SIMETRISI

Ayna diziemieri m ile gosterilir. Yap bu diizleme goére yansidiginda tekrar kendisi
elde edilir. Bu diizlemler sol el kuralina uyan bir molekiilii sag el kuralina uyan bir

molekile cevirirler. Bir ayna diizlemi, diizleme dik olan bir dénili tersleme
eksenine dzdestir (Sekil 4.2).
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X~z

ayna diizlemi

merkezi

Sekil 4.2. 2-kath dénme-tersleme simetrisi ya da ayna diizlemi.

4.2_ UzAY SIMETRISI

Nokta simetri islemlerinin 6telenmeler ile kombinasyonu sonucunda uzay simetri

islemleri elde edilir.
4.2.1. n-KATLI EGIK EKSEN SIMETRISI

n, ile gosterilir.Once (360/n)° lik bir doni yapilir. Daha sonra dénme eksenine
paralel eksende &telenmeyi igerir. Otelenme miktan r/n kadardir. Bu iglem Sekil
4.3 de gosterilmigtir.

4.2.2. KAYMA DUZLEM SIMETRISI

Burada otelenme ve ayna islemleri sdz konusudur. islem Sekil 4.4 de
g6steriimigtir. Kayma belli bir 6rgii vektériine paralel olmalidir. Hiicre kenarina
paralel 6telenmeye baglh olan kayma diizlemleri a-kaymasi, b-kaymasi, c-kaymasi
olarak adlandinhir. Alternatif olarak kayma diagonal yiize paralel olabilir.1/2 ve 1/4

disinda hicbir kayma iglemi kesirsel ételeme bilegeni icermez. 1/4 olani ise bazi
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primitif olmayan yapilarda cisim diagonal kaymalarda gorilir. Bu yiizden
otelenmeler birim hiicre - kenan boyunca tekrarlama uzakhgmin yansi kadar

oimalidir.

Cesitli saf dondleri, doni-terslemeleri, egik eksenler ve kayma diizlemlerini ii¢
boyutlu érgllerin geometrik gereksinimleri ile uyusumiu olacak sekilde 230 yolla
kombine etmek miamkiindir. Bu sekilde 230 tane Gi¢ boyutiu uzay grubu dogar. Bu
kombinasyonlar 19.ylizyiin son iki yansinda bulunmustur. Kristallerin yapisini
aragstrmak icin kinmim yéntemlerinin kullaniimaya baglamasindan beri binlerce
kristalin uzay grubu belirlenmig ve tamamen olmasa da ¢odu uzay grubunun
gosterimi bulunmustur. '
?b
- =10

x 1+pyz

-, W2+y =

Sekil 4.3. 2-kath egik eksen simetrisi.
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xy.z x 1+y,z

1

x2+y,.2

2.

\ 33

1
X, EY ¥y,—2

Sekil 4.4. c eksenine dik kayma dizlem simetrisi.
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5. KRISTAL YAPI ¢OZzOMU

5.1. ELEKTRON YOGUNLUGU

Ug boyutta bir kristalin gorintiisiinii olugturmak igin Fourier serileri kullanilir.
Fourier serileri; dlizenli periyodik fonksiyonlara uygulanabilir. Kristaller; periyodik
olmalan nedeni ile elektron yogunlugu fonksiyonu, Fourier serileri tlriinden
yazilabilir. Birim hacimdeki elektron sayisi ya da x, y, z noktasindaki elektron

yogdunlugu;

1 o
pixy2) =173, 3 3 Fyyge 20t (5.1)
h k 1

ile verilir. Burada Fpy, h, k, | seti igin yapi faktorti, V birim hiicre hacmidir. Bu
durumda yap) faktérg;

Fhi= Iv p(x, y, z)e>xy+z) gy (5.2)

olarak yazilabilir. O halde gergek uzaydaki elektron yodunluklari, ters orgl
uzayinda yapi faktdrlerine kargi gelmektedir. Yapi faktdrl igin verilen Es 3.8
kullanilirsa elektron yogunlugu;

p(X.y,z) = %ZZ 2|Fhkl| @ iL2n(hxrky+1z)-0na] (5.3)
h k |1

olacaktir. Bu durumda, yapi faktéri genligi ve faz agisti bilinirse x, y, z noktasindaki
elektron yogunlugu bulunabilir. Bu sekilde ¢ boyutlu elektron yoduniuk haritalari
elde edilmis olacaktir. Bu haritalarda elde edilen piklerden atom konumiari
belirlenebilir. Elektron yogunluk haritalarinin genel &zellikleri, yapi faktéri
genliklerinden ¢ok faz agisina baghdir. X-igint kirnimi deneyleri ile yapi faktériintin
genligi direkt olarak elde edilebilir. Ancak faz acgisinin dogrudan deneysel olarak

elde edilmesi mimkin degildir.
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5.2. DIREKT YONTEMLER

Direkt yontemlerde, yapi faktérlerinin fazlar faz bagintilan yardimi ile dogrudan
gozlenen yapi faktérlerinin genliklerinden elde edilir. Yapi fakt6rlerinin genlikleri ve
fazlari arasinda iligki kurulurken matematiksel bagintilar yaninda iki fiziksel temel

dikkate alinir:

1. Elektron yogunlugu fonksiyonu higbir yerde negatif olamaz. Bir elektronun
uzayda belli bir yerde bulunma olasiligi sonlu bir dederdir. Sifir olabilir ama
negatif olamaz.

2. Elektron yogunlugu haritalari atomlarin bulundugu konumlarda yiiksek degere

sahiptir. Onun diginda hemen hemen sifirdir.

Simetri merkezine sahip yapilarda; simetri merkezi fazlarin hesaplanmasinda orijin
noktasi olarak alinir. Bu durumda faz agisi, 0° veya 180° olabilir. Simetri merkezi
olmayan yapilarda ise faz agisi 0°-360° arasinda degisecektir.Bir birim hiicrede
orijin olarak segilebilecek birden fazla nokta belirlemek mimkindir. Her bir uzay
grubu igin orijin olarak secilebilecek noktalar International Tables, Vol. IV’ de
(1974) verilmigtir.  Orijin  konumunu bir simetri merkezinden digerine
kaydirdigimizda, bu durum yapi faktért fazlarini etkileyecektir. Buna gore, yapi
faktérlerinin  fazlarinin  belirlenmesindeki dogruluk, orijinin dogru olarak
belilenmesi ile saglanir. Orijin segiminden ve o&telenmelerinden etkilenmeyen
fazlara “yvapi degismezleri”, orijin se¢iminden bagimsiz, fakat orijin
otelenmelerinden etkilenen fazlara ise “yapi yari degigmezieri” denir. Yapi

degismezinin en basit érnegi |Fhk1| dir. CUnk orijinin degismesinden bagimsizdir.

Diger taraftan yapi faktériiniin kendisi bir yapi dedismezi degildir. Her uzay grubu
icin mimkiin olan belli sayida orijin vardir. Simetri merkezi olan kristallerde
mimkin orijin sayisi sekizdir. Bunlar (0,0,0), (1/2,1/2,1/2), (1/2,1/2,0), (1/2,0,1/2),
(0,1/2,1/2), (1/2,0,0), (0,1/2,0), (0,0,1/2)’ dir.

Farkli yap! faktorleri, atomik sagcma faktériniin 0 yansima agisina bagliliindan

dolayr karsilagtirimazlar. Ayni zamanda 6 acisi biytdikge IFhkll degeri
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kiigllmektedir. Bundan dolay: direkt yéntemlerde Eyy ile verilen normalize yapi

faktérleri kullanilir.

Fu|?
|Ehk||= N (5.4)
3
2f

2
le veriir. @ nin bitiin degerlert igin { | Eye|” )=1 dir. Gankii { | Byl ), = .f, (8
=1

olacaktir.Normalize edilmig yap faktérl icin en genel ifade;

1 N 2mi(h I
EHKL =__N = ije T X1+kYJ+Z]) (5.5)

[2 ff] i

=

olacaktir. O halde normalize yapi faktéri 0° dan bagimsiz olup, sadece atomlarin

dlUzenlenigine ve atom sayilarina baghdir.

Simetri merkezi olmayan yapilarda, faz agilari igin yaklagik degerleri tliretmek
amaciyla;

On =< Opk + 0k >k (56)

bagintisi kullanilir. Burada H —h4,ky,li ,K—hoko,lo, ¢ yapi fakidri faz agisi, < >¢

ise tim K degerleri (izerinden toplama yapildigini gésterir.Bilinen faz giftleri ¢ ve

o1k olmak tzere bilinmeyen faz agilari tanjant badintisi ile bulunur.Bu bagint;

ZIEK "EH—K |Sin(¢K + 0 )

T - K 5.7
A ZIEK "EH—K |C°S(¢K + k) 57
K

ile verilir. Baglangigta verilen fazlara bu baginti uygulanarak yeni fazlar elde edilir.

Her adimdan sonra elde edilen yeni fazlar baglangi¢ kimesine eklenerek tanjant
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bagintisi uygulanir. Bu iglem bitin yansimalarin fazlarn bulunana kadar devam

eder.

llke olarak bir direkt yontem uygulamasi dogrudan dogruya yapi ¢6zimina verir.
Bu ydntemin basarisi, faz belifremede gi¢li yansimalarin secilmesine ve yapinin

cok fazla blytk olmamasina baghdir.
5.3. ARITIM

Bir kristal yapi analizinde, yapidaki atomlarin konumlari belirlenerek 6rnek yapi-
modeli olusturulur. Modelin dogrulugu gézlenen ve hesaplanan yapi genliklerinin
uyusumundan anlasilir. Bu uyusumu, uyum (discrepancy) indisi olarak bilinen R
indisi gbsterir. R indisi;

%lthes(hkl)l — [Fg (hich)]

R=
2, [Fog (hid)
hid

(5.8)

ile tanimlanir. R degeri 0.03-0.07 arasinda ise ¢ok iyi tanimlanan bir yapinin elde
edildigi s6ylenebilir. Ancak yapida bir ya da daha ¢ok agir atom varsa, bu atomlar
yapi faktéri hesaplamasinda dolayisi ile R Uzerinde etkili olacaklardir. Bu
durumda hafif atomlarin yerleri hatali olacaktir. Dolayisyla bazi dogru olmayan

yapilarda, disiik R dederleri g6zlenebilir.

Aritim isleminde “Fark Fourier Metodu” ve “En Kii¢lik Kareler Metodu” yéntemleri
kullanilir.

5.3.1. FARK FOURIER METODU

Modelimizde atom dogru yerde degilse elektron yodunlugu haritasinda karsi gelen
pik normalden daha disik olacaktir. Diger taraftan atom dodru konumda degil,
ancak yakininda ise, kargi gelen pik dogru konuma kaydinlabilir. Birim hicre

icinde bir (x,y,z) noktasinda go&zlenen elekiron yogunlugu ile kristal yapi
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modelinden hesaplanan elektron yogunlugu arasindaki fark,8l¢tlen ve hesaplanan

yapi faktérlerinin faz agilari ayni alinir ise;

1 o .
Ap(x,Y:2) =17 X, 3 ¥ [y (ki) ~Foos (Ml)] © 2ri(hxriayiz) g oKD (5.9)
h k |

olacaktir. Hesaplanan ve d&lglilen elektron yogunluklarinin birbirine esit olma
durumunda modelin gergek yapiya uygun oldugu soyienebilir. Gergek yapi ile
model tamami ile uyugum iginde ise fark haritasinda higbir pik gézlenmez. Fark
haritasinda bir pikin ya da gukurun gézlenmesi, modelde bir hata oldugunu
gosterir. Sekil 5.1" de atomik konumlarin ve sicaklik faktériinin dizeltiimesi igin
fark haritasinin nasil kullanildigini gérlyoruz. Fark haritalarinda bir pik (pozitif
elektron yogunluguna sahip bir b&lge) modelde o konumda yeterince elektron
yogunlugu olmadigini gésterirken bir gukur (negatif elektron yogunluguna sahip bir
bélge) o konumda fazla elekiron yogunlugu oldugunu gésterecektir. Sekil 5.1(a)
da yanlis bir konumda bulunan atom igin fark haritasini gérmekteyiz. Bu durumda
atom pozitif pike dodru kaydirilmalidir. Sicakhk faktért etkisi ise Sekil 5.1(b)’ de
goriilmektedir. Sicaklik faktéri ¢cok kigik ise elektronlar gergek hacimden daha
kiicik bir hacim igine sikigirlar ve bdylece elektron yogunlugu ¢ok biylyecektir.
Bu durumda atomik konumda bir gukur gézlenilir. Sicaklik faktérii ¢ok biiylk ise
elektron yogunlugu kugulir ve atomik konumda bir pik gézlenir.

a) . b)
atom hareketi —

- Pgsz

phas _.__y'.

S

Ap=(pgsz-
p={pgezPhes) Ap=(pgsz-Phes)
Sekil 5.1. Elektron yogunlugu fark haritasi ile dogru olmayan konum(a) ve sicaklk

faktoru etkilerinin(b) aritimi
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5.3.2. EN KUCUK KARELER METODU

En kiligik kareler metodu, Her nokta cevresinde deneysel hatalar olmak lizere bir
seri noktadan gegen en iyi dogruyu bulmak igin kullanilir. Dogrudan sapmalarin
karelerinin toplami bir minimum olacak sekilde en uygun dogru denklemi bulunur.
Tabii ki her nokta agirliklandirilabilir. Bir élgiimin digerlerinden daha dogru oldugu
dustnultrse agirigi daha fazla olacaktir. Agirliklar standart sapma karesi ile ters
orantilidir. Bu metodun tanimlanmasi! gereken parametrelerden ¢ok daha fazla
miktarda veri oldugu zaman kullaniimasi uygundur. Gézlenen ve hesaplanan yapi

faktorleri arasindaki fark |F5|9 (hkl)| ~ [Fhes (NKI)| olmak tizere, bu farki belirleyen bir

fonksiyon tanimlanir. Bu fonksiyon;

Q=" Wi (Fig (kD] — [Fes (kD)) (5.10)
hkl

ile verilir. Burada whq , Fag(hkl) icin agirhik faktéridir. Standart sapma (Whia) 2 ile
verilir. Burada esitlii minimum yapan parametre degderlerinin belilenmesi igin bu
esitligin degisken parametrelere gére tirevinin alinip sifira egitlenmesi gerekir. N
tane parametre var ve m tane 6lgim yapilmigsa Q' nun minimum olma sartindan n
tane denklem bulunur.Q’ nun minimum olma sartinda kullanilan parametreler
atomik pozisyonlar (x;y;,z), sicaklik parametreleri (atom bagina 6 tane) ve skala
faktéradir. O halde N atom igin, 9N+1 tane parametre olacaktir.

Yapilan olgiimlerde sistematik hatalarin da olabilecedi dikkate alinmalidir.
Sistematik hatalari en aza indirmenin yolu ilgilenilen 6zellik ile ilgili birgok Slgim
yapmak ve degisik metodlar denemektir. Sistematik hatalarin bilinen birkag

kaynag vardir:

a) Saciima faktoér egrileri normal olarak kiiresel simetrik olarak dugutndidr.
Ancak bu bagl atomlar i¢in dogru degildir.

b) Kristal iginde bazi molekillerin hareketi oldukga karmasiktir. Eger hareket
sezilebilirse, her atom hareketi igin genel elipsoidal yaklagim basitlestirilir.

c) Prensipte ihmal edilebilecek pek gok hata (sogurma veya aletsel etkiler) pek

dikkate alinmaz.
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d) Bazen kinnim demeti, iki diizlem art arda yansitacak konumda iken kristal

icinde yeniden kirinima ugrayabilir.

5.4. SHELX PROGRAMI

Shelxs ve Shelxl programlari sirasiyla kristal yapi ¢6zimd ve aritimini yapan
programlardir. Bu programlari galigtirmak igin sadece iki girig dosyasi yeterlidir.
Bunlar atom tanitim dosyalari ve kirinim verileridir. Shelxs programi igin tanitim
dosyasi, kristal verileri ve aritim komutlarini igeren isim.ins dosyasidir. Bu
komutlar sirasi ile:

TITL Baglik

Baslik girilir.

CELLA,a,b,c, 0, B,y

X-1ginlart dalga boyu ve birim hiicre parametreleri yazilir.

ZERR Z esd(a), esd(b), esd(c), esd(a), esd(B), esd(y)

Z degeri ve birim hiicre parametrelerinin standart sapmalan yazilir.

LATT N

Orgli tipi yazilir. Her 6rgu tipi igin ayri bir N degeri vardir.

SYMM

Simetri operasyonu satindir

SFAC Element

Yapida bulanan elementlerin sembolleri yazilir. Siralama hafif atomdan agir
atoma dogru yapilir.

UNIT N1, N2

Yapidaki atom tirleri sayisi SFAC sirasiyla verilir.

TREF np

Direkt metod uygulanmasi igin kullanilan komuttur.np parametresi uygulanacak
direkt metodlarin sayisi olarak girilir.

HKLF N

Isim.hkl dosyasindan HKLF 3 oldugunda h, k, I, Fo ve o(Fo), HKLF 4 oldugunda
h, k, I, Fo® ve 6(Fo?) okunur.

END

Programi sonuglandirir,




seklinde verilir. Shelxs programi sonuglandijinda program olasi atom
koordinatlarini belirler ve bu koordinatlar kullanilarak yeni bir isim.ins dosyasi

olusturulur. Bu dosya, Shelxl programi igin tanitim dosyasidir.

Shelxs ve Shelxl programlan igin kirinim veri dosyasi (isim.hkl), standart Shelx
formatinda, h, k, |, F? ve o(F?) degerlerini igerir. Shelxl programi esdeger
yansimalari ve sistematik olarak mevcut olmayan yansimalari eler. Isim.ins
dosyasindaki HKLF komutu ile isim.hkl dosya okunur. Bu komut isim.hkl
dosyasinin formatini belirler. Skala faktdrlerinin ve re-oryantasyon matrisinin
uygulanmasina izin verir. Lorentz, polarizasyon ve sodurma dizeltmelerinin .hkl
dosyasina uygulandigi varsayilir. Bu dosyada yansimalarin mertebesi &nemli
degildir. Program “shelxl isim” komutu ile galigtirilir (Sekil 5.2).

Shelxl otomatik olarak sistematik olarak mevcut olmayan yansimalar atar.
Yansima verilerinin siralanmasi ve dilizenlenmesi MERG komutu ile yapilir.
MERG2 default degeri kiigiik molekdller igin uygundur ve bu komut ile esdeger
yansimalar siralanir ve bunlarin indisleri standart simetri egdegerlerine gevrilir.
Rint ve Rsigma degerleri:

" [P () = P onaiama) (NK)
hkl

R = 5.11
t > [F2, (k) &10
hki
%|G(F§Q(hkl)]
sigma — 5.12
’ %IF&Q(th)I (512

olarak tanimlanir. Rirt ve Rsigma degerlerinin kliglik olmasi hkl diizlemlerinden gelen
yansima giddetlerinin iyi kalitede oldugunu gbsterir. G(Fg,g (hkl)); Fak;z’deki standart

sapma degeridir. Agirlikli R degeri;

Y Wit (Fetg (kD) = [Fres (D))
_ hk
S Wi Fug i) (&13)
hkl
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ile verilir. Baglangigta dogru bir faz seti ainmamig ise dogru deneme yapisi alinir.
Model dogru dedil ya da kismen dogru ise R kabul edilebilir bir degerin aitina
dismez.

Ancak daha Gnceden bahsettijimiz gibi R degerinin yapt analizinde anlamh
kalmadir durumlar mevcuttur. Birim agirikta g6zlenen hata deferi GOF
(goodness of fit)degeri olarak tanimianir. Genel ifadesi;

ins .kl

EDIT,

st

e SHELXL

fcf

.cif

CIFTAB

Sekil 5.2. Shelxl programi giri$ ve ¢ikig dosyalar:.

\[ 5 WK {Foas ()| For ()]
| bt
GOF= Serbetlik derecesi o

Serbestlik derecesi; Yansima sayisi-Antilan toplam parametre sayisi olarak verilir.
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SHELX97 programinda WGHT su sekilde tanimtanir(Sheldrick, 1998):

1

= . ) 5.15
lo%(F,?) + (@P)? +bP] ©19)
seklinde tanimlanir. Burada P;
2 : 2
P 2F; +maksimum(F;,0) (5.16)

3

ile verilir. Programda;

WGHT ab

olarak kullanilir. Antim tam olarak bitene kadar a=0.1 ve b=0 olarak alinir.
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6. KRISTALLER VE YAPI GOZUMLERI

10 adet tek kristalin verileri toplaniimig ve bunlar degerlendirilmigtir. Molekullerin

cizimleri icin Ortep3 (Farrugia, 1997) kuilaniimistir.

6.1. 1,5-Di[N-2-oksifenil-salisiliden]-3-oksapentan (C3oH23N205)
KRISTAL YAPISININ ARITILMASI

Bilesik; 2-Hidroksi Schiff bazi ligandi formundadir. Bu tip ligandlar esas olarak (O-
H..N ve O...H-N) tipi hidrojen baglarinin ve fenol-imin ile keto-amin formiar

arasinda tautomerism bulunmasi nedeni ile ilgingtirler.

Yapi direkt yontemler ile ¢dztlmusttr [(Sheldrick, 1990), SHELXS86]. H1 ve H5
atom konumlari fark Fourier sentezinden bulunup, izotropik olarak aritilirken diger
hidrojen atomlari baglh olduklan atomlardan 0.95 A mesafede geometrik olarak
hesaplanmig ve bir bindirme modeli kullanilarak aritiimiglardir. Hidrojen disi
atomlar ise anizotropik olarak aritiimiglardir.

C3oH2sN2O5  kristaline ait parametreler ve aritima iligkin veriler asagidaki
cizelgelerde(Cizelge 6.1-6.6), ORTEP3 cizimi ise Sekil 6.1’ de verilmistir.

Cizelge 6.1. C3oH25N205 kristalinin giddet verilerinin toplanmasi, yapinin
gOzililmesi ve aritiimasina ait parametreler.

Kristal verisi
CaoH2sN20s D,=1.28 g/cm®
M,=496.57 Cu(K,) radyasyonu(A=1.54184 A)
Monoklinik, P24 Huicre parametrelerinin saptanmasinda

kullanilan yansima sayisi (25)

a=15.336(1)A 6=19-43°
b=5.735(1)A w(CuKy)=0.67 mm"
c=15.679(2)A T=293K
B=110.91(1)° Turuncu, blok
V=1288.0(3)A° 0.20x0.25%0.30 mm
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Z=2
Veri Toplama

Enraf-Nonius CAD-4 Difraktometresi Omaxs=74.3°
w/20 taramasi h=-19,17
Sogurma Dizeltmesi=Psi Scan k=0,7
Tmin=0.841 Tmak=0.998 I=0,19

Olgiilen yansima sayisi=2764
Bagimsiz yansima sayisi=2764
F>306(F) olan yansima sayisi=1823 3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1

Antim

F antimi Hidrojen atomlari i¢in sinirlandiriimig
R(F)=0.034 aritimlar uygulanmisgtir.

wR(F)=0.035

S=0.98 (A/6)maks=0.02

Apmaks=0.10 eA™®
Apmin= '0.07 eA-a

1823 yansima

362 parametre

Cizelge 6.2. CyoHosN2O2 kristaline ait kesirsel atom koordinatlari ve
esdeger izotropik yerdegistirme parametreleri(A?).

Atom X y z Bes(A%)
o1 0.1178(2) _ 0.3468(5) _ 0.7000(2)  6.01(6)
02  0.3685(1) 04921(5) 0.7950(1) 5.34(6)
03  0.4001(1) 0.2553(5) 0.9846(1) 5.84(6)
04  02163(1) 0.1083(5) 0.9830(1) 5.51(6)
05  0.3180(2) 0.0627(6) 1.2160(2) 7.09(7)
N1 02172(2)  0.6849(6) 0.6738(2) 4.77(7)
N2  0.1969(2) -0.1915(6) 1.1003(2) 4.25(6)
C1 0.0422(2)  0.4794(7) 0.6561(2) 4.48(8)
C2  -0.0461(2) 0.3949(7) 0.6465(2) 5.49(9)
C3  -0.1241(2) 0.5254(8) 0.6015(2) 5.8(1)

C4  -0.1168(2) 0.7405(8) 0.5659(2) 5.52(9)
C5  -0.0301(2) 0.8264(7) 0.5755(2) 4.95(8)
C6  0.0504(2) 0.6988(6) 0.6216(2) 4.13(7)
C7  0.1410(2) 07981(7) 0.6341(2) 4.67(8)
C8  0.3054(2) 0.7831(7) 0.6843(2) 4.77(8)
Co  0.3177(2) 0.9727(8) 0.6354(2) 6.3(1)

C10  0.4054(2)  1.0534(9) 0.6457(2) 6.9(1)

C11  0.4822(2) 0.9426(9) 0.7046(2) 6.6(1)
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C12  04726(2) 0.7555(9) 0.7550(2) 5.9(1)
C13  0.3843(2) 0.6730(7) 0.7460(2) 4.83(8)
C14  0.4493(2) 0.3774(8) 0.8579(2) 5.7(1)
C15  04179(2) 0.1862(8)  0.9055(2) 5.75(9)
C16  0.3207(2) 0.3996(7) 0.9695(2) 5.50(9)
C17  02297(2) 02786(7) 0.9211(2) 5.14(8)
C18  0.1440(2)  -0.0444(7) 0.9485(2) 4.53(8)
C19  0.0813(2) -0.0392(7) 0.8586(2) 4.96(8)
C20  0.0106(2) -0.2029(8) 0.8309(2) 5.14(8)
C21  0.0005(2) -0.3657(8) 0.8894(2) 5.37(9)
C22  0.0617(2) -0.3696(7) 0.9799(2) 4.86(8)
C23  0.1341(2)  -0.2098(7) 1.0097(2) 4.18(7)
C24  0.2060(2) -0.3445(7) 1.1622(2) 4.61(8)
C25  0.2679(2) -0.3055(7) 1.2550(2) 4.41(8)
C26  02758(2) -0.4635(9) 1.3229(2) 6.3(1)
C27  0.3343(2) -0.429(1)  1.4120(2) 6.9(1)
C28  0.3874(2) -0.2314(9) 1.4326(2) 6.7(1)
C29  0.3817(3) -0.0687(9) 1.3680(2) 6.7(1)
C30  0.3221(2) -0.1014(7) 1.2778(2) 5.23(9)
H21  -0.051 0.250 0.673 7.3
H31  -0.184 0.466 0.594 7.0
H41  -0.171 0.831 0.535 6.8
H51  -0.025 0.974 0.550 6.3
H71  0.144 0.951 0.613 5.9
Ho1  0.264 1.050 0.594 8.2
H101 0.414 1.183 0.612 7.9
H111  0.543 0.997 0.713 8.5
H121  0.526 0.679 0.796 7.2
H141 0.486 0.485 0.902 7.0
H142 0.486 0.316 0.825 7.0
H151  0.361 0.128 0.863 7.3
H152  0.463 0.066 0.922 7.3
H161 0.326 0.531 0.934 7.4
H162 0.322 0.451 1.028 7.4
H171  0.180 0.388 0.906 6.6
H172  0.230 0.206 0.867 6.6
H191 0.087 0.077 0.818 6.2
H201  -0.032 -0.202 0.769 6.3
H211  -0.048 -0.479 0.869 6.8
H221  0.053 -0.479 1.022 6.2
H241 0.171 -0.484 1.147 5.3
H261 0.238 -0.599 1.308 7.6
H271  0.339 -0.541 1.458 8.3
H281 0.428 -0.206 1.494 8.9
H291 0.422 0.064 1.383 7.8

H1 0.171(3) 0.41(1) 0.705(3)  13(2)
H5 0.270(2) 0.008(9) 1.152(2)  12(1)
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Cizelge 6.3. CyoH2sN2O. kristaline ait anizotropik yerdegistirme parametreleri(A®).

Atom U11 U22 U33 U12 U13 U23

o1 0.074(1) 0.058(2) 0.087(1) 0.004(1) 0.016(1) 0.019(1)
02 0.053(1) 0.076(2) 0.072(1) 0.010(1) 0.020(1) 0.011(1)
03 0.059(1) 0.088(2) 0.065(1) 0.003(1) 0.018(1) 0.001(1)
04 0.064(1) 0.079(2) 0.057(1) -0.022(1) 0.011(1) 0.007(1)
05 0.092(2) 0.081(2) 0.075(1) -0.031(2) 0.003(1) 0.007(2)
N1 0.060(1) 0.064(2) 0.052(1) -0.003(2) 0.015(1) 0.001(1)
N2 0.048(1) 0.062(2) 0.050(1) -0.003(1) 0.015(1) -0.000(1)
C1 0.064(2) 0.049(2) 0.051(1) -0.002(2) 0.013(1) -0.004(2)
c2 0.077(2) 0.061(2) 0.065(2) -0.017(2) 0.018(1) -0.007(2)
Cc3 0.061(2) 0.081(3) 0.070(2) -0.015(2) 0.011(2) -0.015(2)
c4 0.062(2) 0.076(3) 0.062(2) 0.008(2) 0.010(1) -0.003(2)
C5 0.071(2) 0.061(2) 0.053(1) 0.007(2) 0.019(1) 0.004(2)
Cé 0.060(1) 0.049(2) 0.047(1) -0.003(2) 0.017(1) -0.003(2)
c7 0.070(2) 0.055(2) 0.054(1) 0.002(2) 0.025(1) 0.001(2)
c8 0.061(2) 0.069(2) 0.051(1) -0.006(2) 0.020(1) -0.003(2)
c9 0.073(2) 0.093(3) 0.066(2) -0.016(2) 0.016(2) 0.015(2)
C10 0.088(2) 0.104(3) 0.071(2) -0.025(3) 0.028(2) 0.009(2)
C11 0.075(2) 0.106(3) 0.077(2) -0.023(2) 0.037(1) -0.011(3)
C12 0.060(2) 0.094(3) 0.074(2) 0.003(2) 0.027(1) -0.003(2)
C13 0.063(2) 0.067(2) 0.058(1) -0.002(2) 0.026(1) -0.007(2)
C14 0.057(2) 0.094(3) 0.064(2) 0.021(2) 0.019(1) 0.003(2)
C15 0.065(2) 0.075(3) 0.073(2) 0.021(2) 0.019(1) 0.008(2)
C16 0.074(2) 0.065(2) 0.075(2) -0.007(2) 0.032(1) -0.007(2)
c17 0.059(2) 0.066(2) 0.070(2) -0.004(2) 0.023(1) 0.012(2)
c18 0.053(1) 0.063(2) 0.054(1) -0.007(2) 0.016(1) -0.004(2)
C19 0.059(2) 0.076(3) 0.050(1) -0.008(2) 0.016(1) -0.001(2)
C20 0.061(2) 0.079(3) 0.051(1) -0.010(2) 0.015(1) -0.008(2)
c21 0.060(2) 0.075(2) 0.064(2) -0.021(2) 0.016(1) -0.013(2)
c22 0.061(2) 0.064(2) 0.060(2) -0.011(2) 0.022(1) -0.003(2)
C23 0.049(1) 0.060(2) 0.051(1) 0.000(2) 0.020(1) -0.002(2)
C24 0.054(1) 0.057(2) 0.063(2) -0.003(2) 0.019(1) 0.001(2)
C25 0.047(1) 0.065(2) 0.055(1) 0.007(2) 0.017(1) 0.006(2)
C26 0.074(2) 0.091(3) 0.070(2) 0.005(2) 0.020(2) 0.018(2)
c27 0.082(2) 0.115(4) 0.062(2) 0.017(3) 0.021(2) 0.024(2)
C28 0.070(2) 0.116(4) 0.058(2) 0.021(3) 0.012(2) -0.005(2)
C29 0.077(2) 0.094(3) 0.070(2) -0.004(3) 0.007(2) -0.013(3)
C30 0.057(2) 0.078(3) 0.059(2) 0.003(2) 0.015(1) -0.000(2)
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Cizelge 6.4. CxoHzsN20» kristaline ait atomlar arasi bag uzuniuklar(A).

02 Ci3 1.364(5) C5 H51 0.950
02 C14 1.438(4) cé c7 1.447(5)
03 C15 1.417(5) c7 H71 0.950
03 C16 1.420(4) c8 co 1.381(6)
04 C17 1.442(5) c8 C13 1.400(4)
04 c18 1.364(4) co C10 1.376(5)
05 C30 1.335(5) C9 H91 0.950
05 H5 0.950(2) C10 C11 1.367(5)
N1 c7 1.288(4) C10 H101 0.950
N1 c8 1.421(4) c11 c12 1.372(6)
N2 c23 1.408(3) C11 H111 0.950
N2 C24 1.277(4) c12 C13 1.393(5)
C1 c2 1.395(5) c12 H121 0.950
C1 C6 1.394(5) C14 C15 1.501(8)
C1 o1 1.349(4) C14 H141 0.950
c2 c3 1.373(5) C14 H142 0.950
c2 H21 0.950 C15 H151 0.950
c3 C4 1.375(6) C15 H152 0.950
c3 H31 0.950 C16 C17 1.500(4)
c4 C5 1.373(5) C16 H161 0.950
c4 H41 0.950 C16 H162 0.950
Cc5 Cc6 1.395(4) C17 H171 0.950
C17 H172  0.950 C24 H241 0.950
c18 c19 1.395(4) C25 C26 1.373(6)
C18 C23 1.396(5) C25 C30 1.403(5)
C19 C20 1.382(5) C26 c27 1.378(4)
C19 H191 0.950 C26 H261 0.950
C20 c21 1.356(6) C27 c28 1.365(7)
C20 H201 0.950 c27 H271 0.950
c21 c22 1.394(4) C28 C29 1.359(6)
c21 H211 0.950 C28 H281 0.950
C22 c23 1.386(5) C29 C30 1.394(4)
C22 H221 0.950 C29 H291 0.950
C24 C25 1.443(4) o1 H1 0.950(3)

Cizelge 6.5. CxHosN2O2 kristaline ait atomlar arasi bag agilari (°).

C13
C15
C17
C30
C7
Ca23
c2
c2

02
03
04
05
N1
N2
C1
C1

C14
C16
C18
H5
C8
C24
Cé6
O1

116.8(3)
116.0(2)
117.3(2)
118.6(3)
121.3(3)
124.3(3)
119.4(3)
118.8(3)

C1
C5
N1
N1
C6
N1
N1
C9

Cé6
Cé6
Cc7
C7
C7
C8
C8
C8

C7
C7
C6
H71
H71
Co
C13
C13

121.2(3)
119.6(3)
121.9(3)
119.0

119.0

124.0(3)
116.9(3)
119.0(3)
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C6 C1 o1 1218(3) C€C8 C9 C10  121.3(3)
C1 c2 Cc3 12004) €8 C9 H9l  119.3
C1 c2 H21 119.3 Ci0 C9 Hol  119.4
C3 c2 H21 120.7 ce C10 Ci11  119.6(4)
c2 c3 c4 121.08) €9  C10 H101 1217
c2 c3 H31 119.8 C11 C10 Hiol 1186
C4 c3 H31 119.2 C10 Ci1 Ci12  120.6(4)
C3 C4 C5 119.5(3) C10 C11  Hi11 1206
C3 c4 H41 121.0 C12 C11 Hi11 1188
C5 c4 H41 1195 Ci1 C12 C13  120.4(3)
C4 C5 o) 1209(4) C11 C12 Hi21 120.1
C4 C5 H51 119.5 C13 C12 Hi21i 1195
C6 C5 H51 119.6 02 Ci3 Cs8 116.7(3)
C1 Cé C5 1192(8) 02 Ci13 C12  124.2(3)
c8 Ci3 C12  119.1(4) Ci16 C17 H171 1096
02 C14 C15  1089(8) Ci16 C17 Hi72 1105
02 C14  H141 1100 H171 C17 H172 1095
02 C14  H142 109.3 04 Ci18 C19  123.8(3)
Ci5 Ci14 H141 1086 04 Ci18 C23 115.8(2)
Ci5 C14 H142 1105 C19 C18 €23  120.3(3)
H141 C14  H142 1095 c18 C19 C20  118.9(3)
03 Ci5 Ci14  1153(@3) C18 C19 H191 120.1
03 C15  H151 107.6 C20 C19 Hi191 1209
03 C15 H152 108.8 C19 C20 C21  121.4(3)
Cl4 Ci15 Hi51 1062 C19 C20 H201 1194
C14 Ci15 Hi152  109.3 C21 C20 H201 1192
Hi51 C15 H152 1095 C20 C21 C22  120.2(3)
03 cCil6 C17  1137(3) ©€20 C21 H211 120.1
03 C16  H161 1083 C22 C21 H211 1197
03 Ci6 H162 107.3 C21 C22 C23  120.0(3)
Ci7 C16 H161  109.1 C21 C22 H221 1204
C17 C16 Hi162 1089 C23 C22 H221 1196
H161 C16  H162 109.5 N2 C23 C18 116.1(3)
04 C17 Ci6  1076(2) N2  C23 C22 124.6(3)
04 C17  H171 1085 C18 €23 C22  119.2(2)
O4 C17  Hi172 1110 N2 C24 C25 120.8(3)
N2 C24  H241 1198 C27 C28 C29  121.2(3)
C25 C24 He4i 1194 C27 C28 H281 1193
Co4 C25 C26  1217(3) C29 €28 H281 1195
C24 C25 C30 1203(3) C28 C29 C30  120.5(4)
Co6 C25 C30  1181(8) C28 C29 H291 1198
Co5 C26 C27  1225(4) C30 €29 H291 1196
C25 C26 H261 1186 O5 C30 C25 122.0(3)
C27 C26 H261 1189 O5 C30 C29 118.8(4)
C26 C27 C28  1186(4) C25 C30 C29  119.2(4)
Co6 C27 He7ri 1216 C1 O1 Hi 118.9(3)
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Cizelge 6.6. CgoHasN2O- kristaline ait atomlar arasi burulma agcilari (°).

Ci4 02 Cc13 cs8 17953) C9 C8 Ci13 02 177.7(3)
Cl4 02 Ci13 cCi2 -19(5) C9 €8 Ci13 Ci2 -1.0(5)
C13 02 Ci4 Ci5 17953) €8 C9 C10 Ci1 0.8(6)
Ci6 03 Ci5 Ci4 69.24) C9 C10 C11 C12 -1.6(6)
Ci5 03 Ci6 Ci7 67.6(4) C10 Ci1 C12 C13 1.0(6)
Ci18 04 Ci7 Ci6 171.1@) C11 €12 C13 02  -178.3(3)
C17 04 Ci18 C19 23() ©Ci11 Ci2 Ci13 C8 0.3(5)
Ci7 ©O4 Ci18 C23 1787(3) 02 Cl14 C15 03 -86.3(3)
c8 Ni C7 Cs 179.03) 03 C16 Ci17 04 69.3(3)
cC7 N1 €8 C9 -16.9(5) 04 C18 C19 C20  179.9(3)
C?7 N1 €8 Ci3 1655(3) C23 C18 C19 C20 -1.2(5)
C24 N2 C23 Ci18 170.38) 04 Ci18 €23 N2 3.0(4)
C24 N2 C23 C22 135(5) ©O4 C18 ©C23 C22  179.4(3)
C23 N2 C24 C25 176.1(8) C19 C18 €23 N2  -175.9(3)
c6 C1 C2 C3 14(55) C19 C18 €23 C22 0.4(5)
oOf C1 C2 C3 -179.5(38) C18 C19 C20 C21 0.7(6)
cC2 Ci €6 C5 -19(4) C19 C20 C21 C22 0.5(6)
c2 ©C1 €6 C7 176.9(8) C20 C21 C22 C23 -1.3(5)
Of C1 €6 C5 1789(8) C21 C22 C23 N2 176.8(3)
o1 ©C1 €6 C7 23(4) C21 C22 C23 Ci18 0.8(5)
C1 ©C2 C3 C4 -04(5) N2 C24 C25 C26 177.3(3)
C2 C3 C4 C5 0.15) N2 C24 C25 C30 -2.6(5)
C3 C4 C5 Cb 05(5) C24 C25 C26 C27 -179.9(4)
c4 ©C5 C6 Ci 15(5) C30 C25 C26 C27 0.0(5)
cC4 C5 C6 C7 1773(3) C24 C25 C30 O5 0.6(5)
Ct C8 C7 Ni 32(5) C24 C25 €30 C29 -179.7(3)
C5 C6 C7 Ni -1780(8) C26 C25 C30 05  -179.3(3)
NI C8 C9 C10 -177.08) C26 C25 C30 C29 0.4(5)
C13 C8 C9 C10 0.5(5) C25 C26 C27 C28 -1.0(6)
N1 C8 Ci3 02 47(4) C26 C27 C28 C29 1.4(6)
N1 €8 Ci3 Ci2 1766(3) C27 C28 C29 C30 -1.0(6)
C28 C29 C30 C25 0.1(6) C28 C29 C30 O5 179.8(4)
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Sekil 6.1. C3gHzsN205 molekiliinin ORTEP3 ¢izimi (Sicaklik titregim elipsoidleri
%50 olasilikla verilmistir)

6.2. 2,6-Dioksa-14,18-diazatrisiklo [18,4,0,0”'%]-tetrakosa-7,9,11,20, 22,
24(1)-hegzaen (CzH2sN202) KRISTAL YAPISININ ARITILMASI

Bilesik, makrosiklik halkada iki N ve iki O donér atomu iceren N2O, tipi makrosiklik
¢ok digli ligand yapisindadir.

Yapi direkt yontemlerle ¢dztlmustdr [Fair, 1990 (MolEN)]. H51, H61, H121, H141
ve H151 atomlardan konumlari baglandiklari atomdan 0.95A mesafe olacak
sekilde geometrik olarak hesaplanmig ve bindirme modeli kullanilarak
antilmiglardir. Diger hidrojen atomlari, fark Fourier haritasindan bulunmus ve
izotropik olarak, hidrojen digi atomlar ise anizotropik olarak aritiimiglardir.

CooHogN2Oo kristaline ait parametreler ve aritima iligkin veriler asagidaki
cizelgelerde (Cizelge 6.7-6.12), ORTEPS3 ¢izimi ise Sekil 6.2 de verilmigtir.
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Cizelge 6.7. CaoH2sN2O- kristalinin siddet verilerinin toplanmasi, yapinin

¢Ozllmesi ve aritilmasina ait parametreler.

Kristal verisi
Ca20HzeN202 D,=1.182 g/lcm™
M,=326.44 Cu(K,) radyasyonu(A=1.54184 A)
Monoklinik, P2+/a Hicre parametrelerinin saptanmasinda

kullanilan yansima sayisi (25)

a=9.593(1)A 0=15-25°
b=18.143(1)A ) 1(CuKy)=0.57 mm"™
c=10.581(1)A T=293K
B=95.23(1)° Renksiz, blok
V=1834.0(1)A® 0.20x0.25%0.30 mm
Z=4

Veri Toplama
Enraf-Nonius CAD-4 Difraktometresi Omaks=74.3 °
w/20 taramasi h=-11,11
Sogurma Dizeltmesi=Psi Scan k= 0,22
Tmin=0.885 Tmac=0.996 I=-13,0

Olgiilen yansima sayisi=3834
Bagimsiz yansima sayisi= 3834

F>3c(F) olan yansima sayisi=2252 3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1
Artim
F arntimi Hidrojen atomlari icin sinirlandirimig
R(F)=0.041 aritimlar uygulanmigtir.
wR(F)=0.048
S=0.94 (A/O)maks=0.01
2252 yansima APmaks=0.16 eA®
301 parametre Apmin=-0.13 eA®
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Cizelge 6.8. CooH2sN202 kristaline ait kesirsel atom koordinatlari ve

esdeder izotropik yerdegistirme parametreleri(A?).

Atom X y z Bes(A®)
C1 0.6585(2)  0.1741(1) _ 0.6298(2)  5.20(5)
Cc2 0.7842(2)  0.1376(1)  0.6978(2)  4.48(4)
C3 0.7791(3)  0.1122(1)  0.8204(2)  5.45(5)
C4 0.8899(3)  0.0765(2)  0.8852(2)  6.42(B)
C5 1.0103(3)  0.0662(2)  0.8287(3)  6.88(7)
C6 1.02003)  0.0912(2)  0.7065(3)  6.29(6)
C7 0.9075(2)  0.1264(1)  0.6417(2)  4.86(5)
c8 0.9199(2)  0.0999(1)  0.4240(2)  5.17(5)
c9 0.9478(2)  0.1381(2)  0.3031(2)  5.89(6)
C10 0.8289(2)  0.1836(1)  0.2439(2)  5.51(5)
c11 0.6092(2)  0.1556(1)  0.1240(2)  4.39(4)
c12 0.6053(3)  0.2213(1)  0.0569(2)  5.47(5)
c13 0.4984(3)  02335(2)  -0.0373(2)  6.58(6)
C14 0.3942(3)  0.1832(2)  -0.0625(2)  7.10(7)
C15 0.3964(3)  0.1194(2)  0.0077(2)  6.08(6)
c16 0.5025(2)  0.1034(1)  0.1018(2)  4.58(4)
c17 05031(2)  0.0341(1)  0.1791(2)  5.22(5)
cis 0.3430(2)  0.0793(1)  0.3284(2)  5.02(5)
c19 0.3264(2)  0.0945(1)  0.4667(2)  5.19(5)
c20 0.4266(2)  0.1502(1)  0.5299(2)  5.45(5)
N1 0.5675(2)  0.12089(9) 0.5591(2)  4.30(4)
N2 0.4745(2)  0.0422(1)  0.3119(2)  4.55(4)
o1 0.7148(2)  0.13482(9) 0.2125(1)  5.45(3)
02 0.9200(2)  0.15411(9) 0.5215(2)  5.92(4)
H1 0.558(2) 0.080(1) 0.606(2) 6.7(6)
H2 0.541(2) 0.065(1) 0.353(2) 4.3(4)
H11 0.607(2) 0.201(1) 0.695(2) 6.6(6)
H12 0.685(2) 0.211(1) 0.564(2) 6.0(5)
H31 0.701(2) 0.119(1) 0.858(2) 6.6(6)
H41 0.884(3) 0.058(1) 0.972(2) 9.0(7)
H51 1.087 0.041 0.873 8.5

H61 1.104 0.084 0.667 7.7

H81 1.000(2) 0.059(1) 0.448(2) 8.1(7)
H82 0.829(2) 0.074(1) 0.417(2) 6.8(6)
Ho1 1.024(2) 0.168(1) 0.321(2) 8.2(7)
Ho2 0.973(3) 0.098(1) 0.239(2) 9.2(8)
H101  0.855(2) 0.206(1) 0.167(2) 6.8(6)
H102  0.800(2) 0.223(1) 0.303(2) 7.5(6)
H121 0.676 0.257 0.075 6.8

Hi31  0.501(3) 0.279(1) -0.086(2) 8.9(7)
H141 0.322 0.194 -0.127 9.0

H151 0.323 0.085 -0.010 7.6

H171  0.596(2) 0.007(1) 0.179(2) 6.1(5)
Hi72  0.430(2) -0.001(1)  0.136(2) 7.0(6)
H181  0.262(2) 0.044(1) 0.286(2) 6.7(6)
Hi82  0.334(2) 0.127(1) 0.282(2) 5.0(5)
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H183  0.397(2) 0.171(1) 0.607(2) 7.3(6)
H191  0.333(2) 0.044(1) 0.516(2) 6.2(6)
H192  0.233(2) 0.109(1) 0.472(2) 6.8(6)
H201  0.436(2) 0.190(1) 0.470(2) 7.3(6)

Cizelge 6.9. CyoHosN20- kristaline ait anizotropik yerdegistirme parametreleri(Az).

Atom U@, 1) U2,2) U(3,3) U(1,2) U113  U@23)
C1 0.069(1) 0.053(1)  0.074(1)  0.001(1)  -0.001(1)  -0.007(1)
c2 0.061(1) 0.051(1)  0.057(1) -0.009(1)  -0.002(1) -0.005(1)
Cc3 0.080(1) 0.068(1)  0.059(1) -0.019(1)  0.006(1) -0.008(1)
C4 0.102(2) 0.082(2)  0.056(1) -0.025(1)  -0.014(1) 0.009(1) -
C5 0.084(2) 0.087(2)  0.084(2) -0.005(1) -0.026(1) 0.016(1)
C6 0.065(1) 0.086(2)  0.085(2)  0.001(1)  -0.004(1) 0.013(1)
c7 0.068(1) 0.057(1)  0.059(1) -0.006(1)  0.001(1)  0.004(1)
c8 0.060(1) 0.070(1)  0.085(1)  -0.004(1)  0.000(1)  0.003(1)
c9 0.054(1) 0.103(2)  0.067(1) -0.008(1)  0.006(1) 0.011(1)
C10 0.067(1) 0.077(1)  0.085(1) -0.020(1)  0.001(1) 0.014(1)
C11 0.056(1) 0.064(1)  0.047(1)  0.005(1)  0.007(9) 0.003(1)
C12 0.071(1) 0.072(1)  0.067(1)  0.010(1)  0.018(1) 0.013(1)
c13 0.087(1) 0.100(2)  0.065(1)  0.040(1)  0.022(1) 0.023(1)
Cl4 0.077(1) 0.135(2)  0.057(1)  0.041(1)  0.001(1) 0.003(2)
C15 0.063(1) 0.108(2)  0.060(1)  0.009(1)  0.000(1) -0.018(1)
C16 0.056(1) 0.069(1)  0.049(1)  0.004(1)  0.007(9) -0.009(1)
C17 0.066(1) 0.059(1)  0.074(1)  -0.005(1)  0.009(1) -0.015(1)
c18 0.051(1) 0.073(1)  0.065(1)  0.001(1)  0.002(1) 0.004(1)
C19 0.046(1) 0.085(2)  0.066(1)  0.002(1)  0.006(1) 0.009(1)
C20 0.063(1) 0.076(1)  0.067(1)  0.018(1)  0.000(1) -0.003(1)
N1 0.051(9) 0.051(9) 0.0596(9)  0.001(8)  0.001(8) 0.001(8)
N2 0.050(9) 0.055(9)  0.067(1) -0.003(8)  0.002(8) 0.001(9)
o1 0.063(8) 0.071(9) 0.0693(9) -0.014(8) -0.009(7) 0.018(8)
02 0.098(1) 0.063(9) 0.0653(9)  -0.002(9)  0.014(9) 0.009(8)

Cizelge 6.10. CaoH26N2O> kristaline ait atomlar arasi bag uzunluklari(A).

C1
C1
C1
C1
c2
c2
C3
C3
C4
C4
C5
C5

C2
N1
H12
H11
C3
Cc7
C4
H31
C5
H41
C6
H51

1.500(3)
1.460(3)
1.02(2)
1.00(2)
1.383(3)
1.387(3)
1.373(4)
0.89(2)
1.361(4)
0.99(3)
1.381(4)

0.950

C10
C10
C10
C11
C11
C11
Cc12
C12
C13
C13
C14
C14

O1
H102
H101
C12
C16
O1
C13
H121
C14
H131
C15
H141

1.424(3)
1.00(2)
0.96(2)
1.387(3)
1.398(3)
1.368(2)
1.381(3)
0.950
1.362(4)
0.97(3)
1.375(4)
0.950
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o) c7 1.381(3) C15 C16 1.388(3)

C6 H61  0.950 Ci5 H151  0.950
c7 02 1.383(3) C16 ci7 1.500(3)
c8 co 1.501(4) Ci17 N2 1.464(3)
c8 02 1.425(3) C17 H171  1.02(2)
c8 H81  1.08(2) ci7 H172  1.02(2)
c8 H82  0.98(2) c18 C19 1.512(3)
c9 C10  1.498(3) ci8 N2 1.453(3)
Cc9 H92  1.04(3) c18 H181  1.07(2)
C9 Hol  0.92(2) ci8 H182  0.99(2)
C19 C20  1.509(3) C20 H201  0.97(2)
C19  H191 1.05(2) C20 H183  0.96(2)
C19  H192 0.94(2) N1 H1 0.90(2)
C20 N1 1.459(3) N2 H2 0.84(2)

Cizelge 6.11. CooHosN2O2 kristaline ait atomlar arast bag agcilari(°).

c2 Ci N1 111.8(2) C2 C7 02 119.3(2)
c2 C1 H12  113.(1) Ccé c7 02 119.7(2)
c2 C1 H11  108.(1) co c8 02 108.1(2)
N1 C1 H12  105.(1) Cc9 c8 H81  110.0(1)
N1 C1 H11  111.(1) c9 c8 H82  112.0(1)
H12  Cf H11  109.(2) 02 c8 H81  111.0(1)
C1 c2 c3 120.12) 02 cs H82  109.0(1)
C1 c2 c7 122.7(2) H81  C8 H82  108.0(2)
c3 c2 c7 1172(2) C8 Cco Cc10  115.0(2)
c2 Cc3 C4 122.3(2) C8 co H92  108.0(1)
c2 c3 H31  118.(1) c8 Cco H91  107.0(1)
c4 c3 H31  119.(1) C10 C9 H92  109.0(1)
c3 C4 C5 119.6(2) C10 ©C9 Ho91  109.0(1)
c3 c4 H41  121.(1) Ho2 €9 H91  108.0(2)
Cc5 C4 H41  119.(1) co c10  Of 107.1(2)
c4 C5 C6 119.9(2) C9 C10  H102 112.0(1)

C4 C5 H51  120.0 c9 C10  Hio1  110.0(1)
o o H51  120.1 o1 C10  H102  110.0(1)
C5 Cc6 c7 120.02) Of C10  H101  109.0(1)
C5 C6 H61  119.9 H102 C10  H101  109.0(2)
c7 Cé He1  120.1 Cl2 Ci1 Ci16 12072

c2 c7 C6 12092) C12 Ci1  Of 124.9(2)
ci6 Ci11  Of 1144(2) C19 C18 N2 111.7(2)
C11 Ci12 C13 1194(2) C19 Ci18 Hisl 112.0(1)
C11  C12  Hi21 1203 C19 C18 His2 108.0(1)
C13 C12 Hi21 1203 N2 C18  H181 106.0(1)
Ci2 C13 C14 121.1(2) N2 C18  H182 112.0(1)
Ci2 C13  H131 118.(1) Hi181 C18 H182 106.0(2)
Cl4 C13 H131 121.(1) Ci8 C19 C20 115.6(2)
C13 Ci14 C15 119.0(2) Ci18 C19 H191 109.0(1)
Ci3 Ci14 H141 1187 ci8  C19
Ci15 C14  Hi41 1223 C20 Ci9




Ci4 Ci5 Ci6 1225(%) €20 C19 H192 111.0(1)
Ci4 Ci15 Hi51 1184 H191 C19  H192 103.0(2)
ci6 Ci15 H151  119.1 C19 C20  Ni 112.9(2)
Ci1 Ci16 C15 1172(2) C19 C20 H201 108.0(1)
Ci1 C16 C17 1206(2) C19 C20 H183 114.0(1)
Ci15 C16 C17  1222(2) N° C20 H201 106.0(1)
C16 C17 N2 116.6(2) Ni C20 H183 108.0(1)
c16 C17  H171  111.(1) H201 C20 Hi83 108.0(2)
C16 C17  H172 108.(1) C1 N1 C20  111.5(2)
N2 C17  H171  107.(1) C1 N1 H1 110.0(1)
N2 C17  H172  108.(1) C20 Ni H1 106.0(1)
H171 C17  H172 106.(2) C17 N2 Cc18  113.8(2)
C17 N2 H2 110.(1) ci0  Of Ci1  119.6(2)
C18 N2 H2 110.(1) c7 o2 c8 114.8(2)

Cizelge 6.12. CxoH2sN20: kristaline ait atomlar arasi burulma agilari(°).

N1 Cci C2 C3 -90.2(3) Ci6 Ci11 Ci12 C13 3.3(3)
N1 C1 C2 C7 88.3(3) o1 Ci1 Ci12 C13 174.9(2)
c2 C1 NI C20 160.6(2) C12 C11 Ci6 Ci5 2.0(3)
Ci C2 C3 C4 178.0(2) C12 Ci11 Ci6 C17 -176.9(2)
C7 C2 C3 C4 -0.6(3) o1 Ci1 Ci6 Ci5 -176.3(2)
Ci C2 C7 C6 -178.6(2) o1 Ci1 Ci6 C17 4.7(3)
cCi C2 C7 02 4.7(3) ci2 ¢c11 01 C10 2.2(3)
C3 C2 C7 C6 -0.1(4) ci6 Ci1 O1 C10 -179.6(2)
c3 C2 C7 02 -176.8(2) Ci1 Ci12 Ci3 Ci14 2.2(4)
C2 C3 C4 C5 0.9(4) Ci2 C13 Ci14 Ci5 0.2(4)
C3 C4 C5 C6 -0.5(4) Ci8 Ci4 Ci15 Ci6 -1.4(4)
cC4 C5 Ce6 C7 -0.2(4) Ci4 Ci15 C16 C11 0.4(4)
C5 C6 C7 C2 0.4(4) Ci4 Ci15 Ci6 Ci7 179.3(2)
c5 C6 C7 O2 177.1(2) Ci1 C16 Ci17 N2 70.4(3)
C2 C7 02 C8 -109.3(2) C15 C16 C17 N2 -108.5(3)
ce C7 02 C8 73.9(3) C16 C17 N2 cCi8 55.5(3)
02 C8 C9 Ci0 -72.5(3) N2 Ci18 C19 C20 67.5(3)
co c8 02 C7 -174.7(2) Ci9 C18 N2 Ci17 -173.1(2)
cg8 C9 C10 O1 -62.0(3) Ci8 C19 C20 Ni -75.5(3)
co9 Ci0 O1  cCii -159.9(2) C19 C20 N1 Cf -175.2(2)
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Sekil 6.2. CooHosN202 kristalinin ORTEP3 c¢izimi (Sicaklik titregim elipsoitleri %50
olasilikla verilmistir)

6.3. 3,4,6,7,15,16,17,18,19,20,21,27-Dodekahidro-2,5,8-trioksa-16,20-
diazatrisiklo [20.4.1'%%,0.0%'*] heptakosa-9,11,13,22,24,26(1)-
hegzaen (C2H2sN203) KRISTAL YAPISININ ARITILMASI

Molekdl, azot atomlarinin képrileyici bir -CHx- grubuyla birlikte baglandig iki azot
ve Ug eter oksijeni igeren bir makrosiklik halkadan olugmaktadir.

Yap! direkt yéntemler ile ¢dzilmustar [Fair, 1990 (MolEN)]. 9 tane hidrojen atomu
fark Fourier sentezinden bulunmus, diger hidrojen atomlari ise geometrik olarak

yerlestirilmiglerdir. 9 hidrojen atomunun parametreleri izotropik olarak aritiimigtir.

CooHosN2O3  kristaline ait parametreler ve aritima iligkin  veriler asagidaki
cizelgelerde (Cizelge 6.13-6.18), ORTEP3 gizimi ise Sekil 6.3’ de verilmisgtir.
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Cizelge 6.13. C2oHosN2O3 kristalinin giddet verilerinin toplanmasi,

yapinin ¢g6zlimesi ve aritiimasina ait parametreler.

CaoH2sN203
M;=368.48
Ortorombik, Cmc24

a=15.284(1)A
b=13.855(1)A
c=9.390(1)A
B=95.23(1)°
V=1988.5(3)A®
Z=4

w/260 taramasi

Sogurma Diizeltmesi=Psi Scan
Tmin=0.947 Trak=0.997
Olgiilen yansima sayisi=1124
Bagimsiz yansima sayisi=1124

F>306(F) olan yansima sayisi=841

F aritimi
R(F)= 0.056
wR(F)= 0.062
S=1.11

841 yansima

151 parametre

Kristal verisi

D,=1.231 g/lcm®

Cu(K,) radyasyonu(A=1.54184 A)
Hucre parametrelerinin saptanmasinda
kullanilan yansima sayisi(25)
0=23-44°

1(CuK,)=0.62 mm"™

T=293K

Renksiz, blok

0.20%x0.25x%0.30 mm

Veri Toplama
Enraf-Nonius CAD-4 Difraktometresi

Omaks=78.3°

h= 0,17
=-19,0

I=-11,0

3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1
Aritim
Hidrojen atomlart igin sinirlandirilmis
aritimlar uygulanmigtir.

(A/O)maks=0.03
Apmaks=0.31 eA®
Apmin=-0.17 eA®
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Cizelge 6.14. CxHygN2O3 kristaline ait kesirsel atom koordinatlar ve

esdeger izotropik yerdegistirme parametreleri(A?).

Atom X y z Bes(A°)
01 0.3397(2) 0.3997(2)  0.5455(4)  4.27(6)
02 0.500 0.4695(3)  0.6473(5)  4.6(1)
N1 0.4213(2) 0.2740(3)  0.2958(4) 3.50(7)
Cc1 0.4231(4) 0.4681(4)  0.7324(6) 5.1(1)
Cc2 0.3453(3) 0.4822(3)  0.6366(6) 4.7(1)
Cc3 0.2691(3) 0.3935(4)  0.4550(6)  3.83(9)
C4 0.2021(3) 0.4612(4)  0.4501(6)  4.4(1)
C5 0.1336(3) 0.4460(4)  0.3545(8)  5.5(1)
C6 0.1305(3) 0.3676(4)  0.2705(7) 5.2(1)
Cc7 0.1989(3) 0.3008(4)  0.2756(6)  4.5(1)
c8 0.2693(3) 0.3122(3)  0.3665(5)  3.74(9)
Cco 0.3431(3) 0.2412(3)  0.3738(6) 4.22(9)
C10 0.500 0.2378(4)  0.3681(8) 3.9(1)
C11 0.4184(3) 0.2460(4)  0.1482(5)  4.5(1)
c12 0.500 0.2797(6)  0.0735(7) 4.5(2)
H4 0.199(3)  0.521(3) 0.326(5)  6(1)
H5 0.088 0.492 0.159 52

H6 0.082 0.357 0.020 5.2

H7 0.197(2)  0.247(3) 0.052(4)  3.1(8)
H11 0.432(3)  0.519(4) 0.622(7)  7(1)
H12 0.425(3)  0.407(3) 0.586(6)  6(1)
H21 0.355(3)  0.536(3) 0.386(6)  6(1)
H22 0.294 0.491 0.503 5.2
H91 0.358 0.233 0.282 5.2
H92 0.324 0.181 0.146 5.2
H101  0.500 0.278(3) 0.285(6)  2(1)
H102  0.500 0.163(5) 0.203(8)  5(2)
H111 0.369 0.274 -0.085 5.2
H112 0.415 0.178 -0.047 5.2
Hi21  0.500 0.346(5) -0.134(8)  6(2)
Hi122  0.500 0.250 -0.221(8)  5(1)

Cizelge 6.15. C2oH2sN2O3 kristaline ait anizotropik yerdegistirme parametreleri(Az)

Atom U11 U22 U33 Ui2 U13 U23
C1 0.055(2) 0.046(2) 0.044(2) -0.007(2) 0.006(2)  0.001(2)
c2 0.050(2) 0.048(2) 0.045(2) -0.008(2) 0.006(2) -0.003(2)
C3 0.064(2) 0.056(2) 0.051(3) -0.010(2) 0.001(3)  -0.008(2)
c4 0.052(2) 0.083(3) 0.063(3) 0.000(2) -0.005(3)  -0.004(3)
Cc5 0.055(2) 0.073(3) 0.077(3) 0.010(2) 0.012(3)  0.008(3)
Cc6 0.061(2) 0.056(2) 0.052(2) 0.002(2) 0.010(3)  0.001(3)
c7 0.066(2) 0.041(2) 0.052(2) -0.009(2) 0.007(3)  0.002(2)
cs 0.068(3) 0.061(2) 0.043(2) -0.003(2) -0.003(2) -0.009(2)
co 0.062(4) 0.077(4) 0.082(3) 0.001(1) 0.001(1)  -0.007(3)
C10 0.064(3) 0.040(3) 0.045(3) 0.001(1) 0.001(1)  0.001(3)
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C11 0.065(2) 0.061(3) 0.053(2) -0.006(2) 0.010(2) -0.020(2)
C12 0.073(3) 0.073(3) 0.047(3) -0.011(3) 0.013(3) -0.015(2)
N1 0.048(2) 0.044(2) 0.040(2) -0.001(2) 0.002(2) -0.004(2)
01 0.064(2) 0.050(2) 0.049(2) -0.002(2) -0.004(2)  -0.009(2)
02 0.061(2) 0.069(3) 0.045(2) 0.001(1) 0.001(1)  -0.012(2)

Cizelge 6.16. CoHagN2Os kristaline ait atomlar arasi bag uzunliuklari(A)

N1 C11 1.439(6) Cc8 C7 1.381(6)

N1 C9 1.474(6) C12 C4 1.390(6)

N1 C10 1.470(5) C4 C5 1.397(7)

Ci1 Ci12 1.505(6) C4 H4 1.03(4)

C11 H112 0.95 Cc7 C6 1.397(7)

C11 H111  0.95 Cc7 H7 0.85(4)

C1 02 1.421(6) C6 C5 1.342(8)

C1 c2 1.504(7) C6 H6 0.95

C1 H12 0.94(5) C5 H5 0.95

C1 H11 1.03(5) C10 H101 1.13(5)

O1 C3 1.376(6) C10 H102 1.06(6)

O1 Cc2 1.430(6) C12 H122 1.07(6)

C9 C8 1.497(6) C12 H121 0.93(6)

C9 H92 0.95 c2 H21 0.89(4)

C9 H91 0.95 c2 H22 0.95

C8 Ci12 1.402(6) ;

Cizelge 6.17. CxHogN2Oj3 kristaline ait atomlar arasi bag agilari(°)
C11 N1 C9 111.8(4) C9 C8 C3 119.7(4)
C11 N1 C10 1122(4) C9 C8 C7 122.7(4)
C9 N1 C10 109.2(4) C3 Cc8 C7 117.6(4)
N1 C11 Ci2 109.8(4) O1 C3 C8 114.54)
N1 Cit H112 1103 o1 C3 C4 123.6(4)
N1 C11 H111 109.2 C3 C8 C9 120.2(4)
N1 Cco Cs8 112.6(4) C8 C3 C4 121.54)
Ci12 Ci11 H112 110.3 C3 C4 Cs5 118.1(4)
C12 Ci11 Hi111 1094 C3 C4 H4 127.2(2)
H112 C11 H111 1095 C5 C4 H4 115.3(2)
02 C1 C2 108.4(4) C8 C7 Cé 121.7(4)
02 C1 Hi2 103.3(3) C8 C7 H7 117.4(2)
02 C1 HN1 106.4(2) C6 C7 H7 121.1(2)
Cc2 Ci Hi2 11273) C7 C6 C5 119.5(5)
Cc2 C1 HiM 113.2(2) C7 C6 H6 120.7
H12 C1 H1i1 112.1(4) C5 Ccé H6 120.3
C3 01 C2 117.8(3) C4 C5 C6 121.5(4)
N1 Co9 C8 112.0(3) C4 C5 H5 119.2
N1 C9 Ho2 109.0 C6 C5 H5 119.2
N1 C9 Hot 109.3 N1 C10  H101 105.1(1)
Cc8 C9 H92 109.2 N1 C10  H102 116.2(1)
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C8 C9 H91 109.4 H101 C10 H102 103.3(4)
HO92 C9 Hoi 109.6 C11 C12 H122 108.4(1)

N1 C10 Ni'  109.9(4) Ci1 02 C1' 111.6(4)
ci1 C12 Ci1' 111.8(2) C1 C2  H22 1044
Ci1 C12 Hi21 112(2) Of C2  H21 107.1(3)
Hi22 C12 H121 106.6) O1 C2  H22 1202

C1 c2 Of 107.5(4) H21 C2  H22 1097
C1 C2 H21  109.(3)

Cizelge 6.18. CoHogN2O3 kristaline ait atomlar arasi burulma agilari(®)

Ci2 Ci1 N1 _ci0 56.2(4) C9 C8 C3 C4 179.3(5)
Ci2 C11 N1 C9 1792(4) C9 C8 C7 C6 179.9(4)
C10 Ni €9 cC8 1474(3) ©€8 C7 C3 O1 -0.6(2)
Ci1 Ni C9 C8 8788) C8 C3 O1 C2 178.2(6)
NI C9 C8 C3 7974 €3 O1 c2 Cf 175.3(3)
NI C9 cC8 cC7 1012(5) O1 C1 C2 02 65.8(3)

Sekil 6.8. C2oH25N205 kristalinin ORTEP3 ¢izimi (Sicaklik titregim elipsoitleri %50
olasilikla verilmigtir).
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6.4. 3,4,6,7,15,16,17,18,19,20,21-Undekahidro-2,5,6-trioksa-16,20
diazatrisiklo[20.4.0.0%'"]hegzakosa-9,11,13,22,24,26(1)-hegzaen
(C21H2sN203) KRISTAL YAPISININ ARITILMASI

Bilesik, makrosiklik halkada iki N ve G¢ O donér atomu icerir. Asimetrik birimde iki
molektl vardir ama s6zkonusu badimsiz molekillerin konformasyonlari
birbirlerinden dikkate deger élgilide farkli degildirler.

Yapi direk metodlar kullanilarak ¢éztlmustir [Fair, 1990 (MolEN)]. 16 tane
hidrojen atomu fark Fourier sentezinden bulunmus, diderleri ise geometrik olarak
yerlestiriimiglerdir. 56 adet hidrojen atomundan 16 tanesinin parametreleri izotropik
olarak, hidrojen digi1 atomlar ise anizotropik olarak aritilmiglardir.

Co1HogN2O3 kristaline ait parametreler ve aritima iligkin veriler asagidaki
cizelgelerde (Cizelge 6.19-6.24), ORTEPS3 ¢izimi ise Sekil 6.4’ de verilmigtir.

Cizelge 6.19. Co1H2sN2O3 kristali igin kristalinin gsiddet verilerinin toplanmasi,
yapinin ¢ézllmesi ve aritilimasina ait parametreler

Kristal verisi
C21HosNoO3 D.=1.211 g/cm®
M,=356.47 Cu(K,) radyasyonu(A=1.54184 A)
Monoklinik, P24 Hiicre parametrelerinin saptanmasinda
kullanilan yansima sayisi(25)
a=14.633(1)A 9=21-42°
b=8.586(2)A 1(CuKy)=0.61 mm™
c=15.621(1)A T=293K
B=94.80(1)° Renksiz, blok
V=1955.71(4)A® 0.20%0.25x0.30 mm
Z=4
Veri Toplama
Enraf-Nonius CAD-4 Difrakiometresi Omaks=74.3 °©
w/20 taramasi h=0,17
Sogurma Diizeltmesi=Psi Scan k=0,10
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Tmin=0.855 Tmax=0.998
Olgiilen yansima sayisi= 3849

I=-18,19

Bagimsiz yansima sayisi= 3849
F>3c(F) olan yansima sayisi= 2542 3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1

Arntim

F aritimi Hidrojen atomlart igin sinirlandirimig
R(F)=0.045 aritimlar uygulanmistir.

wR(F)=0.049

S=0.71 (A/6)maks=0.01

2542 yansima APmaks=0.17 eA™®

532 parametre Apmin=-0.06 eA™®

Cizelge 6.20. C1HogN2O3 kristaline ait kesirsel atom koordinatlari ve egdeger
izotropik yerdegistirme parametreleri(A?)

Atom  x y z Bes(A?)
o1 0.9072(2)  0.234 1.1491(2) 4.25(7)
02 0.9472(2) 0.1521(4) 0.9788(2) 4.14(6)
03 0.8769(2) 0.3024(4) 0.8167(2) 4.20(7)
O4  05678(2) 0.7890(4) 0.7064(2) 4.69(7)
O5  05479(2) 0.6540(4) 0.5396(2) 4.39(7)
06  0.6467(2) 0.7360(4) 0.3917(2) 4.81(7)
N1 0.7683(3) 0.5918(7) 0.8686(3) 6.4(1)
N2 0.7781(4) 0.4584(7) 1.0849(3) 9.2(1)
N3 0.6644(2) 1.0618(6) 0.6494(2) 4.83(9)
N4 0.8368(3) 1.0715(6) 0.4312(3) 5.4(1)
Ci 0.8496(3) 0.4262(6) 1.2369(3) 4.4(1)
Cc2 0.8594(3) 0.5175(7) 1.3095(3) 5.3(1)
Cc3 0.0356(4) 0.5070(7) 1.3677(3) 5.5(1)
C4 1.0034(4) 0.4037(7) 1.3539(3) 5.2(1)
C5 0.0972(3) 0.3095(6) 1.2813(3) 4.4(1)
Cc6 0.9205(3) 0.3221(6) 1.2231(3) 3.87(9)
C7  09761(3) 0.1253(6) 1.1304(3) 4.4(1)
c8 0.0449(4) 0.0470(6) 1.0477(3) 4.8(1)
Cco 0.0205(4) 0.0776(6) 0.9006(3) 5.1(1)
C10  0.9407(3) 0.1763(6) 0.8257(3) 4.6(1)
C11  0.8724(3) 0.3850(6) 0.7404(2) 3.56(9)
C12  0.9337(3) 0.3663(6) 0.6788(3) 4.1(1)
C13  0.9220(3) 0.4526(7) 0.6033(3) 4.7(1)
C14  0.8505(3) 0.5547(7) 0.5897(3) 4.8(1)
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H181
H182
H191
H192
H201
H202
H211
H212
H231
H241
H251
H261
H281
H282
H291
H292
H301
H302
H311
H312
H331
H341
H351
H361
H381
H382
H391
H392
H401
H402
H411
H412
H421
H422

0.676
0.651
0.686
0.763
0.863
0.816
0.733
0.727
0.659(2)
0.549
0.427(3)
0.441
0.443
0.487
0.588
0.487
0.635(3)
0.528(2)
0.524(2)
0.581(3)
0.544(2)
0.575
0.706
0.805
0.776
0.858
0.731
0.790
0.669
0.649
0.778
0.768
0.741
0.733

0.522
0.680
0.722
0.793
0.611
0.670
0.335
0.514
1.146(4)
1.126
0.947(6)
0.786
0.728
0.618
0.527
0.495
0.521(6)
0.475(8)
0.679(5)
0.562(7)
0.754(5)
0.895
1.048
1.058
0.869
0.861
1.200
1.275
1.034
1.205
1.014
1.189
1.094
0.920

0.945
0.902
1.040
0.989
1.036
1.115
1.179
1.192
0.875(2)
0.972
0.944(3)
0.816
0.661
0.731
0.637
0.601
0.491(2)
0.475(2)
0.381(2)
0.338(3)
0.247(2)
0.122
0.126
0.249
0.445
0.388
0.388
0.464
0.483
0.507
0.593
0.614
0.759
0.733

8.7
8.7
10.8
10.8
11.5
11.5
8.7
8.7
2.8(8)
8.7
7.0(1)
7.6
7.1
7.1
6.7
6.7
5.0(1)
5.0(1)
4.1(9)
8.0(1)
3.9(9)
7.8
8.0
8.2
7.5
7.5
6.8
6.8
6.3
6.3
6.9
6.9
6.4
6.4

Cizelge 6.21. C21HasN2Os kristaline ait anizotropik termal parametreler(A2).

Atom U(1,1) U(2,2) U(3,3) U(,2) U(1,3) U@2,3)
o1 0.054(2)  0.054(2) 0.053(2)  0.012(2) 0.000(1) -0.005(2)
02 0.071(2)  0.041(2) 0.045(1)  0.004(2) 0.001(1)  0.003(1)
03 0.059(2)  0.055(2) 0.045(1)  0.009(2) 0.005(1)  -0.000(2)
04 0.049(2)  0.055(2) 0.073(2) -0.011(2) 0.005(1)  0.000(2)
05 0.062(2) 0.040(2) 0.065(2) -0.010(2) 0.007(1)  0.008(2)
06 0.058(2)  0.053(2) 0.072(2) -0.016(2) 0.007(2) -0.002(2)
N1 0.078(3)  0.106(4) 0.061(2) -0.016(3) 0.017(2) -0.022(3)
N2 0.162(4)  0.075(4) 0.100(3)  0.016(4) -0.064(3)  -0.009(3)
N3 0.054(2)  0.066(3) 0.063(2) -0.010(2) 0.003(2)  0.003(2)
N4 0.054(2)  0.080(3) 0.093(3) -0.013(2) 0.010(2) -0.001(3)
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C1 0.060(3)  0.046(8) 0.062(3)  0.010(2) 0.007(2)  0.007(2)
c2 0.078(3)  0.053(3) 0.074(3)  0.009(3) 0.025(2)  0.000(3)
c3 0.101(4)  0.059(8) 0.051(3)  0.002(3) 0.016(2)  0.005(3)
c4 0.082(3) 0.067(3) 0.048(2) -0.006(3) -0.003(2)  0.014(3)
C5 0.062(3)  0.055(3) 0.048(2)  0.004(3) 0.004(2)  0.007(2)
C6 0.054(2)  0.049(3) 0.045(2)  0.004(2) 0.008(2)  0.010(2)
c7 0.065(3)  0.046(3) 0.056(2)  0.014(2) 0.007(2)  0.005(2)
c8 0.088(3)  0.039(3) 0.056(2)  0.010(3) 0.009(2)  0.004(2)
c9 0.096(3)  0.046(3) 0.052(2)  0.008(3) 0.004(2) -0.003(3)
C10 0.080(3)  0.048(3) 0.048(2)  0.012(3) 0.006(2) -0.005(2)
C11 0.048(2)  0.047(2) 0.039(2) -0.010(2) -0.007(2) -0.007(2)
c12 0.053(2)  0.053(3) 0.049(2)  0.001(2) 0.006(2) -0.007(2)
C13 0.064(3) 0.067(3) 0.048(2) -0.009(3) 0.007(2) -0.000(3)
C14 0.069(3)  0.063(3) 0.049(2)  0.001(3) 0.002(2)  0.000(3)
C15 0.053(2)  0.052(3) 0.064(3)  0.005(3) -0.007(2) -0.003(3)
C16 0.046(2) 0.050(3) 0.052(2) -0.002(2) -0.004(2) -0.007(2)
C17 0.053(2)  0.072(3) 0.063(3)  0.014(3) 0.002(2)  -0.006(3)
c18 0.098(4)  0.105(4) 0.056(3)  0.046(3) 0.008(3)  0.005(3)
c19 0.164(6)  0.077(5) 0.075(4)  0.014(5)  0.009(4)  -0.009(4)
C20 0.091(4)  0.106(5) 0.130(5)  -0.014(4) -0.022(4)  -0.028(5)
c21 0.060(3)  0.074(4) 0.111(4)  0.014(3) -0.008(3)  -0.002(4)
c22 0.062(3)  0.050(3) 0.058(3)  0.000(3) -0.007(2)  0.008(3)
C23 0.093(3)  0.0683(3) 0.070(3) -0.007(3) -0.004(3)  0.005(3)
C24 0.110(4)  0.079(4) 0.064(3)  0.018(4) 0.010(3)  0.004(3)
C25 0.093(4)  0.080(4) 0.071(3)  0.016(3) 0.017(3)  0.016(3)
C26 0.062(3)  0.070(4) 0.076(3)  0.007(3) 0.009(2)  0.018(3)
c27 0.054(2)  0.054(3) 0.054(2)  0.008(2) 0.005(2)  0.010(2)
C28 0.050(2)  0.064(3) 0.078(3) -0.021(2) 0.006(2)  0.010(3)
C29 0.064(3)  0.055(3) 0.074(3) -0.019(3) -0.006(2)  0.010(3)
C30 0.066(3)  0.045(3) 0.080(3) -0.013(3) 0.007(3)  -0.002(3)
C31 0.057(3)  0.047(3) 0.077(3) -0.013(2) 0.002(2)  -0.010(3)
C32 0.058(2)  0.040(2) 0.072(3) -0.003(2) 0.020(2) -0.015(2)
C33 0.073(3)  0.056(3) 0.069(3) -0.003(3) 0.014(2)  -0.014(3)
C34 0.101(4)  0.063(3) 0.060(3)  0.010(3) 0.011(3)  -0.015(3)
C35 0.113(4)  0.081(3) 0.072(3) -0.012(3) 0.038(3)  -0.007(3)
C36 0.091(3)  0.063(3) 0.086(3) -0.022(3) 0.032(3) -0.010(3)
C37 0.060(2)  0.037(2) 0.080(3) -0.001(2) 0.023(2) -0.007(2)
C38 0.053(3)  0.052(3) 0.112(4) -0.005(3) 0.013(3)  -0.010(3)
C39 0.071(3)  0.050(3) 0.080(3) -0.013(3)  0.003(3)  -0.000(3)
C40 0.059(3)  0.053(3) 0.071(3) -0.001(3) 0.006(2)  -0.002(3)
C41 0.062(3) 0.062(3) 0.068(3) -0.019(3) -0.002(2)  -0.004(3)
C42 0.059(3)  0.056(3) 0.071(3) -0.019(2) -0.006(2)  0.001(3)
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Cizelge 6.22. C,1H2sNO; kristaline ait atomlar arasi bag mesafeleri(A).

O1
O1
02
02
03
O3
04
04
05
05
06
06
N1
N1
N1
N2
N2
N2
N3
N3
N3
N4
C10
C11
Ci1
C12
C12
C13
C13
C14
C14
C15
C15
C16
C17
C17
C18
C18
C18
C19
C19
C19
C20
C20
C31
C32
C32
C33

C6
C7
C8
C9o
C10
C11
c27
C28
C29
C30
C31
C32
C17
C18
H1
C20
C21
H2
C41
C42
H3
C38
H102
C12
C16
C13
H121
C14
H131
C15
H141
C16
H151
C17
H171
H172
C19
H181
H182
C20
H191
H192
H201
H202
H312
C33
C37
C34

1.379(5)
1.424(5)
1.408(5)
1.405(5)
1.429(6)
1.384(5)
1.383(6)
1.425(6)
1.403(6)
1.402(6)
1.406(6)
1.364(6)
1.409(6)
1.456(7)
0.880
1.460(9)
1.447(8)
0.880
1.458(6)
1.467(6)
0.87(4)
1.464(7)
0.950
1.379(6)
1.395(6)
1.391(6)
1.02(4)
1.368(7)
1.07(4)
1.352(7)
0.950
1.388(6)
0.89(3)
1.489(6)
0.950
0.950
1.448(8)
0.950
0.950
1.484(9)
0.950
0.950
0.950
0.950
1.04(5)
1.393(6)
1.416(7)
1.390(8)

N4
N4
C1
C1
C1
c2
c2
c3
c3
C4
C4
C5
C5
Cc7
Cc7
Cc7
c8
c8
co
Cco
Cco
c10
c21
c21
C22
c22
c22
Cc23
C23
C24
C24
C25
C25
C26
C26
Cc28
Cc28
Cc28
C29
c29
C30
C30
C30
C31
C38
C38
C39
C39

C39
H4
Cc2
Cé6
C21
C3
H21
C4
H31
C5
H41
C6
H51
C8
H71
H72
H81
H82
C10
HO1
Ho92
H101
H211
H212
Cc23
c27
C42
C24
H231
C25
H241
C26
H251
c27
H261
C29
H281
H282
H291
H292
C31
H301
H302
H311
H381
H382
C40
H391

1.455(7)
1.09(5)
1.377(7)
1.400(7)
1.524(7)
1.382(7)
0.950
1.360(8)
0.96(5)
1.390(7)
0.950
1.388(6)
1.00(4)
1.494(6)
0.92(4)
1.02(4)
0.950
0.950
1.495(7)
0.950
0.950
0.950
0.950
0.950
1.363(7)
1.401(7)
1.509(7)
1.377(8)
0.82(3)
1.375(9)
0.950
1.392(8)
1.08(5)
1.359(7)
0.950
1.493(7)
0.950
0.950
0.950
0.950
1.496(7)
0.95(4)
0.94(4)
0.80(4)
0.950
0.950
1.509(7)
0.950
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C33
C34
C34
C35
C35
C36
C36
C37

H331
C35
H341
C36
H351
C37
H361
C38

0.94(4) C39
1.373(8) C40

0.950

C40

1.373(7)  C40

0.950

C41

1.355(8)  C41

0.950

C42

1.523(7)  C42

H392
C41

H401
H402
H411
H412
H421
H422

0.950
1.481(6)
0.950
0.950
0.950
0.950
0.950
0.950

Cizelge 6.23. Cy1H2N2Os kristaline ait atomlar arasi bag agilan(®).

C6
C8
C10
C27
C29
C31
C17
C17
C18
C20
C20
C21
C41
C41
C42
C38
C38
C39
Cc2
Cc2
Cé6
C1
02
C7
C7
H81
02
02
02
C10
C10
H91
03
03
03
Co
C9

o1
02
03
04
05
06
N1
N1
N1
N2
N2
N2
N3
N3
N3
N4
N4
N4
C1
C1
C1
Cc2
C8
C8
C8
Cc8
Co
Co
C9o
C9o
C9o
C9
C10
C10
C10
C10
C10

C7
C9
C11
C28
C30
C32
C18
H1
H1
Cc21
H2
H2
C42
H3
H3
C39
H4
H4
Ccé
C21
C21
C3
H82
H81
H82
H82
C10
HO1
H92
HO1
H92
H92
C9
H101
H102
H101
H102

118.6(3)
110.5(4)
117.1(3)
117.8(3)
111.6(4)
117.6(3)
112.8(4)
123.3
123.9
116.4(5)
120.6
123.0
113.1(3)
108.(2)
103.(2)
113.6(4)
103.(3)
114.(3)
117.6(4)
122.4(5)
120.0(4)
121.8(5)
109.2
109.5
108.8
109.5
111.3(4)
109.1
109.6
108.5
108.8
109.5
109.6(4)
108.4
110.2
107.8
111.3

C1
C3
c2
c2
C4
C3
C3
C5
C4
C4
C6
O1
O1
C1
Ot
O1
O1
C8
C8
H71
02
02
C12
c12
C14
C13
C13
C15
C14
C14
C16
C11
C11
C15
N1
N1
N1

Cc2
Cc2
C3
C3
C3
C4
C4
C4
C5
C5
C5
C6
C6
C6
C7
Cc7
C7
C7
C7
C7
C8
Cc8
C13
C13
C13
C14
C14
C14
C15
C15
C15
C16
C16
C16
C17
C17
C17

H21
H21
C4
H31
H31
C5
H41
H41
C6
H51
H51
C1
C5
C5
C8
H71
H72
H71
H72
H72
C7
H81
C14
H131
H131
C15
H141
H141
C16
H151
H151
C15
C17
C17
C16
H171
H172

118.7
119.4
119.8(5)
122.(3)
118.(3)
120.7(4)
119.8
119.5
118.9(4)
116.(2)
125.(2)
115.0(3)
123.8(4)
121.2(4)
107.7(4)
101.(3)
112.(2)
119.(3)
108.(2)
108.(3)
110.3(4)
109.5
120.7(4)
118.(2)
121.(2)
118.5(4)
120.2
121.3
124.0(4)
119.(2)
117.(2)
116.3(4)
121.9(4)
121.8(4)
113.7(4)
108.6
107.8
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H101
O3
03
Cc12
C11
C11
C13
C19
H181
C18
c18
C18
C20
C20
H191
N2
N2
N2
C19
C19
H201
N2
N2
N2
C1
C1
H211
C23
C23
05
05
05
Cc28
C28
H291
05
05
05
C31
C31
H301
06
06
06
C30
C30
H311
06
06
C33

C10
C11
C11
C11
C12
C12
Cc12
C18
C18
C19
C19
C19
C19
C19
C19
C20
C20
C20
C20
C20
C20
C21
C21
C21
C21
C21
C21
c22
C22
C29
C29
C29
C29
C29
C29
C30
C30
C30
C30
C30
C30
C31
C31
C31
C31
C31
C31
C32
C32
C32

H102
C12
C16
C16
C13
H121
H121
H182
H182
C20
H191
H192
H191
H192
H192
C19
H201
H202
H201
H202
H202
C1
H211
H212
H211
H212
H212
c27
C42
C28
H291
H292
H291
H292
H292
C31
H301
H302
H301
H302
H302
C30
H311
H312
H311
H312
H312
C33
C37
C37

109.5
123.7(4)
115.1(4)
121.2(4)
119.3(4)
120.(2)
120.(2)
109.4
109.5
117.1(6)
108.0(6)
106.5(5)
108.7(5)
106.9(6)
109.5(7)
112.5(5)
110.5(6)
105.8(6)
110.0(6)
108.4(6)
109.5(6)
116.7(4)
108.8(5)
106.9(5)
107.5(5)
107.4(5)
109.5(5)
116.3(5)
122.9(5)
112.4(4)
107.7(4)
109.0(4)
109.0(4)
109.3(4)
109.5(5)
111.1(4)
107.(3)
103.(3)
108.(2)
111.(2)
117.(4)
108.9(4)
111.(3)
103.(3)
110.(3)
116.(3)
107.(4)
124.0(4)
116.1(4)
119.9(4)

C16
C16
H171
N1
N1
N1
C19
c27
c22
Cc22
C24
C23
C23
C25
C24
C24
C26
C25
C25
c27
04
04
Cc22
04
04
04
C29
C29
H281
C32
C34
C33
C33
C35
C34
C34
C36
C35
C35
C37
C32
C32
C36
N4
N4
N4
C37
C37
H381
N4

C17
C17
C17
C18
C18
C18
C18
c22
C23
Cc23
C23
C24
C24
C24
C25
C25
C25
C26
C26
C26
c27
c27
C27
Cc28
Cc28
Cc28
C28
C28
Cc28
C33
C33
C34
C34
C34
C35
C35
C35
C36
C36
C36
C37
C37
C37
C38
C38
C38
C38
C38
C38
C39

H171
H172
H172
C19
H181
H182
H181
C42
C24
H231
H231
C25
H241
H241
C26
H251
H251
c27
H261
H261
c22
C26
C26
C29
H281
H282
H281
H282
H282
H331
H331
C35
H341
H341
C36
H351
H351
C37
H361
H361
C36
C38
C38
C37
H381
H382
H381
H382
H382
C40

109.2
108.1
109.5
113.6(5)
107.8
108.8
107.8
120.9(4)
123.8(5)
113.(2)
123.(2)
118.7(5)
120.8
120.5
119.1(5)
117.0(3)
123.0(3)
120.6(5)
119.2
120.2
114.8(4)
123.7(4)
121.4(5)
108.7(4)
1115
108.0
110.3
108.8
109.5
118.0(2)
122.0(2)
119.3(5)
120.8
120.0
120.4(5)
119.9
119.7
122.5(5)
118.6
118.9
118.0(4)
120.4(4)
121.6(4)
118.2(4)
107.7
106.6
107.3
107.5
109.5
114.4(4)
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C32 (C33 €34 120.0(5) N4 C39 H391 108.6
N4 C39 H392 107.6 N3 C41  H411 109.6
C40 C39 H391 109.3 N3 C41 H412 109.1
C40 C39 H392 107.3 C40 C41 H411 109.8
H391 C39 H392 109.5 C40 C41 H412 108.6
C39 C40 C41 115.2(4) H411 C41 H412 109.5
C39 C40 H401 107.2 N3 C42 C22 111.8(4)
C39 C40 H402 109.0 N3 C42 H421 1084
C41 C40 H401 1074 N3 C42 H422 1094
C41 C40 H402 108.5 C22 C42 H421 108.8
H401 C40 H402 109.5 C22 C42 H422 108.9
N3 C41  C40 110.3(4) H421 C42 H422 109.5

Cizelge 6.24. C»1H2sN2O3 kristaline ait atomlar arasi burulma agilari(®)

C7
C7
C6
C9o
C8
C11
C10
C10
Cc28
C28
c27
C30
C29
C32
C31
C31
C18
C17
C21
C20
C42
C41
C39
C38
C6
C21
c2
Cc2
C21
C21
C2
Cé6
C1

O1
O1
o1
02
02
03
03
O3
04
04
04
05
05
06
06
06
N1
N1
N2
N2
N3
N3
N4
N4
C1
C1
C1
C1
C1
C1
C1
C1
Cc2

C6 C1
C6 C5
c7 C8
Cc8 Cc7
Co C10
c10 C9
c11 C12
C11  C16
c27 C22
Cc27 C26
c28 C29
C29 (28
C30 C31
C31 C30
C32 C33
C32 (C37
C17 Ci16
ci8 C19
Cc20 C19
c21 Ct
C41 C40
C42 C22
C38 Ca7
C39 C40
Cc2 C3
C2 C3
C6 O1
Cé6 C5
C6 O1
C6 C5
C21 N2
C21 N2
C3 C4

-179.8(4)
-0.6(6)
-179.9(4)
178.3(4)
-168.3(4)
-166.1(4)
-9.1(6)
170.7(4)
-175.0(4)
5.3(7)
-169.4(4)
-176.0(4)
168.2(4)
178.0(4)
3.7(0.67)
-175.9(4)
176.0(5)
178.2(5)
-113.0(6)
-71.4(7)
174.1(4)
174.4(4)
51.8(6)
59.3(6)
-0.7(8)
177.3(5)
-179.6(5)
1.1(7)
2.3(6)
-176.9(5)
126.6(6)
-55.4(6)
-0.2(8)

03

03

C12
C12
Ci1
C12
C13
C14
C14
C11
C15
N1

C18
c27
C42
C23
C23
C42
C42
C23
c27
Cc22
C23
C24
C25
C25
04

05

06

C37
06

06

C33

C11
C11
C11
C11
c12
C13
C14
C15
C15
C16
C16
C18
C19
Cc22
Cc22
Cc22
c22
c22
Cc22
Cc22
C22
C23
C24
C25
C26
C26
C28
C30
C32
C32
C32
C32
C32

C16
C16
C16
C16
C13
C14
C15
C16
C16
C17
C17
C19
C20
C23
C23
c27
c27
Cc27
c27
C42
C42
C24
C25
C26
C27
C27
C29
C31
C33
C33
C37
C37
C37

C15
C17
C15
C17
Ci14
C15
C16
C11
C17
N1
N1
C20
N2
C24
C24
04
C26
04
C26
N3
N3
C25
C26
C27
04
Cc22
05
06
C34
C34
C36
C38
C36

-179.0(4)
-0.4(6)
0.8(7)
179.4(4)
-0.2(7)
2.1(8)
-2.7(8)
1.2(7)
-177.3(5)
73.5(6)
-108.0(5)
-63.1(8)
-53.0(8)
-1.4(8)
179.2(5)
-176.8(4)
2.0(7)
2.7(6)
-178.5(5)
-118.4(5)
62.1(6)
0.4(9)
0.1(9)
0.5(9)
177.1(5)
-1.6(8)
-63.2(5)
72.8(5)
-179.8(5)
-0.1(8)
179.7(4)
0.0(7)
0.0(9)



C2 C3 C4 C5 07(8) C33 C32 €37 C38 -179.7(5)
C3 C4 C5 C6 -03(8) C32 €33 C34 C35 0.4(8)
c4 C5 Ce Of -179.8(4) C33 C34 C35 C36 -0.5(9)
C4 C5 Ce6 Ci 07(7) C34 €35 C36 C37 0.4(9)
O1f C7 C8 O2 69.9(5) C35 C36 C37 C32 -0.1(8)
02 C9 C10 O3 -73.5(5) ©C35 C36 C37 C38 179.5(5)
03 Ci11 Ci2 Ci3 1785(4) €32 C37 C38 N4 -133.0(5)
Ci6 C11 Ci2 Ci13 13(7) C3 C37 C38 N4 47.3(7)
N4 C39 C40 C41 59.36) C39 C40 C41 N3 175.0(4)

Sekil 6.4. C21H25N203 kristalinin ORTEPS3 ¢izimi (Sicakiik titregim elipsoitleri %50

olasilikla verilmistir)
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6.5. 15,21-Bis(dietoksifosfinol)-2,5,8-trioksa-16,20-diaza-trisiklo[20.4.0.0%'%]
hegzakosa-9,11,13,22,24,26(1)-hegzaen-Etilfosfonik Asit-Su (1/1/1)
(Cs1HssN2013P3) KRISTAL YAPISININ ARITILMASI

Bilesik; makrosiklik ligand, etil fosfonik asit ve su molekllinden olugur. Makrosiklik
ligand; iki N, tg etharal O atomu ve iki fosfonat yan gruplarindan olugan 18-tyeli

bir lariat eterdir.

Yap! direkt metodlar ile (Sheldrick, 1990(SHELXS86)) ¢6zliimisg, Fourier teknikleri
kullanilarak (Sheldrick, 1976 (SHELXL76)) gelistirilmis ve en kiglk kareler metodu
ile F degerleri kullanilarak, C33, C37, C40, C44 ve C45 atomlar! izotropik , diger
hidrojen digi atomlar ise anizotropik olarak aritiimigtir. Hidrojen atomlart geometrik
olarak yerlestiriimis ve baglandiklari atomlar tizerine bindirilerek arntilmiglardir.

CaiHs5N2043P3 kristaline ait parametreler ve aritima iligkin veriler agagidaki
gizelgelerde (Cizelge 6.25-6.30), ORTEPS3 cizimi ise Sekil 6.5’ de verilmigtir.

Cizelge 6.25. C31Hs5N2013P3 kristalinin siddet verilerinin toplanmasi, yapinin

¢Ozillmesi ve aritilmasina ait parametreler

Kristal verisi
Cs1HssN2043P3 D,= 1.259 g/cm™
M,=756.70 Cu(Ky) radyasyonu(A=1.54184 A)
Triklinik, P1 Hicre parametrelerinin saptanmasinda

kullanilan yansima sayisi(25)

a=12.676(4) A 6=21-25°
b=13.733(3) A 1(CuK,)=1.88 mm™
c=14.042(3) A T=293K
0=67.94(4)° Renksiz, blok
B=77.15(4)° 0.15x0.20x0.30 mm
1=61.95(4)°

V=1996.2(8) A®

Z=2
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w/20 taramasi

Veri Toplama
Enraf-Nonius CAD-4 Difraktometresi

Sogurma Dizeltmesi=Psi Scan
Tmin= 0.763, Tmak= 0.994
Olgilen yansima sayisi=7601

Bagimsiz yansima sayisi=7601

I>30(l) olan yansima sayisi=2061

F antimi
R(F)=0.055
wR(F)=0.055
S5=0.93

2061 yansima

417 parametre

Omaks=70.20°
h=-12,15
k=-13,16
I=0,16

Aritim

(A/O)maks=0.04
Apmaks= 0.12 eA™®
Apmin= -0.08 eA’a

Hidrojen atomlari i¢in sinirlandiriimis
aritimlar uygulanmustir.

3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1

Cizelge 6.26. C31Hs5N2013P3 kristaline ait kesirsel atom koordinatlari ve

esdeger izotropik yerdegistirme parametreleri(A?)

Atom X y z Bes(A%)
P1 0.1852(2)  0.1933(2) _ 0.6638(1) 4.06(1)
P2 0.1434(2) 0.2610(2)  0.0542(2) 5.29(1)
P3 0.2366(2) 0.5699(2)  0.4135(2) 5.17(3)
02 -0.0441(5)  0.0909(5)  0.2108(4) 5.90(3)
05 0.1026(5)  0.0054(4)  0.3708(4) 5.95(3)
08 0.2633(4)  0.0443(4)  0.4458(4) 5.25(3)
027 02578(5) 0.0735(5)  0.7130(4) 5.47(3)
028 0.0509(5) 0.2417(5)  0.6975(4) 5.51(3)
031 0.2280(5) 0.2784(5)  0.6714(4) 6.35(3)
034 0.1271(5)  0.3663(4)  -0.0326(4) 6.70(3)
035 0.1659(6) 0.1579(5)  0.0209(4) 6.15(3)
038 0.2543(5)  0.2093(5)  0.1201(4) 6.82(3)
041 0.1377(4)  0.5331(4)  0.4432(4) 5.28(4)
042 0.3262(6) 0.5207(6)  0.4860(5) 8.50(4)
043 0.2937(6) 0.5483(6)  0.3085(5) 8.90(5)
046 0.4391(7) 0.6550(6)  0.4823(7) 10.8(3)
N16 0.0903(5) 0.3498(5)  0.4796(4) 4.12(3)
N20 -0.0038(5) 0.3812(5)  0.1755(4) 5.66(3)
C1 -0.1230(7)  0.1956(7)  0.1487(6) 5.89(6)
Cc3 -0.0858(8) 0.0635(7)  0.3171(6) 6.00(4)
C4 0.0153(8) -0.0324(7)  0.3732(6) 5.55(5)
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C6
C7
C9
C10
Ct1
C12
C13
C14
C15
C17
c18
C19
C21
c22
Cc23
C24
C25
C26
C29
C30
C32
C33
C36
C37
C39
C40
C44
C45
H1
H3
H16
H20
H21
H31
H32
H41
H42
H61
H62
H71
H72
H101
H111
H121
H131
H171
H172
H181
H182
H191

0.2067(8)
0.3005(7)
0.3385(6)
0.4488(6)
0.5140(6)
0.4725(7)
0.3638(7)
0.2909(6)
0.1722(6)
0.0574(8)
-0.0176(8)
-0.0845(9)
0.0168(7)
-0.0894(8)
-0.1615(9)
-0.2606(9)
-0.2918(9)
-0.2241(9)
0.0068(9)
-0.0284(9)
0.3448(9)
0.3505(9)
0.2184(8)
0.2997(8)
0.3019(9)
0.4223(9)
0.3985(9)
0.4811(8)
0.150
0.239
0.392
0.032
0.093
-0.151
-0.115
-0.010
0.061
0.232
0.192
0.375
0.313
0.477
0.591
0.517
0.335
0.128
0.013
0.031
-0.075
-0.140

-0.0811(6)
-0.0388(6)
0.0987(6)
0.0660(6)
0.1274(7)
0.2173(6)
0.2489(6)
0.1913(6)
0.2268(5)
0.3817(7)
0.3260(8)
0.3915(8)
0.2825(7)
0.2869(8)
0.3845(9)
0.3935(8)
0.3038(9)
0.2035(8)
0.2565(9)
0.1660(9)
0.2453(8)
0.2795(8)
0.0389(9)
-0.0328(9)
0.2808(9)
0.2495(9)
0.5867(9)
0.5058(9)
0.175
0.627
0.542
0.431
0.216
0.043
0.130
-0.061
0.404
-0.145
-0.108
-0.104
-0.007
0.003
0.106
0.260
0.311
0.358
0.464
0.249
0.329
0.364

0.4142(6)
0.3916(6)
0.4292(5)
0.3787(5)
0.3624(6)
0.4013(6)
0.4531(6)
0.4698(5)
0.5256(5)
0.3731(7)
0.3672(7)
0.2671(8)
0.1461(7)
0.1105(7)
0.0424(9)
0.0078(8)
0.0500(9)
0.1182(8)
0.8012(7)
0.8646(9)
0.6996(9)
0.7726(9)
0.0792(9)
0.0350(9)
0.1327(9)
0.0928(9)
0.2579(9)
0.2216(9)
0.582
0.348
0.468
0.139
0.153
0.324
0.340
0.445
0.517
0.389
0.487
0.419
0.321
0.354
0.326
0.389
0.480
0.332
0.347
0.369
0.425
0.269

5.49(4)
4.81(4)
3.75(4)
4.07(4)
4.78(4)
4.75(4)
4.76(4)
3.55(4)
3.34(3)
4.33(6)
5.07(4)
5.86(5)
4.57(5)
4.58(5)
7.88(5)
8.06(7)
8.32(6)
7.83(7)
6.58(9)
9.63(9)
13.7(7)
4.00
8.51(7)
3.82
7.10(7)
3.64
3.88
3.90
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
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H192
H231
H241
H251
H261
H291
H292
H301
H302
H303
H321
H322
H331
H332
H333
H361
H362
H371
H372
H373
H391
H392
H401
H402
H403
H441
H442
H451
H452
H453
H461
H462

-0.125
-0.144
-0.314
-0.366
-0.247
-0.057
0.070
-0.066
-0.098
0.028
0.387
0.381
0.437
0.320
0.314
0.154
0.245
0.332
0.272
0.363
0.305
0.255
0.456
0.465
0.416
0.426
0.364
0.533
0.508
0.447
0.434
0.425

0.472
0.451
0.465
0.310
0.143
0.330
0.248
0.177
0.178
0.096
0.272
0.160
0.246
0.357
0.244
0.016
0.032
-0.111
-0.023
-0.007
0.264
0.360
0.290
0.167
0.263
0.571
0.659
0.537
0.438
0.494
0.654
0.730

0.262
0.014
-0.039
0.031
0.147
0.793
0.833
0.928
0.828
0.868
0.648
0.727
0.785
0.750
0.829
0.098
0.141
0.075
-0.027
0.016
0.204
0.101
0.098
0.120
0.018
0.190
0.201
0.187
0.278
0.174
0.550
0.435

3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80
3.80

Cizelge 6.27. C31Hs5N2013P3 kristaline ait anizotropik yerdegdistirme

parametreleri(A?)
Atom Uit u22 U33 U23 Ui3 u12
ci 0.079(6) _ 0.088(6) 0.056(5)  -0.045()  0.021(4) __ -0.049(5)
c3 0.009(6)  0.068(6) 0.060(5)  -0.009(5) -0.004(5)  -0.058(5)
C4 0.091(6)  0.055(5) 0.065(4)  -0.008(4) -0.002(5)  -0.050(4)
C6 0.096(6)  0.046(6) 0.066(5)  -0.023(4) -0.013(4)  -0.028(3)
Cc7 0.066(6)  0.053(4) 0.063(6)  -0.038(4)  0.001(3)  -0.022(3)
co 0.034(5)  0.055(2) 0.054(7)  -0.020(5) -0.010(3)  -0.008(4)
C10  0.040(6) 0.055(2) 0.059(8)  -0.031(6) 0.001(3)  -0.014(5)
Ci1  0032(6)  0.069(3) 0.081(6)  -0.034(7) 0.018(3)  -0.012(6)
Ci2  0.046(4)  0.054(4) 0.081(4)  -0.026(6) 0.004(4)  -0.024(6)
C13  0.059(6)  0.044(5) 0.077(2)  -0.037(7) 0011(5)  -0.019(7)
C14 0.042(5) 0.045(5) 0.047(3) -0.021(5) -0.008(6) -0.011(6)
Ci5  0.048(6)  0.036(5) 0.042(1)  -0.019(6) 0.009(7)  -0.016(6)
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c17 0.059(6)  0.052(6) 0.054(3) -0.025(5)  -0.011(8) -0.022(4)
C18 0.068(7)  0.064(8) 0.059(5) -0.028(5)  -0.006(7) -0.034(3)
C19 0.077(6)  0.073(6) 0.072(4) -0.039(5)  0.006(7) -0.036(5)
c21 0.050(9)  0.059(6) 0.063(5) -0.033(6)  -0.008(4) -0.018(5)
C22 0.070(2)  0.059(6) 0.044(6) -0.019(7)  -0.015(4) -0.027(3)
c23 0.088(4)  0.103(9) 0.108(7) -0.038(7)  -0.010(5) -0.064(4)
C24 0.123(9)  0.073(2) 0.100(7) -0.005(6)  -0.052(4) -0.038(4)
c25 0.079(6)  0.119(9) 0.117(5) -0.034(2)  -0.025(3) -0.060(5)
C26 0.091(4)  0.117(9) 0.087(7) -0.031(5)  0.002(3) -0.080(4)
C29 0.091(4)  0.107(9) 0.051(7) -0.043(5)  0.014(3) -0.044(8)
C30 0.14(15)  0.128(9) 0.090(5) -0.049(3)  0.009(3) -0.059(5)
C32 0.17(13)  0.22(18) 0.12(11) -0.10(13)  0.001(2) -0.12(12)
C36 0.101(8)  0.107(6) 0.115(5) -0.069(3)  0.013(3) -0.039(5)
C39 0.075(1)  0.109(6) 0.085(5) -0.028(3)  0.001(3) -0.023(5)
N16 0.051(5)  0.048(3) 0.057(6) -0.035(4) 0.01(3) -0.023(6)
N20 0.072(2)  0.081(3) 0.061(6) -0.035(5)  -0.003(3) -0.048(5)
02 0.086(6)  0.086(3) 0.052(7) -0.029(6)  0.001(5) -0.046(3)
05 0.094(2)  0.061(6) 0.071(8) -0.018(7)  -0.019(5) -0.044(3)
08 0.070(9)  0.063(3) 0.066(5) -0.040(3)  0.015(3) -0.041(3)
027  0.059(7)  0.069(3) 0.079(4) -0.029(7)  0.002(3) -0.019(4)
028 0.081(5)  0.083(3) 0.045(3) -0.031(5)  0.002(3) -0.026(5)
031 0.094(4)  0.081(3) 0.065(2) -0.038(5)  -0.018(3) -0.047(6)
034 0.094(3)  0.071(3) 0.068(3) -0.015(5)  0.005(4) -0.035(5)
035 0.116(6)  0.054(9) 0.084(4) -0.024(3)  0.004(5) -0.032(7)
038 0.072(7)  0.088(3) 0.098(5) -0.032(4)  -0.007(5) -0.044(7)
041 0.046(7)  0.060(3) 0.094(6) -0.037(5)  0.001(5) -0.028(4)
042 0.092(2)  0.118(6) 0.112(6) -0.020(5)  -0.024(5) -0.070(3)
043 0.104(5)  0.136(8) 0.098(7) -0.057(4)  0.035(5) -0.076(4)
046 0.133(6)  0.077(8) 0.201(6) -0.037(4)  -0.069(6) -0.039(5)
P1 0.049(5)  0.057(6) 0.048(6) -0.029(5)  0.007(5) -0.022(6)
P2 0.073(7)  0.066(6) 0.061(5) -0.027(4)  0.002(6) -0.034(6)
P3 0.052(7)  0.062(5) 0.082(6) -0.030(3) _ 0.006(5) -0.036(6)

Cizelge 6.28. C31HssN2013P; kristaline ait atomlar arasi bag uzunluklari(A).

02
03
C1
ci8
P1
C22
P1
P1
C24
c7
c8
Cc9
C11
C11

P1 1.427(5) C9
P1  1.545(8) O5
Pl 1.846(7) C8
P2  1.801(9) O5
o1  1542() Ci1
O1  1.492(9) 06
02 1.427(5) C10
03 1.545(8) 06
03  1.431(9) C13
04  1.401(9) C17
O4  1.447(9) Ci2
O5 1.365(9) C14
05 1.416(9) C13
06  1.437(9) Ci5

C8

C9

Co

C10
C10
C11
C11
C12
C12
C12
C13
C13
C14
C14

1.482(8)
1.365(9)
1.482(9)
1.416(8)
1.442(9)
1.437(9)
1.442(9)
1.386(8)
1.384(9)
1.391(9)
1.384(8)
1.346(9)
1.346(9)
1.353(8)
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C12
P2
C26
P2
P2
Cc28
P3
P3
C30
C1
C21
C18
C19
P1
N1
c2
C1
C3
C7
Cc2
C4
C3
C5
C4
C6
C5
C7
04
C2
C6
04
P1
P2
P3
042
043
046
046
N16
N20
C1
C13
C12
C11
C10
C7
C7
C6
Ccé6
C4

06
o7
o7
08
09
09
010
O11
012
N1
N1
N2
N2
C1
C1
C1
c2
c2
c2
C3
C3
C4
C4
C5
C5
Cé6
C6
C7
C7
Cc7
C8
H15
H21
H3
H42
H3
H461
H462
H16
H20
H1
H131
H121
H111
H101
H71
H72
H61
H62
H41

1.386(8)
1.538(8)
1.413(9)
1.458(6)
1.576(7)
1.446(9)
1.485(7)
1.435(8)
1.584(9)
1.475(7)
1.488(9)
1.455(9)
1.462(9)
1.846(7)
1.475(7)
1.480(9)
1.480(9)
1.410(9)
1.405(9)
1.410(9)
1.359(9)
1.359(9)
1.366(9)
1.366(9)
1.369(9)
1.369(9)
1.366(9)
1.401(9)
1.405(9)
1.366(9)
1.447(8)
1.4601
1.4310
0.9644
0.9619
1.2373
0.9337
0.9485
0.9564
0.9282
0.9372
0.9440
0.9400
0.9599
0.9360
0.9743
0.9320
0.9572
0.9553
0.9751

Ci14
C16
C15
C17
c12
C16
C18
P2

N2

C17
N2

C20
C19
Cc21
N1

C20
O1

C23
Cc22
03

C25
o7

c27
09

C29
C24
Cc28
012
C31
C30
C29
C17
C30
C30
C30
C32
C32
C32
C36
C39
C39
C33
C33
C33
C37
C37
C37
C40
C40
C40

C15
C15
C16
C16
C17
C17
C17
C18
C18
C18
C19
C19
C20
C20
C21
C21
c22
Cc22
C23
C24
C24
C26
C26
Cc28
C28
C25
C29
C30
C30
C31
H292
H172
H301
H302
H303
H321
H322
H361
H362
H391
H392
H331
H332
H333
H371
H372
H373
H401
H402
H403

1.353(8)
1.383(9)
1.383(9)
1.349(8)
1.391(9)
1.349(9)
1.505(7)
1.801(9)
1.455(9)
1.505(7)
1.462(9)
1.538(9)
1.538(9)

1.505(8)

1.488(8)
1.505(9)
1.492(9)
1.433(9)
1.433(9)
1.431(9)
1.304(9)
1.413(9)
1.280(8)
1.446(9)
1.419(7)
1.304(8)
1.419(7)
1.584(9)
1.298(9)
1.208(9)
0.9417
0.9544
0.9419
1.0349
0.8786
0.8707
0.9825
0.9582
0.9561
0.9448
0.9383
0.9973
0.8926
0.9155
0.9339
0.9502
0.9704
0.8746
0.9553
1.0105
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C4 H42 0.9334 C44 H441 1.0065
C3 H31  0.9654 C44 H442 0.9841
C3 H32 0.9615 C45 H451 0.9092
C26 H261 0.9275 C45 H452 0.9343

C25 H251 0.9911 C45 H453 0.9541
C24 H241 0.9707 C19 H192 0.9560
C23 H231 0.9591 C18 H181 0.9341

C21 H2 0.9602 C18 H182 0.9613
C19 H191 0.9339 C17 H171 0.9367
C29 H291 0.9341

Cizelge 6.29. Cs1Hs5N2043P; kristaline ait atomlar arasi bag agilari(®).

02 P1__O1 11743 C7 C2 cC3 115.4(6)
O3 P1 02 1147(4) C4 C3 C2 122.4(8)
C1 P11 O1 988(@3) C6 C5 C4 120.4(7)
ci P1 02 11294 C7 C6 C5 119.9(8)
C1 P1 O3 1064(3) C2 C7 04 114.0(6)
o8 P2 O7 1127(4) C68 C7 04 124.0(8)
09 P2 O7 10224 C6 C7 C2 122.1(9)
09 P2 08 1162(4 C9 C8 04 107.2(8)
c18 P2 ©O7 1081(5) C8 C9 O5 111.0(8)
ci8 P2 08 1122(3) GCi1 Ci0 O5 109.8(8)
C18 P2 09 1045(4) C10 Ci1 06 106.1(6)
O11 P3 O10 1182(4) Ci13 Ci2 06 120.4(9)
O12 P3 010 1065() C17 Ci12 06 117.1(9)
012 P3 O11 111.4(4) C17 Ci12 Ci13  122.1(8)
C22 01 P1 1222() C14 Ci13 Ci2  118.2(9)
Co4 03 P1  1244(9) C15 C14 C13  121.909)
c8 04 C7 1155(6) C16 C15 C14  118.4(9)
Cl0 O5 C9 11456) Ci17 Ci6 C15  122.8(9)
Ci2 06 C11 1135() Ci6 C17 Ci2  116.4(9)
C26 O7 P2 1265(8) C18 C17 Ci12  123.1(7)
Ce8 09 P2 1228() C18 C17 C16  120.4(9)
C30 O12 P3 116.0(09) N2 Ci18 P2 107.1(7)
c21 Ni C1 1155(6) Ci17 Ci8 P2 113.2(7)
C19 N2 C18 1129(8) Ci17 Ci8 N2 116.5(7)
Nt C1 P1 111.05) ©20 C19 N2 112.7(7)
c2 C1 P1 111.7(6) C21 C20 C19  110.9(8)
cC2 C1 N1 1132(55) €20 C21 Ni 113.1(7)
C3 ©C2 C1 1220(7) C23 C22 Of 109.4(9)
C7 C2 C1 1226(8) G©C25 C24 O3 117.0(9)
C27 C26 O7 1184(9) C31 C30 012  107.3(9)
C29 C28 09 110.9(8) He261 C26 C25 1210

H461 046 H462 111.2 H231 C23 C24 116.7
H16 042 P3 119.7 H32 C3 H31 108.5
042 P3 H3 121.1 H62 C6 05 109.0
H301 C30 H302 1022 H71 C7 H72 108.8
H292 C29 H291 111.2 H62 C6 H61 107.6

H331 C33 H332 110.0 H452 C45 H453 1103



H31
H322
H401
H251
H241
H20
H20

C33
C32
C40
C25
C24
N20
N20

H333
H321
C403
C24
C25
C21
C19

108.5
113.0
110.3
120.5
118.7
122.2
124.9

H452
H442
H131
H121
H16
H16

C45
C44
C13
C12
N16
N16

C44
043
C12
C11
C17
C15

106.1
106.5
120.0
120.0
123.5
121.1

Cizelge 6.30. C31Hs5N2013P3 kristaline ait atomlar arasi burulma agilari(®)

C33 C32 031 Pi 129.038) C1 C22 C23 02 173.8(3)
Cc32 031 P1 027 16.1(3) . C26 C25 C24 Cf 3.1(2)
031 P1 028 C29 -59.4(4) C25 C24 C23 C26 -5.3(2)
P1 028 ©C29 C30 -1043(@8) C24 €23 C22 C25 5.3(2)
C45 C44 043 P3 1382(5) C23 C22 Ci C24 2.9(2)
C44 043 P3 042 52.6(4) C22 C1 C26 C23 0.5(1)
C44 043 P3  O41 177.3(3) C1 C26 C25 C22 -0.6(2)
PI Ci5 Ci4 C9 1108(2) €23 C22 C21 C24  -179.5(3)
PI Ci15 Ni6 C17 -1703(4) C22 C21 N20 C23 46.0(3)
PI Ci5 Ci14 Ci3 69.6(4) C21 N20 C19 C22 66.0(3)
C15 Ci4 C13 Ci2  -179.54) C36 035 P2 c37  -133.7(3)
C14 C13 cCci2 C11 07(1) O35 P2 C21 C36 -75.1(2)
C13 Ci2 Ci11 C10 25(2) 035 P2 034 C36 160.3(2)
Ci2 Ci11 C10 C9 37(2) O35 P2 038 C36 34.7(3)
Ci1 Ci0 C9 C14 3.0(2) P2 C21 N20 035 -179.3(3)
Ci1 Cci10 Cc9 08 177.3(4) P2 038 C39 035 153.4(2)
clo c9 08 C7 96(2) 038 C39 C40 P2 -118.8(2)
cO 08 C7 Cé -176.8(3) P2 038 C39 034 30.2(4)
o8 C7 C6 O5 67.6(3) P2 C21 N20 O34 -54.3(4)
C7T ©C6 05 C4 169.5(3) C21 N20 C19 P2 -166.2(3)
c6 05 C4 C3 1746(3) N20 C19 Ci8 C21 90.8(3)
O5 C4 C€C3 C2 68.3(3) C19 C18 C17 N20 67.1(4)
c4 C3 02 Cf -167.8(5) C18 C17 Nis C19 160.4(4)
c3 02 C1 C26 -773(5) C17 Ni6 C15 Ci8 67.0(4)
02 Ci C26 C25 -1737(3) Ni6 Ci15 Cl14 Ci7 63.1(4)

85



Sekil 6.5. C31Hs5N2013P3 kristalinin ORTEP3 ¢izimi (Sicaklik titregim elipsoitleri
%50 olasilikla verilmigtir).

6.6. 15,21-Bis{2-[(hidroksi)(metoksi)fosforil]}-2,5,8-trioksa-16,20-
diazatrisiklo [20.4.0.0%'*Jhegzakosa-9,11,13,22,24,26(1)hegzaen-Su(1/2)
(C23H34N206P2.2H,0) KRISTAL YAPISININ ARITILMASI

Bilesik, iki N, ti¢ O dondr atomu, yan gruplarda iki metoksi fosforil grubuna sahip
bir makrosiklik ligand ve iki su molektlinden olugur.

Yapt direk yontemler ile ¢dztlmustar [(Sheldrick, 1997), SHELXS97]. H101, H102,
H111, H112 atomlarinin konumlari fark Fourier haritasindan bulunmus ve izotropik
olarak aritiimigtir. Diger hidrojen atomlarinin konumlar ise baglandiklari
atomlardan CH, CH,, CHs, CH, NH ve OH igin sirasiyla 0.98, 0.97, 0.96, 0.93,
0.86 ve 0.82A mesafelerinde geometrik olarak hesaplanmig ve bir bindirme modeli
kullanilarak antiimiglardir [(Sheldrick, 1997), SHELXL97]. Hidrojen digi atomlar ise
anizotropik olarak artiimigtir.

Ca3H34N20gP2.2H,0 kristaline ait parametreler ve arntima iligkin veriler agagidaki
cizelgelerde (Cizelge 6.31-6.36), ORTEP3 ¢izimi ise Sekil 6.6’ da verilmistir.
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Cizelge 6.31. Ca3H3sN20gP2.2H,0 kristalinin siddet verilerinin

toplanmasi, yapinin ¢dzlilmesi ve artiimasina ait parametreler

Kristal verisi

C23H34N20gP2 .2H0
M=580.51

Triklinik, P1

a=10.418(2) A
b=12.914(2) A
c=13.075(3)A
0=63.6(2)°
B=75.5(2) °
¥=78.8(2)°
V=1518.0(5) A®

Dy=1.27g/cm®
Mo(K,) radyasyonu(A=0.71073 A)

Hlcre parametrelerinin saptanmasinda
kullanilan yansima sayisi(25)
0=10-18°

1(MoK,)=0.198 mm™*

T=293K

Renksiz, blok

0.30x0.25%0.15 mm

Z=2

Veri Toplama

Enraf-Nonius CAD-4 Difraktometresi
w/20 taramasi

Sogurma Dizeltmesi=Psi Scan
Tmin=0.879 Tmak=0.999
Olglilen yansima sayisi=4358
Bagdimsiz yansima sayisi=4358

I>20(]) olan yansima sayisi=1080

F antimi

R(F)= 0.0618
wR(F)=0.1535
$=0.797

1080 yansima
359 parametre

Omaks=22.8°
h=-9,0
k=-11,11
I=-11,11

3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1

Aritim

Hidrojen atomlari igin sinirlandiriimig
aritimlar uygulanmustir.
(A/O)maks=0.02

Apmaks=0.16 eA™

Apmin=-0.11 A
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Cizelge 6.32. Co3HasN-OgP2.2H;0 kristaline ait kesirsel atom koordinatlari ve

esdeger izotropik yerdegigtirme parametreleri(A2)

Atom X y z Bes(A?)
P1 0.9900(3) 0.2383(2)  -0.1321(2) 6.67(15)
P2 0.5987(4) 0.2194(4) 0.5088(3) 9.44(18)
N1 0.548(10) 0.140(11) 0.363(12) 0.85(4)
N2 0.819(12) 0.131(15) 0.0511(9) 10.96(5)
o1 0.3789(8) 0.4614(7) 0.2995(6) 7.83(3)
02 0.6078(8) 0.4948(6) 0.1275(7) 7.87(2)
03 0.8702(8) 0.3835(8) 0.0832(6) 6.58(2)
04 0.876(15) 0.281(10)  -0.2166(8) 11.25(4)
05 1.036(2) 0.345(12)  -0.1789(8) 17.00(9)
06 1.063(12) 0.1205(9)  -0.1362(10) 11.89(4)
o7 0.7529(9) 0.2179(8) 0.4471(9) 10.10(3)
08 0.5632(12)  0.1080(12)  0.6118(10) 14.7(6)
09 0.5660(19)  0.3323(19) 0.518(2) 17.86(7)
010 1.448(3) 0.106(3) -0.032(3) 11.2(11)
O11 1.179(3) 0.349(3)  -0.2830(18) 22.7(16)
C1 0.1636(13)  0.3998(11)  0.4028(11) 7.22(3)
Cc2 0.0888(12)  0.3140(13)  0.4844(12) 7.43(3)
C3 0.1475(12)  0.2036(12) 0.5422(9) 7.01(3)
c4 0.2821(12) 0.1824(8) 0.5121(8) 6.26(3)
C5 0.3644(10)  0.2628(10) 0.4333(9) 5.35(3)
Cé 0.3040(12)  0.3726(11) 0.3814(9) 6.63(4)
c7 0.3735(12)  0.4964(11) 0.1804(9) 7.78(3)
Cc8 0.4871(14) 0.5687(9)  0.1086(10) 7.78(4)
Cc9 0.7257(14)  0.5527(10)  0.0723(10) 7.40(3)
C10 0.8389(13)  0.4721(11)  0.1209(10) 7.61(4)
C11 0.9710(17)  0.3021(12)  0.1239(10) 7.75(4)
c12 1.0439(13)  0.3030(11)  0.1988(10) 6.71(3)
c13 1.1434(17)  0.2157(15)  0.2401(11) 8.52(5)
C14 1.1670(16)  0.1305(17)  0.2035(13) 11.34(7)
c15 1.0883(16)  0.1273(14)  0.1244(12) 8.49(4)
C16 0.9937(15)  0.2084(11) 0.0884(9) 7.20(4)
c17 0.9105(16)  0.2056(10) 0.0127(9) 7.51(4)
c18 0.7310(11)  0.0088(11)  0.1661(11) 8.33(4)
C19 0.6127(15)  0.1807(15)  0.1629(13) 10.22(5)
C20 0.5177(16)  0.1590(17) 0.264(2) 11.63(8)
c21 0.5082(12)  0.2372(10)  0.4006(10) 7.60(3)
c22 0.8046(18) 0219(2)  -0.2304(14) 12.23(6)
c23 0.8364(14)  0.1166(16)  0.4636(14) 9.97(5)
H1 0.1245 0.4737 0.3623 2.80
H1A 0.5895 0.0764 0.4038 3.86
H2 -0.0031 0.3296 0.5016 2.94
H2A 0.8108 0.1005 0.0069 4.34
H3 0.0966 0.1453 0.6000 2.84
H4 0.3200 0.1069 0.5487 2.47
H6 11.356 0.1078 -0.1162 5.89
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H7A
H7B
H8
HB8A
H8B
HOA
HoB
H10A
H10B
H101
H102
H111
H112
H12
H13
H14
H15
H17
H18A
H18B
H19A
H19B
H20A
H20B
H21
H22A
H22B
H22C
H23A
H23B
H23C

0.2894
0.3818
0.4996
0.4814
0.4843
0.7171
0.7406
0.9160
0.8162
1.425(5)
1.403(6)
1.226(2)
1.21(4)
10.256
11.916
12.346
11.070
0.8524
0.7043
0.7796
0.6419
0.5691
0.4498
0.4758
0.5381
0.8614
0.7470
0.7519
0.7913
0.9153
0.8604

0.5412
0.4288
0.0853
0.6026
0.6311
0.6218
0.5758
0.5148
0.4386
0.162(5)
0.067(5)
0.407(1)
0.295(1)
0.3637
0.2161
0.0717
0.0670
0.2777
0.0218
0.0964
0.2566
0.1856
0.2243
0.0917
0.3070
0.1669
0.2686
0.1743
0.0517
0.1215
0.1064

0.1630
0.1641
0.6040
0.0269
0.1315
0.0859

-0.0109
0.0972
0.2051

-0.086(4)

-0.011(4)

-0.321(2)

-0.21(3)
0.2219
0.2909
0.2283
0.1007
0.0020
0.1923
0.2215
0.1380
0.1032
0.2467
0.2784
0.3322

-0.2609

-0.2837

-0.1568
0.5238
0.4859
0.3926

3.10
3.10
7.56
3.13
3.13
3.02
3.02
3.02
3.02
2.30(2)
2.30(2)
5.26(8)
12.3(1)
2.65
3.39
4.50
3.39
3.02
3.31
3.31
4.05
4.05
4.68
4.68
3.00
6.00
6.00
6.00
4.94
4.94
4.94

Cizelge 6.33. Ca3HasN20gP2.2H,O kristaline ait anizotropik yerdegistirme

parametreleri(A?)

Atom U1 u22 u33 u23 ui3 ui2

P1 0.1092)  0.068(2) _ 0.0566(19) -0.0182(13) -0.0067(14) 0.0054(15)
P2 0002(3) 0.156(4) 0.085(2) -0.018(2)  -0.0220(18) -0.027(2)

o1  0437(6) 0.106(5) 0.060(5) -0.037(4)  -0.014(4)  -0.017(5)

02  0106(6) 0.069(4) 0.114(6) -0.033(4)  -0.015(5)  -0.009(5)

03  0087(5) 0.090(5) 0.094(5) -0.057(4)  -0.004(4) -0.022(5)

04  0.180(10) 0.147(8) 0.100(6) -0.047(5)  -0.039(7)  -0.007(8)

O5  045(3)  0.165(10) 0.068(5) -0.042(6)  -0.024(9) -0.163(14)
06  0.164(8) 0.126(7) 0.163(8) -0.072(6)  -0.017(7)  -0.014(7)

07  0083(6) 0.109(7) 0.160(8) -0.022(5)  -0.027(5)  -0.026(6)

08  0143(8) 0.200(12) 0.111(7) 0.053(7)  -0.023(6) -0.056(8)

09  0207(13) 0.246(17) 0.32(2) -0.202(16) -0.097(14)  0.011(11)
010  0.33(17) 0.129(19) 0.20(2) -0.076(17) -0.028(17) -0.073(16)
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O11  0.37(3) 0.36(3) 0.146(14) -0.117(17)  0.079(17) -0.20(3)

N1 0.081(6) 0.146(9)  0.141(9) -0.060(7)  -0.031(7)  0.024(6)
N2 0.108(7)  0.249(15) 0.075(7) -0.074(8) 0.000(6)  -0.062(9)
C1 0.082(9) 0.087(8)  0.091(8) -0.037(7)  -0.026(7)  0.029(8)
c2 0.073(7)  0.106(10) 0.094(8) -0.045(8)  -0.004(7)  -0.004(8)
C3 0.072(9) 0.113(11) 0.068(6) -0.026(7) 0.001(6)  -0.022(7)
c4 0.090(9) 0.054(6)  0.065(6) -0.008(5)  -0.012(6)  0.004(6)
C5 0.084(8)  0.050(7)  0.069(6) -0.024(5)  -0.020(6)  0.000(6)
C6 0.101(10) 0.091(10)  0.059(6) -0.037(7) 0.019(6)  -0.042(8)
c7 0.098(7)  0.099(8)  0.058(7) -0.003(6)  -0.021(6)  0.015(7)
c8 0.139(10) 0.046(5)  0.086(7) -0.013(5)  -0.035(8)  0.035(7)
c9 0.130(10) 0.075(7)  0.081(7) -0.022(5)  -0.015(7)  -0.042(8)
C10  0.101(8) 0.110(9)  0.088(7) -0.046(7) 0.005(7)  -0.057(8)
C11  0.134(12) 0.090(9) 0.065(7) -0.039(6) 0.036(8)  -0.054(10)
c12  0.101(8) 0.100(9) 0.074(6) -0.056(6)  -0.016(7)  -0.015(8)
C13  0.142(13) 0.114(10) 0.091(8) -0.066(8)  -0.003(8)  -0.035(11)
C14  0.113(10) 0.152(15) 0.085(9) 0.007(11)  0.011(8)  -0.023(9)
C15  0.124(10) 0.108(10) 0.100(9) -0.050(7)  -0.017(9)  -0.019(10)
C16  0.116(9) 0.084(7)  0.070(7) -0.019(6) 0.010(7)  -0.015(8)
C17  0.142(11) 0.107(8) 0.073(7) -0.055(6)  -0.030(8) -0.031(8)
Ci8  0.074(7) 0.103(8)  0.094(9)  0.005(6) -0.018(7)  -0.017(7)
C19  0.084(9) 0.161(12) 0.105(9) -0.041(8)  -0.033(8)  0.051(9)

C20  0.100(11) 0.199(15) 0.24(2)  -0.178(16)  -0.106(15)  0.084(11)
C21  0.091(9) 0.089(7) 0.103(8) -0.043(6)  -0.006(6)  -0.010(6)
C22  0.133(12) 0.223(18) 0.120(12) -0.070(12) -0.046(9)  -0.036(13)
C23  0.091(8) 0.138(12)  0.123(10) -0.020(8)  -0.038(7)  -0.019(10)

Cizelge 6.34. Ca3HasN2OgP2.2H,0 kristaline ait atomlar arasi bag uzunluklari(A)

P1
P1
P1
P1
P2
P2
P2
P2
02
02
03
03
01
01
C5
C1
C1
Cc3
C3

05
06
04
C17
09
o8
o7
C21
C9o
C8
C11
C10
C6
C7
C21
c2
Cé6
C4
C2

1.363(11)
1.582(11)
1.665(15)
1.757(13)
1.482(16)
1.500(11)
1.607(11)
1.800(13)
1.421(15)
1.426(14)
1.358(17)
1.391(14)
1.381(13)
1.429(13)
1.466(16)
1.356(11)
1.422(12)
1.367(13)
1.384(15)

N2
N2
C21
C10
C16
Cc7
C18
N1
C19
O10
010
05
05
O11
O11
C11
C11
C12
C14

C17 1.330(17)
c18 1.474(18)
N1 1.485(18)
o) 1.480(19)
c17 1.486(18)
cs 1.499(19)
C19 1.46(2)
C20 1.32(2)
C20 1.39(3)
H101  0.81(4)
H102  0.66(6)
O11 1.74(4)
H112  1.9(4)
H111  0.86(3)
H112  1.0(2)
c12 1.387(10)
C16 1.438(14)
C13 1.388(11)
c13 1.343(11)
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c4 Cc5 1.350(11) C14 C15 1.491(16)
C5 C6 1.371(14) C15 C16 1.208

C5 c21 1.466(12) c7 c8 1.499(11)
C1 H1 0.930 C14 H14 0.930(17)
N2 H2 0.860 c8 HSA 0.970(12)
c21 H21  0.980 c8 H8B 0.970
Ci2  H12  0.930 Ci5 H15 0.929
C10  H10A 0.970 C23 H23A  0.960
C10  H10B 0.970 c23 H23B  0.960

c4 H4 0.930 c23 H23C  0.960

c7 H7A  0.970 C22 H22A  0.959

c7 H7B  0.970 C22 H22B  0.960
Ci8  HisA  0.969 c22 H22C  0.959
Ci8  Hi8B  0.970 C19 H19A  0.970

o) H9A  0.970 c19 H19B  0.970

o) H9B  0.970 C20 H20A  0.970

c2 H2A  0.929 C20 H20B  0.970
Ci7  H17  0.980 010 H101  0.803(2)
N1 H1A  0.860 010 H102  0.666(2)
c3 H3 0.930 05 H112  0.134(8)
06 H6 0.820 H101  H102  0.122(2)
C13  H13  0.929 O11 H111  0.866(2)
08 H8 0.820 011 H112  1.133(7)

Cizelge 6.35. Ca3H34N20OgP2.2H,0 kristaline ait atomlar arasi bag agilari(®)

05
05
06
05
06
04
09
09
o8
09
08
o7
C9
C11
C6
C17
C5
C5
N1
C4
C4
Cé6
C2

P
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
02
03
o1
N2
c21
ca1
c21
C5
C5
C5
C1

06
04
04
C17
C17
C17
o8
07
07
C21
C21
C21
C8
C10
C7
C18
N1
P2
P2
Cé6
C21
C21
Cé6

129.8(10)
94.2(9)
105.7(6)
108.7(6)
106.9(6)
109.9(7)
121.1(12)
105.2(9)
113.9(7)
103.1(8)
106.9(7)
105.1(6)
114.6(9)
117.0(9)
117.0(8)
123.0(11)
115.6(9)
112.8(8)
111.0(9)
115.4(9)
123.8(10)
120.8(10)
117.6(11)

C19 C18
02 C9
N2 C17
N2 C17
C16 C17
C20 N1
02 C8
C20 C19
N1 C20
H101 O10
P1 05
P1 05
O11 05
05 O11
05 o111
H111 Of1
03 C10
O1 C7
C11 C12
C5 C4
C15 C16
C15 C16
C11 C16e

N2
C10
C16
P1
P1
C21
C7
C18
C19
H102
O11
H112
H112
H111
H112
H112
C9
C8
C13
C3
C11
C17
C17

111.8(11)
108.4(8)
123.0(10)
113.1(7)
115.2(10)
116.4(11)
107.7(8)
118.4(13)
122.1(12)
109.0(9)
109.1(15)
108.9(8)
40.4(10)
124(10)
79.0(10)
108.0(10)
111.3(9)
107.0(10)
121.6(12)
124.9(9)
118.1(14)
121.4(11)
120.4(14)
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o
C4
C14
6
H1
H2
H2
P2
C5
H21
c1i
H12
03
03
H10A
H10A
H10B
C5
H4
01
o1
H7A
H7A
H7B
N2
N2
N2
H18A
H18A
H18B
02
02
Cc10
c10
HOA
C
H2A
P1
N2
c16
c21
H1A

Cc2
C3
C13
C1
C1
N2
N2
C21
C21
C21
C12
Cc12
C10
C10
C10
C10
C10
C4
C4
Cc7
Cc7
Cc7
C7
C7
C18
C18
C18
C18
C18
C18
C9
C9o
Co
C9
C9
Cc2
c2
C17
C17
C17
N1
N1

C3
C2
Cc12
H1
Cc2
C18
C17
H21
H21
N1
H12
C13
H10A
H10B
H10B
Co
C9
H4
C3
H7A
H7B
H7B
C8
C8
H18A
H18B
C19
H18B
C19
C19
HO9A
HoB
HO9A
HOB
HoB
H2A
C3
H17
H17
H17
H1A
C20

120.8(10)
118.2(10)
117.0(13)
121.28
121.27
118.51
118.51
105.47
105.46
105.46
119.07
119.06
109.33
100.33
107.97
109.32
109.33
117.58
117.57
110.27
110.26
108.54
110.27
110.28
109.22
109.22
111.96
107.92
109.22
109.22
110.08
110.07
110.07
110.07
108.41
119.36
119.37
99.87
99.88
99.87
121.85
121.85

C13
C16
C20
P1
C12
H13
P2
C13
H14
02
02
C7
Cc7
H8A
C16
C14
o7
o7
07
H23A
H23A
H23B
04
04
04
H22A
H22A
H22B
C18
Cc18
H19A
H19A
H19B
N1
N1
C19
C19
H20A
C4
C4
c2

C14
C15
C19

06

C13
C13
08

C14
C14
c8

C8

C8

C8

C8

C15
C15
C23
C23
C23
C23
Cc23
C23
c22
C22
c22
Cc22
c22
Cc22
C19
C19
C19
C19
C19
C20
C20
C20
C20
C20
C3

C3

C3

C15
C14
c18
H6
H13
C14
H8
H14
c15
H8A
H8B
H8A
H8B
H8B
H15
H15
H23A
H23B
H23C
H23B
H23C
H23C
H22A
H22B
H22C
H22B
H22C
H22C
H19A
H19B
H19B
C20
C20
H20A
H20B
H20A
H20B
H20B
c2
H3
H3

122.0(15)
120.1(14)
118.4(13)
109.47
121.55
121.56
109.47
118.93
118.93
110.14
110.14
110.14
110.14
108.46
119.96
119.96
109.48
109.47
109.47
109.47
109.46
109.47
109.47
109.47
109.47
109.47
109.47
109.47
107.72
107.72
107.10
107.71
107.71
106.88
106.88
106.88
106.87
106.69
118.10
120.96
120.95
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Cizelge 6.36. Co3HauN2OgP2.2H,O kristaline ait atomlar arasi burulma agcilari(®)
Ci1 03 C10 C9 178.7(9) C18 N2 c17 Pt 174.4(10)
Cé6 01 C7 C8 165.3(9) C11  C16 C17 N2 107.9(13)
C17 N2 C18 C19 85.8(17) Ci1 Ci6 Ct17 P1 106.7(11)
cg 02 C9 C10 166.9(9) C5  C21 N1 C20 67.7(16)
C9 02 C8 C7 175.2(9) P2 C21 N1 C20 162.2(13)
O1 C7 C8 02 66.8(11) 04 P1 05 O11 98.0(15)
N2 c18 C19 C20 177.5(14) C17 P1 05 O11 149.2(14)
C21 N1 C20 C19 105.6(15) O3 cio C9 02 71.4(10)
Ci8 C19 C20 Nfi 53.0(02) C18 N2 C17 Ci6 40.0(02)
06 P1  0O5 O11 16.4(17) C6 C1 C2 C3 1.6(15)
C1 cCé6 C5 C21 1745(9) C5 C4 C3 c2 3.2(14)
C5 cée Ci c2 4.8(14) C1 c2 C3 C4 2.2(15)
Ccié6 C11 Ci12 C13 1.6(15) Ci11 C12 C13 C14 0.6(16)
Cé6 C5 C4 C3 0.2(13) Ci2 C13 Ci14 C15 1.5(17)
C2t C5 C4 C3 178.5(10) Ci1 Ci16 Ci5 C14 2.0(15)
C12 C11 Ci16 Ci5 3.0(14) C17 Ci6 Ci5 C14 177.9(11)
C12 Ci11 C16 Ci17 177.0(10) Ci3 Ci14 Ci15 C16 0.1(18)
A 22
c7 C8 & 04
c1 T 05 o1l
C2, LA 6 oy N 1% PLIQRIN o
N S '///’“\ N2, &
. \ G2 CTONNZ 17 06
c3 gD Nio C18C 0
G NG C10°
c21 o
03 (@B U

=~

a SA23 010

08 2 C13

Sekil 6.6. CogHasN2OgP2.2H,0 kristalinin Ortep3 cizimi (Sicaklik titregim
elipsoitleri %50 olasilikla verilmigtir)
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6.7. 2,4-[2,2’-MetiIenbis(4-nitrofenoksi)]-2,4,6,6-tetrak|oro-siklo-27\,5,47~.5,67ts-
trifosfazatrien(ansa) (C13HsClsNs06P3) KRISTAL YAPISININ ARITILMASI

Bilesik, C13HsClsNsO¢P3, dlizlemsel olmayan trimerik fosfazen halkasi ve molekiil
seklini baskin olarak belirleyen bulk 2,2’-Metilenbis (4-nitrofenoksi) yan grubundan

olugur.

Yapi direkt yontemler ile ¢ézilmustur [Fair, 1990 (MolEN)]. Hidrojen atomlarn bagl
olduklari atomlardan 0.95 A mesafede geometrik olarak yerlestiriimigler ve
bindirme modeli kullanilarak antiimiglardir. Hidrojen digi atomlar ise anizotropik
olarak aritiimiglardir.

C13HgClsNsOgP5 kristaline ait parametreler ve aritima iligkin veriler agagidaki
cizelgelerde (Cizelge 6.37-6.42), ORTEP3 cizimi ise Sekil 6.7’ de verilmigtir.

Cizelge 6.37. C43HsCliNsOgPs kristalinin giddet verilerinin toplanmasi,
yapinin ¢6zllmesi ve artilmasina ait parametreler

Kristal verisi
C13HsClsNsOgP3 Dy=1.71 g/cm®
M=564.97 Cu(K,) radyasyonu (A=1.54184 A)
Monoklinik, P2/n Hiicre parametrelerinin saptanmasinda
kullanilan yansima sayisi(25)
a=16.317(1)A 0=21-42°
b=8.047(1)A 1(CuKy)=7.391 mm’™
c=8.047(1)A T=298K
B=96.97(1)° Renksiz, blok
V=2189.8(1)A® 0.30x0.25x0.20 mm
Z=4
Veri Toplama
Enraf-Nonius CAD-4 Difraktometresi Omaks=74.3°
w/20 taramasi h=0,19
Sogurma Diizeltmesi=Psi Scan k=0,9
Tmin=0.156 Tma=0.228 I= -20,20

94



Olglilen yansima sayisi=4457
Bagimsiz yansima sayisi=4457

F>30(F) olan yansima sayisi=3072

F aritimi

R(F)= 0.045
wR(F)= 0.052

5=0.85

3072 yansima

280 parametre

Hidrojen atomlari i¢in sinirlandiriimig

aritimlar uygulanmigtir.

(A/G)maks=o.o1
Apmaks=0.34 eA®
Apmin= -0.54 eA™®

3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1
Antim

Cizelge 6.38. C13HsClsNsO¢Ps3 kristaline ait kesirsel atom koordinatlari ve

esdeger izotropik yerdegistirme parametreleri(A?)

Atom X y z Beg(A%)
ci 0.53931(7) _ -0.3755(2) 0.11613(8) 5.01(3)
Cl2 0.35312(9)  -0.4172(2) 0.06522(9) 5.93(3)
Ci3 0.31684(7)  0.1721(1) 0.02053(6) 4.02(2)
Cl4 0.27589(8)  -0.1507(2) 0.29014(8) 5.99(3)
P1 0.43379(6)  -0.2596(1) 0.12199(6) 2.93(2)
P2 0.37851(6)  -0.0875(1) 0.24484(6) 3.17(2)
P3 0.39731(6)  0.0722(1) 0.10432(6) 2.60(2)
o1 0.4664(2)  0.2131(3) 0.1108(1) 2.65(5)
02 0.7419(2)  0.0741(6) 0.3951(2) 6.6(1)
03 0.7981(2)  -0.0327(6) 0.2983(2) 7.0(1)
04 0.3886(3)  0.6260(5) 0.5130(2) 7.3(1)
05 0.3525(3)  0.4422(8) 0.5949(2) 10.6(1)
06 0.4388(2)  -0.0297(4) 0.3211(2) 3.32(6)
N1 0.4199(3)  -0.2476(4) 0.2129(2) 4.04(8)
N2 0.3570(2)  0.0607(4) 0.1847(2) 3.02(6)
N3 0.4329(2)  -0.0941(4) 0.0720(2) 3.10(7)
N4 0.7420(2)  0.0417(5) 0.3245(2) 4.23(8)
N5 0.3770(3)  0.4826(7) 0.5329(2) 6.0(1)
C1 0.5363(2)  0.1766(5) 0.1662(2) 2 50(7)
Cc2 0.5381(2)  0.2231(4) 0.2457(2) 2.41(7)
Cc3 0.6077(2)  0.1777(5) 0.2972(2) 2.68(7)
C4 0.6700(2)  0.0912(5) 0.2683(2) 2.98(8)
Cc5 0.6690(3)  0.0498(6) 0.1885(2) 3.57(9)
Cé 0.6011(2)  0.0941(6) 0.1370(2) 3.23(8)
C7 0.4707(3)  0.3255(5) 0.2751(2) 3.14(8)
c8 0.4382(2)  0.2673(5) 0.3510(2) 2.99(8)
Co 0.4215(3)  0.3903(6) 0.4055(2) 3.98(9)
c10 0.3915(3)  0.3474(7) 0.4757(3) 4.70(1)
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Cc11 0.3783(3) 0.1881(8) 0.4960(3) 5.70(1)
c12 0.3935(3) 0.0613(7) 0.4423(3) 5.00(1)
C13 0.4223(3) 0.1046(6) 0.3707(2) 3.48(9)
H31 0.612 0.206 0.352 3.40
H51 0.715 -0.004 0.170 4.40
H61 0.598 0.067 0.082 4.00
H71 0.425 0.325 0.234 3.80
H72 0.491 0.436 0.284 3.80
H91 0.429 0.505 0.394 4.40
H111 0.358 0.165 0.545 6.10
H121 0.383 -0.051 0.455 5.90
Cizelge 6.39. C3HsCl4NsOgP3 kristaline ait anizotropik yerdegistirme

parametreleri(A?)
Atom Ut1 u22 U33 Ui2 Ui3 U23
CH 0.0547(6) 0.0528(6) 0.0853(8) 0.0177(5) 0.0186(6) 0.0071(6)
Ci2 0.0760(8) 0.0485(6) 0.0969(9) -0.0165(6) -0.0044(7) -0.0242(6)
Ci3 0.0554(6) 0.0458(5) 0.0464(5) 0.0082(5) -0.0145(4) -0.0025(5)
Cl4 0.0640(6) 0.0964(9) 0.0738(7) -0.0323(6) 0.0352(5) -0.0059(7)
P1 0.0439(5) 0.0268(4) 0.0411(5) 0.0005(4) 0.0071(4) -0.0050(4)
P2 0.0465(5) 0.0374(5) 0.0398(5) -0.0055(5) 0.0177(4) -0.0022(5)
P3 0.0385(5) 0.0289(4) 0.0307(4) 0.0021(4) 0.0011(4) -0.0038(4)
O1 0.040(1) 0.030(1) 0.030(1) -0.003(1) 0.000(1) 0.001(1)
02 0.074(2) 0.120(3) 0.048(2) 0.021(2) -0.021(2) -0.016(2)
03 0.054(2) 0.120(3) 0.087(2) 0.036(2) -0.011(2) -0.025(2)
04 0.079(2) 0.111(3) 0.087(2) 0.005(2) 0.014(2) -0.059(2)
05 0.160(4) 0.179(5) 0.076(2) -0.009(4) 0.065(2) -0.059(2)
06 0.051(1) 0.043(1) 0.035(1) 0.001(1) 0.013(1) 0.000(1)
N1 0.084(2) 0.032(2) 0.041(2) 0.004(2) 0.019(2) 0.004(2)
N2 0.036(2) 0.038(2) 0.043(2) 0.002(1) 0.014(1) -0.005(1)
N3 0.055(2) 0.032(2) 0.031(1) 0.005(2) 0.008(1) -0.005(1)
N4 0.043(2) 0.058(2) 0.056(2) 0.002(2) -0.008(2) -0.009(2)
N5 0.056(2) 0.115(3) 0.060(2) -0.001(2) 0.019(2) -0.044(2)
C1 0.034(2) 0.031(2) 0.029(2) -0.004(2) 0.002(1) -0.001(2)
Cc2 0.034(2) 0.028(2) 0.031(2) -0.004(2) 0.008(1) -0.007(1)
C3 0.038(2) 0.037(2) 0.027(2) -0.005(2) 0.006(1) -0.008(2)
C4 0.032(2) 0.043(2) 0.037(2) -0.006(2) -0.001(2) -0.004(2)
C5 0.040(2) 0.056(3) 0.041(2) 0.002(2) 0.011(2) -0.012(2)
C6 0.038(2) 0.053(2) 0.033(2) -0.000(2) 0.009(2) -0.007(2)
Cc7 0.049(2) 0.034(2) 0.037(2) 0.001(2) 0.009(2) -0.012(2)
C8 0.035(2) 0.046(2) 0.033(2) 0.003(2) 0.006(2) -0.009(2)
Co 0.041(2) 0.065(3) 0.045(2) 0.003(2) 0.009(2) -0.022(2)
C10 0.048(2) 0.086(3) 0.047(2) -0.002(3) 0.014(2) -0.028(2)
C11 0.066(3) 0.117(4) 0.037(2) -0.008(3) 0.026(2) -0.017(3)
C12 0.074(3) 0.079(3) 0.040(2) -0.014(3) 0.020(2) -0.001(2)
C13 0.042(2) 0.062(3) 0.029(2) 0.004(2) 0.010(2) -0.007(2)
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Cizelge 6.40. C13HsClsNsO6P; kristaline ait atomlar arasi bag uzunluklari(A)

cH P1 1.971(2) Ci C6  1.389(6)
cl2 P1 1.987(2) c2 C3  1.390(5)
CL3 P3 1.976(1) c2 C7  1.505(5)
Cl4 P2 1.988(2) C3 c4  1.370(6)
P1 N1 1.573(4) C3 H31  0.950
P1 N3 1.574(3) C4 Cc5 1.379(6)
P2 06  1.587(3) C5 Cé  1.368(5)
P2 N1 1.578(4) C5 H51  0.950
P2 N2 1.575(3) C6 H61  0.950
P3 o1 1.593(3) c7 c8 1.514(6)
P3 N2 1.574(3) c7 H71  0.950
P3 N3 1.581(3) C7 H72  0.950
o1 C1 1.413(4) cs c9  1.398(6)
02 N4 1.215(5) c8 C13  1.383(6)
03 N4 1.219(6) co C10  1.374(6)
04 N5 1.223(7) co H91  0.950
05 N5 1.205(6) C10 C11  1.350(8)
06 C13  1.411(5) C11  C12  1.404(8)
N4 c4 1.471(5) C11  H111 0.950
N5 C10  1.490(7) C12 C13  1.389(8)
C1 c2 1.384(5) Ci2  Hi21 0.950

Cizelge 6.41. C3HsClsNsO¢P3 kristaline ait atomlar arasi bag agilari(®)

Ci
Cl
Cl
Ci2
Cl2
N1
Cl4
Cl4
Cl4
06
06
N1
CL3
CL3
CL3
o1
o1
N2
P3
P2
P1
P2
Ci

P
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
P3
P3
P3
P3
P3
P3
01
06
N1
N2
C6

Ci2
N1
N3
N1
N3
N3
06
N1
N2
N1
N2
N2
O1
N2
N3
N2
N3
N3
C1
C13
P2
P3
C5

101.86(7)
107.9(2)
109.0(1)
109.9(2)
108.7(1)
118.2(2)
103.6(1)
109.7(2)
107.9(1)
105.4(2)
111.3(2)
118.1(2)
99.4(1)
108.9(1)
109.9(1)
110.4(2)
109.9(2)
117.0(2)
113.9(2)
123.8(2)
119.9(2)
120.8(2)
119.6(4)

P1
02
02
03
04
04
05
o}
o}
c2
C1
Ci
c3
Cc2
c2
C4
N4
N4
Cc3
C4
C4
C6
C10

N3 P3
N4 03
N4 C4
N4 C4
N5 05
N5 C10
N5 C10
C1 C2
C1 C6
C1 C6
Cc2 C3
C2 Cc7
Cc2 C7
C3 C4
C3 H31
C3 H31
C4 C3
C4 C5
C4 C5
C5 Cé
C5 H51
C5 H51
Co HO1

120.92)
123.2(4)
118.2(4)
118.5(4)
124.8(5)
118.1(4)
117.1(5)
120.0(3)
117.1(3)
122.9(3)
116.7(3)
122.3(3)
120.9(3)
119.9(3)
120.3

119.9

118.6(3)
118.2(4)
123.1(3)
117.7(4)
121.1

121.1

119.0
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C1
C5
C2
C2
c2
C8
C8
H71
C7
C7
C9
Cc8
C8

C6
C6
C7
C7
C7
C7
C7
C7
C8
C8
C8
C9
C9o

H61
H61
C8

H71
H72
H71
H72
H72
C9

C13
C13
C10
H91

120.2
120.2
116.8(3)
107.0
108.1
107.2
108.1
109.5
116.7(4)
126.1(4)
117.2(4)
120.2(5)
120.8

N5
N5
Co
C10
C10
c12
Ci1
C11
C13
06
06
C8

C10
C10
C10
C11
C11
C11
C12
C12
C12
C13
C13
C13

C9o
C11
C11
C12
H111
H111
C13
H121
H121
C8
C12
C12

118.1(5)
119.1(4)
122.7(5)
118.7(5)
119.4
121.9
118.6(5)
119.9
121.4
122.0(3)
115.4(4)
122.5(4)

Cizelge 6.42. C13HsCliNsOgP3 kristaline ait atomlar arasi burulma agilari(°)

CH
Cl2
N3
CI1
Cl2
N1
Cl4
N1
N2
Cl4
06
N2
Cla
06
N1
CL3
N2
N3
CL3
O1
N3
CL3
O1
N2
P3
P3
P2
P2
02

P1
P1

P1

P1

P1

P1

P2
P2
P2
P2
P2
P2
P2
P2
P2
P3
P3
P3
P3
P3
P3
P3
P3
P3
01
o}
06
06
N4

N1
N1
N1
N3
N3
N3
06
06
06
N1
N1
N1
N2
N2
N2
o1
O1
O1
N2
N2
N2
N3
N3
N3
C1
C1

C13
C13

C4

P2
P2
P2
P3
P3
P3
C13
C13
C13
P1
P1
P1
P3
P3
P3
C1
Ci
C1
P2
P2
P2
P1
P1
P1
c2
C6
Cc8
ci2
c3

143.4(2)
-106.3(2)
19.3(4)
-138.7(2)
111.0(2)
-15.2(3)
-61.0(3)
-176.2(3)
54.7(3)
120.6(2)
-128.5(3)
-3.5(4)
-142.1(2)
104.9(2)
-17.1(3)
-178.4(2)
67.3(3)
-63.2(3)
146.3(2)
-105.6(2)
21.0(3)
-129.4(2)
122.2(2)
-4.6(3)

05
O1
O1
Cé6
C6
O1
Cc2
C1
Cc7
C1
C3
c2
c2
N4
C3
C4
Cc2
C2
C7

C13

C7
C7
C9
C9o
C8
C8
N5
C9

C10

N5
C1
C1
C1
C1
C1
C1
C2
c2
C2
c2
C3
C3
C4
C4
C5
Cc7
C7
C8
C8
C8
C8
C8
C8
C9
Co
C10
C10
C11

C10
Cc2
Cc2
c2
c2
C6
Cé6
C3
C3
Cc7
c7
C4
C4
C5
C5
Cé
C8
C8
Co
C9
C13
C13
C13
C13
C10
C10
C11
Ci1
C12

C11
C3
Cc7
C3
C7
C5
C5
C4
C4
C8
Cc8
N4
C5
Cé6
Ccé6
C1
Co
C13
C10
C10
06
Cc12
06
C12
N5
C11
C12
C12
C13

-1.2(7)
177.7(3)
-5.4(5)
-2.3(6)
174.5(4)
-177.4(4)
2.6(6)
-0.1(6)
-176.9(4)
133.6(4)
-49.7(5)
-178.7(3)
2.2(6)
178.9(4)
-1.9(6)
-0.5(6)
139.8(4)
-41.4(5)
179.7(4)
0.8(6)
2.9(6)
179.1(4)
-178.4(3)
-2.1(6)
178.2(4)
1.2(7)
-178.9(4)
-1.9(7)
0.6(7)
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02 N4 C4 C5 178.04) C11 Ci12 C13 06 177.9(4)

O3 N4 c©C4 C3 -178.7(4) Ci11 Ci12 C13 C8 1.4(7)
O3 N4 C4 C5 056 ©O4 N5 C10 C11  -179.3(4)
04 N5 C10 C9 36(6) O5 N5 C10 C9 -178.3(5)

Sekil 6.7. C13HgClsN5O6P3 kristalinin Ortep3 ¢izimi (Sicaklik titregim elipsoitleri

%30 olasilikla verilmigtir)
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6.8. 2,4,4,6,6-Pentakloro-2-(2,4,6-trimetilfenoksi)siklo-2A°, 41°, 6)°
trifosfazatrien (CgH11{NsOP3Cl5) KRISTAL YAPISININ ARITILMASI

Molekil, P2 atomuna bagh 2,4,6-trimetilfenoksi grubu ile diizZlemsel olmayan bir

siklik trimerik fosfazen halkasini icerir.

Yapi direkt ydntemler ile ¢dztlmustir [(Sheldrick, 1990), SHELXS86]. Hidrojen
atomlart bagli olduklari atomlardan 0.95 A mesafede geometrik olarak
yerlestiriimiglerdir ve bindirme modeli kullanilarak antiimiglardir. Hidrojen disi
atomlar ise anizotropik olarak antiimiglardir.

CoH11N3OP3sCls kristaline ait parametreler ve aritima iligkin veriler asagidaki
cizelgelerde (Cizelge 6.43-6.48), ORTEP3 cizimi ise Sekil 6.8’ de verilmistir.

Cizelge 6.43. CgH11N3OP3Cls kristalinin siddet verilerinin toplanmasi,

yapinin ¢gézllmesi ve aritiimasina ait parametreler

Kristal verisi
CgH11N3OPsCls Dx=1.671 g/cm®
M=447.39 Cu(K,) radyasyonu(A=1.54184 A)
Monoklinik, C2/c Hicre parametrelerinin saptanmasinda
kullanilan yansima sayisi(25)
a=11.237(1) A 8=21-25°
b=11.785(2) A W(CuKy)=10.2 mm"
c=27.371(1) A T=298K
B=101.06(1)° Renksiz, blok
V=3557.4(7)A® 0.30%0.25x0.20 mm
Z=8
Veri Toplama
Enraf-Nonius CAD-4 Difraktometresi Omaks=74.3°
w/20 taramasi h=-14,0
Sogurma Diizeltmesi=Psi Scan k=-14,0
Tmin=0.291 Tmax=0.992 I= -33,34

Olgiilen yansima sayisi=3444
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Bagimsiz yansima sayisi=3444

F>30(F) olan yansima sayisi=1402

F aritimi

R(F)= 0.075
wR(F)= 0.071

S=0.9

1402 yansima

190 parametre

3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1

Artim
Hidrojen atomlari i¢in sinidandirimig

aritimlar uygulanmigtir.

(A/G)maks=0-01

APmaks=0.45 eAS
Apmin=-0.34 eA®

Cizelge 6.44. CoH11N3OP3Cl; kristaline ait kesirsel atom koordinatlan ve

esdeger izotropik yerdegistirme parametreleri(A?)

Atom X y z Bes(A)
Ci 0.2907(3) _ 0.8101(3) _ 0.2545(1) 6.29(9)
Cl2 0.1437(2)  0.6008(3)  0.2112(1) 5.52(8)
Cci3 0.5899(2)  0.6297(3)  0.3551(1) 5.85(8)
Cl4 0.5196(2)  0.3872(2)  0.3189(1) 4.81(8)
Ci5 0.1165(3)  0.4514(3)  0.3638(1) 5.82(9)
P2 0.2373(2)  0.5758(2)  0.3646(1) 3.41(7)
P4 0.4442(2)  05347(2)  0.3279(1) 3.32(7)
P6 0.2580(2)  0.6515(2)  0.2714(1) 3.48(7)
o1 0.2216(5)  0.6416(6)  0.4132(2) 3.91(9)
N1 0.1936(7)  0.6513(7)  0.3188(3) 4.07(9)
N3 0.3685(7)  0.5237(7)  0.3714(3) 3.68(8)
N5 0.3754(7)  0.5802(7)  0.2763(3) 4.09(7)
Ci 0.3186(9)  0.6748(9)  0.4505(4) 3.79(7)
Cc2 0.3745(9)  0.7792(9)  0.4468(4) 3.89(7)
Cc3 0.4643(9)  0.8108(9)  0.4858(4) 4.47(8)
C4 0.4988(9)  0.7454(9)  0.5279(4) 4.66(8)
C5 0.4418(8)  0.6415(9)  0.5298(4) 4.28(9)
Cé6 0.3520(9) 0.6043(9) 0.4920(4) 3.81(8)
C7 0.2908(9)  0.4938(9)  0.4953(4) 4.71(7)
cs 0.3361(9)  0.8543(8)  0.4029(5) 5.73(9)
Cco 0.6012(9)  0.7847(9)  0.5708(5) 6.25(9)
H31 0.502 0.881 0.484 3.90

H51 0.465 0.593 0.556 3.81

H71 0.227 0.482 0.467 3.90

H72 0.348 0.433 0.496 3.90

H73 0.255 0.487 0.525 3.90

H81 0.274 0.821 0.381 3.90

H82 0.311 0.926 0.415 3.90
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H83
HO1
Ho92
HO93

0.406
0.61
0.67
0.574

0.868
0.732
0.798
0.857

0.389
0.593
0.555
0.58

3.90
3.90
3.90
3.90

Cizelge 6.45. CoH11N3OP3Cls kristaline ait anizotropik yerdegistirme

parametreleri(A?)
Atom Ui u22 u33 u23 Ui3 ui2
P4 0.0444(13) 0.0555(17) 0.0284(14) -0.0013(12) 0.0127(11) 0.0100(10)
P6 0.0528(14) 0.0513(16) 0.0274(14) 0.0032(12) 0.0063(12) 0.0069(14)
CL4  0.0689(16) 0.0708(19) 0.0436(17) -0.0042(14) 0.0118(13) 0.0219(15)
P2 0.0447(13) 0.0516(16) 0.0348(15) -0.0019(12) 0.0118(11) -0.0002(13)
CL2  0.0702(17) 0.0949(22) 0.0376(16) -0.0048(16) -0.0072(13) 0.0038(17)
CL5  0.0747(18) 0.0735(20) 0.0738(22) -0.0064(16) 0.0163(16) -0.0288(17)
CL3  0.0621(16) 0.0911(24) 0.0691(21) -0.0141(17) 0.0122(15) -0.0208(17)
CL1 0.1019(23) 0.06(0) 0.0803(24) -0.0173(16) 0.0251(20) 0.0011(18)
o1 0.0485(34) 0.0663(44) 0.0385(41) -0.0178(34) 0.0204(33) 0.0023(36)
C4 0.0644(66) 0.0803(83) 0.0327(63) -0.0041(59) 0.0106(55) 0.0016(65)
c1 0.0555(56) 0.0518(63) 0.0356(60) -0.0008(52) 0.0057(50) -0.0173(55)
N3 0.0702(50) 0.0625(53) 0.0172(38) 0.0129(37) 0.0336(39) 0.0198(47)
c8 0.07(70) 0.0603(74) 0.0864(80) 0.0029(70) 0.0129(70) -0.0053(53)
c6 0.0509(56) 0.0572(68) 0.0456(65) -0.0113(56) 0.0314(52) -0.0029(56)
N5 0.0511(46)  0.063(54) 0.0421(52) 0.0102(44) 0.0114(40) 0.0139(47)
Cc5 0.0702(69) 0.0543(69) 0.0500(73) 0.0006(53) 0.0414(64) 0.0019(60)
Cc7 0.0695(67) 0.0576(75) 0.0602(76) 0.0065(60) 0.0335(62) -0.0005(62)
c2 0.0560(58)  0.057(69) 0.0377(60) 0.0076(53) 0.0164(53) 0.0090(57)
N1 0.0715(50) 0.0706(58) 0.0218(43) 0.0189(40) 0.0326(42) 0.0171(49)
co 0.1097(91) 0.0755(84) 0.0458(72) -0.0059(64) -0.0016(71) -0.0340(79)
C3 0.0721(69) 0.0541(69) 0.0478(72) -0.0098(56) 0.0216(60) 0.0051(61)

Cizelge 6.46. CgH11NsOP3Cl5 kristaline ait atomlar arasi bag uzunluklari(A)

ci
Cl2
Cl3
cla
Cl5
P2
P2
P2
P4
P4
P6
H81
H82
H83

P6
P6
P4
P4
P2
O1
N1
N3
N3
N5
N1
C8
C8
C8

1.977(4)
1.977(3)
2.005(3)
1.970(3)
1.995(4)
1.579(7)
1.539(8)
1.575(8)
1.596(9)
1.569(8)
1.602(9)
0.916

0.969

0.949

P6
O1
C1
C1
C2
C2
C3
C4
C4
C5
C6
H71
Ho1
H92

N5
C1
c2
Cé
C3
C8
C4
C5
Co
C6
C7
Cc7
C9
C9o

1.548(8)
1.399(7)
1.394(7)
1.400(8)
1.372(7)
1.488(9)
1.379(8)
1.387(8)
1.549(7)
1.371(8)
1.483(9)
0.959

0.861

0.969
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H51
H72
H73

C5
C7
c7

0.916
0.960
0.977

HO3
H31

C9
C3

0.969
0.936

Cizelge 6.47. CgH11N3OP3Cl5 kristaline ait atomlar arasi bag acilarn(°)

Cl5
CI5
CI5
O1
O1
N3
Cl4
Cl4
Cl4a
CI3
CI3
N3
Ci
CH
Cl2
Cl2
Cl2
N5
H81
H82
H82
H83
H83
H83
H51
H51
H71
H72

P2
P2
P2
P2
P2
P2
P4
P4
P4
P4
P4
P4
P6
P6
P6
P6
P6
P6
cs
cs
c8
cs
cs
cs
C5
C5
c7
C7

O1
N3
N1
N3
N1
N1
CI3
N3
N5
N3
N5
N5
N5
N1
N1
Ci
N5
N1
C2
C2
H81
C2
H81
H82
C4
C6
Cé6
C6

100.6(3)
109.5(3)
107.8(3)
110.2(4)
109.4(4)
117.8(4)
101.5(2)
109.0(3)
109.8(3)
106.4(3)
111.7(3)
117.3(4)
109.9(3)
108.9(3)
110.6(3)
102.2(2)
108.3(3)
116.0(4)
109.8
107.4
111.3
106.8
113.4
107.9
121.1
116.6
111.2
109.9

P2
P6
P4
P4
O1
O1
C6
C1
C1
C8
C4
C5
C5
C9
C4
C5
C1
C1
H72
H73
H73
H73
Ho1
H92
HO92
H31
H31

O1
N1
N3
N5
C1
C1
C1
Cc2
C2
Cc2
C3
C4
C4
C4
C5
Cé6
C6
Cé6
C7
C7
C7
C7
C9
0]
C9
C3
C3

C1
P2
P2
P6
C6
c2
c2
C3
C8
C3
Cc2
C9
C3
C3
Cé6
C7
C5
C7
H71
C6
H71
H72
C4
C4
HO1
C4
Cc2

123.7(6)
122.5(5)
120.1(5)
121.9(5)
118.5(9)
119.5(9)
121.9(9)
117.2(8)
121.2(7)
121.5(8)
123.1(8)
121.1(9)
117.8(9)
121.0(8)
122.1(7)
121.1(7)
117.8(9)
121.0(9)
107.6
113.0
107.3
107.6
106.6
104.4
116.0
118.8
118.1

Cizelge 6.48. CgH11N3OP3Cls kristaline ait atomlar arasi buruima agilari(®)

Cl4
CI3
N5
Cl4
CI3
N3
CI2
CH
N1

Cl2

P4
P4
P4
P4
P4
P4
P6
P6
P6
P6

N3
N3
N3
N5
N5
N5
N5
N5
N5
N1

P2
P2
P2
P6
P6
P6
P4
P4
P4
P2

-135.3(7)
116(5)
-9.8(8)
146.9(5)
-101.4(6)
21.8(8)
-139.2(5)
110.0(5)
-14.1(8)
117.9(5)

C9
C3
C5
C9
O1
O1
C2
C2
O1
O1

C4
C4
C4
C4
C1
C1
C1
C1
C1
C1

C5
C5
C3
C3
C6
C6
Cé6
C6
C2
C2

C6
Cé6
c2
Cc2
C5
C7
C5
Cc7
cs
C3

179.2(7)
-1.4(7)
1.9(7)
179.7(7)
-175.7(9)
3.3(5)
0.6(6)
179.7(1)
-2.4(5)
176.1(9)
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CH P6 N1 P2 -130.5(5) c6 C1 C2 cC8 -178.7(3)
N5 P6 N1 P2 -6.0(8) ce C1 C2 C3 -0.1(6)
cls P2 01 Cf 131.7(7) Ci Cé6 C5 C4 0.2(6)
N3 P2 O1 Cf 16.2(8) C7 Cé6 C5 C4 -178.8(2)
N1 P2 O1 Cf -114.9(7) Cil C2 C3 cC4 -1.2(6)
Cl5 P2 N3 P4 114.9(5) c8 C2 C3 cC4 177.3(7)
O1f P2 N3 P4 -135.3(5) N3 P2 NI P6 17.1(1)
N1 P2 N3 P4 -8.8(8) P2 O1 C1 Cs -95.6(8)
Cls5 P2 Ni P6 -107.4(5) P2 01 C1 C2 87.9(6)
O1 P2 Ni Ps 144.0(5) P2 01 C1 C2 87.9(6)

Sekil 6.8. CgH11N3OP3Cl;5 kristalinin ORTEP3 ¢izimi (Sicaklik titresim elipsoitleri

%350 olasilikla verilmistir)
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6.9. N-[Bis(2,4,6-trimetilfenoksi)fosfinol]-P,P,P-tris(2,4,6-trimetil-fenoksi)
fosfazen (C4sHssNOgP2) KRISTAL YAPISININ ARITILMASI

Bilesik, C45Hs5NOgP2, asiklik P=N-P(O) monofosfazen zinciri ve molekil seklini
baskin olarak belirleyen 5 bulky 2,4,6-trimetilfenoksi yan grubundan olusgur.

Yapi direkt ydntemler ile ¢éztlmustir [(Sheldrick, 1990), SHELXS86]. H atomlari,
CHs ve CH baglan igin sirasiyla karsilik gelen karbon atomlarindan 0.96A ve
0.93A mesafelerinde geometrik olarak yerlegtiriimis ve artim igleminde bir
bindirme modeli kullaniimigtir. Hidrojen digi atomlar ise anizotropik olarak
aritilmigtir [(Sheldrick, 1997), SHELXL97].

CusHssNOgP2  kristaline ait parametreler ve arntima iligkin veriler asagidaki
gizelgelerde (Cizelge 6.49-6.54), ORTEPS3 gizimi ise Sekil 6.9’ da verilmistir.

Cizelge 6.49. C45Hs5NOgP2 kristalinin siddet verilerinin toplanmast,
yapinin ¢ozilmesi ve aritiimasina ait parametreler

Kristal verisi
CasHs5NO6P2 D,=1.187 g/cm®
M,=767.89 Cu(K,) radyasyonu(A=1.54184 A)
Triklinik, P1 Hiicre parametrelerinin saptanmasinda

kullanilan yansima sayisi(25)

a=11.704(1)A 8=19-42°
b=11.751(2)A 1(CuKy)=1.28 mm™
c=15.640(2)A T=298K
0=91.75(1)° Renksiz, blok
p=96.97(1)° 0.30%0.25x0.20 mm
¥=90.55(1)° Z=2

V=2148.3(5)A®
Veri Toplama

Enraf-Nonius CAD-4 Difraktometresi Omaks=37.2°
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w/20 taramasi

Sogurma Dizeltmesi=Psi Scan
Trin=0.646, Tma=0.774
Olglilen yansima sayisi=9238
Bagimsiz yansima sayisi=9238

F>4c(F) olan yansima sayisi=5311

F aritimi

R(F)= 0.068
wR(F)=0.199
S=1.002

56311 yansima

487 parametre

h=0,14
k=-14,14
[=-19,19

3 standart yansima periyodu=120 dak.

Siddet Bozulmasi=%1
Artim
Hidrojen atomlan i¢in sinirlandiriimig
aritimlar uygulanmigtir.

(A/ G)maks=0.o4
Apmaks= 0.48 eA®
Apmin= ‘0-62 eA-S

Cizelge 6.50. C45Hs5NOgP;, kristaline ait kesirsel atom koordinatlari ve

esdeger izotropik yerdegistirme parametreleri(A®)

Atom X y z Bes(A%)
P1 0.1801(1) 0.2650(1) 0.40333(8) 3.40(2)
P2 0.2224(1) 0.3943(1) 0.24748(8) 3.66(3)
N1 0.1902(4) 0.2970(3) 0.3108(3) 4.16(9)
o1 0.3367(3) 0.4437(3) 0.2554(2) 4.46(8)
02 0.1215(3) 0.4837(3) 0.2585(2) 3.95(7)
03 0.1945(3) 0.3427(3) 0.1533(2) 4.10(7)
04 0.0798(3) 0.1766(3) 0.4114(2) 3.82(7)
05 0.2855(3) 0.2088(3) 0.4501(2) 4.05(7)
06 0.1561(3) 0.3658(3) 0.4677(2) 4.01(7)
C1 0.0939(4) 0.5672(4) 0.1985(3) 3.90(1)
c2 0.1529(5) 0.6691(4) 0.2006(3) 4.20(1)
C3 0.1198(5) 0.7493(4) 0.1416(3) 4.70(1)
ca 0.0297(6) 0.7311(5) 0.0832(4) 5.3(1)
C5 -0.0289(5) 0.6295(5) 0.0856(3) 5.1(1)
C6 0.0007(5) 0.5445(4) 0.1419(3) 4.2(1)
c7 0.2485(5) 0.6959(5) 0.2656(4) 5.9(1)
c8 -0.0028(7) 0.8196(5) 0.0200(4) 8.1(2)
C9 -0.0664(5) 0.4361(5) 0.1437(4) 5.4(1)
c10 0.2813(5) 0.3054(4) 0.0998(3) 4.2(1)
C11 0.3348(5) 0.3828(4) 0.0491(3) 4.2(1)
c12 0.4157(5) 0.3422(5) -0.0052(4) 5.4(1)
c13 0.4437(6) 0.2275(5) -0.0121(4) 6.4(2)
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C14
C15
C16
C17
C18
C19
C20
C21
Cc22
c23
C24
C25
C26
c27
Cc28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
H3

H5

H12
H14
H21
H23
H30
H32
H39
H41
H71
H72
H73
H81
H82
H83
HO1
H92

0.3868(6)
0.3045(6)
0.3053(5)
0.5326(7)
0.2426(6)
-0.0053(4)
-0.0943(5)
-0.1773(5)
-0.1725(6)
-0.0828(6)
0.0018(5)
-0.1024(5)
-0.2628(7)
0.0964(5)
0.3393(4)
0.3101(5)
0.3672(5)
0.4495(5)
0.4773(5)
0.4247(4)
0.4679(5)
0.5109(6)
0.2255(6)
0.2134(4)
0.3076(4)
0.3616(5)
0.3227(5)
0.2265(6)
0.1676(5)
0.0597(6)
0.3832(6)
0.3462(5)
0.161
-0.094
0.455
0.405
-0.241
-0.079
0.346
0.535
0.43
0.197

0.26
0.317
0.23
0.048
0.002
-0.079
-0.127
-0.017

0.1546(5)
0.1886(5)
0.5069(4)
0.1876(7)
0.1051(5)
0.1534(4)
0.2290(5)
0.1997(6)
0.0989(6)
0.0267(6)
0.0519(5)
0.3367(5)
0.0708(9)
-0.0298(5)
0.1043(4)
0.0098(5)
-0.0904(5)
-0.0964(5)
0.0013(5)
0.1060(4)
0.2114(5)
-0.2048(5)
0.0125(6)
0.3909(4)
0.4621(4)
0.4872(5)
0.4468(5)
0.3790(5)
0.3499(5)
0.2827(6)
0.4749(7)
0.5133(5)
0.819
0.616
0.396
0.074
0.253
-0.045
-0.159
-0.002
0.536
0.35
0.632
0.711
0.761
0.883
0.79
0.843
0.435
0.374

0.0374(4)
0.0944(4)
0.0526(4)
-0.0724(5)
0.1467(4)
0.3455(3)
0.3335(4)
0.2709(4)
0.2225(4)
0.2382(4)
0.2999(4)
0.3859(5)
0.1545(5)
0.3180(4)
0.4268(3)
0.4717(3)
0.4506(4)
0.3915(4)
0.3513(4)
0.3698(4)
0.3304(5)
0.3723(5)
0.5397(4)
0.5484(3)
0.5489(3)
0.6274(3)
0.7023(4)
0.6984(3)
0.6207(4)
0.6197(4)
0.7866(4)
0.4692(3)
0.141
0.046
-0.041
0.033
0.261
0.204
0.48
0.308
0.63
0.751
0.301
0.237

0.3

0.028
-0.037
0.03
0.101
0.133

6.5(2)
5.3(1)
5.1(1)
10.0(2)
6.9(2)
4.0(1)
5.0(1)
6.6(2)
6.9(2)
6.4(2)
4.7(1)
7.2(2)
11.3(3)
6.1(2)
3.7(1)
4.7(1)
5.7(1)
5.2(1)
5.2(1)
4.5(1)
7.3(2)
7.8(2)
7.3(2)
3.8(1)
3.9(1)
4.6(1)
5.3(1)
5.6(1)
4.9(1)
7.7(2)
8.7(2)
5.5(1)
5.2
6.4
7.0
8.2
8.5
8.5
7.2
6.8
6.1
7.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
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HO93

H161
H162
H163
H171
H172
H173
H181
H182
H183
H251
H252
H253
H261
H262
H263
H271
H272
H273
H341
H342
H343
H351
H352
H353
H361
H362
H363
H431
H432
H433
H441
H442
H443
H451
H452
H453

-0.097
0.248
0.371
0.277
0.564
0.592
0.497
0.268
0.256
0.163

-0.039

-0.102

-0.171

-0.318

-0.228

-0.299
0.087
0.168
0.094
0.424
0.546

0.46
0.564

0.55
0.457
0.217

0.25
0.154
0.033
0.075
0.004
0.346
0.461
0.381
0.412
0.363
0.287

0.43
0.519
0.551
0.529
0.251
0.149
0.137

0.03
0.124
0.109
0.343
0.399
0.337
0.129
0.061
0.001

-0.095
0.006
-0.053
0.275
0.225
0.203
-0.191
-0.231
-0.262
-0.061
0.065
0.035

0.27

0.21
0.321
0.438

0.45
0.554
0.559
0.455

0.56

0.199
0.093
0.069
-0.002
-0.1
-0.042
-0.114
0.135
0.206
0.133
0.425
0.349
0.417
0.151
0.101
0.169
0.281
0.309
0.376
0.349
0.346
0.27
0.329
0.422
0.351
0.563
0.583
0.515
0.562
0.644
0.651
0.832
0.786
0.795
0.482
0.428
0.447

5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
52
5.2
52
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
52
5.2
5.2
5.2
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Cizelge 6.51. C45Hs5NOgP2 kristaline ait anizotropik yerdegisgtirme

parametreleri(A?)
Atom U1 u22 u33 ui2 ui3 u23
P1 0.0412(7) 0.0404(7) _ 0.0480(7) 0.0017(6)  0.0046(6) _0.0022(6)
P2 0.0462(7) 0.0483(7)  0.0452(7) 0.0005(7) 0.0055(6) 0.0051(6)
N1 0.058(3)  0.050(3) 0.053(2)  0.004(2)  0.013(2)  0.004(2)
01 0.054(2)  0.052(2) 0.064(2) -0.001(2)  0.001(2) 0.008(2)
02 0.054(2)  0.050(2) 0.047(2)  0.010(2)  0.005(2)  0.002(2)
03 0.053(2)  0.057(2) 0.046(2)  0.005(2) 0.005(2)  0.000(2)
04 0.048(2)  0.048(2) 0.049(2)  0.001(2) 0.001(2) 0.006(2)
05 0.048(2)  0.048(2) 0.058(2)  0.015(2) -0.002(2) -0.001(2)
06 0.052(2)  0.047(2) 0.054(2)  0.008(2)  0.003(2) -0.009(2)
Ci 0.052(3)  0.053(3) 0.045(3)  0.009(3)  0.006(3)  0.006(3)
c2 0.051(3)  0.048(3) 0.058(3)  0.004(3) -0.001(3) -0.007(3)
c3 0.072(4)  0.043(3) 0.063(4)  0.000(3)  0.001(3) -0.002(3)
C4 0.085(4)  0.063(4) 0.055(3)  0.014(4) -0.010(3)  0.006(3)
Cc5 0.069(4)  0.063(4) 0.056(3)  0.012(3) -0.005(3)  0.002(3)
Cc6 0.051(3)  0.057(3) 0.052(3)  0.003(3) -0.001(3) -0.003(3)
Cc7 0.081(4)  0.056(4) 0.084(4)  -0.001(4) -0.022(4) -0.005(3)
cs 0.142(7)  0.075(4) 0.089(5)  0.011(5) -0.039(5)  0.012(4)
co 0.057(4)  0.070(4) 0.077(4)  -0.001(3)  -0.006(3) -0.003(3)
C10 0.057(3)  0.058(3) 0.044(3) -0.000(3)  -0.000(3) -0.000(3)
Ci1 0.057(3)  0.056(3) 0.051(3)  0.002(3) -0.002(3)  0.006(3)
Ci2 0.069(4)  0.077(4) 0.058(3)  0.013(4)  0.011(3)  0.003(3)
C13 0.093(5)  0.079(4) 0.072(4)  0.023(4)  0.027(4)  0.001(4)
Cl4 0.097(5)  0.074(4) 0.071(4)  0.018(4)  0.021(4)  0.001(4)
C15 0.088(5)  0.055(3) 0.062(4)  0.003(4)  0.007(4)  0.008(3)
C16 0.069(4)  0.065(4) 0.062(4)  0.002(3)  0.007(3)  0.011(3)
C17 0.155(7)  0.110(6) 0.125(6)  0.051(6)  0.064(5)  0.017(5)
c18 0.115(6)  0.062(4) 0.087(5)  0.004(4)  0.016(5) -0.004(4)
C19 0.046(3)  0.054(3) 0.053(3) -0.007(3)  0.007(3)  0.006(3)
C20 0.052(3)  0.062(3) 0.076(4)  0.003(3)  0.005(3) 0.011(3)
c21 0.060(4)  0.109(5) 0.081(4)  -0.016(4) -0.005(4)  0.024(4)
C22 0.064(4)  0.137(6) 0.064(4)  -0.035(4) -0.015(4)  0.009(4)
C23 0.059(4)  0.116(5) 0.071(4)  -0.022(4)  -0.005(4) -0.002(4)
C24 0.054(3)  0.059(3) 0.067(4)  -0.007(3)  0.010(3) -0.003(3)
C25 0.055(4)  0.081(4) 0.139(6)  0.029(3)  -0.004(4)  0.015(5)
C26 0.095(6)  0.220(1) 0.109(7)  -0.023(8)  -0.021(6) -0.003(8)
C27 0.082(5)  0.059(4) 0.088(4)  -0.009(4)  0.011(4) -0.018(4)
C28 0.046(3)  0.043(3) 0.050(3)  0.006(3) -0.007(3)  0.003(2)
C29 0.056(3)  0.062(3) 0.058(3)  0.005(3) -0.006(3)  0.018(3)
C30 0.066(4)  0.057(3) 0.086(4)  0.011(3) -0.020(4)  0.014(3)
C31 0.065(4)  0.050(3) 0.086(4)  0.019(3) -0.030(3) -0.008(3)
Ca2 0.060(4)  0.064(4) 0.076(4)  0.028(3) -0.008(3) -0.000(3)
C33 0.046(3)  0.056(3) 0.069(4)  0.008(3) -0.001(3)  0.013(3)
C34 0.063(4)  0.087(5) 0.129(6)  0.016(4)  0.031(4)  0.032(4)
C35 0.085(5)  0.070(4) 0.138(6)  0.031(4)  -0.039(5) -0.013(4)
C36 0.003(5)  0.100(5) 0.090(4)  0.005(5)  0.005(4)  0.048(4)
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C37 0.050(3)  0.044(3) 0.052(3)  0.009(3)  0.007(3) -0.001(3)
C38 0.051(3)  0.052(3) 0.045(3)  0.008(3)  0.003(3)  0.004(3)
C39 0.056(3)  0.070(4) 0.051(3)  0.017(3)  0.004(3)  0.001(3)
C40 0.063(4)  0.087(4) 0.055(3)  0.025(3)  -0.005(3) -0.002(3)
C41 0.089(5)  0.066(4) 0.057(3)  0.022(4)  0.014(3)  0.003(3)
C42 0.069(4)  0.051(3) 0.069(4) -0.001(3)  0.027(3) -0.002(3)
C43 0.118(5)  0.096(5) 0.080(4) -0.030(5)  0.047(4) -0.010(4)
C44 0.100(6)  0.179(8) 0.056(4)  0.042(6) -0.009(4)  0.002(5)
C45 0.070(4)  0.075(4) 0.067(4)  -0.020(4)  -0.002(4)  0.006(3)

Cizelge 6.52. C4sHssNOgP;, kristaline ait atomlar arasi bag uzunluklari(A)

P1
P1
P1
P1
P2
P2
P2
P2
03
06
02
04
05
c10
C10
cii
ci1
C16
C16
C16
Ci5
Ci5
C34
C34
C36
C36
C36
Cc32
c19
Cc19
C37
C37
C38
Cc3s
C42
Cc42
C6

06
04
05
N1
03
02
N1
O1
C10
C37
C1
C19
Cc28
C11
C15
C16
C12
H161
H162
H163
C14
C18
H342
H343
H361
H362
H363
H32
C24
C20
C38
C42
C39
C45
C41
C43
C1

1.560(2)
1.572(2)
1.573(2)
1.517(3)
1.596(2)
1.591(2)
1.586(3)
1.457(2)
1.405(6)
1.427(6)
1.410(6)
1.424(6)
1.429(6)
1.385(7)
1.402(8)
1.501(7)
1.375(8)
0.950

0.950

0.950

1.390(9)
1.496(8)
0.950

0.950

0.950

0.950

0.950

0.982

1.377(7)
1.386(8)
1.377(7)
1.369(7)
1.382(7)
1.484(7)
1.406(9)
1.482(9)
1.396(7)

C12
c12
C13
C13
C17
C17
C17
C14
C18
C18
C18
C28
C28
C33
C33
C29
C29
C30
C30
C31
C31
C34
C24
C24
C41
C41
C5

C5

C4

C4

C3

C45
C45
C45
C9

(03°)

C9

C13
H12
C17
C14
H171
H172
H173
H14
H181
H182
H183
C33
C29
C34
C32
C30
C36
C31
H30
C32
C35
H341
c27
C23
C40
H41
C4
H5
C3
C8
H3
H451
H452
H453
HO91
H92
HO3

1.392(9)
0.980
1.500(9)
1.358(9)
0.950
0.950
0.95
0.978
0.950
0.950
0.950
1.365(7)
1.379(7)
1.493(8)
1.408(8)
1.396(8)
1.480(8)
1.360(9)
0.975
1.369(8)
1.496(8)
0.950
1.497(8)
1.379(8)
1.372(9)
0.975
1.373(8)
0.977(6)
1.379(8)
1.499(8)
0.950
0.950
0.950
0.950
0.950
0.950
0.950
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C6
C6
Cc2
C2
C2
C39
C39
C7
C7
C7
C21
C21
C40
C25
C25
C25
C43
C43
C43
C8

C5
Co
C1
C3
Cc7
C40
H39
H71
H72
H73
c22
H21
C44
H251
H252
H253
H431
H432
H433
H81

0.950
0.950
0.950

1.39(1)

0.982

1.498(8)

0.950
0.950
0.950
0.950
0.950
0.950
0.950

Cc27
c27
Cc27
C20
C20
C23
C23
C8

C8

C35
C35
C35
c22
C44
C44
C44
C26
C26
C26

H271
H272
H273
C21
C25
c22
H23
H82
H83
H351
H352
H353
C26
H441
H442
H443
H261
H262
H263

0.950
0.950
0.950
1.386(9)
1.493(9)
1.38(1)
0.980
0.950
0.950
0.950
0.950
0.950
1.499(9)
0.950
0.950
0.950
0.95
0.950
0.95

Cizelge 6.53. C45Hs5NOgP2 kristaline ait atomlar arasi bag agilar (°)

06
06
06
04
04
05
03
03
03
02
02
N1
P2
P1
P2
P1
P1
P1
03
03
ci1
C10
H172
C15
Ci5
Ci13

P1
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
03
06
02
04
05
N1
C10
C10
C10
Ci1
C17
C14
C14
Cl4

04
05
N1
05
N1
N1
02
N1
O1
N1
Ot
Ot
C10
C37
C1
C19
Cc28
P2
C11
C15
C15
C16
H173
C13
H14
H14

106.5(1)
100.8(2)
115.4(1)
104.4(1)
109.9(2)
118.4(1)
101.8(2)
105.9(2)
111.6(2)
103.2(2)
114.7(2)
117.9(2)
121.9(2)
127.2(2)
124.2(2)
123.8(2)
127.3(2)
146.0(2)
119.4(5)
118.4(5)
121.9(5)
121.4(5)
109.5

123.7(6)
118.3

118.0

C10
C16
C11
C11
C11
H161
H161
H162
C10
C10
C14
C11
C11
C13
Cc12
C12
C17
C13
C13
C13
H171
H171
C30
C30
C32
C33

C11
C11
C16
C16
C16
C16
C16
C16
C15
C15
C15
C12
Ci12
Ci12
C13
C13
C13
C17
C17
C17
C17
C17
C31
C3t
C31
C34

C12
C12
H161
H162
H163
H162
H163
H163
C14
c18
C18
C13
H12
H12
C17
C14
C14
H171
H172
H173
H172
H173
C32
C35
C35
H341

117.7(5)
120.9(5)
109.1(5)
109.7(5)
109.6(5)
109.5(6)
109.5(6)
109.5(5)
116.6(6)
121.5(6)
121.9(6)
122.8(6)
1185
118.7
120.7(7)
117.2(6)
122.1(7)
109.4
110.6
108.3
109.5
109.5
117.8(6)
121.8(6)
120.4(7)
109.1
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C15
C15
C15
H181
H181
H182
05
05
C33
C28
Cc28
C34
C28
Cc28
C30
C29
Cc29

C18
C18
C18
C18
c18
C18
C28
Cc28
Cc28
C33
C33
C33
C29
C29
C29
C30
C30

H181
H182
H183
H182
H183
H183
C33
C29
C29
C34
C32
C32
C30
C36
C36
C31
H30

1105
109.4
108.5
109.5
109.5
109.5
118.9(5)
116.8(5)
123.8(5)
124.1(5)
116.6(5)
119.3(5)
115.9(6)
123.1(5)
121.0(5)
123.4(6)
117.8

C33
C33
H341
H341
H342
C29
C29
C29
H361
H361
H362
C33
C33
C31
04
04

C34
C34
C34
C34
C34
C36
C36
C36
C36
C36
C36
C32
C32
C32
C19
C19

H342
H343
H342
H343
H343
H361
H362
H363
H362
H363
H363
C31
H32
H32
C24
C20

110.4
108.9
109.5
109.5
109.5
110.6
109.2
108.5
109.5
109.5
109.5
122.2(6)
118.8
119.0 -
117.4(5)
119.5(5)

Cizelge 6.54. C45Hs5NOgPo kristaline ait atomlar arast burulma agilari(®)

04
05
N1
06
05
N1
06
04
N1
06
04
05
02
N1
o}
03
N1
o}
03
02
o}
P2
P2
P1
P1
P2
P2
P1
P1

P
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
P2
P2
P2
03
03
06
06
02
02
04
04

06
06
06
04
04
04
05
05
05
N1
N1
N1
03
03
03
02
02
02
N1
N1
N1
C10
C10
C37
C37
C1
C1
C19
C19

C37
C37
C37
C19
C19
C19
Cc28
C28
Ca8
P2
P2
P2
C10
C10
C10
C1
C1
C1
P1
P1
P1
C11
C15
C38
C42
Cé6
C2
C24
C20

105.3(4)
-3.2(4)
-132.2(4)
111.5(3)
-142.7(3)
-14.4(4)
172.7(3)
62.7(4)
-60.2(4)
27.1(4)
147.6(3)
-92.5(4)
148.4(3)
-104.1(4)
25.7(4)
-51.2(4)
-160.9(3)
69.4(4)
-175.7(3)
-69.1(4)
58.5(4)
-86.4(5)
98.7(5)
90.3(5)
-94.1(5)
100.3(5)
-83.8(5)
105.9(5)
-77.9(5)

c28
C34
C28
C36
C29
Cc29
C30
C35
04
04
C20
C20
04
04
C24
C24
06
06
C42
C42
06
06
C38
C38
C37
C45
C37
C43
C5

C33
C33
C29
C29
C30
C30
C31
C31
C19
C19
C19
C19
C19
C19
C19
C19
C37
C37
C37
C37
C37
C37
C37
C37
C38
C38
C42
C42
C6

C32
C32
C30
C30
C31
C31
C32
C32
C24
C24
C24
C24
C20
C20
C20
C20
C38
C38
C38
C38
C42
C42
C42
C42
C39
C39
C41
C41
C1

C31
C31
C31
C31
C32
C35
C33
C33
Cca27
C23
c27
C23
C21
C25
C21
C25
C39
C45
C39
C45
C41
C43
C41
C43
C40
C40
C40
C40
02

-3.6(8)
173.5(6)
2.0(9)
-176.9(8)
0.2(9)
178.4(6)
0.6(9)
-177.6(86)
-1.0(7)
177.5(5)
-177.0(5)
1.5(8)
-177.3(5)
1.9(8)
-1.4(8)
177.8(5)
179.1(4)
1.7(7)
3.8(8)
-173.6(5)
-178.9(4)
-1.5(8)
-3.6(8)
173.8(5)
-1.9(8)
175.6(5)
1.5(8)
-176.0(6)
177.2(4)
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PI O5 C28 C33 877(5) C5 ©C6 C1 GC2 1.4(8)
PI O5 C28 (29 -998(5) €9 ©C8 C1 02 -0.7(7)
03 C10 C11 Ci6 25(7) €9 ©€C8 C1 G©C2 -176.5(5)
03 C10 C11 Ci2 -4771(5) C1 C6 C5 C4 0.9(8)
C15 C10 Ci11 C16 1772(5) C9 C6 C5 C4 178.8(5)
C15 C10 Ci11 C12 25(8) €3 €2 Ci O2 -178.1(4)
03 C10 Ci15 Cil4 1768(5) €3 C2 C1 Cé -2.5(8)
03 C10 C15 Ci18 26(8) C7 €2 C©1 02 0.3(7)
Ci1 C10 C15 Cil4 2088 ©C7 C2 C1 Cs 175.9(5)
C11 C10 C15 Ci8 1773(5) C1 C2 C3 C4 1.3(8)
C10 Ci1 C12 Ci3 13(8) C7 ©C2 €3 cC4 -177.1(5)
Ci6 C11 C12 Ci3 -178.4(5) C38 C39 C40 CA41 0.1(9)
C10 C15 Ci4 C13 -04(9) €38 C39 C40 C44 179.7(6)
Cci8 C15 C14 Ci3 179.0(6) C19 C24 C23 C22 -0.6(9)
C11 C12 C13 Ci7 179.9(6) C27 C24 C23 C22 177.9(6)
C11 Ci12 C13 Ci4 0.3(9) C42 C41 C40 C39 0.2(9)
Ci2 C13 C14 Ci5 -0.8(1) C42 C41 C40 C44  -179.5(6)
C17 Ci3 C14 Ci5 1796(6) ©C6 C5 C4 C3 -2.0(9)
O5 C28 C33 C34 10(8) C6 C5 C4 C8 178.4(6)
O5 €28 C33 (32 1780(4) C5 C4 C3 C2 0.8(9)
C29 C28 C33 C34 170.9(5) €8 C4 C3 C2 -179.5(6)
C29 C28 C33 C32 6.1(8) C19 C20 C21 C22 0.3(9)
O5 C28 C29 C30 177.3(4) C25 C20 C21 C22  -178.8(6)
O5 C28 C29 C36 15(7) C24 C23 C22 C21 -0.4(1)
C33 C28 C29 C30 53(8) C24 C23 C22 C26 179.2(6)
C33 C28 C29 C36 1735(5) €20 C21 C22 C23 0.6(1)
C20 C21 C22 C26 -179.1(86)
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Sekil 6.9. C45Hs5NO6P2 kristalinin ORTEP3 cizimi (Sicaklik titregim elipsoitleri
%350 olasilikla verilmistir).

6.10. trans-2,6-Bis(n-propilamino)-2,4,4,6,8,8-hegza-tert-buti|aminosiklo-2)‘.5
4)5,61%,81° —tetrafosfazatetraen (C3oH7sN2P4) KRISTAL YAPISININ
ARITILMASI

Bilesik, simetri merkezine sahip olmayan siklik tetramerik fosfazen halkasi ile iki
tane n-propilamino (2,6-trans pozisyonlarinda) ve alti tane bulky t-butilamino yan
gruplarindan olugmustur.

Yapi direkt yontemler kullanilarak ¢ézilmustir [(Sheldrick, 1997), SHELXS97].
C15 ve C26 atomlan izotropik, diger hidrojen digi atomlar anizotropik olarak
artilmigtir. H atomlar, CHz ve NH baglari i¢in sirasiyla karsilik gelen karbon ve
azot atomlarindan 0.96A ve 0.86A mesafelerinde geometrik olarak yerlegtiriimis
ve aritim igleminde bir bindirme modeli kullanimigtir [(Sheldrick, 1997),
SHELXL97].
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CaoH76N12P4 kristaline ait parametreler ve aritima iligkin veriler asagidaki
cizelgelerde (Cizelge 6.55-6.60), ORTEPS3 gizimi ise Sekil 6.10° da verilmigtir.

Cizelge 6.55. CgzoHzeN12P4 kristalinin siddet verilerinin toplanmasi,

yapinin ¢éziilmesi ve aritiimasina ait parametreler

Kristal verisi
CaoHzeN12P4 D,=1.051 g/lcm®
M,=728.91 Mo(K) radyasyonu(0.71073 A)
Monoklinik, P24/n Hicre parametrelerinin saptanmasinda
kullanilan  yansima sayisi(25)
a=13.974(2)A 9=10-14°
b=17.836(5)A w(MoKy)=1.97 mm™
c=18.683(4) A T=293K
B=98.50(1)° Renksiz, blok
V=4605.4(18)A° 0.30%0.25x0.20 mm
Z=4
Veri Toplama
Enraf-Nonius CAD-4 Difraktometresi Omaks=22.8°
w/26 taramasi h=0,14
Sogurma Diizeltmesi=Psi Scan k=0,18
Tmin=0.646 Tma=0.774 =-18,18
Olclilen yansima sayisi=4466
Bagimsiz yansima sayIsi=4466
F>20(F) olan yansima sayisi=2012 3 standart yansima periyodu=120 dak.
Siddet Bozulmasi=%1
Aritim
F aritimi Hidrojen atomlari i¢in sinirlandiriimig
R(F)= 0.0651 aritimlar uygulanmigtir.
wR(F)= 0.2011
S=0.9140 (A/0)maks=0.04
2012 yansima Apmaks=0.28 eA®
397 parametre Apmin=-0.21 eA®
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Cizelge 6.56. CaoH7sN12P4 kristaline ait kesirsel atom koordinatlari ve

esdeger izotropik yerdegistirme parametreleri(A?)

Atom X y z Bes(A%)

P1 0.37315(12) _ 0.19985(10)  0.16862(10) __ 6.36(0.06)
P2 0.45590(14)  0.30324(12) 0.08113(11)  7.18(0.07)
P3 0.63582(13)  0.28201(11)  0.17146(11)  6.92(0.06)
P4 0.52671(16)  0.23962(12) 0.28255(11)  7.89(0.08)
N1 0.4187(4) 0.2317(4) 0.2430(3) 8.89(0.23)
N2 0.4135(4) 0.2237(3) 0.0965(3) 6.41(0.15)
N3 0.5523(4) 0.3314(3) 0.1276(3) 7.16(0.19)
N4 0.6130(4) 0.2353(3) 0.2385(3) 8.11(0.21)
N5 0.3771(4) 0.1081(4) 0.1759(4) 9.28(0.24)
NG 0.2595(4) 0.2260(3) 0.1556(4) 9.31(0.24)
N7 0.5566(6) 0.1767(4) 0.3468(4) 13.15(0.33)
N8 0.5175(7) 0.3212(5) 0.3265(5) 15.64(0.47)
N9 0.6764(5) 0.2276(4) 0.1128(3) 9.29(0.24)
N10  0.7264(4) 0.3375(3) 0.2044(3) 7.78(0.20)
N11  0.4774(5) 0.3030(4) -0.0016(3) 10.06(0.25)
N12  0.3698(4) 0.3665(3) 0.0876(3) 9.35(0.24)
C1 0.3569(9) 0.0467(5) 0.1223(7) 11.44(0.45)
c2 0.3411(11) -0.0251(7)  0.1717(9) 20.75(0.77)
C3 0.2702(9) 0.0655(7) 0.0681(7) 17.08(0.59)
o 0.4471(12) 0.0331(7) 0.0899(8) 21.62(0.84)
C5 0.1849(8) 0.2288(7) 0.2067(7) 12.26(0.46)
Cc6 0.1979(15) 0.2995(9) 0.2456(13) 28.36(1.28)
c7 0.1952(9) 0.1650(9) 0.2536(7) 18.86(0.68)
c8 0.0876(10) 0.2243(14)  0.1574(12) 28.28(1.25)
Cc9 0.5139(12) 0.1466(8) 0.4040(8) 14.55(0.60)
C10  0.5811(16) 0.1255(14)  0.4702(9) 29.37(1.21)
C11  0.4341(17) 0.2015(11)  0.4259(11) 30.51(1.35)
C12  0.4716(16) 0.0753(13)  0.3827(11) 26.75(1.22)
C13 0.5934 0.3643 0.3661 54.16(4.11)
Cl4 05412 0.4038(10)  0.4193(10) 36.95(2.23)
C15 0.5206 0.4800 0.3905 0.445(17)
C16  0.7428(8) 0.1599(6) 0.1191(7) 11.54(0.46)
C17  0.6826(8) 0.0907(6) 0.1245(8) 16.56(0.60)
c18  0.7891(11) 0.1526(8) 0.0492(7) 20.21(0.70)
C19  0.8199(9) 0.1713(7) 0.1827(7) 16.19(0.54)
C20  0.7710(8) 0.4015(5) 0.1743(5) 8.66(0.32)
C21  0.7830(8) 0.3863(6) 0.0984(6) 14.67(0.50)
Cc22  0.7071(7) 0.4706(5) 0.1753(6) 14.06(0.47)
Cc23  0.8712(7) 0.4137(7) 0.2203(7) 18.29(0.61)
C24  0.4137(12) 0.2768(8) -0.0685(6) 19.99(0.83)
C25  0.4426(17) 0.2020(15)  -0.0880(11)  48.56(2.41)
C26  0.547(3) 0.216(3) -0.092(4) 0.87(6)
C27  0.3733 0.4451 0.0969(10) 17.98(0.86)
C28  0.4160(15) 0.4771(10)  0.0558(10) 23.08(0.98)
C29  0.2732(12) 0.4848(7) 0.0976(9) 20.98(0.83)
C30  0.4035(18) 0.4700(10)  0.1858(9) 28.44(1.15)
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H5
H6
H7
H8
HO
H10
H11
H12
H21
H22
H23
H31
H32
H33
H41
H42
H43
H61
H62
H63
H71
H72
H73
H81
H82
H83
H111
H112
H113
H121
H122
H123
H131
H132
H141
H142
H151
H152
H153
H171
H172
H173
H181
H182
H183
H191
H192
H193
H211
H212

0.3943
0.2385
0.6125
0.4600
0.6557
0.7521
0.5329
0.3127
0.3983
0.3281
0.2873
0.2160
0.2551
0.2838
0.4997
0.4623
0.4373
0.1926
0.2606
0.1489
0.2585
0.1869
0.1472
0.0811
0.0363
0.0844
0.4621
0.4099
0.3820
0.5188
0.4173
0.4503
0.6206
0.6445
0.4814
0.5810
0.4603
0.5166
0.5716
0.6321
0.6544
0.7228
0.7392
0.8319
0.8249
0.7905
0.8594
0.8594
0.8211
0.8151

0.0925
0.2407
0.1574
0.3390
0.2399
0.3264
0.3202
0.3478
-0.0335
-0.0685
-0.0161
0.0757
0.0239
0.1089
0.0222
0.0770
-0.0086
0.3402
0.3006
0.3046
0.1653
0.1200
0.1670
0.2664
0.2252
0.1786
0.2501
0.1821
0.2057
0.0441
0.0824
0.0515
0.3995
0.3324
0.3779
0.4059
0.4972
0.4793
0.5133
0.0884
0.0926
0.0471
0.1456
0.1102
0.1973
0.1806
0.2133
0.1271
0.3418
0.4280

0.2195
0.1123
0.3447
0.3249
0.0687
0.2478
-0.0081
0.0848
0.2060
0.1415
0.1971

0.0928
0.0358
0.0410
0.1276
0.0640
0.0571

0.2115
0.2745
0.2763
0.2818
0.2252
0.2854
0.1250
0.1863
0.1300
0.4369
0.4677
0.3865
0.3648
0.3453
0.4237
0.3350
0.3902
0.4241

0.4664
0.4033
0.3388
0.4107
0.0837
0.1683
0.1250
0.0085
0.0532
0.0423
0.2252
0.1739
0.1900
0.0963
0.0797

0.141
0.142
0.200
0.238
0.141
0.118
0.153
0.142
0.396
0.396
0.396
0.325
0.325
0.325
0.416
0.416
0.416
0.544
0.544
0.544
0.360
0.360
0.360
0.539
0.539
0.539
0.578
0.578
0.578
0.510
0.510
0.510
0.829
0.829
0.562
0.562
0.666
0.666
0.666
0.316
0.316
0.316
0.384
0.384
0.384
0.308
0.308
0.308
0.280
0.280
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H213
H221
H222
H223
H231
H232
H233
H241
H242
H251
H252
H261
H261
H262
H262
H263
H263
H281
H282
H283
H291
H292
H293
H301
H302
H303

0.7206
0.6974
0.6457
0.7379
0.9094
0.8630
0.9034
0.3469
0.4186
0.4075
0.4345
0.5817
0.6316
0.5737
0.5461
0.5529
0.6090
0.4768
0.4272
0.3785
0.2391
0.2355
0.2837
0.3703
0.3852
0.4721

0.3794 0.0699
0.4810 0.2241
0.4616 0.1461
0.5128 0.1563
0.3690 0.2193
0.4246 0.2694
0.4548 0.2010
0.2759 -0.0600
0.3112 -0.1079
0.1858 -0.1341
0.1654 -0.0510
0.1698 -0.0888
0.0941 0.4571
0.2487 -0.0533
0.0987 0.5026
0.2400 -0.1377
0.1700 0.4936
0.4526 0.0543
0.5280 0.0715
0.4766 0.0084
0.4606 0.1322
0.4817 0.0504
0.5365 0.1107
0.4380 0.2154
0.5212 0.1921
0.4647 0.1999

0.280
0.266
0.266
0.266
0.348
0.348
0.348
0.305
0.305
0.736
0.736
1.315
0.556
1.315
0.556
1.315
0.556
0.439
0.439
0.439
0.400
0.400
0.400
0.541
0.541
0.541

Cizelge 6.57. CagHzsN12P4 kristaline ait anizotropik yerdegistirme parametreleri(A?)

Atom U11 U22 U33 U23 U13 U12

P1  0.0684(12) 0.0824(14) 0.0926(14) -0.0006(11) 0.0174(10)  -0.0052(10)
P2  0.0727(13) 0.1005(15) 0.0958(15)  0.0252(12)  -0.0008(11)  -0.0080(12)
P3  0.0757(13) 0.0953(15) 0.0884(13)  0.0108(12) 0.0012(11)  -0.0091(11)
P4 0.1129(19) 0.0970(16) 0.0873(14)  0.0020(12) 0.0064(13)  -0.0232(13)
N1 0.079(4) 0.161(6)  0.104(5) -0.025(4) 0.033(4) -0.024(4)
N2 0.081(4) 0.087(4)  0.078(3) 0.004(3) 0.019(3) -0.017(3)
N3 0.083(4) 0.089(4)  0.095(4) 0.028(3) -0.004(3) -0.017(3)
N4 0.080(4) 0.133(5)  0.100(4) 0.043(4) 0.026(3) -0.021(3)
N5 0.124(5) 0.091(5)  0.139(6) 0.024(4) 0.025(4) -0.014(4)
N6 0.086(4) 0.129(5)  0.140(5) 0.020(4) 0.021(4) -0.005(4)
N7 0.178(7) 0.195(8)  0.140(6) 0.098(6) 0.066(6) 0.023(6)
N8 0.191(10) 0.225(11) 0.174(8) 0.051(8) 0.013(7) -0.036(8)
N9 0.112(5) 0.137(6)  0.098(4) 0.016(4) -0.004(4) -0.007(5)
C1 0.194(11) 0.071(6)  0.180(9) -0.021(7) 0.064(9) -0.037(7)
C2 0.331(18) 0.124(10) 0.350(19)  -0.013(11) 0.103(16)  -0.052(11)
C3 0.211(12) 0.193(12) 0.214(13)  -0.059(9) -0.072(11)  -0.013(10)
C4  0.35(2) 0.183(12) 0.339(19)  -0.095(12) 0.236(18)  -0.042(13)
C5 0.119(9) 0.143(9)  0.227(11)  0.022(9) 0.101(9) -0.001(6)
C6 0.41(3) 0.192(13)  0.57(4) -0.138(18) 0.38(3) -0.054(15)
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C7 0.213(13) 0.278(16) 0.260(15)  0.126(13) 0.149(12)  0.036(11)
Cc8 0.103(10) 0.62(4) 0.38(2) 0.05(3) 0.115(13)  0.041(16)
C9 0.238(14) 0.158(11) 0.162(11)  0.051(9) 0.049(11)  -0.011(10)
C10 0.45(3) 0.46(3) 0.190(16)  0.17(2) -0.004(17)  -0.01(3)
C11 0.53(4) 0.34(2) 0.36(2) 0.155(19) 0.32(3) 0.23(3)
C12 0.44(3) 0.31(2) 0.33(3) -0.052(18) 0.26(2) -0.13(2)
C13 0.166(17) 1.46(14)  0.44(5) 0.52(7) 0.06(2) 0.00(4)
C14 0.76(7) 0.35(3) 0.26(2) 0.00(2) -0.07(3) -0.04(3)
C16 0.108(7) 0.139(9)  0.180(10)  -0.012(8) -0.017(7) 0.020(7)
C17 0.166(10) 0.144(9)  0.328(17)  0.004(10) 0.065(11)  -0.025(8)
C18 0.348(19) 0.266(15) 0.186(11)  -0.005(11) 0.147(13)  0.116(14)
C19 0.184(11) 0.155(10) 0.262(15)  0.019(9) -0.017(11)  0.051(8)
C20 0.104(6) 0.106(7)  0.117(7) 0.003(5) 0.013(5) -0.021(5)
C21 0.244(12) 0.178(10) 0.158(10)  -0.004(8) 0.105(9) -0.084(9)
C22 0.148(8) 0.115(8)  0.266(12)  0.039(8) 0.014(8) -0.009(7)
C23 0.130(8)  0.285(15) 0.253(13)  0.094(11)  _-0.060(9) -0.105(9)
C24 0.43(3) 0.250(15)  0.102(9) 0.002(9) 0.116(13)  -0.092(15)
C25 0.34(3) 1.08(8) 0.36(3) -0.52(4) -0.19(2) 0.21(4)
C27 0.170(12) 0.171(14) 0.32(2) 0.157(15) -0.051(12)  -0.023(10)
C28 0.36(2) 0.254(19) 0.248(17)  0.116(14) -0.003(17)  -0.057(18)
C29 0.299(18) 0.170(12) 0.315(17)  0.029(11) 0.002(16)  0.097(13)
C30 0.61(4) 0.249(19)  0.187(15)  -0.003(13) -0.051(19)  0.06(2)

Cizelge 6.58. CsoHzsN12P;4 kristaline ait atomlar arasi bag uzunluklari(A)

C5
C5
C5
C5
c21
ci8
ci2
Cii
c27
C27
c27
c27
C25
C25
Cci3
ci3
Ci4
P1
P1
P1
P1
P2
P2
c21

C7
C6
N6
Cc8
C20
C16
C9
C9
C28
N12
C29
C30
C24
C26
N8
C14
C15
N1
N2
N6
N5
N3
N2
H211

1.430(13)
1.453(16)
1.515(10)
1.53(2)
1.477(11)
1.547(13)
1.435(18)
1.582(18)
1.186(16)
1.413(7)
1.570(15)
1.71(2)
1.455(17)
1.50(2)
1.425(9)
1.494(17)
1.475(16)
1.548(6)
1.593(5)
1.639(6)
1.643(6)
1.573(5)
1.580(5)
0.960

P2
P2
P3
P3
P3
P3
P4
P4
P4
P4
N10
N11
N9
N5
N7
C1
C1
C1
C20
C20
C16
C16
C10
C14

N11
Ni12
N4
N3
N9
N10
N4
N1
N7
N8
C20
C24
C16
C1
C9
C4
C3
c2
C22
C23
C19
C17
Co
H142

1.617(7)
1.666(6)
1.575(5)
1.590(5)
1.627(7)
1.652(6)
1.560(6)
1.586(6)
1.651(7)
1.685(10)
1.455(9)
1.497(13)
1.517(11)
1.482(11)
1.406(12)
1.498(13)
1.499(14)
1.613(15)
1.524(11)
1.547(11)
1.496(13)
1.505(12)
1.486(19)
0.970
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C21
C21
Cc18
Cc18
Cc18
C8

C8

Cc8

C7

C7

C7

C6

C6

C6

C12
C12
C12
C11
C11
C11
C29
C29
C29
C30
C30
C30
C28
Cc28
C28
C25
C25
C26
C26
C26
C13
C13
Ci14

H212
H213
H181
H182
H183
H81

H82

H83

H71

H72

H73

H61

H62

H63

H121
H122
H123
H111
H112
H113
H291
H292
H293
H301
H302
H303
H281
H282
H283
H251
H252
H261
H262
H263
H131
H132
H141

0.960
0.960
0.959
0.960
0.960
0.960
0.960
0.960
0.960
0.960
0.960
0.959
0.960
0.960
0.960
0.960
0.960
0.960
0.960
0.959
0.960
0.960
0.960
0.960
0.960
0.959
0.959
0.960
0.960
0.970
0.970
0.960
0.960
0.960
0.970
0.969
0.970

N6
N10
N11
N12
N9
N5
N7
C19
C19
C19
c22
c22
Cc22
N8
C3
C3
C3
C4
C4
C4
Cc2
C2
Cc2
C17
C17
C17
C23
C23
C23
C10
C10
C10
C15
C15
C15
C24
C24

H6
H10
H11
H12
H9
H5
H7
H191
H192
H193
H221
H222
H223
H8
H31
H32
H33
H41
H42
H43
H21
H22
H23
H171
H172
H173
H231
H232
H233
H261
H262
H263
H151
H152
H153
H241
H242

0.860
0.859
0.860
0.860
0.860
0.860
0.860
0.959
0.960
0.960
0.960
0.960
0.960
0.859
0.959
0.960
0.960
0.960
0.959
0.960
0.959
0.960
0.960
0.960
0.960
0.959
0.960
0.960
0.959
0.960
0.960
0.960
0.960
0.960
0.960
0.970
0.970
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Cizelge 6.59. CsoH7sN12P4 kristaline ait atomlar arasi bag agilari (°)

Cc7
Cc7
C6
Cc7
C6
N6
c28
c28
N12
C28
N12
C29
C24
N8
C15
N1
N1
N2
N1
N2
N6
N3
N3
N2
N3
N2
N11
N4
N4
N3
N4
N3
N9
N4
N4
N1
N4
N1
H211
H211
H211
H212
H212
H213
H181
H181
H181
H182
H182

C5
C5
C5
C5
C5
C5
c27
Cc27
C27
Cc27
Cc27
c27
C25
Cc13
Ci4
P1
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
P3
P3
P3
P3
P3
P3
P4
P4
P4
P4
P4
c21
c21
c21
Cc21
c21
C21
c18
c18
ci8
c18
ci8

C6
NG
N6
C8
C8
C8
N12
C29
C29
C30
C30
C30
C26
C14
C13
N2
N6
N6
N5
N5
N5
N2
N11
N11
N12
N12
N12
N3
N9
N9
N10
N10
N10
N1
N7
N7
N8
N8
H212
H213
C20
H213
C20
C20
H182
H183
C16
H183
C16

113.0(15)
110.1(9)
107.3(9)
109.1(12)
112.4(14)
104.6(10)
114.2(16)
108.8(12)
115.8(6)
115.3(14)
112.1(10)
88.1(12)
99.5(15)
101.5(12)
106.3(11)
120.7(3)
106.8(3)
104.8(3)
106.7(4)
108.9(3)
108.4(3)
120.0(3)
105.3(3)
107.4(3)
108.2(3)
107.5(3)
108.0(3)
118.9(3)
110.6(3)
106.6(3)
104.7(3)
108.9(3)
106.5(3)
120.5(3)
102.6(4)
113.5(4)
114.9(4)
99.7(4)
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4

N7
C5
P2
C20
P1
P4
C24
P2
c27
C16
C1
Co
N5
N5
C4
N5
C4
C3
N10
N10
C21
N10
C21
Cc22
C19
C19
C17
C19
C17
N9
C13
N7
N7
C12
N7
C12
C10
C25
H131
H132
H132
C14
C13
C13
H141
H141
H142
P2
H11

P4
N6
N2
N10
N1
N4
N11
N3
N12
N9
N5
N7
C1
C1
C1
Ct
C1
C1
C20
C20
C20
C20
C20
C20
C16
C16
C16
C16
C16
C16
N8
C9o
C9
C9o
C9
C9
C9o
C24
C13
C13
C13
C13
C14
C14
C14
C14
C14
N11
N11

N8
P1
P1
P3
P4
P3
P2
P3
P2
P3
P1
P4
C4
Cc3
Cc3
c2
c2
c2
Cc21
Cc22
C22
C23
Cc23
Cc23
C17
N9
N9
ci8
ci8
ci8
P4
ci2
c10
C10
Ci1
Ci1
Ci1
N11
N8
Ci4
N8
N8
H141
H142
H142
ci5
Cci5
H11
C24

105.2(4)
131.1(7)
125.6(3)
132.4(5)
133.4(4)
131.1(4)
128.8(6)
127.6(3)
132.0(4)
133.8(6)
132.8(6)
136.2(8)
107.8(9)
110.2(9)
114.0(11)
103.2(9)
107.3(10)
113.5(11)
110.1(7)
110.1(7)
108.1(9)
107.4(7)
109.8(9)
111.4(9)
113.7(11)
108.4(9)
108.4(8)
109.9(10)
107.2(10)
109.2(9)
127.9(7)
109.3(13)
116.3(14)
100.9(15)
110.8(11)
110.1(17)
108.9(16)
110.0(12)
111.4
111.4
111.4
101.5
110.4
110.4
108.6
110.4
110.4
115.6
1155
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H183
C5
C5
C5
H81
H81
H82
C5
C5
C5
H71
H71
H72
C5
C5
C5
H61
H61
H62
H121
H121
H121
H122
H122
H123
H111
H111
H111
H112
H112
H113
Cc27
c27
c27
H291
H291
H292
Cc27
Cc27
c27
H301
H301
H302
C27
C27
c27
H281
H281
H282
H251

C18
C8
C8
C8
C8
C8
C8
C7
C7
C7
C7
C7
C7
C6
C6
Cé
Cé6
Cé6
C6
Cc12
Cc12
C12
Cc12
Cc12
c12
C11
C11
C11
C11
C11
C11
C29
C29
C29
C29
C29
C29
C30
C30
C30
C30
C30
C30
c28
C28
Ca8
Cca8
Cc28
c28
C25

C16
H81
H82
H83
H82
H83
H83
H71
H72
H73
H72
H73
H73
H61
H62
H63
H62
H63
H63
H122
H123
C9
H123
C9
03¢)
H112
H113
C9
H113
C9
C9
H291
H292
H293
H292
H293
H293
H301
H302
H303
H302
H303
H303
H281
H282
H283
H282
H283
H283
H252

109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.5

Cc27
P2
P3
P1
P4
H7
ci6
ci6
ci6
H191
H191
H192
C20
C20
C20
H221
H221
Ho22
Cci3
ci3
P4
Ci
C1
C1
H31
H31
H32
C
C
C1
H41
H41
Ha2
C
C1
C
H21
H21
H22
ci6
C16
Cci6
H171
H171
H172
C20
C20
C20
H231
H231

N12
N12
N9
N5
N7
N7
C19
C19
C19
C19
C19
C19
c22
Cc22
c22
c22
Cc22
c22
N8
N8
N8
C3
C3
C3
C3
C3
C3
C4
C4
C4
C4
C4
C4
Cc2
C2
c2
Cc2
Cc2
C2
C17
C17
C17
C17
C17
C17
Cc23
Cc23
C23
C23
C23

H12
H12
H9
H5
H7
C9
H191
H192
H193
H192
H193
H193
H221
H222
H223
H222
H223
H223
P4
H8
H8
H31
H32
H33
H32
H33
H33
H41
H42
H43
H42
H43
H43
H21
H22
H23
H22
H23
H23
H171
H172
H173
H172
H173
H173
H231
H232
H233
H232
H233

114.0
114.0
113.0
113.6
111.8
111.9
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
127.8
116.0
116.0
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
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H251
H251
H252
H252
C25
C25
C25
H261
H261
H262
H131
H131
C25
N11
N11
H241

C25
C25
C25
C25
C26
C26
C26
C26
C26
C26
C13
C13
C24
C24
C24
C24

C26
C24
C26
C24
H261
H262
H263
H262
H263
H263
H132
C14
H242
H241
H242
H242

111.8
111.8
111.8
111.8
109.4
109.4
109.4
109.4
109.4
109.4
109.3
111.4
109.6
109.6
109.6
108.1

H232
H261
H261
H261
H262
H262
H263
C14
C14
C14
H151
H151
H152
C25
C25

C23
C10
C10
C10
C10
C10
C10
C15
C15
C15
C15
C15
C15
C24
C24

H233
H262
H263
C9
H263
C9o
C9
H151
H152
H153
H152
H153
H153
N11
H241

109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
109.4
110.0
109.6

Cizelge 6.60. C3oH7sN12P,4 kristaline ait atomlar arasi burulma agilari(®)

C29
C30
C28
C26
N8
Ci14
N2
N1
N5
N6
N1
N5
N6
N2
N5
N6
N2
N1
N11
N3
N12
N2
N3
N12
N2
N11
N12
N2
N11
N3

C27
Cc27
Cc27
C25
Cc13
Cc13
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2

N12
N12
N12
C24
C14
N8
N6
N6
N6
N2
N2
N2
N1
N1
N1
N5
N5
N5
N2
N2
N2
N11
N11
N11
N3
N3
N3
N12
N12
N12

P2
P2
P2
N11
C15
P4
C5
C5
C5
P2
P2
P2
P4
P4
P4
C1
C1
C1
P1
P1
P1
C24
C24
C24
P3
P3
P3
C27
C27
c27

178.0(8)
-83.2(9)
50.1(9)
-54.4(9)
-100.2(9)
-153.0(9)
-170.8(8)
-41.6(9)
73.0(9)
86.3(4)
-34.0(5)
-157.9(4)
-168.0(5)
-48.7(7)
76.2(6)
74.4(9)
-39.1(9)
-170.9(8)
-174.4(4)
65.6(5)
-58.4(5)
46.9(9)
175.8(9)
-68.8(9)
23.1(6)
-97.9(5)
146.8(4)
162.2(8)
-82.2(9)
31.2(9)

N9
N10
N3
N9
N10
N4
N9
N10
N4
N3
N4
N7
N8
N1
N7
N8
N1
N4
N8
N1
N4
N7
P3
P3
P3
P2
P3
P3
P3
P1

P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
N10
N10
N10
N11
N9
N9
N9
N5

N10 C20
N4 P4
N4 P4
N4 P4
N3 P2
N3 P2
N3 P2
N9 C16
N9 C16
N9 C16
N1 Pi
N1 Pi
N1 Pt
N4 P3
N4 P3
N4 P3
N7 C9
N7 C9
N7 C9
N8 C13
N8 C13
N8 C13
C20 C21
C20 C22
C20 (€23
C24 C25
C16 C18
Ci6 C19
Ci16 C17
C1 C3

73.7(7)
107.3(5)
-14.5(8)

-138.3(5)
174.5(4)
-65.9(5)

59.9(5)
75.4(9)
-37.8(9)
-168.5(8)
18.8(7)

-103.4(6)
145.3(6)

55.7(6)

-177.0(5)
-63.5(6)
-44.9(9)

-176.5(9)

63.0(9)
-172.2(7)
-41.9(9)
70.1(8)
-42.4(8)
76.7(8)

-162.0 (6)

-100.0(9)

-155.9(8)
-36.3(9)

87.5(9)
-39.6(9)
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N4 P3 N10 C20  -169.0(7) Pi N5 Ci1 C4 84.4(9)
N3 P3 N10 C20 -40.8(7) PI N5 C1 C2  -161.1(7)
P4 N7 C9 Cif -21.8(9) P4 N7 C9 Ci2 99.8(9)
P4 N7 C9 C10  -146.7(9)
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Sekil 6.20. CgoH76N12P4 kristalinin ORTEPS3 ¢izimi (Sicaklik titresim elipsoitleri %20
olasilikla verilmigtir)
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7. SONUCLAR

Bu calismada; makrosiklik Schiff bazi ligandlari ile monomerik, trimerik ve
tetramerik fosfazenlerin kristal yapilari arastiriimistir. Bugiine degdin Schiff bazlari
ve onlarin biyolojik olarak aktif olan metal kompleksleri ile farkli substituentlere
sahip monofosfazen, ftrifosfazen ve tetrafosfazen tirevierinin yapilan
laboratuarimizda arastirilmigtir. Bazilan; 2,5,8-trioksa-16,20-diaza-trisiklo[20.4.0.
0%'*)-hegzakosa-9,11,13,15,20,22,24,26-oktaen (Hokelek et al., 1999a), 5,6,7,
8,9,10,11,12,18,19,21,22-dodekahidro-8,9:18,19-dibenzo-1,4,7-trioksa-11,16-
diazasiklonadeka-10,16-dien (Hokelek et al., 1999b), 1-(diklorofosfinil-2-kloro-2,2-
bis (diizopropilamino) fosfazen (Kilig et al., 1994), cis-ansa-2,4-dikloro-2,4-[2,2-
metilenbis(4-nitrofenoksi)]-6,6-difenilsiklo-21° 4A°,61°-trifosfazatrien  (Hokelek et
al., 2001) seklindedir.

7.1. C3oH2N205 KRISTALI

2-Hidroksi Schiff bazi ligandlari esas olarak (O-H...N ve O...H-N) tipi hidrojen
baglarinin ve fenol-imin ve keto-amin formlari arasinda tautomerism bulunmasi
nedeniyle ilgingtifer (Yildiz et al., 1998, Costamagna et al., 1992). Bu tip
ligandlarda; 2-hidroksi grubu ve imin azot atomu arasinda kisa hidrojen baglari
gbzlenilmigtir. Bazi 6rneklerde; fenol grubundaki hidrojen atomu imin azotuna
transfer olmustur (Gavranic et al., 1996, Kaitner et al., 1996). Hidrojen bag tipi, ne
molekuliin stékiyometrisine ne de imin atomundaki sibstitlentin tlrine bagh
olmayip, kullanilan aldehitin tirtine baglidir (Kaitner et al., 1996).

Molekil, kisa molekil i¢i O-H...N hidrojen baglarini igerir [01-H1 0.864(4), H1...N1
1.865(3), N1...01 2.587(4) ve O5-H5 1.056(3), H5...N2 1.603(4), N2...05 2.542(4)
A]. Bu durum molekdiliin, 1,8-di [N-2-oksifenil-salisiliden]-3,6-dioksaoktan (Yildiz et
al., 1998) [O-H 1.154(3), H...N 1.488(3), O...N 2.578(3) A] bilesigindeki gibi fenol-
imin formunda oldugunu gdsterir. C=N imin baglan ve C-N-C bag ag¢ilari, 1,8-di[N-
2-oksifenil-salisiliden]-3,6-dioksaoktan bilesigindeki  1.270(3) A ve 123.5(2)°
degerleri ile karsilastirilabilir (Yildiz et al., 1998).
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Sekil 7.1. CaoH25N205 kristalinin paket diyagrami

7.2.  CyoH2sN202 KRISTALI

Bilesigin yapisinin belirlenmesi ile molekiliin makrosiklik halka bogluk genisligini
hesaplamak hedeflenmisti. Molekul i¢ci N1...01 4.057(3) ve N2...02 5.058(3) A
mesafeleri, makrosiklik halkanin bogluk genigligini yansitabilir. Sadece N ve O
atomlari dikkate alindigi zaman, ortalama N...O mesafesi 4.558(3) A’ dur. O1, 02,
N1 ve N2 atomlari ile tanimlanan en kigik kareler dizleminin, her iki tarafi
icin s6zkonusu maksimum sapma miktarlari; 0.338(2) (O1), -0.310(2) (02),
0.383(2) (N1) ve -0.412(2) (N2) A’ dur. Géreli makrosiklik ig-bogluk genisligi,
literattir metodunda oldugu gibi (Adam et al., 1983) Ng,° (0.66A) ve Os,® (0.76A)
atomlarinin “degistiriimis kovalent yarigaplari® kullanilarak donér atomlarinin
merkezinden itibaren alinan ortalama mesafenin iki kati seklinde dikkate alinarak
yaklasik 1.57A olarak hesaplanmistir. N1 ve N2 atomlari arasinda [N...N 3.041(3)
ve H2...N1 2.40(2) A] bir molekiil i¢i hidrojen bagi vardir.
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Sekil 7.2. CooH26N205 kristalinin paket diyagrami

7.3. CaoHzgN203 KRISTALI

Molekl, azot atomlarinin képrileyici bir -CH.- grubuyla birlikte baglandidi iki azot
ve Uc¢ eter oksijeni iceren bir makrosiklk halkadan olugmaktadir. -CH,-
kopriulenmesi kriptand ligandlan igin sézkonusu olanlara benzeyen, bisiklik bir
halkanin olugmasiyla sonuglanan alti tyeli bir halkanin olugumuna neden olur.
Kristalde; molekiil, 02, C10 ve C12 atomlarindan gegen bir ayna dizlemine
sahiptir. Ligand boslugu komplekslesmede ve metal-iyon segiciliginde énemli bir
rol oynamaktadir. Molekdl i¢ci C10...02 [4.145(8)], C12...02 [5.996(5)], N1...01
[3.176(5)] ve N1..02 [4.436(6)A] mesafeleri, makrosiklik halkanin bosluk
genigligini gosterebilmektedir. Goreli makrosiklik ic-bosluk genigligi (Hokelek et al.,
1999b) 1.63A olarak saptanmistir. Beklenildigi gibi, bir bisiklik makro-halka igin
hesaplanan ig-bosluk genigligi, monosiklik diaza-ta¢ bilesigi icin hesaplanan (1.87
ve 2.15A) degerlerinden (Hokelek et al., 2001) daha kuguktir. Azot atomlar:

etrafindaki sekillenim piramitseldir.
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Sekil 7.3. CooHogN2O3 kristalinin paket diyagrami
7.4. CzHpgN,Os KRISTALI

Ligand boslugu, metal-iyon segicilijinde ve kompleks olugturmada énemli bir rol
oynar. Molekil ici C19...02 [5.658(5)], N1...01 [5.591(6)], N1...02 [4.829(6)],
N2...02 [4.059(6)], N2...03 [4.737(5) A] (molekiil A), C40...05 [4.666(6)], N3...05
[4.198(5)], N3...06 [4.891(5)], N4...04 [6.534(6)], N4...05 [5.898(5) A] (molekil B)
mesafeleri makrosiklik halkalarin bogluk genigliklerini g&sterebilmektedir. Goreli
makrosiklik ic-bosluk geniglikleri, literatir metodunda oldugu gibi (Adam et al.,
1983) Ny, 2(0.66A) ve 05,%(0.76A) atomlarinin “degistiriimis kovalent yarigaplart”
kullanilarak donér atomlarinin merkezinden itibaren alinan ortalama mesafenin iki
kati seklinde dikkate alinarak yaklagik 1.87A (molekiil A) ve 2.15A (molekil B)
olarak hesaplanmistir. Hesaplanmig ig-bosluk geniglikleri diaza-tag bilesigi icin
verilen (Hékelek et al., 1999a) 2.53 A degerinden daha kuglktirler. Cokdisli

makrosiklik ligand, makrosiklik i¢c-bogluk geniglikleri tzerinde etkili olabilecek
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molekil i¢i hidrojen baglarini [N2-H2 0.88, H2...01 2.78 ve N3-H3 0.87(4), H3...04
2.29(4) A] igerir.
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Sekil 7.4. Co1HogN2O3 kristalinin paket diyagrami
7.5. Cs1HssN2013P3 KRISTALI

Makrosiklik ligand, iki N, ¢ O eteral donor atomu ve yan kollarinda iki fosfonat
grubuna sahip 18 lyeli bir lariat eterdir. Bilesik, bitlin olarak makrosiklik ligand, etil
fosfonik asit ve su molekiltinden olusur. C14...C1 [7.752(5)], N16...02 [6.659(6)],
N16..05 [5.418(6)], N20..08 [5.007(6)], N20..05 [4.521(5) A] molekil ici
mesafeleri, makrosiklik halkanin bosluk genisligini yansitabilmektedir. Makrosiklik
halkadaki, ortalama N...O mesafesi 5.481(6) A dur. N16, N20, 08 ve O2
atomlarinin tanimladigi en kigik kareler diizlemi, dizlemin her iki tarafina gére
0.686(7) (N20) ve 0.662(6)A (N16) olan maksimum sapmalara sahiptir. Géreli
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makrosiklik ic bosgluk genigligi, literatir metodunda oldugu gibi (Goodwin et al.,
1982, Adam et al., 1983, Drummond et al., 1982) Ng,? (0.66A) ve Og,° (0.76A)
atomlarinin “degistirilmis kovalent yarigaplar” kullanilarak, donér atomlarinin
merkezinden itibaren alinan ortalama mesafenin iki kati seklinde dikkate alinarak
yaklagik 2.29A olarak hesaplanmigtir. Makrohalkanin esnekligi, makrohalkanin
burulmug bir gériniimde olmasini saglamaktadir ki bu, biylk bir olasilikla
molekil igi 034..H201(N20) 2.71(2) A’ luk hidrojen bag ile daha da
guclendiriimektedir. Diger taraftan, su molekili ve eti fosfonik asit
[046...H42(042) 1.99(1)A] arasinda ve ayrica etil fosfonik asit ile makrosiklik
ligand [O41...H16(N16) 2.23(2)A] arasinda hidrojen baglari vardir. Bag uzunluk ve
acilan beklenilen araliklarda kalmaktadir (Liu et al., 1995, Hokelek et al., 1999a,
1999b).

Sekil 7.5. C31Hs5N2013P3 kristalinin paket diyagrami.
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7.6. Ca3H34N20gP2.2H,0 KRISTALI

Serbest ligand, makrosiklik halkada iki N ve ti¢ O don&r atomlari ile yan kollardaki
metoksi fosforil grubuna sahiptir. Asimetrik birim iki su molekilu igermektedir.
Serbest ligand; lantanitler, aktinitler ve diger gegis serisi metal iyonlari igin
potansiyel metal-iyon-segici ajani olabilir. Ortalama P-O bagi, 1.533 (13)A iken,
ortalama makro-halka bag  uzunluklart  C-O[1.401(14)A], C-N[1.402(18)A] ve
P-C[1.779(13)AT dur. Bag uzunluklari ve agilari beklenilen araliklardadir (Hékelek
et al., 1999a, Hokelek et al., 1999b, Hbkelek et al., 2001, Liu et al., 1995). Molekiil
ici mesafeler C6...C16[7.63(1)], 01...N2[6.86(3)], 02...N2[5.19(1)],
03..N1[4.71(1)], 0O2..N1 [4.29(3)], N1...01[3.99(3)] ve N2...03[3.62(2)],
makrosiklik halkanin bosgluk genigligini gdsterebilirler. Ortalama N...O mesafesi
4.78(2) A dur. N1, N2, O1 ve O3 atomlarinin tanimladi§i en kiguk kareler
dizleminin, her iki tarafindaki maksimum sapma miktarlan -0.694(2) (N1) ve
+0.692(6) (N2) A’ dur. Géreli makrosiklik ig-bosluk genisligi, literatir metodunda
oldugu gibi (Adam et al., 1983) Ng® (0.66A) ve Og,° (0.76A) atomlarinin
“degistiriimis kovalent yarigaplari” kullanilarak donér atomlarinin merkezinden
itibaren alinan ortalama mesafenin iki kati gseklinde dikkate alinarak yaklagik 2.18A
olarak hesaplanmigtir. 18-tyeli makrosiklik ligandin hesaplanan i¢-bosluk genigligi,
benzer 18-lUyeli makro-halkalarda rapor edilmis 2,28 (Hokelek et al., 2001a),
1.87 ve 215 A (Hokelek et al, 2001b) degerleriyle kargilastirilabilir.
Makrohalkanin esnekligi makrohalkanin burulmus bir gérinimde olmasini
saglamaktadir ve bu biyik bir olasilikla molekdl igi N2..H6(06) 2.79(2),
06...H2A(N2) 2.80(1) ve O8..H1A(N1) 2.87(2)A hidrojen baglari ile daha da
guclendiriimektedir. Buna karsin, su molekili ve O5 atomu arasinda,
05...H112(011) 1.9(4)A’ luk bir hidrojen bagi vardir. Dipol-dipol ve Van der Walls
etkilesmeleri molekiler paketlenmede etkilidirler. $ekil 7.6° da verilen molekdler
paketlenme diyagraminda, birim hicredeki makro-molekiller arasindaki
bosluklarin su molekdlleri tarafindan dolduruldugu gézlenilmektedir.
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Sekil 7.6. Ca3H34N200P2.2H,0 kristalinin paket diyagrami

7.7. Cy3HgClN5;06P; KRISTALI

Organik, inorganik veya organometalik yan gruplar, fosfazen polimerlerinin 6zel
fiziksel veya kimyasal 6zelliklerini belilemede oldukga etkilidirler (Allcock et al.,
1996). N3PsClg, trimerik fosfazen tirevleri igin standart bir bilegiktir. N3P3Clg’ nin

(Bullen, 1971) ve [ClsN3P3(OC¢H2-2,6-'Bu,-4-Me)] (Hokelek et al., 1999c),
[ClsN3P3(OCgH2-2,4,6-"Bu,)] (Kilig et al., 1996) [N3P3(OCgHs-4-OCH,Ph)g]
(Allcock et al., 1996), [ClsN3P3-P3N3Clsy(OCeHs-2,6- Bu, )] (Hokelek et al., 1994),
[N3P3Cls(OCgH3sClo-0)2] ve [N3PsCls(OCgsHsMez-0)2] (Allcock et al., 1992b) gibi
N3sPsClg' nin bulky fenoksi gruplarina sahip olan tlrevlerinin sadece birkaginin

kristal yapilari rapor edilmiglerdir. Biz, sodyum[2,2’-metilenbis(4-nitrofenoksid)] ve
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hegzakloro siklofosfazen, N3PsClg' in reaksiyonunu inceledik. Reaksiyon cis-ansa,

(), ve spiro(ll) izomerleri olarak adlandirilan iki farkli Grin vermisgtir.

Bilesik(l) kolon kromatografisi ile reaksiyon karigimindan ayrigtirilmigtir. (1) in
aragtinilmasi, oldukga engelli 2,2’-metilenbis(4-nitrofenoksi) yan grubunun siklik

trimerik fosfazen halkasinin yapisi Gizerindeki etkisini anlamak igin ele alinmistir.

Yapi, P2 ve P3 atomlarina baglanan 2,2’-metilenbis(4-nitrofenoksi) grubu ile
dizlemsel olmayan siklik trimerik fosfazen halkasindan olugmustur; fenil halkalari,
acik bir sekilde kesinlikle diizlemsel degildir, fakat en kiclk kareler diizleminden
en buyiik yerdegistirmeler C1 icin —0.016(4)A ve C13 igin 0.014(5)A dur. Fenil
halka dizlemleri arasindaki dihedral ag1 78.5(1)° dir. Fosfor atomlarindan gegen
duzleme gore, lg azot atomunun yerdegistirmeleri: N1 —0.187(4), N2 +0.290(3) ve
N3 -0.088(3)A’ dur. P-N-P ba§ agilart 119.9(2)-120.9(2)° arali§inda
degismektedir. llave olarak N-P-N bag agilarindaki degisim kigtk olup 117.0(2)-
118.2(2)° araligindadir. NsP3Clg’ daki (Bullen, 1971) degerlere gore [sirasiyla
118.3(2) ve 101.2(1)°], substitientlerdeki titresimler ve elektron vericisindeki
degigsimler ile O6-P2-Cl4 dis agisi [103.6(1)°] artip, O1-P3-CI3 agisi [99.4(1) °]
azalirken, N1-P2-N2 i¢ agisi ayni kalmig[118.1(2)°] ve N2-P3-N3 agisi [117.0(2)°]
azalmistir. N3P3Cls(NPPhg)[114.4(1) ve 107.2(1)°; Fincham et al., 1986]; N3P3sCl,
(NPPh3)2[109.2(4) ve 110.9(4)°; Fincham et al., 1986]; NsP3ClsPh(PPhy) [114.5(2)
ve 106.7(1)°; Allcock et al., 1990]; [ClsN3P3(OCgH2-2,6-'Bu, -4-Me)] [115.1(1) ve
106.79(9)°; Hokelek et al., 1999c]; [ClsNsP3(OCgsH2-2,4,6-'Bu,)] [115.8(1) ve

104.5(6)°; Kilig et al., 1996] deki karsilik gelen degerlere gore (1)’ deki N1-P2-N2
ve N2-P3-N3 acilari daha buytk ve O-P-Cl acilari ise daha kagiktir ki bu N3P3
halkasina daha az elektron verildigini gosterir. Sterik veya bulky grup etkilerine
dayandirilabilen bulky 2,2° metilenbis(4-nitrofenoksi) grubunun CI atomlar ile
yerdegistirmesi nedeniyle O6-P2-Cl4 acisi[103.6(1)°], CI1-P1-Cl2 dis agisinindan
[101.86(7)°] daha biiyik iken O1-P3-CI3 [99.4(1)°] dis agist daha kugtktlr. P1-N1-
P2, P2-N2-P3 ve P1-N3-P3 acilar [sirasiyla 119.9(2), 120.8(2) ve 120.9(2)°] N3P3

halkasina elektron aktariminin artmasi ile az miktarda artiyor gibi
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gozikmektedirler; bu degerler NsP3Cls (Bullen, 1971) icin verilen [121.4(3)°]
degerinden ¢ok az farklidirlar.

Trimerik fosfazenlerde, P-N bagd uzunluklari, tetramerik fosfazenlerde oldugu gibi
(Bullen & Tucker 1972) atom gruplarinin orbital elektronegatiflikleri ile baglantili
olabilirler. Bu tir vyapilarda; P-N baglarinin uzunluklari, stbstitlientlerin
elektronegatifliklerine baglidir. Céziilen yapida, P2 ve P3 atomlarina baglanan 2,2’
metilenbis(4-nitrofenoksi) grubu ve Cl atomlari az miktarda elektron gekiciymis gibi
goziikmektedirler. Boylece P-Cl ve P-O baglar, dikkate de§er diglide
degismezler. Verilen bir NsP3sRs yapisinda, tim sibstitientler (R) ayni iken, P-N
baglarinin uzunluklar genelde esittir. Sayet, R bir difonksiyonel bulky sibstitlient
ise (Kubono et al., 1994) veya farkli stbstitlentler iceriyor ise, P-N baglari énemli
degisimler gﬁsterebiiirler (Fincham et al., 1986; Contractor et al., 1985). Elektron
verici gruplar varken, siklotri(fosfazen) halkasinda, farkli P-N mesafelerinin olmasi
beklenebilirdi, fakat ¢ozllen yapida P atomlarina baglanan atomlarin
elektronegatiflikleri arasinda belirgin bir fark yoktur; P-N bad mesafeleri 1.573(4)
den 1.581(3) A’ a kadar degisir. ligili diger bilegiklerde, karsilik gelen ortalama bag
mesafeleri sdyledir: [ClsN3sP3(OCsH2-2,4,6-'Bu, )] igin 1.58(1)A (Kilig et al, 1996),
N3PsCl,Ph(PPhy) igin 1.572(3)A (Alicock et al, 1990), N3sPsCls igin 1.581(3)A
(Bullen, 1971), [ClsN3P3(OCeHz-2,6-'Bu,-4-Me)] icin 1.573(3)A (Hokelek et al.,
1999¢c) ve [ClsNgPs- P3N3Cly(OCeHs-2,6-'Bu,)] icin 1.576(5)A (Hokelek et al.,
1994). P-N bag mesafelerinin bu degerleri P-N tek bag uzunlugu olan 1.78(6)A
degerinden daha kagiktlr [(International Tables for x-ray Crystallography, 1968,
Vol lll), Tablo 4.1.4]. Halkadaki kisa baglar ¢ift bag karekterindedir; bu genel
olarak fosfazen tlrevlerinde gozlenilir (Wagner & Vos, 1968). 2,2’ metilenbis(4-
nitrofenoksi) grubu molekiiliin geklini belilemede oldukga etkilidir.
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Sekil 7.7. C43HsCl4NsOgP3 kristalinin paket diyagrami.

7.8. CoH11N3OP;3Cls KRISTALI

Molekil diizlemsel olmayan bir siklik trimerik fosfazen halkasi ile P2 atomuna bagli
2,4,6-trimetilfenoksi grubunu igerir. Ug azot atomu, P atomlarindan gegen diizleme
gore zit taraflarda (+ ve -) bulunmaktadirlar: N1-0.193(6), N3 —0.008(5), N5
+0.253(7)A.

P-N-P ve N-P-N bag acilarinin agisal aralii sirasi ile 120.1(5)-122.5(5)° ve
116.0(4)-117.8(4)> dir. Tetramerik fosfazenlerde; 2-(2,6-di-t-butil-4-metilfenoksi)-
2,4,4,6,6,8,8-heptaklorosiklo-2).° 4A°,61°-8A -tetrafosfazatrien (Hokelek et al.,
1996) de bulundugdu gibi P-N-P bag acilan 133.6(2) ile 139.3(2)° aralijindadir.

Atomlar arasi 01..H71=2.382(7)A  mesafesi, olasi bir hidrojen bagini
gbstermektedir.
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P-N bag mesafeleri 1.539(8) ve 1.602(9)A arasinda degismektedir. llgili
bilesiklerde (Fincham et al., 1986, Allcock et al., 1990, Kili¢ et al., 1996), karsilik
gelen bagd mesafeleri 1.57(1)-1.60(1)A araligindadir. Trimerik fosfazenlerdeki, P-N
bag uzunluklah; tetramerik fosfazenlerdeki gibi, atom gruplarinin orbital
elektronegatiflikleri ile baglantili olabilirler. Halkadaki kisa baglar, fark edilebilir
nitelikte bir cift-bag karakterine sahiptirler. Fenoksi grubu, molekilin seklinin

belirlenmesinde ¢ok etkilidir.

Sekil 7.8. CgH11N3OP3Cls kristalinin paket diyagrami.

7.9. C4sHssNOgP2 KRISTALI

Son yirmi yilda, 1-(diklorofosfinol)-2,2,2-trikloromonofosfazen, ClsP=N-P(O)Cl,, (1),
ve onun tlrevleri genis 6lglide aragtiriimigtir(Hokelek et al., 1998, Kilig et al., 1989,
1991, 1994, 2000). (I}’ in termolize edilmesi P(O)Cls ve polidiklorofosfazen,
(NPCL),' in (D’halluin et al., 1992) aynistirimasina neden oldudu gézlenmigtir.
Polidiklorofosfazen, ¢izgisel poliorganofosfazenlerin sentezinde kullaniimigtir
(Manners, 1996). Birincil ve ikincil aminler, alkoller ve fenoksid’ ler ile bilegik (I} in
reaksiyonu sonucunda kismen ve tam olarak yerdegistirmisg Urinlerin olustugu
gbzlenilmistir (Kilig et al., 1989, 1994, Alicock et al., 1985). (I)'in bulky
yerdegdistirmis fenoksidler ile olan reaksiyonlari, kismen ya da tam olarak
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yerdegistirmis fenoliz Grunleri verirler (Kilig et al., 2000, Allcock et al., 1992b,
1996). (Iy in 2,4,6-trimetilfenoksid ile reaksiyonu, tam olarak yerdegistirmis
monofosfazen (CeH3)2(CeH30-2,4,6-Me),P(O)N=P(CsH3z0-2,4,6-Me)3,(11)’i
olusturur. (I in bazi bulky fenoksid tlrevlerinin X-iginlari kristal yapilari daha
dnceden incelenmigtir (Kili¢ et al., 2000, Allcock et al., 1992b, 1996).

Ad gegen (Il) bilesidin yapisinin belilenmesi, 5 adet bulky 2,4,6-trimetilfenoksi
grubunun P=N cift badi Gzerindeki etkisini anlamak ve elde edilen sonuglari
literatlirde rapor edilen az sayida asiklik fosfazenler igin bulunanlarla

karsilagtirmak amaciyla yapilmisgtir.

Fosfazen tUrevlerinde, P-N tek ve ¢ift baglar genel olarak sirasiyla1.628-1.691 ve
1.571-1.604 A araligindadir (Allen et al., 1987). Standart, ClsP=N-P(O)Cl,, (l)
bilesiginde, P-N baglar1 su karakteri gosterirler: P-N ¢ift ve tek baglari sirasi ile
1.517(3)-1.530(3) ve 1.583(3)-1.593(3)A’ dir (Belaj, 1993). (ll) bilesiginde ise, P-N
tek [P2-N1 1.586(3)A] ve P=N g¢ift [P1-N1 1.517(3)A] baglar birbirinden oldukga
farkhidirlar. Hernasilsa, bu baglarin herikisi de, belirgin bir sekilde ideal P-N tek
bagindan daha kisadirlar. Bu sapma, bulyilk olasilikla P=N-P=0 atomlar
arasindaki rezonansa baglhdir.Bilesik (1)’ de, tek ve ¢ift baglar Allcock (Allcock et
al., 1985) tarafindan ayirt edilememisti fakat, ayni bilesik icin daha sonra Belaj
(1993) tarafindan elde edilen sonuglara gére bu baglan ayirt etmek mimkin
olmugtur. Literatlrde; iki geminal diizopropilamino grubunun, P=N ¢ift bag
karakterini artirarak N atomu elektronlarini gekmesinden dolayr monosiklik
fosfazen tlirevlerindeki tek P-N [1.653(13)A] ve gift P=N [1.480(12)A] baglarinin,
sadece diizopropilamino tirevinde, CIINCH(CHs):].P=N-P(O)Cl. (Kili¢ et al., 1994)
ayirt edilebildigi rapor edilmektedir. Bu etki; ne tek bir diizopropilamino grubu, ne
de iki tane 2,4,6-tri-fert-butilfenoksid grubu var oldugunda baskin degildir (Kili¢ et
al., 2000).

P=0 bag mesafesi [P2-01 1.457(2)A] diger fosforilfosfazen’ ler igin bulunanlara
benzemektedir (Allcock et al., 1985, Belaj, 1993, Kilig et al., 1994, Hokelek et al.,
1998). Fosfazenil ve fosforil fosforlarina baglanan O atomlan igin P-O tek bag
uzunluklarinin ortalama degerleri sirasi ile 1.568(2) ve 1.594(2) A dur. O-C bag
uzunluklart ve P-O-C bagd acillarinin ortalama degerleri fenoksid gruplari
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arasindaki sterik engellemelerin etkilerini muhtemelen yansitabilen molekdlin
fosforil ve fosfazenil kisimlari icin sirasi ile 1.407(4)A, 123.1(2)° ve 1.428(4) A,
126.1(2)> dir. Diger taraftan, 2.367[01...H7C(C7)] ve 2.880A [02...H7C(C7)]
araliinda degisen birka¢g atomlar arasi mesafe tim molekiler geometriyi
etkileyebilen yakin temaslar1 gosterir. Yan gruplarin sterik etkileri 6zellikle ilgingtir
ve muhtemelen yan gruplar daha da biyldiginde, daha c¢arpici etkiler
beklenebilir (Kilig et al., 1994; Hokelek et al., 1998). P1 P2 mesafesi 2.967(2)A
olup bu, siklofosfazenler ve cizgisel kisa zincirli fosfazenler igin beklenilen
CloP(O)N=PCKN[CH-(CH3)2]2}2, (Ilil) (Hokelek et al., 1998) ve CI,PON=P-
CH{OCeH:BU'-2,4,6)2, (IV) (Kilig et al., 2000) bilesiklerindeki karsilik gelen [2.856(3)
ve 3.005(3)A] degerleri ile kargilagtirilabilir.

P1-N1-P2 agisi [146.0(2) °}, bilegik (IIl) [134.0(2) °]’ dekinden daha blyik, fakat
bilesik (IV) [158.0(3) °] ve bilesik (1) [144.5(6) ve 148.0(1)° (Allcock et al., 1985) ve
137.8(2)-144.1(2)° (Belaj, 1993)] dekilerden daha kugtktlir. Degerler arahg,
gegmiste siklotrifosfazenler igin bulunandan (118.4-124.6°; Fincham et al., 1986)
daha genistir, fakat siklotetrafosfazenlerde gézlenen agiya (131.0-146.7°; Allcock,
1972, Hokelek & Kilig, 1990, Hokelek et al., 1996) benzemektedir.

Sekil 7.9. C45Hs5NOgP- kristalinin paket diyagrami.
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7.10. C3oH7sN2P; KRISTALI

CsoH76N2P4 bilesiginin yapt analizi; goreli olarak etkilenmisg yan gruplarin ve ayni
zamanda makrosiklik tetrafosfozen halkasi Uzerindeki sterik ve elektronik
faktérlerin etkilerini belilemek icin ele alinmigtir. Yapi, simetri merkezine sahip
olmayan, dizlemsel olmayan bot konformasyonundaki siklik tetramerik fosfazen
halkasi ile iki tane n-propilamino (2,6-trans pozisyonlarinda) ve alti tane bulky t-
butilamino yan gruplarindan olugmustur. Dért P atomu ayni diizlemdedirler ve doért
N atomu 6zdes miktarlarda P atomlarinin olugturduklan dizlemin tGzerinde (+) ve
altinda (-) yer almiglardir [N1 -0.525(6), N2 +0.570(5), N3 —-0.608(5) ve N4
0.456(6)A]. Makrosiklik fosfazen halkasinin konformasyonu halka baglarinin
burulma agilari ile belirtilmigtir (Sekil 7.10).

Sekil 7.10. CzoH76N2P4 kristalinde buruima agilariyla fosfazen halkasinin gekli.

P-N-P bag acilarn 125.4(3)-133.2(4)° [ortalama 129.3(4)°T dir. S6z konusu agilarin
benzer deerleri, [N4P4Cls(NEt,)s] (Hokelek & Kilig, 1990), [N4P4Cl;(OCgH--2,6-
‘Bu, -4-Me)] (Hokelek et al., 1996), [NsP4(NC4HsO)s (NHCH.CHg3)] (Hokelek et al.,
1998a) ve [N4P4(NCsH1o)s(NHEt),] (Hokelek et al., 1999) da bulunabilir. N-P-N
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bag acilari 118.7(3)-120.8(3)° [ortalama 120.0(3)°] dir. Ortalama makrosiklik halka
P-N bag uzunlugu 1.582(5)A’ dur. Bu, 1.683(5)A olarak verilen (Allen et al., 1987)
tek P-N bag uzunlugundan olduk¢a kisadir. Ortalama eksosiklik bag uzunlugu
[1.629(6) A] [N4P4(PrHN)2(NC4HsO0)s] (Oztiirk et al., 2001) [1.668(16) A] degeri ile
nerdeyse aynidir. Molekuler paketlenme diyagrami Sekil 7.11’ de gbsterilmistir.

Dipol-dipol ve Van der Walls etkilegsmeleri molekiiler paketlenmede etkilidirler.

Sekil 7.11. CgoH7eN2P4 kristalinin paket diyagrami.
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2-Hydroxy Schiff base ligands are of interest mainly due to the
existence of (O-H~N and O--H-N) type hydrogen bonds and
tautomerism between phenol-imine and kefo-amine forms.!3 In
these types of ligands, short hydrogen bonds are observed
between the 2-hydroxy group and the imine nitrogen atom. In
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Fig. 1 Chemical diagram.
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Table 1 Crystal and experimental data

Formula: CspH3N,Os

Formula weight = 496.57

Crystal system: monoclinic

Space group: P2, Z=2
a=15336(1)A

b=5735()A

¢=15.679(2)A

B=11091(2

V=1288.0(3)A°

D, =1.28 g/em®

#(CuXy) =0.67 mm™

T=293K

Orange

Crystal size: 0.20 x 0.25 % 0.30 mm
MCuK,) = 1.54184 3

R=0.034 wR =0.035

No. of reflections measured = 2764
No. of reflections used = 1823

[F >3.00(F)]

No. of parameters = 342
Goodness-of-fit = 0.98

(A/C)p = 0.02

(AP = 0.10

(AP)min =—0.07

20m= 148.7°

Measurements: Enraf-Nonius CAD-4 diffractometer
Program system: CAD-4 EXPRESS Software
Structure determination: MolEN
Refinement: Full matrix least-squares

some instances, the hydrogen from the phenol group is
completely transferred to the imine nitrogen.** The hydrogen
bond type depends neither on the stereochemistry of the
molecule nor on the sort of the substituent to the imine atom,
but on the kind of aldehyde used.* The title ligand was prepared
from a mixture of diethylene glycol bis(2-aminophenyl ether)
(1.00 g, 0.0035 mol) and THF (100 mL) solution of
salicylaldehyde (0.85 g, 0.007 mol). After the evaporation of
‘THF, the residue was crystallized from CHCls:hexane (3:1).

The results of X-ray structure determination are given in
Tables 1-3. The title molecule (Fig. 2) contains short

Teble 2 Final atomic coordinates and equivalent isotropic thermal
parameters

Atom x y z B, /R?
01 0.1178(2) 0.3468(5) 0.7000(2) 0.0762(6)
02 0.3685(1) 0.4921(5) 0.7950(1) 0.0677(6)
03 0.4001(1) 0.2553(5) 0.9846(1) 0.0715(6)
04 02163(1) 0.1083(5) 0.9830(1) 0.0699(6)
05 03130(2) 0.0627(6) 12160(2) 0.0899(7)
N1 0.2172(2) 0.6849(6) 0.6738(2) 0.0605(7)
N2 0.196%(2) -0.1915(6) 1.10032)  0.0539(6)
Cl 0.0422(2) 0.4794(7N) 0.6561(2) 0.0568(8)
c2 -0.0461(2) 0.3949(7) 0.6465(2) 0.0696(9)
C3 -0.1241(2) 0.5254(8) 0.6015(2) 0.0735(9)
c4 -0.1168(2) 0.7405(8) 0.5659(2) 0.0700(9)
Cs -0.0301(2) 0.8264(7) 0.5755(2) 0.0628(8)
c6 0.0504(2) 0.6988(6) 0.6216(2)  0.0524(7)
c7 0.1410(2) 0.7981(7) 0.6341(2) 0.0592(8)
cs . 0.3054(2) 0.7831(7) 0.6843(2) 0.0605(8)
c9 0.3177(2) 0.9727(8) 0.6354(2) 0.0759(9)
c1o 0.4054(2) 1.0534(9) 0.6457(2) 0.0875(9)
Ctl 0.4822(2) 0.9426(9) 0.7046(2) 0.0837(9)
Ci12 0.4726(2) 0.7555(9) 0.7550(2) 0.0748(9)
c13 0.3843(2) 0.6730(7) 0.7460(2) 0.0612(8)
Cl4 0.4493(2) 03774(8) 0.8579(2) 0.0723(9)
Cl15 0.4179(2) 0.1862(8) 0.9055(2) 0.0729(9)
Cl6 0.3207(2) 0.3996(7) 0.9695(2) 0.0697(9)
c17 0.2297(2) 0.2786(7) 09211(2)  0.0652(8)
ci8 0.1440(2) -0.0844(7) 0.9485(2)  0.0574(8)
c19 0.0813(2) -0.0392(7) 0.8586(2)  0.0629(8)
C20 0.0106(2) -0.2029(8) 0.8309(2) 0.0652(3)
C21 0.0005(2) -0.3657(8) 0.8894(2) 0.0681(9)
c22 0.0517(2) -0.3696(7) 09799(2)  0.0616(8)
3 0.1341(2) -0.2098(7) 1.0097(2) 0.0530(7)
c24 0.2060(2) -0.3445(7) 1.1622(2)  0.0584(8)
C25 0.2679(2) -0.3055(7) 1.2550(2) 0.0559(8)
C26 02758(2) -0.4635(9) 13225(2)  0.079%(9)
c27 03343(2) -0.42501) 141202)  0.0875(9)
28 0.3874(2) 0.2314(9) 14326(2)  0.0849(9)
€29 0.3817(3) 0.0687(9) 13680(2)  0.0849(9)
c30 0.3221(2) 0.1014(7) 12778(2)  0.0663(9)

* To whom correspondence should be addressed.

Bu= (8723) 5, %, Uy a* o (ar- a)).
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Table 3 Bond distances (&) and angles (°)

0213 1.364(5) 05-C30 1.335(5)
02C14 1.438(4) N1C7 1.288(4)
03-C15 L417%(5) NI1-C8 1.421(4)
03-C16 1.420(4) N2-C23 1.408(3)
04-C17 1.442(5) N2-C24 1.277(4)
04C18 1.364(4) ct-o1 1.349(4)
C13-02-C14 116.803) C7-N1-C8 121.33)
C15-03-C16 116.0(2) C23-N2-C24 124.3(3)
C17-04-C18 117.3Q2)

intramolecular O-H-N hydrogen bonds [O1-H1 0.864(4),
HI1-N1 1.865(3), N1-O1 2.587(4) and OS-HS5 1.056(3),
H5-N2 1.603(4), N2-05 2.542(4)A], which means that the
compound is in phenol-imine form as in 1,8-di[N-2-oxyphenyl-
salicylidene]-3,6-dioxaoctane! [O-H 1.154(3), H~N 1.488(3),
O-N 2.578(3)A]. The C=N imine bonds and C-N-C bond angles
can be compared with 1.270(3)A and 123.5(2)° values in 1,8
di{N-2-oxyphenyl-salicylidene]-3,6-dioxaoctane.! The H atoms
were calculated geometrically, 0.95 A from the corresponding
atoms and refined using a riding model, while the H1 and HS
positions were found from difference synthesis and were refined
isotropically.
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Crystal Structure of 2,6-Dioxa-14,18-diazatricyclo[18,4,0,07:12]-

tetracosa-7,9,11,20,22,24(1)-hexaene
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*Department of Physics, Hacettepe University, 06532 Beytepe-Ankara, Turkey
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Macrocyclic multidentate N>O, donor-type ligands have been
investigated previously as potential metal-ion-selective
reagents.!? A series of these investigations have involved the
synthetic, thermodynamic and structural properties of selective
complex formation of a number of transition metal ions.> There
are only a few reports about the structures of the free
macrocyclic multidentate N>O» and N,O; donor-type ligands.+$
The title compound was prepared from the reduction of the
reaction product of 1,5-bis(2-formylphenyl)-1,5-dioxapentane
(2.84 g, 0.01 mol) and 1,3-diaminopropane (0.74 g, 0.01 mol)
by NaBH; (2.00 g, 0.05 mol) in THF-MeOH mixture (1:1). The
residue was dissolved in CHCls-light petroleum (1:1) and set

Table 1 Crystal and experimental data

Formmla: CptlsN,O,
Formula weight = 326.44
Crystal system: monoclinic
Space group: P2)/a
a=9.593(A
b=18.143(1)A
c=10581(DA
B=95.23(1)
V=1834.0(1)A°
D, = 1.182 gfem®

o= 1.165 g/em®
H(CuK,)=0.57 mm™*
T=293K
F(0 0 0) =704
Colorless
Crystal size: 0.20 % 0.25 x 0.30 mm
MCuKp) = 1541847
20, = 148.7°
R=0.041
wR =0.048
(AO)mex = 0.01
(AP)um = 0.16 A
(AP)uin =-0.13 €A
No. of reflections used = 2252
No. of parameters=301
Goodness-of-fit=0.94
Measurements: Enraf-Nonius CAD-4 diffractometer
Program system: CAD-4 EXPRESS software
Structure determination: MolEN
Treatment of hydrogen atoms: difference synthesis and geometric

calculation

Refinement: full matrix

t To whom correspondence should be addressed.

aside for crystallization at ambient temperature [m.p. 91°C and
yield 1.4 g (49%)].

The structure determination was carried out in order to
estimate the relative macrocyclic ring hole size of the molecule.
The intramolecular distances N1--O1 4.057(3) and N2--02
5.058(3)A may reflect the size of the hole of the macrocyclic-
ring. When only the N and O atoms are taken into account, the
mean N-O distance is 4.558(3)A. A least-squares plane
defined by O1, 02, N1 and N2 has maximum deviations to
either side of the plane of 0.338(2) (Ol), -0.310(2) (02),
0.383(2) (N1) and -0.412(2) (N2). The relative macrocyclic
inner-hole size, estimated as twice the mean distance of the
donor atoms from their centroid, is approximately 1.57 A, using
the ‘modified covalent radii’ of the N sp? (0.66 A) and O sp?
(0.76 A) atoms as in the literature method.? There is an intra~
molecular hydrogen bond between N1 and N2 atoms [N--N

@(ﬂ)@
U

Fig. 1 Chemical structure,

Fig. 2 Molecular structure of the title compound with atom-num-
bering scheme. The thermal ellipsoids are drawn at the 20% prob-

ability level.
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Table 2 Final atomic coordinates and equivalent isotropic thermal Table 3 Bond distances (A) and angles (°)
parameters

c1-c2 1.500 (3) C11-C16 1398 (3)
Atom x y z B./A? c71-C2 1387 (3) C16-C17 1.500 (3)
c1 0.65852)  O0.1741(1)  06298(2) 52005 C7-02 1.383(3) C17-N2 1.464 (3)
2 07842(2)  0.1376(1)  0.6978(2)  4.48(4) 02-C8 1.425 (3) N2-C18 1.453 (3)
3 0791(3)  01122(1)  0.5204(2) 5.45(5) C8-C9 1.501 (4) C18-C19 1512 (3)
c4 0.8899(3)  0.0765(2)  0.8852(2)  6.42(6) C9-C10 1.498 (3) C19-C20 1.509 (3)
cs 10103(3)  0.0662(2)  0.8287(3) 6.38(7) C10-01 1.424(3) C20-N1 1459 (3)
c6 1.02003)  0.09122)  0.7065(3)  6.29(6) o1-Cl1 1.386 (2) N1-C1 1.460 (3)
c7 09075(2)  0.1264(1)  0.64172)  4.86(5)
cs 09199(2)  0.0999(1)  042402)  5.17(5) C9-C10-01 107.1(2) C1-N1-C20 111.5(2)
c9 0.9478(2) 0.1381(2) 0.3031(2) 5.89(6) - C16-C11-01 114.4(2) C12-C11-01 124.9(2)
cio 0.8289(2)  0.1836(1)  02439(2)  5.51(5) Cl1-01-C10  119.6Q2) C19-C20-N1 112.92)
c1 0.6092(2) 0.1556(1) 0.1240(2) 4.394) 02-C8-C9 108.1(2) C7-C2-C1 122.7(2)
Ci2 0.6053(1)  0213(1)  0.05692) 547 C18-C19-C20  115.6(2) C2-CI-N1 111.8(2)
c13 049843)  023352)  0.037T3Q2)  6.58(6) CI7-C16-C11  120.6(2) 02-C7-C2 119.3(2)
cl4 03942(3)  0.18322)  -0.06252)  7.10(7) 060702 11910) C1802-C17 113.80)
cis 03964(3)  0.11942)  00077(2)  6.08(6) NZOLICl6 1166 y
- .6(2) C8-C9-C10 115.02)
c16 0.5025(2)  0.1034(1)  01018Q2)  4.58(4) C7.02-C8 L1486 N2.C18.CL9 mn
c17 05031(2)  00341(1)  01M1Q)  522(5 -8(2) 11.7(2)
cis 03430(2)  0.0793(1)  0.3284(2) 5.02(5)
c19 03264(2)  0.0945(1)  04667(2)  5.19(5)
©20 04266(2)  0.1502(1)  05299(2) 54505
N1 0.5675(2)  0.1208%09)  0.5591(2)  4.30(4) Table 4 Torsion angles (9)
N2 04745(2)  0.0422(1)  03119Q2)  4.55(4)
01 0.7148(2)  0.1348209)  02125(1)  5.45(3) g}}gwlw lg;gg; gi-mmt:;%?s ‘3§§8§
02 0.9200(2) 01541109  05215(2)  5.92(4) 2 mw . ) 4320431 ’fé Cie prpsc
C9-C8-02-C7 -174.7¢ C19-C18-N2-C17 -173.1
By = (80%/3) ZX,U; ai*af*(aray). C2-CI-N1-C20 160.6((2 C18-N2-C17-C16 5558}
3.041(3) and H2-~N1 240(2)A]. The configuration of the
macrocyclic ring is given by the torsion angles (Table 4). 2. K. R. Adam, A. J. Leong, L. F. Lindoy, H. C. Lip, B. W.
The positions of H51, H61, H121, H141 and H151 atoms Skelton, and A. H. White, J. Am. Chem. Soc., 1983, 105,
were calculated geometrically 0.95 A from the corresponding 4645. . \
atoms, and a riding model was used in the refinement process. 3. K. Henrick, L. F. Lindoy, M. McPartlin, P. A. Tasker, and
The remaining ones were obtained from the difference map and M. P. Wood, J. Am. Chem. Soc., 1984, 106, 1641.
refined isotropically. 4. P. S. K. Chia, A. Ekstrom, 1. Liepa, L. F. Lindoy, M.
McPartlin, S. V. Smith, and P. A. Tasker, Aust. J. Chem.,
1991, 44, 737.
References 5. T. Hokelek, Z. Kilig, and S. Bilge, Acta Crystallogr., 1999,
C55, 248.
1. L. F. Lindoy, in “Process in Macrocyclic Chemistry”, 6. T.Hokelek, Z. Kilig, and S. Bilge, Acta Crystallogr., 1999,
1987, Vol. 3, Wiley, New York, 53. C55,381.
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Instrumental Achievements

Crystal Structure of 3,4,6,7,15,16,17,18,19,20,21,27-Dodecahydro-2,5,8-trioxa-
16,20-diazatetracyclo[20.4.1.1620.0°'“]heptacosa-9,11,13,22,24,26(1)-hexaene

Tuncer HOKELEK,*' Nurcan AKDURAN,* Selen BiLGE,** and Zeynel KiLic**

*Hacettepe University, Department of Physics, 06532 Beytepe, Ankara, Turkey
**Ankara University, Department of Chemistry, 06100 Tandogan, Ankara, Turkey

(Received April 27, 2000; Accepted October 30, 2000)

Macrocyclic multidentate ligands have been examined
extensively as potential transition-metal ion selective reagents.!
Alkaline, alkaline earth and transition-metal jon recognition
with particular metal<ion binding applications are of
fundamental importance to broad areas of inorgamic and
coordination chemistry and biochemistry.?

The title compound was prepared from the reduction of
diimine-crown compound?® (2.0 g, 5.7 mmol) with borax (1.2 g,
30.0 mmol) and sodium borohydride (1.2 g, 31.0 mmol) in dry
methanol (300 ml) and the reaction of the resulting product with
formaldehyde (0.18 g, 6.0 mmol) in benzene (50 ml) at 333 K.
The compound was crystallized from THF (mp 484 K).

The results of X-ray structure determination are given in
Tables 1 -3. The hydrogen atoms were located by a difference

Table 1 Crystal and experimental data

Formula: CxHxN0s
Formula weight = 368.48
Crystal system: orthorhombic
Space group: Cmc2;
a=15.284(DA
b=13.855()A
¢=9.390(1)A

V= 1988.5(3)A*

Dx = 1.231 g/em®

A (Cu Ky) = 0.62 mm™
T=293 K

Colorless

Crystal size: 0.20 x 0.25 %< 0.30 mm
AMCuKa)=154184 A

R=0.056 wR=0.062

No. of reflections measured = 1124

No. of reflections used = 841

[F>3.0 o(F)]

No. of parameters =151

Goodness-of-fit = 1.11

(A O)urs = 0.03

(AP)zx = 0.31 €A

(AD)uin = —0.17 eA?

20 = 148.7°

Measurements: Enraf-Nonius CAD-4 diffractometer
Program system: CAD-4 EXPRESS Software
Structure determination: MolEN

Refinement: full-matrix least-squares

Z=4

Fourier synthesis and geometrical calculation, parameters of 7
hydrogen atoms (out of 16) being also refined.

The title molecule (Fig.2) consists of a macrocyclic ring
containing three etheric oxygens and two nitrogens, where the
nitrogen atoms are linked together by a bridging -CH>- group.
The -CH»- bridging causes a six-membered ring to form,
leading to a bicyclic ring, this is similar to results for cryptand
ligands. In the crystal, the molecule has a mirror plane passing
through 02, C10 and C12. The ligand cavity plays an important
role in the complexation and metal-ion selectivity. The
intramolecular C10--02 [4.145(8)], C12-02 [5.996(5)],
N1-01 [3.176(5)] and Ni-02 [4.436(6)A] distances may
indicate the hole size of the macrocyclic ring. The relative
macrocyclic inner-hole size,* estimated as 1.63 A. As excepted,
the calculated inner-hole size for a bicyclic macro-ring is

)
QL™ O
o

Fig. 1 Chemical diagram.

Table 2 Final atomic coordinates and equivalent isotropic
thermal parameters

Atom x y z B.JA?
01 0.3397(2) 0.3997(2) 0.5455(4) 4.27(6)
) 0.500 0.4695(3) 0.6473(5) 4.6(1)
N1 0.4213(2) 0.2740(3) 0.2958(4) 3.50(7)
c1 0.4231(4) 0.4581(4) 0.7324(6) 5.1(1)
2 0.3453(3) 0.4822(4) 0.6366(6) 47Q)
3 0.2691(3) 0.3935(3) 0.4550(6) 3.83(9)
c4 0.2021(3) 0.4612(4) 0.4501(6) 4.4(1)
cs 0.1336(3) 0.4460(4) 0.3545(8) 5.5(1)
cé 0.1305(3) 0.3676(4) 0.2705(7) 5.2(1)
c7 0.1985(3) 0.3008(4) 0.2756(6) 45(1)
cs 0.2693(3) 03122(3) 0.3665(5) 3.74(9)
c9 0.3431(3) 0.2412(3) 0.3738(6) 4.22(9)
cio 0.500 0.2378(4) 0.3681(8) 3.9(1)
cu 0.4184(3) 0.2460(4) 0.1482(5) 4.5(1)
ci12 0.500 0.2797(6) 0.0735(7) 45(2)

 To whom correspondence should be addressed.

B.q = 813)ZLUsaa*(aray).
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Table 3 Bond distances (A) and angles (°)

NiCli 1.439(6)
N1-C9 1.474(6)
N1-C10 1.470(5)
C11-C12 1.505(6)
c3-01 1.376(6)
CI11-N1-C9 111.8(4)
C11-N1-C10 112.2(4)
C9-N1-C10 109.2(4)
NI-C11-CI2 109.8(4)
01-C3-C8 114.5(4)
N1-C9-C8 112.6(4)

Co-C8
01-C2
C1-02
Ci-C2

C3-01-C2
C3-C8-C9
N1-C10-N1
C1-02Cr
02-C1-C2
01-C2-C1

1.497(6)
1.430(6)
1.421(6)
1.504(7)

117.53)
120.2(4)
109.9(4)
111.6(4)
108.4(4)
107.5(4)

smaller than the values (1.87 and 2.15 A) calculated for

monocyclic diaza-crown compound.’
The nitrogen atom has a pyramidal configuration around it.
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Fig. 2 Molecular structure of the title compound with atom-
numbering scheme. The thermal ellipsoids are drawn at the 50%
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Crystal Structure of 3,4,6,7,15,16,17,18,19,20,21-Undecahydro-2,5,6-trioxa-
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A large number of macrocyclic Schiff-base ligands involving
the synthetic, thermodynamic and/or structural properties of
complex formation of a range of transition metal ions! were
investigated previously as potential metal-ion-selective
feagents.? Since the title compound has two N- and three O-
donor atoms in the macrocyclic ring, it may be a potential
metal-ion-selective reagent for transition, alkaline and alkaline
earth metal ions.

The title compound was prepared from the reduction of a
diimine-crown compound® (2.0 g, 5.7 mmol) with borax (1.2 g,
30.0 mmol) and sodium borohydride (1.2 g, 31.0 mmol) in dry
methanol (300 ml). The mixture was refluxed for 4 h. Later,
methanol was evaporated and the residue was extracted with
diethylether.

The organic layer was dried with magnesium sulfate,
evaporated and crystallized from diethylether (mp 357 K). The

O
Q. O
N

Fig. 1 Chemical diagram.

Fig. 2 Molecular structure of the title compound with the atom-
numbering scheme. The thermal ellipsoids are drawn at the 50%
probability level.

t To whom correspondence should be addressed.

results of an X-ray structure determination are given in Tables
1-3. The hydrogen atoms were located by a difference Fourier
synthesis and a geometrical calculation, with the parameters of
16 hydrogen atoms (out of 56) also being refined.

The crystal has two molecules (Fig, 2) in an asymmetric unit.
The conformations of the two independent molecules in the
asymmetric unit are not considerably different from each other.
The ligand cavity plays an important role in the complexation
and metal-ion selectivity.  The intramolecular C19--02
[5.658(5)]1, N1--O1 [5.591(6)], N1-02 [4.829(6)], N2--O2
[4.059(6)], N2-03 [4.737(5)A] (molecule A) and C40--0O5
[4.666(6)], N3-O5 [4.198(5)], N3--06 [4.891(5)], N4-04
[6.534(6)] N4--O5 [5.898(5)A] (molecule B) distances may
indicate the hole sizes of the macrocyclic rings. The relative
macrocyclic inner-hole sizes, estimated as being twice the mean

Table 1 Crystal and experimental data

Formula: CxHasN2Os
Formula weight = 356.47
Crystal system: monoclinic
Space group: P2, Z=4
a=14.633(DA
b=8.586(2)A
c=15.621(DA
B=94.80(1)
V=1955.71(4)A*
, = 1.211 g/em?®
4#(Cu Ko) = 0.61 mm™
T=293K
Colorless
Crystal size: 0.20 x 0.25 % 0.30 mm
MCuKq)=154184 A
R=0.045 wR =0.049
No. of reflections measured = 3849
No. of reflections used = 2542
[F >3.0 o(F)]
No. of parameters = 532
Goodness-of-fit = 0.71
(A/G)uox = 0.01
(AD)mw = 0.17
(AP)uin = -0.06
200 = 148.7°
Measurements: Enraf-Nonius CAD-4 diffractometer
Program system: CAD-4 EXPRESS Software
Structure determination: MolEN
Refinement: full matrix least-squares
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Table 2 Final atomic coordinates and equivalent isotropic

thermal parameters

Atom x y z B./A?
01 0.9072(2) 0.234 1.1491(2) 4.25(7)
oz 03472(2) 015204  09788(2)  4.14(6)
03 08765(2)  03024(4)  0BI672)  420(7)
o 05678(2)  0.7890(4)  0.70642)  4.69(7)
05 0.5479(2) 0.6540(4) 0.5396(2) 4.3%7)
06 0.6467()  0.7360(4)  039172)  481(7)
Ni 0.7683(3) 0.5918(7) 0.8686(3) 6.4(1)
N2 0.7781(8)  04584(7)  1.0849(3) 9.2(1)
N3 0.66442)  10618(6)  0.64942)  4.83(9)
N4 083683) 107156  0.4312(3) 5.4(1)
cl 0.8496(3)  042626)  123690) 4.4(1)
c2 0.8594(3) 0.5175(7) 1.3095(3) 5.3(1)
Cc3 0.9356(4) 0.5070(7) 1.3677(3) 5.5(1)
c4 1.00344)  04037(7)  1353903) 52(1)
s 0.99723)  0.3095(6) 12813(3) 44(1)
c6 09205(3)  0321(6)  12231(3)  3.87(9)
c7 097613)  0.12536)  1.1304(3) 4.4(1)
c8 0.9449(4) 0.0470(6) 1.0477(3) 4.8(1)
co 052054)  00776(6)  0.9006(3) 5.1(1)
c1o 09407(3)  0.7636)  0.8257(3) 4.6(1)
ci1 08724(3)  03850(6)  074042)  3.56(9)
Cl2 0.9337(3) 0.3663(6) 0.6788(3) 4.1(1)
c13 0.92203)  0.4526(7) 0.6033(3) 47(1)
Cl4 0.8505(3) 0.5547(7) 0.5897(3) 4.8(1)
Cl1s 0.7932(3) 0.5735(6) 0.6524(3) 4.5(1)
Cl6 08001(3)  04508(6)  0.7291(3) 3.9(1)
Ci17 0.7327(3) 0.5113(7) 0.7945(3) 5.0(1)
Cc18 0.6997(4) 0.6201(8) 0.9292(3) 6.8(1)
c19 0.7357(5)  0.6985(8)  1.0065(4) 83(2)
C20 0.3069(4) 0.6151(9) 1.0626(5) 8.7(2)
c21 0.7640(3) 0.4315(8) 1.1742(4) 6.5(1)
2 0.6247(3)  09936(6)  0.7950(3) 45(1)
c23 0.6184(4) 1.0804(7) 0.8673(3) 6.0(1)
24 0.5494(8)  1.0640(8)  0.9214(3) 6.6(1)
C25 0.4827(4) 0.9536(8) 0.9023(3) 6.4(1)
C26 04872(3)  08620(7)  0.8292(3) 5.5(1)
c27 0.5568(3) 0.8803(6) 0.7778(3) 43(1)
c28 0.4980(3) 0.6782(6) 0.6819(3) 5.0(1)
29 05314(3)  057356)  0.6149(3) 5.1(1)
C30 0.5734(3) 0.5525(6) 0.4754(3) 5.0(1)
o 05717(3)  063356)  0.3905(3) 4.8(1)
c32 0.6585(3) 0.8174(6) 0.3184(3) 4.4(1)
C33 0.5981(3) 0.8114(7) 02447(3) 521
4 06157(4)  O0B9R(T)  0.1728(3) 5.9(1)
c3s 0.6933(4) 0.9834(7) 0.1753(3) 6.3(1)
c36 0.7525(4) 0990  0248303) 62(1)
Cc37 0.7380(3) 0.9117(6) 0.3199%(3) 4.6(1)
C38 0.8048(3) 0.9185(6) 0.4000(4) 5.7(1)
Cc39 0.7628(3) 1.1810(6) 0.4423(3) 5.3(1)
c40 0.6958(3) 1.1284(6) 0.5047(3) 4.8(1)
CcAl 0.7362(3) 1.098%(7) 0.5933(3) 5.1(1)
Cc42 0.7004(3) 1.0152(6) 0.7361(3) 4.9(1)

Ba=8n3)Z5Usa*a* (ara).
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Table 3 Bond distances (A) and angles (°)

01-C6 1.379(5) N1-C17 1.409(6)
017 1.424(5) N1-CI$ 1.456(7)
02-C8 1.408(5) N2-C20 1.460(9)
02-C9 1.405(5) N2-C21 1.447(8)
03-C10 1.429(6) N3-C41 1.458(6)
03-cll 1.384(5) N3-C42 1.467(6)
04-C27 1383(6) N4-C38 1.464(7)
04-C28 1.425(6) N4-C39 1.455(7)
05-C29 1.403(6) 06-C31 1.406(6)
05-C30 1.402(6) 06-C32 1.364(6)
C6-01-C7 118.6(3) €31-06-C32 117.6(3)
€8-02-C9 110.5(4) C17N1-C18 112.8(4)
C10-03-Cl1 117.103) C20-N2-C21 116.4(5)
C27-04-C28 117.303) C41-N3-C42 113.1(3)
€29-05-C30 111.6(4) C38-N4-C39 113.6(4)

distance of the donor atoms from their centroid, are
approximately 1.87 (molecule A) and 2.15 A (molecule B),
using the “modified covalent radii” of the N sp? (0.66 A) and O
sp® (0.76 A) atoms, as in a literature method.* The calculated
inner-hole sizes are smaller than the value 2.53 A given for a
diaza-crown compound.’ .

The multidentate macrocyclic ligand contains intramolecular
hydrogen bonds [N2-H2 0.88, H2~01 2.78 and N3-H3 0.87(4),
H3--04 2.29(4)A], which may be effective on the macrocyclic
inner-hole sizes.
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Crystal Structure of 15,21-Bis(diethoxyphosphinoyl)-
2,5,8-trioxa-16,20-diazatricyclo- [20.4.0.0*"] hexacosa-
9,11,13,22,24,26(1)-hexaene-Ethylphosphonic Acid-Water
1/1n)

The title compound (C, H,,N,0,P,) crystallizes in the triclinic space group P1 with a=12.676(4) A,
b=13. 733(3)A, c=14.042(2)A, 0=67.94(4)°, B=77.15(4)°, v=61.95(4)°, V=1996.2(8)A’, Z=2, D =1.259
g.om”. The structure was solved by direct methods and refined by full-matrix least-squares method
(R=0.055). The macrocyclic ligand is an 18-membered lariat ether commnmg two N and three etheral
O atoms and two phosphonate side groups. The title compound consists of the macrocyclic ligand, one
ethyl phosphomc acid and one water molecule, as a whole. In the macrocyclic ring, the mean N...O
distance is 5.481(6) A. The relative macrocychc inner hole size, estimated as twice the mean distance
of the donor atoms from their centroid is approximately 2.29 A.

Keywords: lariat ethers, C-bis-pivot lariat ethers, crown ethers, diaza macrocycle, bisphosphonates,
crystal structure

(Received August 21, 2000; Accepted February 7, 2001)

1. Introduction

During the last three decades, macrocyclic multidentate ligands, such as the 16- and 18-
membered rings composed of the -ON- donor type (Where x=2,3 and y=2,3) have been
investigated as potential metal-ion selective reagents (GOODWIN et al.,, 1982; LINDOY et
al.,1993).

These types of ligands have been found to give crystalline complexes with alkaline,
alkaline earth and transition metal ions in solid state and to combine metal ions selectively in
solutions. The ion-recognition with particular metal-ion binding applications are of
fundamental importance to broad areas of inorganic and coordination chemistry (LINDOY,
1997). A large number of macrocyclic multidentate ligand complexes has been examined
extensively in order to find out their synthetic, thermodynamic and/or structural properties of
complex formation (ADAM et al., 1993, 1994). The phosphorus containing macrocycles and
cryptands have been reviewed in the literature (CAMIRADE and MAYORAL, 1994; VICENTE et
al., 2000). Although the open-chain alkylphosphonates are known since 1960 (JAGODIC,
1960), the title compound is the first example of the macrocyclic multidentate ligands (C-bis-
pivot lariat ethers) containing alkyl phosphonates bonding to the carbon atoms.

It is known that aminoalkylphosphonates have fungicidal (CAMERON et al., 1983),
antibacterial (ASSCHE et al., 1991), antitumorial (LAVIELLE et al., 1991; ZYGMUNT, 1985),
and antibiotic (KUEMMERLE et al., 1985; YOKOTA et al., 1981) activities. The transition
metal complexes of alkylphosphonates also have biological activities (BOZIC et al., 1991;
SIEGEL et al, 1994; BLOEMINK et al., 1994; OCHOCKI et al., 1998).
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The title compound was prepared from the reaction of 2,5,8-trioxa-16,20-diazatricyclo-
[20.4.0.0™]-hexacosa-9,11,13,15,20,22,24,26-octacne (HOKELEK et al.,1999a and 1999b)
(1.0 g, 2.84 mmol) in dry ethanol (250 ml) and diethylphosphonate (0.80 ml, 6.00 mmol) in
dry ethanol (50 ml), with argon passing over the reaction mixture for 14 h. The solvent was
evaporated until the volume of the mixture reached to 150 ml. The residue was set aside for
crystallization at an ambient temperature, for 15 days, yield 0.45 g (20%), m.p. 383 K.

(EtO)(0)P (O)(OEt), Fig, : Chemicl structre

Table 1: Crystal data for the title compound

Crystal morphology colorless, block like
Crystal dimensions (mm) 0.15x0.20x0.30
Chemical formula C31H55N2013P3
Molecular weight (g/mol) 756.70

Crystal system triclinic

Space group Pl

Lattice parameters

a 12.676(4) A

b 13.7333)A

c 14.0423) A

(11 67.94(4)°

B 77.15(4)°

Y 61.95(4)°
Volume (A%) 1996.2(8)
Number of formula units Z 2

Calculated density D, (g.cm™) 1.259
Absorption coefficient (cm™) 18.8

Absorption corrections (Tyin, Tmax)  0.763, 0.994
20,5, 140.4°

Unique data measured 7601

Observed data 2061

R(F) 0.055

w unit

wR(F) 0.055

No. of parameters refined 417

Program system SHELXS86 (SHELDRICK, 1990)
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2. Experimental

All X-ray measurements were made at 298 K on an Enraf Nonius CAD-4 diffractometer with
graphite monochromated Cu K radiation (A=1.54184 A) operating in @20 scanning mode
using a single crystal for data collection. Accurate lattice parameters were determined from
least-squares refinement of the setting angles of 25 well-centered reflections in the range
21°<0<25°. During data collection, three standard reflections periodically observed showed
no significant intensity variation. The ranges of h,k,] are -12< h €15, -13< k <16, 0< 1 £16.
7601 unique reflections were measured. The final cycle of full-matrix least-squares
refinement was based on 2061 observed reflections' (I >30(I)) and 417 variable of
parameters. The refinement was performed based on (F) against all reflections. Corrections
for Lorentz-polarization factors and absorption were applied to the intensity values. Table 1
shows the crystal and experimental data.

3. Structure analysis

The structure was solved by direct methods (SHELDRICK, 1990 (SHELXS86)), expanded
using Fourier techniques (SHELDRICK, 1976 (SHELX76)), and refined on (F) by full-matrix
least-squares methods. C33, C37, C40, C44 and C45 atoms were refined isotropically, while
the remaining non-hydrogen atoms were refined anistropically. The hydrogen atoms were
assigned based on expected geometry and a riding model was. used during the refinement
process. The final atomic parameters are listed in Table 2, and the selected molecular
geometries for the non-H atoms are given in Tables 3 and 4, respectively. An ORTEP
(JoHNSON, 1976) drawing of the molecular structure with atom numbering is shown in Fig.
2.

Table 2: Final atomic coordinates for non-hydrogen atoms and equivalent isotropic thermal

parameters (A%
Atom x y z B /A

P 0.1852(2) _ 0.1933(2) _ 0.6638(1)  4.06(1)
P2 0.1434(2) 0.2610(2) 0.0542(2) 5.29(1)
P3 02366(2)  05699(2)  041352)  5.1703)
02 0.0441(5)  0.0909(5  02108(4)  5.90(3)
05 0.1026(5)  0.0054(4)  03708(4)  5.95(3)
08 0.2633(4)  0.0443(4)  04458(4)  5.25(3)
027 02578(5)  0.0735(5)  0.7130(4)  5.47(3)
028 0.0509(5)  0.2417(5)  0.6975(4)  5.51(3)
031 02280(5)  02784(5)  0.6714(4)  63503)
035 0.1659(6)  0.1579(4)  0.0209(4)  6.70(3)
034 0.1271(5)  03663(5)  -0.0326(4)  6.153)
038 02543(5)  02093(5)  0.1201(4)  6.8203)
041 0.13774)  05331(4)  04432(4)  5.28(4)
042 0.3262(6) 0.5207(6) 0.4860(5) 8.50(4)
043 02937(6)  0.5483(6)  0.3085(5)  8.90(5)
046 04391(7)  0.6550(6)  0.4823(7)  10.8(3)
N16 0.0903(5)  0.3498(5)  04796(4)  4.1203)
N20 -0.00385  03812(5)  0.1755(4)  5.66(3)
c1 0.12307)  0.1956(7)  0.1487(6)  5.8%(6)
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C3 0.08588)  0.0635(7)  03171(6)  6.00(4)
c4 0.0153(8)  -0.0324(7)  03732(6)  5.55(5)
c6 0.2067(8)  -0.0811(6)  0.4142(6)  5.49(4)
c7 0.3005(7)  -0.0388(6)  0.3916(6)  4.81(4)°
c9 0.3385(6)  0.0987(6)  0.4292(5)  3.75(4)
C10 0.4488(6)  0.0660(6)  03787(5)  4.07(4)
c11 0.5140(6)  0.1274(7)  03624(6)  4.78(4)
c12 04725(7)  02173(6)  04013(6)  4.75(4)
C13 0.3638(7)  0.2489(6)  0.4531(6)  4.76(4)
cl4 0.2909(6)  0.1913(6)  0.4698(5)  3.55(4)
Ci5 0.1722(6)  0.2268(5)  0.5256(5)  3.34(3)
C17 0.0574(8)  03817(7)  03731(7)  4.33(6)
cig 0.0176(8)  03260(8)  0.3672(7)  5.07(4)
C19 0.08459)  03915(8)  0.2671(8)  5.86(5)
c21 0.0168(7)  02825(7)  0.1461(7)  4.57(5)
c22 0.0894(8)  0.2869(8)  0.1105(7)  4.58(5)
c23 20.1615(9)  0.3845(9)  0.0424(9)  7.88(5)
C24 0.2606(9)  0.3935(8)  0.0078(8)  8.06(7)
c25 02918(9)  0.3038(9)  0.0500(9)  8.32(6)
C26 0.2241(9)  0.2035(8)  0.1182(8)  7.83(7)
C29 0.0068(9)  02565(9)  0.8012(T)  6.58(9)
.C30 0.02849)  0.1660(9)  0.8646(9)  9.63(9)
C32 0.3448(9)  0.2453(8)  0.6996(9)  13.7(7)
c33 0.3505(9)  02795(8)  0.7726(9) 4.00
C36 0.2184(8)  0.0389(9)  0.07929)  8.51(7)
c37 0.2997(8)  -0.0328(9)  0.0350(9) 3.82
C39 0.3019(9)  0.2808(8)  0.1327(9)  7.10(7)
C40 0.4223(9)  02495(8)  0.0928(9) 3.64
c44 0.3985(9)  0.5867(9)  0.2579(9) 3.88
C45 0.4811(8)  0.5058(9)  0.2216(9) 3.90

Beq=8/3.1C[U, (aa')'+ U,(bb')+ U, (cc')'+ 2U aa’bb cosy + 2U aa’cc cosB-2U,bb cc costl]

4. Discussion

Since the title compound has two N- and three O- donor atoms in the macrocyclic ring, and
two phosphonate groups in the side arms, it may be a potential metal-ion-selective reagent
for lanthanides, actinides and other transition metal ions. The intramolecular distances
C14...Cl1 [7.752(5)], N16...02 [6.959(6)], N16...05 [5.418(6)], N20...08 [5.007(6)] and
N20...05 [4.521(5) A] may indicate the hole size of the macrocyclic ring. The mean N...O
distances is 5.476(6) A. A least-squares plane defined by atom N16, N20, O8 and 02 has
maximum deviations to either side of the plane of 0.686(7) (N20) and 0.662(6) A (N16),
respectively. The relative macrocyclic inner-hole size, estimated as twice the mean distance
of the donor atoms from their centroid, is approximately 2.28 A, using the “modified
covalent radii” of the N.’ (0.66 A) and O_’ (0.76 A) atoms as in the literature method
(GOODWIN et al., 1982; ADAM et al., 1983; DRUMMOND et al., 1982). The flexibility of the
macrocycle allows it to adopt a twisted conformation, which is possibly reinforced by the
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intramolecular O34...H201(N20) 2.71(2) A hydrogen bonding. On the other hand, there are
hydrogen bonds between water molecule and ethyl phosphonic acid 046...H42(042) 1.99(1)
A and also between ethyl phosphonic acid and the macrocyclic ligand 041..H16(N16)
2.23(2) A. The bond lengths and angles fall within the expected ranges. (LIU et al., 1995;
HOKELEK et al., 1999a and 1999b)

Table 3: Selected interatomic distances (A)

027-P1 1.427(5) C6-C7 1.482(8)
031-P1 1.545(8) C3-C4 1.442(9)
C15-P1 1.846(7) C22-C1 1.391(9)
C21-P2 1.801(9) C1-C26 1.384(8)
P1-028 1.542(6) C25-C24 1.353(8)
€29-028 1.492(9) C24-C23 1.383(9)
C32-031 1.431(9) C22-C23 1.349(8)
C9-08 1.401(9) C21-C22 1.505(7)
C7-08 1.447(9) C18-C19 1.538(9)
C6-05 1.365(9) C17-C18 1.505(8)
C3-05 1.416(9) C30-C29 1.4339)
C3-02 1.437(9) C33-C32 1.304(9)
C1-02 1.386(8) C37-C36 1.280(8)
P2-035 1.538(8) C40-C39 1.419(7)
C36-035 1.413(9) C45-C44 1.298(9)
P2-034 1.458(6) C10-C9 1.366(8)
P2-038 1.576(7) C9-C14 1.405(9)
C39-038 1.446(9) C13-C12 1.359(9)
P3-041 1.485(7) C11-C12 1.366(9)
P3-042 1.435(8) C10-C11 1.369(9)
C44-043 1.584(9) C19-N20 1.462(9)
C15-N16 1.475(7) C14-C15 1.480(9)
C17-N16 1.488(9) C13-C14 1.410(9)
C21-N20 1.455(9) 043-P3 1.561(7)

Table 4: Selected bond angles (°)

027-P1-028 117.4(3) C9-C14-C13 115.4(6)
031-P1-027 114.7(4) C12-C13-C14 122.4(8)
C15-P1-028 98.8(3) C10-C11-C12 120.4(7)
C15-P1-027 112.94) C9-C10-C11 119.9(8)
C15-P1-031 1064(3)  C14-C9-08 114.0(6)
034-P2-035 112.7(4) C10-C9-08 124.0(8)
038-P2-035 102.2(4) C10-C9-C14 122.1(9)
038-P2-034 116.2(4) C6-C7-08 107.2(6)
C21-P2-035 108.1(5)  C7-C6-05 111.0(6)
C21-P2-034 112.2(3) C3-C4-05 109.8(8)
C21-P2-038 104.5(4) C4-C3-02 106.1(6)
042-P3-041 118.2(4) C26-C1-02 120.4(9)
043-P3-041 1065(5)  C22-C1-02 117.1(9)
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043-P3-042 111.4(4) C22-C1-C26 122.1(8)
C29-028-P1 122.2(6) C25-C26-C1 118.2(9)
C32-031-P1 124.4(9) C24-C25-C26 121.9(9)
C7-08-C9 115.5(6) C23-C24-C25 118.4(9)
C4-05-C6 114.5(6) C22-C23-C24 122.8(9)
C1-02-C3 113.5(5) C23-C22-C1 116.4(9)
C36-035-P2 126.5(8) C21-C22-C1 123.1(7)
C39-038-P2 122.8(5) C21-C22-C23 120.4(9)
C44-043-P3 116.0(9) N20-C21-P2 107.1(7)
C17-N16-C15 115.5(6) C22-C21-P2 113.2(7)
C19-N20-C21 112.9(8) C22-C21-N20 116.5(7)
N16-C15-P1 111.0(5) C18-C19-N20 112.7(7)
C14-C15-P1 111.7(5) C17-C18-C19 110.9(8)
C14-C15-N16 113.2(5) C18-C17-N16 113.1(7)
C13-C14-C15 122.0(7) C30-C29-028 109.4(9)
C26-C14-C15 122.6(8) C33-C32-031 117.009)
C37-C36-035 118.4(9) C45-C44-043 107.3(9)
C40-C39-038 110.9(8) C11-C12-C13 119.9(9)
031-P1-028 104.9(4) C40-C39-038 110.9(9)
C17-N16-C15 115.5(6)

Fig. 2: An ORTEP drawing of the compound with 50% probability ellipsoids and the numbering
system

Acknowledgement

The authors wish to acknowledge the purchase of a CAD~4 diffractometer under Grant DPT/TBAG-1
and also the financial support provided (grant no: TBAG-1693) of the Scientific and Technical
Research Council of Turkey.



Cryst. Res. Technol. 36 (2001) 4-5 515
References

Apam, K. R., ANTOLOVICH, M., BALDWIN, D. S., DUCKWORTH, P. A., LEONG, A. J., LINpoY, L. F.,
MCPARTLIN, M. and TASKER, P. A.: J. Chem. Soc. Dalton Trans. (1993).1013.

ADpAM, K. R., CLARKSON, C., LEONG, A. J., LINDOY, L. F., MCPARTLIN, M., POWELL, H. R. and SMITH,
S. V.: I. Chem. Soc. Dalton Trans. (1994) 2791

Apam, K. R., LEONG, A. J., LINDOY, L. F., Lip, H. C., SKELTON, B. W. and WuiTE, A. H.: J. Am.
Chem. Soc. 105 (1983) 4645.

ASSCHE, L, SROKA, M., HAEMERS, A., HOPPER, M., BLANOT, D., HEUENCORT, J.: Eur. J. Med. Chem.
26 (1991) 505.

BLOEMINK, M. J., DORENBOS, J. P., HEETEBRU, R. J., KEPPLER, B. K., REEDIK, J., ZAHN, H.: Inorg.
Chem. 33 (1994) 1127.

Bozic, L. T., MATUASIC, 1., BOCELLI, G. CALESTANI, G., FURLANI, A., SCARCIA, V., PAPAIOANNOU, A.:
J. Chem. Soc. Dalton Trans. (1991) 195.

CAMERON, D. G., HupsoN, H. R., PIANKA, M.: Phosphorus, Sulfur. 83 (1983) 21.

CAMIRADE, A. and MAYORAL, J. P.: Chem. Rev. 94 (1994) 1183.

DrUMMOND, L. A., HENRICK, K., KANAGASUNDARAM, M. J. L., LiNpoY, L. F., MCPARTLIN, M. and
TASKER, P. A.: Inorg. Chem. 21 (1982) 3923.

GoopwiN, H. J., HENRICK, K., LINDOY, L., MCPARTLIN, M. and TASKER, P. A.: Inorg. Chem. 21 (1982)
3261.

HOKELEK, T., KILIC, Z. and BILGE, S.: Acta Cryst. C55 (1999a) 248.

HOKELEK, T., KiLIC, Z. and BILGE, S.: Acta Cryst. C55 (1999b) 381.

Jacopic, V.: Chem. Ber. 93 (1960) 2308.

Jounson, C. K.: ORTEP II. Report ORNL-5138. Oak Ridge National Laboratory, Tennessee, USA
(1976).

KUeEMMERLE, H. P., MURAKAWA, T., SAkAMoOTO, H., SATO, N., KONIsHI, T., SANTIS, D. E.: Int. J.
Clinical Phar. Therapy and Toxicology 23 (1985) 521.

LAVIELLE, G., HAUTEFAYE, P., SCHAFRFFER, C., BOUTIN, J. A., CUDENNEC, C. A., PIERRE, A.: J. Med.
Chem. 34 (1991) 1998.

LiNpoy, L. F.: Pure Appl. Chem. 69 (1997) 2179.

LiNpoyY, L. F., SKELTON, B. W., SMITH, S. V. and WHITE, A. H.: Aust. J. Chem. 46 (1993) 363.

Lw, X. L., Zoov, Y., L1, W. Z., FAN, Z. and MiAO, F. M.: Acta Cryst. C51 (1995) 2350.

OcHockl, J., ZUROWSKA, B., MROZINSKI, J., KoouMaN, H., SPex, A. L., ReEepik, J.: Eur. J. Inorg.
Chem. (1998) 169.

SHELDRICK, G. M.: Acta Cryst. A46 (1990) 467.

SHELDRICK, G. M.: SHELX76. Program for crystal structure determination. Univ. of Cambridge,
England. (1976).

SIGEL, H., MAssoup, S. S., Corru, N. A.: J. Am. Chem. Soc. 116 (1994) 2958.

VICENTE, M., LOPEIRO, C., ADAMS, H., BAsSTIDA, R., DE BLAS, A,, FENTON, D. E., MAcIas, A.,
RODRIGUEZ, A. & RODRIGUEZ-BLAS, T.: Eur. J. Inorg. Chem. (2000). 1015.

YOkOTA, Y., MURAKAWA, T., NISHIDA, M.: J. Antibiotics 34(7) (1981) 876.

ZYGMUNT, J.: Tetrahedron 41 (1985) 4979.

Contact information:

T. HOKELEK™ (Assoc. Prof.)

N. AKDURAN (Research Assistant)

Hacettepe University, Department of Physics
06532 Beytepe-Ankara

Turkey

Z. Xiig (Prof’)

S. BILGE (Research Assistant)

Ankara University, Department of Chemistry
06100 Tandogan-Ankara

Turkey

*corresponding author: e-mail: merzifon@hacettepe.edu.tr

161



e VOV

Journal of
MOLECULAR
STRUCTURE

ESEVIE R Journal of Molecular Structure 611 (2002) 169—178

www.elsevier.com/locate/molstruc
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Abstract

The open-chain bis-imino podans (1 and 2) and C-bis-pivot podands (5 and 6), bis-imino crown ethers (3 and 4) and C-bis-
pivot lariat ethers (7 and 8) have been synthesized. The crystal structure of (7) has been determined which contains two moles of
water molecules. Compound (7) crystallizes in the triclinic space group PI with a = 10.418(2), b = 12.914(2), ¢ =
13.0753) A, a = 63.6(2), B = 75.5(2), ¥ = T8.8(2)°, V = 1518.0(5) A%, Z = 2 and Dy = 1.266 g cm™>.

The relative macrocyclic inner hole size, estimated as twice the mean distance of the donor atoms from their centroid is
approximately 2.18 A. In the new C-bis-pivot podands (5 and 6) and C-bis-pivot lariat ether (7), the phosphorus atoms are
bonded to carbon atoms directly, and both of the phosphite groups are partially hydrolized. The sailent features of IR, 'H-, 1C.,
3'P.NMR, HETCOR and MS spectral data of the compounds have been discussed. © 2002 Elsevier Science B.V. All rights
reserved.

Keywords: Bis-imino podand; Bis-imino crown ether; C-bis-pivot podand; C-bis-pivot lariat ether; Crystal structure of C-bis-pivot lariat ether

1. Introduction

Owing to the recognition of the complexation
properties of the open-chain and macrocyclic multi-
dentate ligands with alkali-, alkaline earth-metal
cations, uncharged organic molecules, transition
metal ions (especially lanthanides), considerable
work has been done in the macrocyclic multidentate
ligands area [1-9]. There are several kinds of multi-

* Corresponding author. Tel.: +90-312-212-67-20; fax: +90-
312-223-23-95.
E-mail address: ikilic@science.ankara.edu.tr (Z. Kilig).

dentate ligands, e.g. open-chains (podands), macro-
cyclic crowns (coromands), bicyclic polyethers
(cryptands), tricyclic polyethers (spherands), cavi-
tands, N-pivot and C-pivot lariat ethers [1-6,10—
18]. Macrocyclic ligands, such as 15-, 16-, 17- and
18-membered rings composed of the ~O,N,— donor
type (where x = 2, 3 and y = 2, 3) have been inves-
tigated as potential metal-ion sclective reagents
[19,20]. A large number of open-chain and macro-
cyclic ligands and their complexes have been exam-
ined extensively in order to understand their synthetic,
thermodynamic and/or structural properties of
complex formation [8,9,21-26]. Macrocyclic hole

0022-2860/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.
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Compounds R R "

H H : 1 CH: 'CI!?CH! p—, —

Hi =NK_ J—Z 2 CH>-CHz-CH;-CH; - -
3 CH,-CH>-CH; - —

4 CH;-CH-CH;-CH, - —

5 CH-CH;-CH; OCH3 OH

6 CH;-CH;-CH>-CH; OCH;3 OH

7 CH;-CH>-CH: OCH3 OH
8 CH>-CH,;-CH-CH; OCH; OCH;

Scheme 1.

size plays an important role in metal-ion selec-
tivity, which can easily be estimated from the
structure analysis results [2-6,27,28]. The phos-
phorus containing macrocycles and cryptands
have been reviewed in the literature [29,30]. It is
known that aminoalkylphosphonates have fungi-
cidal [31], antibacterial [32], antitumorial [33,34]
and antibiotic [phosphinothricin; fosfomycin;
fosmidomycin (the new phosphonic acid antibiotics)]
[35,36] activities. The transition metal complexes of
alkylphosphonates also have biological activities
[37-40].

In this study, we report (i) the syntheses of new C-
bis-pivot podands (5 and 6), and (ii) C-bis-pivot lariat
ethers (7 and 8) (Scheme 1); (iii) the characterization

of the new compounds (5-8) with respect to the
analytical, physical and spectral (IR, 'H-, *C-, 3'p-
NMR, HETCOR and MS) data with the comparison of
the starting ligands bis-imino podands (1 and 2) and
bis-imino crown ethers (3 and 4); and (iv) the X-ray
structural analysis of 7.

2. Experimental
2.1. Reagents and techniques
Melting points were measured on a Gallenkamp

apparatus using a capillary tube. 'H-, °C-, 3'P-NMR
and HETCOR spectra were obtained on a Bruker DPX
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Table 1

Experimental data

Compound CrH3NyOgPy 2H,0

Color/shape Colorless

Formula weight 580.51

Space group P-1

Temperature (K) 293

Cell constants a=10418(2) A, b = 12.914(2) A,
c=13.075(3) A, a = 63.6(2)°,
B=1755(2)°, v=T78.8(2)°

Cell volume (A% 1518.0(5)

Formula units/unit cell 2

Dac Mgm ™) 1.27

fraate (am ™) 0.198

Diffractometer/scan Enraf-nonius CAD-4/w-28

Rediation used, graphite Mo Ka (A = 0.71073 A)

monochromator

Maximum crystal dimension  0.30%0.25% 0,15

(mm’)

Standard reflections 3

Decay of standard (%) <1

Reflections measured 4358

26(max) (°) 45.6

Renge of h,k,1 —9<h<0,-11<k<11,
—-11<i<l11

Number of reflections with 7 > 1080

20(1)

Corrections applied Lorentz-polarization

Computer programs SHELXS97 [44] sHELXL97 [45]
ORTEP [46]

Source of atomic scattering  Int. Table for X-ray Cryst. Vol. IV,

factor 1976 [47]

Structure solution Direct methods

Treatment of hydrogen atoms Geometric calculation and
difference map

No. of parameters var. 359

Weight w= Wo?(F2) + (0.1738P)* +
0.3478P] where P = (F + 2F)/3

GOF 0.797

R=3(IF,| — |F]V 3 |Fy| 0.0618

R,=[SWF,| - 0.1535

[FD2mwlFo [

(Ap)max (€A 0.160

(Ap)uia (€A —0.110

FI-NMR (400 MHz) spectrometer (SiMe;, as internal
standard) and 85% H3;PO, as an external standard. IR
spectra were recorded on a Mattson 1000 FTIR spec-
trometer in KBr discs and were reported in cm ™" units.
Microanalyses were carried out by the microanalytical
service of TUBITAK-ATAL Ankara (Turkey), elec-
tron impact (EI) spectra were obtained on a PLAT-
FORM H LC-MS spectrometer.

2.2. Synthetic procedures

1,7-Bis(formylphenyl)-1,4,7-trioxaheptane was
obtained by a modification of the literature method
of Adam et al. [41], m.p. 73.5 °C (lit. m.p. 73.5 °C).

2-Bis{[(1E)-(2-hydroxyphenyl)methylene Jamino }-
propare (1) and 2-Bis{[(1E) (2-hydroxyphenyl)-
methylene Jamino}butane (2) were prepared according
to the literature method [42,43], m.p. 57 °C for (1) and
90 °C for (2).

2,5,8-Trioxa-16,20-diazatricyclo[20.4.0.0°™ Jhexa-
cosa 9,11,13,15,20,22,24,26-octaene (3) and 2,5,8-
Trioxa-16,21-diazatricyclo[21.4.0.0%"* [heptacosa 9,
11,13,15,21,23,25,27-octaecne (4) were prepared
according to the published method [21,23], m.p.
198 °C for (3) and 143 °C for (4).

Methyl  hydrogen  {2-[(hydroxy)(methoxy)pho-
sphorylJ[(2-kydroxyphenyl)methyl] propylenediamino)-
(2-hydroxyphenyl)methylphosphonate (5): Dimethyl
phosphite (0.78 g, 7.09 mmol) in dry MeOH (50 ml)
was slowly added, during 0.5h to the solution of
compound (1) (1.00 g, 3.55 mmol) in boiling dry
MeOH (250 ml) with vigorous stirring, with argon
being passed over the reaction mixture. The mixture
was refluxed for 20 h and then the solvent was evapo-
rated in vacuo. The residue was crystallized from
CH,Cl,, yield 0.62 g (35%), m.p. 250°C (decom-
posed).

Methyl  hydrogen  {2-[(hydroxy)(methoxy)pho-
sphoryl][(2-kydroxyphenyl)methyl] butylenediamino}-
(2-hydroxyphenyl)methylphosphonate (6): Dimethyl
phosphite (0.71 g, 6.75 mmol) and compound (2)
(1.00 g, 3.38 mmol) were used for the preparation of
(6) as for (5). The mixture was refluxed for 26 h and
then the solvent was evaporated in reduced pressure.
The residue was crystallized from ethanol, yield
0.72 g (41%), m.p. 247 °C (decomposed).

15,21-Bis{2-[(hydroxy)(methoxy)phosphoryl]}-2,5,
8-trioxa-16,20-diazatricyclo [20.4.0.0°"] hexacosa-
9,11,13,22,24,26(1)-hexaene-dihydrate (7). Dimethyl
phosphite (0.95g, 8.60 mmol) in dry MeOH
(100 ml) and compound (3) (1.50 g, 4.26 mmol) in
dry MeOH (250 ml) were used for the preparation
of (7) as for (5). The mixture was refluxed for 6 h
and then the solvent was evaporated in vacuo. The
oily residue was crystallized from dichloromethane/
n-hexane mixture (1/1), yield 1.37 g (59%), m.p.
100 °C.
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Table 2

Analytical and experimental details

Compound Formula Elemental analyses (%) calculated (found) Calc. (found) M (M)
C H N

1 Ci7H;3N;0, 72.34 (72.28) 6.38 (6.49) 9.93 (9.67)

2 CusHzN,0; 72.97 (72.86) 6.76 (6.87) 9.46 (9.32)

3 CuHaN;0, 7159 (71.24) 6.82 (6.62) 7.96 (7.95) 352 (352)

4 CrHagN; 05 72.13 (73.23) 7.10 (7.30) 7.65 (7.85) 366 (366)

5 CisHosN,05P; 48.10 (47.81) 591 (5.97) 591 (5.84) -

6 CaoHigN;O05P; 49.18 (48.90) 6.15 (5.92) 5.74 (5.67) -

7 CypH3N,OoP» 50.73 (50.76) 6.25 (5.96) 5.15 (5.02) -

g Cy6H49N,05P> 53.24 (53.30) 6.83 (7.00) 4.78 (4.67) 586 (587)

* Based on the mass of the most abundant isotope.

15,22-Bis(dimethoxyphosphoryl)-2,5,8-trioxa-16,21 -
diazatricyclo [21.4.0.0°™] heptacosa-9,11,13,23,25,
27(1)-hexaene (8): Dimethyl phosphite (0.90 g,
8.20 mmol) in dry MeOH (100 ml) and compound
(4) (1.50 g, 4.10 mmol) in dry MeOH (250 ml) were
used for the preparation of (8) as for (7). The oily
residue was crystallized from THF, yield 2.25g
(65%), m.p. 147 °C.

2.3. Crystallography

The suitable crystals for X-ray analysis were
obtained by recrystallization from dichloromethane/
n-hexane mixture. Experimental data, methods and
procedures used to elucidate the structure and other
related parameters are given in Table 1. The structure
was solved by direct methods, SHELXS97 [44]. The
positions of H101, H102, H111 and H112 were

clarified from the difference synthesis and refined
isotropically while the remaining hydrogens were
placed in calculated positions at distances of 0.98,
0.97, 0.96, 0.93, 0.86 and 0.82 A for CH, CH,, CHs,
CH, NH and OH bonds, respectively, from the corre-
sponding atoms and a riding model was used during
the refinement process by SHELX1L97 [45].

3. Result and discassion
3.1. Synthesis

In the present study, bis-imino podands (1 and 2)
have been synthesized from the reaction of salicyl-
aldehyde and 1,3-diaminopropane and 1,4-diamino-
butane, respectively [42]. The transition metal
complexes of the ligands (1 and 2) were reported in

Table 3
Selected IR bands

Compound VC_H (aligh)) Vec VC-0-C (arom) Y¢-0-C (arom) VeN VN Vo Yro Vou
1 2944; 2869 1581 - - 1635 - - - 3372
2 2944; 2860 1578 - - 1631 - - - 3410
3 2925; 2880 1571 1294; 1252 1142; 1063 1635 - - - -

4 2925; 2884 1601 1294; 1246 1130; 1063 1637 - - - -

5 -8 1608 - - - -2 1217 1064 _e

6 - 1600 - - - _ 1202 1059 _»

7 2952; 2840 1598 b b - 3299 - b 3441
8 2048; 2844 1598 -t -b - 3305 - b -

* Broad peak at 3378-2300 cm™* for (5) and 3448-2777 cm™* for (6).

b peoc and vpo bands are overlapping at 1217-1060 cm ™! for (7) and 12021059 cm ™! for (8).

165



173

S. Bilge et al. / Journal of Molecular Structure 611 (2002) 169-178

‘99'V:00H
‘SLYOH ,
‘0fa
“HAad uI
ZH ¢°01 =B,
THYTT =2,  (H9D)SR'E HS) (HTwizs'e
- - (HTwL't MDYy  (HO'PIOSE - ISL-169 (HYWEIY wy'mgee  HTWEY?  HY'WEST 8
ZH 401 = Hér, zH 69 = Hp,
zHEer="r,  (HEPISYE (Hs) (Hz'™) €9°C ZH 6'9 =",
HZ9IE'S - (Hesaso'c  HZPISY  (HEPISYE - 6Y'L-68'9 (HYWST'y wwsee  HTwyr  (HYWE9'l ok
ZHTTL ="r, ZH {01 =B, H®)
- - - mZPey  HIPHPE - 8TL98'9 - - HYEY'T ©h6s1 we®
zH T =Mr, ZH901 =Mp, (H8) TH6L="0f, ZH6L="1;
- - - epsyy  (HYPISSE -~ WL-10L - - @#Y0E  HYmwSIe P
©s) zHEY="0r, zHEP="f, ZHTC=", ZHT¢="10r,
- - - - - (Hes)8L3 8L8-98'9  (HYWEIY wyN9ee HEYDILE  EYY6LT W
He) zHTy="r, ZHTY=1, ZHTS=H, ZHTS="1r,
- - - - - MEZSPLY VL6899  (HYWTY wysse  EYNoge (HEw9TT of
() ZH 'S =M. zH 1o ="rp,
- (HZW)6EET - - ~ (He')sT8 STL-8L9 - - @sse EPYYELT N4
(HB) zH L'9=HAf, zH ['9="Hf,
- (HTW)SEET - - —- (HT®)9TR 9TL-6L9 - - @HW9E  HZWI0T ol
HO-d  HO-W HN HO-d HD-0-d  N=DH H-YV  'HD-0-W *HD-"HD-0-IV HI-N 'HO-'HO-N punodwo)

(1or8ms proxq:sq Yerduuur a1dm: 9o[quep:p 4eiguis:s twdd uy papiodar ore (@) SYME [eoMSYD) wEp [enoads AN H,

¥ SIqBL

166



S. Bilge et al. / Journal of Molecular Structure 611 (2002) 169-178

174

oty
DAD I ,
ZH 6'91 = ¢, ZH 6'9 =, ZH 'L =, HET="r; ZHI'S =,
‘Wwey ‘6rvS - ‘CLST STIL 9'SZL LITI ‘€621 ‘6'621 629 LOL  ¥TS 0L 8
ZH €91 =, ZH§'9=r, ZHTL="Yr, ZH1'T="r ZH LY =",
‘SI'Sh ‘S6'ES - ‘9'LST 6TI1 S'STI 8121 ‘€621 ‘9'0ET L'89 £0L 2T £'6T oL
ZHTTEL =2f, ZH§9="4f, ZH 'L =24, TH6T="f; ZHE Y=,
‘€5°98 “Y'ES - ‘“w'sST 8911 TELl 11Tl ‘9'0€ET ‘0'1El - - Loy PET 9
ZH 1'gE1 =, ZH g9 ="Mp, ZH9'L =, ZH L'y =", ZHOS =,
‘81°9§ ‘Lo'es - ‘0'sST L9T1 €421 ¥ITI ‘9'0€! ‘S'IEl - - Sty 1'ee oS
- - €Lt €8T 0611 L'LTl €121 0'zel (A4l 1'89 889 809 Iz o
- - 881 0'8ST TZIL 85T VITI 0'zel 85zl L' 969  O'LS 8'62 of
- -~ ¥s91 L191 ¥'LIT 9°I€1 6811 9'Z€l 7611 - - 06§ 06T s
- - 6591 9191 ¥LIT 8IET T'6IL LTel T611 - - TS (A7 ol
HO-d  ‘HD-O-d N=DH D B D 0D 9 1D HD-0-V “HO-HO-O-IV “HO-N “HDI-“HO-N punoduwo)

(mdd up papedar are (@) siyIys eonmetD) BEp [exsads (padnosep) WAN Oy,

§ 9qeL

167



S. Bilge et al. / Journal of Molecular Structure 611 (2002) 169-178 175

010

Fig. 1. An ORTEP [46] drawing of (7) with the atom-numbering scheme. The thermal ellipsoids are drawn at the 30% probability level.

the literature [42,43]. The new C-bis-pivot podans (5
and 6) have been synthesized from the reaction of
dimethyl phosphite with compounds (1) and (2). The
phosphorus atoms are bonded to C atoms, directly,
and both of the phosphite groups are partially hydro-
lized, probably due to the moisture in the crystalliza-
tion solvent. The podands (5 and 6) are soluble in
water easily, due to the fact that each of the
H-atoms of the hydroxy groups bonded to the phos-
pborus atoms migrates from oxygen atoms to the
nitrogen atoms (zwitterion structure). The bis-imino
crown ethers (3 and 4) have been obtained from the
reaction of 1,7-bis(formylphenyl)-1,4,7-trioxaheptane
with 1,3-diaminopropane and 1,4-diaminobutane,
respectively [21,23]. The new C-bis-pivot lariat ethers
(7 and 8) are formed as a result of the addition reaction
of ‘dimethyl phosphite with compounds (3 and 4),
respectively. It is surprisingly observed that,
compound 7 is partially hydrolized, while compound
8 is not. Compounds (7 and 8) are not soluble in water.
Although in compounds (5—8), each molecule has two
asymmetric carbons, the optical resolution studies are
not carried out. The elemental analyses and MS
results are given in Table 2. These data are in accor-
dance with the proposed structure of the compounds
(1-8). In the electron impact (EI) mass spectra of
compounds (5-7), the molecular jon peaks (M*)
could not be observed, but only the important frag-
ments at mfz 362; 393, 376, 345; 354; 477 and 368
corresponding to the loss of [PO(OCH;3)(OH) +

(OH)] for (5); [PO(OCH;)(OH)], [PO(OCH;)(OH) +

(OH)], [PO(OCH;)(OH) + (OH)(OCHs)] for (6);
[PO(OCH;)(OH) + PO(OCH;)(OH)] ~ for A
[PO(OCH;),], {2 [PO(OCHs),]} for (8).

3.2. Spectroscopy

Selected IR data for the compounds (1-8) are listed
in Table 3. The characteristic ung and vog stretching
bands are observed at vyy: 3299 and 3305 cm ! for (7
and 8) and vop: 3372; 3410 and 3441 cm™* for (1,2
and 7), respectively. The vng and vy stretching bands
are observed in the range of 3448-2300cm ! as a
broad peak in (5 and 6), due to their hydrogen bond-
ings (zwitterion structure). On the other hand, the vp_g
bands are found at 1217 and 1202 cm ™! for (5 and 6).
Compounds (1—4) give vy absorption bands in the
range of 1637—1631 cm ™. The vy imine bands are
not observed in (5-8), as expected. The '"H-NMR data
of the ligands (1-8) are given in Table 4. The char-
acteristic azomethine protons are observed as singlets
between 8.25—8.78 ppm only for compounds (1—4).
The chemical shift 8pgy: 5.31 ppm is the evidence of
the hydrolization of the phosphonate groups in
compound (7). It is interesting that the coupling
constants (JJpcy: 12.3; 12.2; 23.3 and 22.4 Hz for
(5-8), respectively) are highly different for open-
chain (5 and 6) and macroring (7 and 8) structures.
The *'P-NMR chemical shifts (8p: 13.3; 15.2 in D,0;
27.8 and 28.2 ppm in CDCI; for 5-8, respectively) are
also highly different for open-chain (5 and 6) and
macroring (7 and 8) structures. The reported 'P-
NMR data of methyl(phthalimidomethyl)phosphonic
acid (6p = 17.0ppm) [47], diethyl o-amino-o-
phenylmethylphosphonate  (8p = 23.3ppm) and
0,0-diethyl-N,N'-ethylene-bis-phenylmethylphospho-
nates (8p: 24.1, 25.0 and 25.2 ppm) [48] are in
accordance with the corresponding values obtained
for (5-8). **C-NMR spectral data of compounds (1-8)
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Table 6

The selected bond lengths (A) and angles (°) with the torsion angles (°)

P1-05 1.363(11) N2-C17 1.330(17)
P1-06 1.582(11) N2-C18 1.474(18)
P1-04 1.665(15) C21-N1 1.485(18)
P1-C17 1.757(13) C10-C9 1.480(19)
P2-09 1.482(16) C16-C17 1.486(18)
P2-08 1.500(11) C7-C8 1.499(19)
P2-07 1.607(11) C18-C19 1.46(2)
P2-C21 1.800(13) N1-C20 1.32(2)
02-C9 1.421(15) C19-C20 1.39(3)
02-C8 1426(14) 010~H101 0.81(4)
03-Cl11 1.358(17) 010-H102 0.66(6)
03-C10 1.391(14) 05-011 1.74(4)
01-Cé6 1.381(13) 05-H112 1.95(4)
01-C7 1429(13) 011-H111 0.86(3)
C5-C21 1.466(16) 0O11-H112 1.0(2)
05-P1-06 129.8(10) 03-C10-C9 111.3(9)
05-P1-04 94.2(9) 01-C7-C8 107.0(10)
06-P1-04 105.7(6) C19-C18-N2 111.8(11)
05-P1-C17 108.7(6) 02-C9-C10 108.4(3)
06-P1-C17 106.9(6) N2-C17-C16 123.0(10)
04-P1-C17 109.9(7) N2-C17-P1 113.1(7)
09-P2-08 121.1(12) C16-C17-P1 115.2(10)
09-P2-07 105.2(9 C20-N1-C21 116.4(11)
08-12-07 113.9(7) 02-C8-C7 107.7(8)
09-P2-C21 103.1(8) C20-C19-C18 118.413)
08-P2-C21 106.9(7) N1-C20-C19 122.1(12)
07-P2-C21 105.1(6) H101-010-H102 109(9)
C9-02-C8 114.6(9) P1-05-011 109.1(15)
C11-03-C10 117.0(9) P1-05-H112 96(8)
C6-01-C7 117.(8) 011-05-H112 33(10)
C17-N2-C18 123.0(11) 05-011-H111 124(10)
C5-C21-N1 115.6(9) 05--011-H112 79(10)
C5-C21-P2 112.8(8) H111-011-H112 108(10)
N1-C21-P2 111.0(9) :

C11-03~-C10-C9 — 178.7(9) 03-C10-C9-02 71.4(10)
C6-01-C7-C8 —165.3(9) C18-N2-C17-C16 40(2)
C17-N2-C18-C19 85.8(17) C18-N2-C17-P1 -~ 174.4(10)
C8-02-C9-C10 166.9(9) C11-C16-C17-N2 ~ 107.9(13)
C9-02-C8-C7 - 175.2(9) C11-C16-C17-P1 106.7(11)
01-C7-C8-02 66.8(11) C5-C21-N1-C20 67.7(16)
N2-C18-C19-C20 177.5(14) P2-C21-N1-C20 - 162.2(13)
C21-N1-C20-C19 105.6(15) 04-P1-05-011 —98.0(15)
C18-C19-C20-N1 53(2) C17-P1-05-011 149.2(14)
06-P1-05-011 16.4(17)

are given in Table 5. As expected, all of the possible
catbon peaks are observed. In addition, the character-
istic NCHzCHQ,, NCH,, ArOCH; and AIOCH2CI'12
signals appear between 27.0-32.2, 52.2—-60.8, 67.7—
68.9 and 68.8-70.7 ppm, respectively. The 8-values
of ArOCH, and ArOCH,CH, were confirmed by

HETCOR NMR experiments. 'Jpc values are found
to be 133.1 and 132.2 (for 5§ and 6) and 16.3,
16.9 Hz (for 7 and 8), respectively. The 'Jyc values
of C-bis-pivot lariat ethers are abnormally smaller
than the C-bis-pivot podands and the corresponding
reported values for a-aminophosphonates [49].
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Fig. 2. The molecular packing diagram for (7). Hydrogen bonds are
shown as dotted lines and H atoms not involved in hydrogen
bonding have been omitted.

3.3. Crystal study

The structure determination of (7) was carried out
in order to estimate the relative macrocyclic ring hole
size and to compare the obtained results with those of
previously reported ones [21,23,25]. The free ligand
(7), has two N- and three O-donor atoms in the macro-
cyclic ring, and two methoxy phosphoryl groups in
the side arms. The asymmetric unit also contains
two water molecules. It may be a potential metal-
ion-selective reagent for lanthanides, actinides and
other transition metal ions. Fig. 1 shows free ligand
(7) with the atom-numbering scheme. The bond
lengths and angles with the torsion angles are given
in Table 6. The average macroring bond lengths are
C-O [1.401(14)A], C-N [1.402(18)A] and P-C
[1.779131&] while the average P-O bond is
1.533(13)A. The bond lengths and angles fall within
the expected ranges [21,23,25,50). The intramole-
cular distances C6---C16 [7.63(1)], O1..-N2
[6.86(3)], 0O2---N2 [5.19(1)], O3---N1 [4.71(1)],
02---N1 [4.29(3)], N1---O1 [3.99(3)] and N2---O3
[3.62(2)] may indicate the hole size of the macro-
cyclic ring. The mean N---O distance is 4.78(2) A.
A least-square plane defined by atoms N1, N2, O1
and O3 has maximum deviation to either side of the

plane of —0.694(2) (N1) and +0.692(2) (N2),
respectively. The relative macrocyclic inner hole-
size, estimated as twice the mean distance of the
donor atoms from their centroid, is approximately
2.18 A, using the ‘modified covalent radii’ of the
N2 (0.66 A) and Ogps (0.76 A) atoms as in the litera-
ture method [20,41]. The calculated inner hole size
of the 18-membered macrocyclic ligand (7) may be
comparable with the reported values in the similar
18-membered macrorings 2.28 A [25] and 1.87 and
2.15 A [28]. The flexibility of the macroring allows it
to adopt a twisted conformation, which is probably
reinforced by the intramolecular N2..-H6(0O6)
2.79(2), 06---H2A(N2) 2.80(1) and O8---H1A(N1)
2.87(2) A hydrogen bondings. On the other hand,
there is hydrogen bond between water molecule
and O35 atom O5---H112(011) 1.9(4) A. The mole-
cular packing diagram is given in Fig. 2. Dipole—
dipole and van der Walls interactions are effective
in the molecular packing. The water molecules seem
to be occupied the cavities between the macromole-
cules in the unit cell.
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The title compound, Cy3HCliNsO4Ps; consists of a non-planar

trimeric phosphazene ring and a bulky 2.2’-methylenebis(4--

nitrophenoxy) side group which predominantly dstermines
the molecular shape. With respect to the corresponding values
in the refereace compound N,P;Cls, the endocyelic angle
around one P atom is the same, but the exocyclic angle is

increased, while the endocyclic and exocyclic angles about

another P atom are both decreased. This situation is different
from that in other reported phosphazene derivatives.

Comment

During the last two decades, the bulky phenoxy derivatives
of hexachlorocyclo-2A%41%6)>-triphosphazatriene (N;P;Clg)
and octachlorocyclo-2A% 425,64 8A%-tetraphosphazatetracne
(N.PCl,), have found applications in the synthesis of new,
small-molecule organocyclophospliazenes. (Allen, 1994) and
polymeric phosphazene deriVatives:with inorganic backbones
and aryloxy side groups which may be useful as high refractive

index glasses (Olshavsky & Allcock, 1995), ferroelectric and_

non-linear optical polymers (Alicock et 4l, 1995), liquid
crystalline materials (Allcock & Kim, 1991), biomedical
materials (Cohen et al, 1990) and small molecule models for
the corresponding linear. phosphazene macromolecules. The
organic, inorganic or organomietallic side groups are highly

effective in determining the specific physical or chemical . -

properties of phospbazene polymers (Allcock et al, 1996).
N;PiClg is a standard compound for trimesic phosphazene
derivatives. The crystal structures of N3PyCls (Bullen, 1971)
and only a few of its derivatives with bulky phenoxy groups,
such as [CIN;P5(OCgH;-2,6'Buy4-Me)] (Hokelek er al,
[N3P5(OCgH,-4-OCH,Ph)g] (Allcock et al., 1996), [ClsN;Px-
PiNsCly(OCeH;-2.6'Buy)]  (Hokelek er al,
[N;P;Cl(OCsH;Clz0);)  and
{Allcock et al, 1992), bave been reported. We have investi-
pated the reaction of sodium [2,2"-methylenebis(4-nitrophen-

19%49), -
[NsP;CL(OCeH:Mej-0),) -

oxide)] and. hexachlorocyclotriphosphazene, NyP3Cle The
reaction yielded two different products, namely the cis-ansa,
(D), and spiro, (II), isomers. .

_‘{,/C'

' a
O\, \’/a
N
~a % —sP
ON L R
(1))

m

'mmémpotﬁim.'mmaﬁdﬁbmﬁetéaﬂibn .
miixture by column ‘chromatography. The study of (I) was -

undertaken in order to understand the influciice of the highly
hindered 2,2-methylénebis(4-nitrophenoxy) side group on the
structure of the cyclic trimeric phosphazene ring (Fig. 1).
The strucfure comsists of a non-plamar cyclic trimeric
phosphazeng ring with 2.2-methylencbis(4-nitrophenoxy)
gronpmmma.ndﬂ;thcpwmgsmam tly
not strictly | » but the largest. displacements fiom the

least-squares planes are only —0016(4) A for Ci and

0.014 (5) A for C13. The dihedral angle between the phenyl
ring plangs is 78.5 (1)°. The three N atoms are displaced from
the glanie through the P atoms as follows: N1 by ~0.187 (4),
N2 b +0.290 (3) and N3 by —0.088 (3) A. The P—N—P bond

nglés range from 1199 (2) to 120.9(2)". In addition, the
variation in the N—P—N bond angles, ranging from 117.0 (2)
10 1182 (2)°, is small. The endocyclic N1 —P2—N2 angle is the
same [118.1 (2)°] and the N2—P3—N3 angle is decreased
[1170(2)°), while the exocydic O6—P2—Cl4 .
[103.6 (1)°] is increased and the O1—P3—CI3 angle [99.4 (1)°]
isdecregsedwitbthcwﬁaﬁmintheelmnsupplyandthe
repulsion of the substituents with respect -to the values
[1183 (2) and 1012 (1)°, respectively] in NyP;Cl; (Bullen,
1971). In (1), the N1—P2—N2 and N2—P3—N3 angles are
larger and the O—P—Cl angles are smaller than the corre-

Figure 1 . :

An ORTEPTI (Johnson, 1976) drawing of the title molecule with the
atom-numbering scheme. The displacement ellipsoids are drawn at the
30% probability level .

30  Tuncer Hokelek et al. » CysHyCleNsOsPs
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sponding ones in N;P;Cls(NPPhs) [114.4 (1) and 1072 (1)°; -

"Fincham et al, 1986}, N;P;Cl(NPPhs), [1092(4) and
1109 (4)°; Fincham et al., 1986), NsP,CLPh(PPh,) [1145 (2)

and 106.7 (1)*; Allcock et al, 1990], [ClN3P3(OCH;-2,6-'Bu,-

" 4-Me)] [115.1 (1) and 106.79 (9)°; Hokelek ef al, 1999] and
[ClsN;P5(OCeHz-2,4,6-'Bu,)] [115.8 (1) and 104.5 (6)°; Kilig et
al, 1996], which implies less electron donation to the N3P,
ring. The exocyclic 01 —P3—CI3 [99.4 (1)°] angle is smaller,
while’ the O6—P2—Cl4 [103.6 (1)°] angls is larger than the
exocyclic Cl1—P1--CI2 angle {10186 (7)°) due to the repla-
cement of the bulky 2,2’-methylenebis(4-nitrophenoxy) group
by C1 atoms which may be attributed to the steric or the bulky

group effect. The P1—N1—P2, P2—N2—P3 and P1-N3—P3 -

angles [119.9 (2), 120.8 (2) and 1209 (2)°, respectively) appear
to increase slightly with increasing electron supply to the N;P;
ring; they are little different from the corresponding value
[1214 (3)°) in NsPsCl (Bullen, 1971). . .- .

In trimeric phosphazencs, the P—N bond lengths may be
correlated with the orbital electronegativities of groups of
atoms, as in the tetrameric phosphazenes (Bullen & Tucker,
1972). In such -structures, the lengths of the P—N bonds
depend on the electronegativities of the substituents. In the
present structure the C1 atoms and 2.2-methylenebis(4-
nitrophenoxy) group attached to P2 and P3 seem to be slightly
electron withdrawing. Thus, the P—Cl and P—Q bonds are
not seen to change considerably. In a given N;P;R, structure,
the lengths of the P—N bonds are generally equal, provided
all the substituents (R) are the same. If R is a difunctional
bulky substituent (Kubono ef 2l., 1994) or contains different
substituents, the P—N bonds may show significant variations
(Fincham e al, 1986; Contractor et al., 1985). When electron-
donating groups are present, different P—N distances in the
cyclotri(phosphazene) ring could be expected, but there is no
clear difference in the preseat structure between the electro-
negativities of the atoms attached to the P atoms; the P—N
bond distances vary from 1.573 (4 1-581(3)5. In related
compounds, the corréspouding‘gieain: bond lengths are:
1.58 (1)- A in.[ClsN3P{(OCH,-Z46:'Bus)] (Kilig ef al., 1996),
1572(3) A in N,P,CLPh(PPh;) (Allcock et al, 1990),
1581(3)A in N;P,Clg (Bullen, 1971), 1573(3)A in
[QsN3P3(OCeH,-2,6-Buy-4-Me)] (Hiokelek et ol, 1999) and
1576 (5) A in [ClN:Ps—PiNyCli(OCeH;-2,6-Bu,)}: (Hokelek

. et al., 1994). These values for P—N bonds are considerably
smaller than the P—N_single-bond leagth of 1.78 (6) A [cf.
Table 4.14 in International Tables for X-ray Crystallography

(1968, Vol. IIN)]. The short bonds in the ring have appreciable

double-bond character; this is generally observed for phos-
phazene derivatives (Wagner & Vos, 1968). The 2.2-methyl-
enebis(4-nitrophenoxy) group is very effective in determining
the shape of the molecule. .

Experimental :
2.7'-Methylencbis(4-nitrophenol) (1000g, 3.44mmol) in tetra-
hydrofuran (THF) (100 m) was added stowly uvetapalodoliﬂm

mnm(lﬁ;mmnhm(mmmm;umx,
with argon passed over the reaction mixture. The solvent was
removed under reduced pressure snd thie residue was dried. To this
mkm(lm..wmw),N;P:Os(O.%g.z.%mbl)inCH,CN
(150 ml) was added siowly and the resulting solution allowed 1o
mmmwmmmmm
mixture had been vigorously stivred and boiled under refiux for 12 h,
the precipitated salt (NaCl) was filtered off and the solveat removed
iplmo.mpmdmmmtedbyc&-m-a)mm

'mmm;mﬁﬂemmdmmmﬂized

from chioroform-petroleum ether (32) [m.p. SISK, R, 0.33, 046g
G%)sietd) ‘ S

Crystal data R
CuHaCLN;O.P,y D;=ATiMgm™®
M, = 564.97 Cu Ko radiation . -
Monoclinic, Pi.lh Cell paramiciers from 25
a=16317 (1) reflections
b=8047 (1) A 0 =214
=168 (1A p=7301mm™?
B=9697 (1)" T=208K :
V= 21898 (1) A* Block, colourless
Z=4 0.30 x 0.25 x 020 uan
e * - 'M, o with F > 3a(F)
é-:.f, o e
k=019 .
on 'm kﬂn-” 3y
0lEN:;, Fair, 1990) 12 —20 = 205,
Tt = 0.156, Ty = 0.228 3 standard refiections
4457 messured reflections Irequency:: 120 min
4457 independent reflections intensity vayistion +1%
Refinement on F H stoms constrained
R =0.045 w = Uo(F)* + R2F) + 1}
wR = 0052 (M’- = 0,0%
S=088 B =034 A
3072 reficctions Afuie = ~054c A2
280 parameters
Table 1 R
Selected geometric parameters (A, °).
al-p B 1971 2) P2-06
Cu-PI- 1912) P-m :gg;
o3-P3 1976(1) P2-N2 1575 (3)
cu-rz 1588(2) P3-O1 1.593 (3)
Pi-N1 1573 (¢) P3—-N2 1.57¢ (3)
P1-N3 1574 (3) P3-—-N3 1581 (3)
Cii-P1-N3 1900) CB-P3-N2 1
c-Fi-N1 1095(2) CB-P3-N3 1& :3
C2—P1-N3 1087(1) O1—P3—-N2 1104 2)
Ni-P1-N3 1182 2) O1-~P3-N3 1099 (2)
QP08 6() N2-P3-N3 11702)
CU—F2~-NI 87@) P-01-Ci 19 @)
CU—-P2-N2 1079 Q1) 2-06—-C13 138 ¢2)
06-F2-N) 1054(2) PI-NI-P2 199 2)
06-P2-N2 11132) PR-N2-P3 1208 (2)
Ni-PF2-N2 11812 C-CI1-C8 1168 (3)
CB3-P3-01 24(1) PI-NI-P3 1209 (2)
N3—-P1—N1-P2. 193(9) MN-P3I-N2—-m2 21.00)
Ni-PI-N3—P3 -152(3) N2-P3-N3-Pi ~46(3)
N2-P2-N1-Pt -35() CI-C2-C1—c8 1336 {9)
NI-P2-N2-F3 -140) CG-Q-CI-C —497 (5)
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Data collection: MolEN (Fair, 1990); ccll refinement: MolEN: data
reduction: MolEN: program(s) used to solve structure: SHELXS86
(Sheldrick, 1990); program(s) used to refine structure: MolEN;

molecular graphics: ORTEPI (Johnson, 1976); software used to -

prepare material for publication: MolEN.
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Crystal Structure of 2,4,4,6,6-Pentachloro-2-(2,4,6-trimethylphenoxy)cyclo-

245,4A5,6 A>-triphosphazatriene

Tuncer HOKELEK,*!¥ Nurcan AKDURAN,*! Adem KiLiC,*? Saliha BEGEC,*? and Zeynel KiLig*

*1 Hacettepe University, Department of Physics, 06532 Beytepe-Ankara, Turkey

*2 Gebze Institute for Technology, Department of Chemistry, 41400 Gebze, Kocaeli, Turkey
*3 Inonii University, Department of Chemistry, Malatya, Turkey

*4 Ankara University, Department of Chemistry, 06100 Tandogan-Ankara, Turkey

(Received August 6, 1999; Accepted November 4, 1999)

The phenoxy derivatives of 2,2,4,4,6,6-hexachlorocyclo-
243,443,6 A>-triphosphazatriene, N3P3Cls, have potential use in
the preparation of new small organocyclophosphazenes and
high polymeric phosphazene derivatives with inorganic
backbones and aryloxy side groups.! The structures of the
organic, inorganic or organometallic side groups are highly
effective in determining the specific physical and chemical
properties of phosphazene polymers.

The title compound was prepared from a mixture of 2,4,6-
trimethylphenol (5.37 g, 0.012 mol), Na (0.500 g, 0.022 mol)

Gk

Fig. 1 Chemical structure.

Table 1 Crystal and experimental data

Formula: CgH] 1N30P3015

Formula weight = 447.39

Crystal system: monoclinic

Space group: C2/c Z=8
a=11237(HA

b=11.785(2)A

¢=2737T1DA

B=101.06(1)

V=3557.4MA

D, =1.671 g/lem?®

R=0.075 wR =0.071

(AlG)nx = 0.01

(AP)uax = 0.45 eA3

(APt =—0.34 A3

Radiation: Cu K,

No. of reflections used = 1402
Measurements: Enraf-Nonius CAD-4 diffractometer
Program system: CAD-4-EXPRESS Software
Structure determination: SHELXS86
Treatment of hydrogen atoms: geometric calculation
Refinement: full-matrix least-squares

and N3P;Cls (4.18 g, 0.012 mol) in THF (100 mL) according to
the literature.? The residue was dissolved in hexane and set
aside for crystallization. The results of an X-ray structure
determination are given in Tables 1 -3.

The title molecule (Fig. 2) contains a non-polar cyclic trimeric
phosphazene ring with a 2,4,6-trimethylphenoxy group attached
to the P2 atom. The three N atoms are displaced on opposite
sides (+ and -) with respect to the plane through the P atoms, as
follows: N1-0.193(6), N3 -0.008(5), N5 +0.253(7)A.

The ranges of the P-N-P and N-P-N bond angles are 120.1(5)
-122.5(5)° and 116.0(4) - 117.8(4)°, respectively. In tetrameric
phosphazenes, the P-N-P bond angles range between 133.6(2)
and 139.3(2)° as found in 2-(2,6-di-z-butyl-4-methylphenoxy)-
2,4,4,6,6,8,8-heptachlorocyclo-245,415,6A5,8A5-tetra-
phosphazatetraene.*  The interatomic distance, O1-H71=
2.382(7)A, indicates a possible hydrogen bond.

The P-N bond distances vary between 1.539(8) and
1.602(9)A. In related compounds,*S the corresponding bond
lengths are 1.57(1) - 1.60(1)A. In trimeric phosphazenes, the P-
N bond lengths may be correlated with the orbital

Table 2 Final atomic coordinates and equivalent isotropic thermal
parameters

Atom x y z BJA
ci 0.2907(3) 0.8101(3) 0.2545(1)  6.29(9)
cR 0.1437(2) 0.6008(3) 0.2112(1) 5.52(8)
o 0.5899(2) 0.6297(3) 0.3551(1) 5.85(3)
Cl4 0.5196(2) 0.3872(2) 0.318%(1) 4.81(8)
(o1 0.1165(3) 0.4514(3) 0.3638(1) 5.82(9)
P2 023732)  0.57582) 03646(1)  3.41(7)
P4 04442(2) 053470 03279(1)  3.32(7)
P6 02580(2)  0.6515(2) 02714(1)  3.48(T)
o1 02216(5)  0.6416(6) 041322) 39109
NI 0.1936(7)  0.6513(7) - 03188(3)  4.07(9)
N3 0.3685(7) 0.5237(7) 0.3714(3) 3.68(8)
NS 037547)  0.5802(7) 027633)  4.09(7)
cl 03186(9)  0.6748(9) 04505(4)  3.79(7)
c2 0.3745(9) 0.7792(9) 0.4468(4) 3.89(7)
c3 0.4643(10)  0.8108(9) 0.4858(4)  4.47(8)
c4 04988(10)  0.745410)  0.5279(4)  4.66(8)
cs 04418(10)  0.6415(9) 0.5298(4)  4.28(9)
cs 03520()  0.6043(9) 04920(4)  3.31(8)
c7 02908(9)  0.4938(9) 04953(4)  471(D
cs 03361(10)  0.8543(10)  0.4020(5)  S5.73(9)
c9 0.6012(12) 0.7847(11) 0.5708(5) 6.25(9)

* To whom correspondence should be addressed.

B = BT3)ELUsa*aara).
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Table 3 Bond distances (A) and angles (°)

Cl1-P6
CI2-P6
Ci3-P4
Cla-p4
Cis-p2
P2-01
P2-N1
P2-N3
P4-N3
P4-N5
P§-N1

ClI5-P2-01
C15-P2-N3
CI5-P2-N1
O1-P2-N3
01-P2-N1
N3-P2-N1
Cl4-P4-C13
Cl4-P4-N3
CI4-P4-N35
CI3-P4-N3
CI3-P4-N5
N3-P4-N5
C11-P6-NS
Cl1-P6-N1
CI2-P6-N1
CI2-P6-Cli
CI2-P6-N5
NS-P6-N1

1.977(4)
1.9773)
2.005(3)
1.9703)
1.995(4)
1.579(7)
1.539(8)
1.575(8)
1.596(9)
1.569(8)
1.602(9)

100.6(3)
109.5(3)
107.8(3)
110.2(4)
109.4(4)
117.3(4)
101.5(2)
109.0(3)
109.83(3)
106.4(3)
111.7(3)
117.3(4)
109.9(3)
108.9(3)
110.6(3)
102.2(2)
108.3(3)
116.0(4)

P6-NS
01-C1
C1-C2
C1-Cé
C2-C3
C2-C8
C3-C4
C4-C5
C4-C9
C35-C6
C6-C7

P2-01-C1
P6-N1-P2
P4-N3-P2
P4-N5-P6
01-C1-C6
01-C1-C2
C6-C1-C2
C1-C2-C3
C1-C2-C8
C8-C2-C3
c4-c3-c2
C5-C4-C9
C5-C4-C3
C9-C4-C3
C4-C5-Co
C5-C6-C7
C1-C6-C5
C1-C6-C7

1.548(8)
1.399(7)
1.354(7)
1.400(8)
1372(7)
1.488(9)
1.375(8)
1.387(8)
1.54%(7)
1.371(8)
1.483(9)

123.7(6)
122.5(5)
120.1(5)
121.5(5)
118.5(9)

19.509)

121.909)
117.(8)
1212(7)
121.5(8)
123.1(8)
121.1(9)
117.89)
121.08)
122.1(7)
121.1(7)
117.5(9)
121.0(9)

electronegativities of groups of atoms, as in the tetrameric
phosphazenes. The short bonds in the ring have an appreciable
double-bond character. The phenoxy group is very effective in

determining the shape of the molecule.

ANALYTICAL SCIENCES JANUARY 2000, VOL. 16

Fig. 2 Molecular structure of the title compound with atom-
numbering scheme, The thermal ellipsoids are drawn at the 50%

probability level.
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The title compound, CysHssNOGP,, consists of an acyclic

P=N—P(O) nionophosphazene chain and five bulky 2,4,6-
trimethylphenoxy side groups which predominantly determine
the ‘molecular shape. Although the P—N single [1.586 (3) A)
and P=N double [1.517(3) A] bonds are significantly
different from each other, both are substantially shorter than
the ideal P—N single bond. Thie P—N—P angle [146.0 (2)°]
corresponds to the upper limit reported for acyclic phospha-
zene derivatives in the literature.

Comment "
In the past two decades, 1-(dichlorophosphinoyl)-2,2,2-tri-
chloromonophosphazene, ClLP=N-—P(0)Cl,, (I), and- its
derivatives have been investigated extensively (Hokelek et al.,
1998; Kahg et al., 1989, 1991, 1994, 2000; Bulloch & Keat, 1979).
It was observed that thermolysis of (I) leads to the elimination
of P(O)Cl; and polydichlorophosphazene, (NPCL,),, (D*hal-
luin ef al, 1992). Polydichlorophosphazene is used to.gynthe-
size linear polyorgancphosphazenes (Manners, 1996). It has
been observed that compound (I) yields partially and fully
wmbstituted products as a result of its reactions with primary
ind secondary amines and alcohols and phenoxides (Kihig ez
i, 1989, 1994; Allcock et al, 1985). The reactions of (¥) with
sulky substituted phenoxides yield partially and fully substi-
uted phenolysis products (Kihg ef al, 2000; Allcock et al,
1992, 1996). The reaction of (T) with 2,4,6-trimethylphenoxide
rields the fully substituted monophosphazene (CsH,).(CsH;0-
14,6 Me),P(O)N=P(Cl1;0-24,6-Me);, (II). The X-ray
rystal structure of some of the bulky phenoxide derivatives
if (T) have been determined previously (Kl et al, 2000;
Allcock ef al., 1992, 1996). '
The structure determination of the title compound, (II), was
indertaken in order to understand the effect of five bulky

2,4.6-trimeﬂgylphenoxy groups on the P==N double bond and
also to compare the results obtained with the very limited
number of reported structures of acyclic phosphazenes in the
literature.
Me
Me

g [Fs

In phosphazene derivatives, the P—N single and double
bonds are generally in the ranges 1.628-1.691 and 1.571—
1.604 A, resgiectively (Allen ef al, 1987). In the standard .
compound, Cl,P==N—P(O)CL, (T), the P—N bonds show a
pronounced g r: the P—N ‘double’ and ‘single’ bonds
are 1.517 (3)¢1.530 (3) and 1.583 (3)-1.593 (3) A, respectively
(Belaj, 1993). In the title compound, (I), the values of the
single P~N [P2—N1 1.586 (3) A] and double P==N [P1—N1
1.517 (3)-A] bonds are significantly different from each other.
Hugu,bothofthém are substantially shorter than the ideal
P—Nesingle bond. This deviation possibly depends on reso-
nance between the P=N—P=0 atoms. For compound (I),
thesingle»aqddoublebondseouldnotbedisﬁnguilhedby
Allcock et al. (1985), but it was possible to distinguish between
these bonds according to results obtained later for the same
compound by Belaj (1993). .

In the literature, the single P—N [1.653 (13) A) and double
P==N [1.480 (12) A) bonds in monocyclic phosphazene deri-
vatives can only be distinguished in the diisopropylamino
derivative, CIINCH(CH,),,P=N—P(O)Ql; (Kilig er al,
1994),sime.thctwogemimldi'nopropylaminomupawith-
draw the N-atom electrons by increasing the P==N double-
bondchmaﬁu.ﬂkeﬁedknﬂwethwhenneithet
one diisopropylamino- group nor two 2.4.6-tri-ters-butyl-
phenoxide groups (Kilig et al., 2000) are present.

The P=0 bond distance [P2— 01 1.457 (2) A} is similar to
those found for other phosphorylphosphazenes (Allcock et al.,
1985; Belaj, 1993; Kilig er al., 1994; Hokelek ez al., 1998). The
average values of the PO single-bond lengths are 1.568 (vA]
andlSM(Z)Aiortthatomsbondedmthephoqﬂmzeny)

- and phosphoryl phosphorous, respectively. The average values

leagths and P—-O—C bond angles are
1407 (4) A, 1231 (2)° and 1.428 (4) A, 1261 (2)°, for the
phospho:ylMphosphnmylpartsofthcmolecuh.mpec-
tively, which may probabiy reflect the influences of the steric
hinderances between the phenoxide groups. On the other
band, several interatomic distances ranging between 2.367
[01 HIC(C7)] and 2.880 A [02 HIC(C7)) indicate the
close contacts which may affect the overall molecular

- geometry. The steric influences of the side groups are espe-

cially interesﬁngmdptobablymomsuikingeﬂec!snﬁght be
expgctedwhsnthcsidegroupsmlarger(ltdmetd.lm

‘~404 @ 2000 Intemational Union of Crystallography + Printed in Great Britain — all rights reserved
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Hokelek ef al, 1998). The P1 P2 distance is 2967 (2) A,  Crystol dam -
which can be compared with the corresponding values  CHNOP, 2=2 -
[2856(3) and 3.005(3)A] in CLP(O)N=PCIN[CH- ”5“7‘7%. g; -x:;m Mgm™
(CHs);La)s, (1) (Hokelek er al, 1998), and °3PON=P © a=1L74(1)A Cell parameters from 25 -
Ci(OCeH,Bu'-2,4.6),, (IV) (Kili ef al, 2000), which are the 5=11.71(2) A reflections
expected values for cyclophosphazenes and linear short-chain ~ ©=1560 () A batg-az
: = = 9L (1)° p=18wm
phosphazenes. B=9213Q0) T=298K
. y=9055 (1) Block-fike, colowsless
; v =21483 (5) A 030 x 0.25 x 0.20 mm
Data collection
. Enraf-Nenius CAD-4 diffract- P = 0.060
wi2fseans | i=0-<» 14
Absorption correction:  scan ke—14-> 14
(MolEN:; Fair, 1990) .- i=-19-+19
Tt = 0.646, T,y = 0774 3 standard refiections -
‘8754 independent refiections intensity decay: 1%
5311 reflectiony with F > 4a(F)
Refinement d‘F’ w= 1‘" (‘. - m ’
R=0068 . v + lm?; o
wR=0199 whese P = (F.? + 2F;
S=1002 (810} pay = 0.04 .
8754 reflections ADuz =048 A2
S02 parsgicters BPnty =062 A2
H-athm pnmatm constrained
Tablet ~
‘i . Seleéted penmetric parameters (A, °).
An ORTEFPT! (Johnuson, 1976) drawing of the tide molecule with the  P1—N} I517¢3)  P2—01 1457
amm-umbain; scheme. 'l'he)dhplncmt ellipscids are drawn at the :-g :.gg; :‘;g 1.586 g;
50% probability level. . P1-O% 1520 P2-03 - :ﬂ g;
| WhS Mate SmE uaos
The P1—N1—-P2 angle [1460(2)°] is larger than in g ;5 hoed o S o]
compound (III) [134.0 (2)°] but smaller than in compounds  N1-P1-04 1W95(14) Ci-02-m2 1242 @)
(1) [158.0 (3)°] and () [144.5 (6) and 1480 (1)° (Allcock et O%—F1-04 oyt gg ot 1219@)
al, 1985) and 137.8 (2)-144.1 (2)° (Belaj, 1993)]. The range of  01—p2-1 11195(15)  CiB-OS—P1 1213 (g”
values is-much wider than has-been found in' the past for O1-F2-02 11468(19)  CI7-—-O6—P1 1292 Q)
cyclotriphosphazenes (118.4-124.6°; Fincham et al, 1986), but ' —72-02 B2003)  PI-NI-F2 1460@)
is similar to the angle observed in cyclotetraphosphazenes .
(131.0-146.7°; Allcock, 1972; Hokelek & Kilig, 1990; Hokelek - 03 pami-p . 238 ol ba—siom W
et al., 1996). D4-P1-N1—-P2 1476(3) O3-P2—-NI-P} ~1757 @3)
Experimental H atoms were positioned geometrically at distances of 0.96 and

0.93 A for CHy snd CH bonds, respectively, from the corresponding C
mm:mwﬂmmeddm;ﬁanﬁnmm

. Datacollection: MolEN (Fair, 1990); cell refinement: MolEN: data
reduction: MolEN; program(s) used to solve structure: SHELXS86
(Sheldrick, 1990); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: ORTEPU (Johnson, 1976):
software used to prepare material for publication: SHELXL97.

24,6-Trimethylphenol (500, 0.037 mol) in dioxane (20ml) was
added slowly over a period of 30 min to small picees of Na (0.90 g,
0.039 mol) in dioxane (20 ml) with stiming at 298K, with argon
passed.-gver the reaction mixture. Excess Na was removed by
filiration and the solution obtained was cooled. To this mixture,
CLPONCY,, (I) (989 g, 0.037 mol), in dioxane (40 ml) was added
slowly and the resulting solution allowed to reach ambient
temperature with conmstant stiring. After the mixture had been
vigorously stirred for 72h at room temperature, the precipitated
salt (NaCl) was filtered off and the solvent removed in vacuo. The ’
residue was dissolved in n-hexane and-set aside to crystallize (m.p.
482 K). ’

Acta Cryst. (2000). C56, 1404-1408 Tuncer Hakelek et al. « Cy5HsNOGP, 17‘%405 ‘
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