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OZET

Hekzaklorosiklotrifosfazatrien (trimer), ter-butien ile DCM'da, alti gun
geri s@utucu altinda isitilarak gercekigilen reaksiyonundan, ter-butilamino tirevi
() ve (Il) bilesikleri elde edildi.

(I bilesigi ile 2,2-dimetil-1,3-propandiol; piridin vaginda, THF'de 7 gin
geri s@utucu altinda isitildiince tabaka ve kolon kromatografisi teknikleri ile
aylrma ve uygun safjarma slemlerinin uygulanmasi sonucu mono-spiro (lll) ve d
spiro (IV) urtnleri elde edildi. (1) bilggi ile 1,3-propandioliin reaksiyonu DCM’da
ve piridin varlginda, 24 saat oda sicgkhda kargtirlimasiyla gercekigirildi. Bu
reaksiyondan urin (V) elde edildi. (I) hilgi ile spermidinin reaksiyonu,
kloroform’da 5 gin oda sicakinda kargtirllmasiyla gercekkgirildi. Ayirma ve
uygun saflatirma slemleri ile Grtin (V1) elde edildi. (II) bilggi ile spermidinin
reaksiyonu kloroform’da 12 giin oda sicgkida kargtirilmasiyla gercekigirildi.
Ayirma ve uygun safkuirma glemleri ile trin (V1) elde edildi. Bu caimada
sentezlenen bifgklerin yapilari; FT-IR, elementel analiz, DSC, leispektrometresi,
31p 14 NMR spektrumlari ve Xsinlari kirinimi dlctimlerinden elde edilen verilerle

aydinlatildi.



SUMMARY

Hexachlorocylclotriphosphazatriene (trimer) wascted with ter-butylamine

in DCM under reflux for six days and ter-butylamigerivates (I) and (II) isolated.

Compound (1) was reacted with 2,2-dimethly-1,3gmapediol in the
presence of pyridine in THF under relux for sevaysd The reaction mixture was
seperated and purified by using thin layer and molchromotography technique to
obtain mono-spiro (lll) and di-spiro (IV). Compour{tl) was reacted with 1,3-
propanediol in the presence of pyridine and DCNoaim temperature for 24 hours.
The reaction mixture was seperated and purifiecblitain compound (V). The
reaction of compound (I) with spermidine was cafraut in chloroform at room
temperature for 4 days. The reaction mixture vesemated and purified to obtain
compound (VI).The reaction of compound (Il) withesmidine was carried out in
chloroform at room temperature for 12 days. Thetrea mixture was seperated and
purified to obtain compound (VII). The structureadf synthesized compounds were
determined by FT-IR, DSC, mass spectroscopyP, 'H NMR spectroscopy,

elemental analysis and X-ray diffraction measuregmen
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FAB Fast Atom Bombardment

FT-IR Fourier Transform Infrared Spekroskopi
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1. GIRIS

Fosfazenler, fosfor-azot arasinda cift gbabulunduran, duz zincirli
[(R)HN=PX5, XP(Y)N=PX; (R: alkil; X: halojen, alkil, aril, alkoksi, aminoY=0,
S)] ve halkah [(NPX), (X: F, Cl, Br; n=3,12)] bilgiklerdir. Bu yapilar, tekrarlanma
sayisina bgli olarak, kicuk molekulli bikgklerden polimerlere kadar pek cok

bilesigi kapsar.

Fosfazenlere  nikleofilik  sibstitisyon  reaksiyonlarile  organik,
organometalik yada inorganik gruplargtenabildigi icin bu bilesikler anorganik ve
organik kimya arasinda bgiéler olarak kabul edilir. Organik c¢ozucullerde
cozinmeleri nedeni ile organik, P=N zincirinden ayol da anorganik karakter
tasirlar. Fosfazen kimyasinin en 6nemli 6zglicok farkh gruplarla stbstitiisyon
reaksiyonlari verebilmesi ve glanan gruplara gore biélerin ¢ok farkli 6zellikler

kazanabilmesidir.

Polifosfazenlerin yanmaya, radyasyona, 1si, indirge yukseltgenlere kgr
dayanikli olmalar ve elektro kimyasallemlerde kullanabilmeleri bu maddelere
diger organik polimerlere gbre avantajgkamistir. Bu nedenle polifosfazenler
malzeme biliminde onemli bir yer edingtir. GUnumize kadar yald&k 700
civarinda fosfazen tdrevinin polimeri yapiknive bunlarin c¢gtli 6zellikleri
incelenmgtir. Polifosfazenlerin kullanim alanlarinin bazijayiksek performansl
elostomerler, yanmaz fiberler, filmler, biyolojikywmlu materyaller (membranlar,
medikal hidrojeller, ila¢ salimi i¢cin matrikslernam immobilizasyonu ve organ
mihendislgi alanlari), enerji depolama alanlarinda kati etdkt olarak, yari
iletkenler, sivi kristal materyaller, non lineerti@pre yiksek kirilma indeksine sahip

camlar olarak verilebilir.

Halkali yapidaki fosfazen biileri ile ilgili daha ¢cok (NPGl); ve (NPC})4
bilesiklerinin slbstitisyon reaksiyonlari ve sentezleneitesiklerin yapilarinin
aydinlatiimasi ile ilgili cakmalar yapilmgtir.  Bir kisim aminofosfazenlerin
biyolojik aktivite calgmalarinda anti-karsinojenik [Labarre et al. 1979],
antibakteriyel [Konar et al. 2000] ve HIV virGsurersi [Brandt et al. 2001]



aktiviteye sahip olduklari belirlengtir. Yapilan son c¢amalarda bu bilgklerin
distk toksiditeye sahip olmalarindan dolayr kemotdeapygulamalarda 6nemli
avantajlar sgladigi belirtilmistir. [Beak et al.2000].

Bu calsmada amag, tersiyer buatilamin turevi fosfazen siklerinin
polifonksiyonlu bilgikler ile reaksiyonlarini inceleyerek, reaksiyogartlarini

belirlemek ve sentezi gerceklieilen bilesiklerin yapilarini aydinlatmaktir.

Bu calsmada oOnce, trimer ile tersiyer butilamin reaksiyomeelenerek, ciki
maddesi olarak kullanilan (1) ve (ll) bji&leri hazirlandi.izole edilen ve yapisi
aydinlatilan (I) bilgiginin spermidin, (Il) bilgiginin ise 2,2-dimetil-1,3-propandiol,

1,3-propandiol ve spermidin ile reaksiyonlari iresali.

Trimerin mono-substitie tersiyer butilamin tureW) (e spermidinin (1:2)

mol oraninda reaksiyonu sonucu spiro-cis-ansalfW}igi sentezlendi.

Trimerin di-suibstitie geminal tersiyer butilamimeti (11) ile 2,2-dimetil-1,3-
propandioliin (1:2) mol oraninda piridin v&hda reaksiyonu sonucu mono-spiro
(Il ve bis-spiro (IV) bilsikleri; 1,3-propandiol ile (1:2) mol oraninda iim
varliginda reaksiyonu sonucu mono spiro (V) fge spermidin ile (1:2) mol

oranindaki reaksiyonu sonucu ise spiro-cis-ansg Blesigi sentezlendi.

Sentezlenen ve izole edilebilen Grinler uygun yaeele saflatiriidiktan
sonra elementel analiz, kitle spektrometresi,sitar, **P, '"H NMR, FT-IR
spektrofotometresi teknikleri ile incelendi. Elddilen sonuclarla sentezlenen yeni

bilesiklerin yapilar aydinlatildi ve 6zellikleri inceddi.



2. KURAMSAL TEMELLER

2.1 Hekzaklorosiklotrifosfazatrien

Ik fosfazen bilgigi olan klorofosfazenler (NP@\, fosforpentakloriiriin
amonyak ile etkilgtiiimesi suretiyle 1834'de Liebig ve Wéohler tanradian
hazirlanmgtir. Hekzaklorosiklotrifosfazatrien icin alti tyesiklik yapi, ilk olarak
Stokes tarafindan onerilgtir. Fosfazenin ilk X4ini1 yapi incelemesi 1936’da Meyer,
Lotmar ve Pankow tarafindan yapiktm. Trimerin yapisi (NPG)s, Brockway ve
Bright tarafindan incelenstir. Bunlar 1943'de bir elektron-difraksiyon ¢ghasinin
sonugclarini kullanmglardir [Allcock, 1972].

Fosfazenler, fosforun BXve P> gibi halojen bilgikleri ile amonyum
halojentrlerin simetrik tetrakloroetan (s-TCE) yddiarbenzen gibi yiksek kaynama
noktasina sahip organik bir c6zliclu ortamindaki sgaklardan sentezlenir
(Reaksiyon 2.1).

, Klorbenzen ,
nRPX; + nNH, > (NPRR), + 4HX + Polimerler
1320C
(R,R =ClI, Br veya organik grup: X=Cl, Br)
(2.1)

Fosforpentaklorir ile amonyumklortrin reaksiyondutdca karmgiktir ve
bu konuda oldukca fazla ¢gina yapiimgtir. Genel olarak reaksiyon sonucunda %
95 civari halkah bilgikler, % 5 civari da diz zincirli bikgkler olusur. Halkali
bilesikler 2/3 oraninda (NPG) 4 , 1/3 oraninda der oligomerler den okur.
Halkali ve duz zincirli polimerik yapidaki byikler, petrol eterindeki ¢oziunurlik
farklarindan yararlanilarak ayrilir. Halkali hillderin, (PNCb)s-s) birbirinden
ayrilmasi, fraksiyonlu kristallendirme, fraksiyonldestilasyon ve sulfirik asit
ekstraksiyonu ile yapilabilir. Halkali bglerin oranini veya istenilen tlrin oranini
arttirmak amaci ile bircok cama yapilmg fakat dnemli bir mesafe alinamagtm.

Reaksiyon mekanizmasi net olarak bilinmemektediAyni reaksiyon sartlari



kullaniimasina ragmen fakli deneylerde farkli sonuclar elde edshmi Literattirde bu
bilesiklerin sentezi ile ilgili detayli ¢aymalar vardir ve bunlarin buyik kismi
patentlidir. Genel olarak reaksiyon drunlerinin iw@r reaktantlarin ozelfine,

cbzlcuye, sicakia ve kullanilan katalizére Bhdir [Emsley and Udy, 1971].
Andrieth, Steinmann ve Troy'a gore, halkali fostazérlerinin bazi fiziksel
Ozellikleri asagida verilmgtir (Tablo 2.1 ve Tablo 2.2) [Audrieth, Steinmard®42;

Audrieth, Steinmann ve Toy, 1943].

Tablo 2.1Halkali fosfazenlerin bazi fiziksel 6zellikleri

Yogunluk M.p, °C Kristal Yapisi
Trimer 1.98 114 Rombik
Tetramer 2.18 123.5 Tetragonal
Pentamer 40.5-41 Rombik
Hekzamer 90-91 Rombik, zincir
Heptamer -18 Rombik, zincir

Tablo 2.2. Trimer ve tetramerin bazi ¢ozuculerdeki ¢6zuniddiig /100 g)

Eter |Diokzan |Benzen| Toluen| Ksilen| Alkanlar|CCl, |CS,
Trimer | 46.37| 29.55 55.01 47.3 38.85 27.9 38188 %2.0
Tetramen12.4 | 8.23 21.42 17.8 13.85 8.39 16.55 22

2.2 Fosfazenlerin Elektronik Yapisi

Duz zincirli ve halkali yapidaki fosfazenler, fosite azot atomlarinin argik
baglanmalari ile olgan ¢ ve n baali iskelet yapisina sahiptir. Her bir fosfor atomu,
sp’ hibriti yapar. Bu hibrit orbitalleri tizerindeki doelektronun dier atomlar iles
bagl yapmakta kullanir. Geride kalan bir elektron 3seatom orbitallerinde bulunur.
Azot atomlari sp hibriti yapar, bu hibrit orbitalleri tizerindekiektronlardan ikisini
fosfor atomlar iles bay yapmakta kullanilir, dier sg hibrit orbitali tizerinde
ortaklanmany elektron ciftini bulundurur ve gder b& yapmamy tek elektronunu da
p, atomik orbitali Gzerinde bulundurur. Fosforun ditallerindeki bir elektron ile
azot atomlarinin patomik orbitalleri Gzerindeki elektronlar baglarini oluturur. ©



baglarinin varlgl X-isinlarl calsmalarinda fosfor-azot fgauzunluklarinin, (1.58 4,
tek bazdan (1.77 A) daha kisa bulunmasi ile de desteklegimiCorbridge, 1974].

Sekil 2.1 Trimerin yapisi

Trimerin iskelet yapisinda fosfor dort koordinathes degserlikli ve azot

atomu da iki koordinatlh, t¢ gerliklidir.

2.3 Halofosfazenlerin Aminoliz Reaksiyonlari

Fosfazen kimyasinda en c¢ok edan reaksiyonlardan birisi aminoliz
reaksiyonlaridir. Primer ve sekonder aminlerin fedtazenler ile reaksiyonlarindan
HX ¢ikmasi sonucu aminofosfazenler alu(Reaksiyon 2.2). Cikan HX genel olarak
aminin bir mol fazlasi veya tretilamin ve pridinbgitersiyer bir amin kullanarak
tutulur. Bazi durumlarda reaksiyon sirasindsgataminofosfazen turevinin bazly

aminden daha fazla olur ve amin tuzu yerine fosfameu olgur.

(NPX,). + NHRR (NPCL_) NRR + mHCI.NRR

(X=F, ClI, Br;R=H, alkil,aril; R=alkil, aril)
(2.2)

Bircok aminosiklofosfazen tirevi, kararli, beyaz tikakristal haldedir.
Genellikle organik ¢coziculerde ¢ozundrler. Baziklbk gosterirler. Sulu ortamlarda
alkoksi ve ariloksi fosfazenlere gore daha az degahrlar. Ayrica yuksek
sicakliklarda bozulmagdimindedirler ve bu ytuzden termal dayanikliliklgrnirhdir.



Aminler ile halojenlerin dgisimi geminal veya nongeminal yoldan olabilir.
Geminal bglanma ligandlarin ayni fosfor atomuna, non-gemibaglanma ise
ligandlarin farkl fosfor atomlarina penmasidir Dgisimin hangi yolu izleyecs,
aminlerin elektron salma guctine, stegikie ve ¢oziclye lgadir. Eger geminal ve
nongeminal izomer g@imi var ise, bunlardan birisi baskindilk baglanan aminin
nukleofilik gucu fazla ise, (PCIR) grubundaki fosfmtomunun tzerindeki elektron
yogunlugunun artmasi sonucu fosfor Uzerinde kismen negétfolusur ve ikinci
aminin ayni fosfora Gdanmasi giclgr. Bu durumda nongeminal Uriin baskin yada

tamamen olgur.

Hacimli aminlerde sterik engellilik ayni fosfora ghanmayi glclgtirir ve
nongeminal substitiisyon olur. Bu 0zellikler geneét bgilim olmasina rgmen
istisnai durumlar s6z konusudur. Ogire tersiyerbitilamin gibi hacimli bir aminin
nongeminal substitisyon vermesi beklenirken gemstudistitisyon verir. Ayrica
fosfazene bglanmg amino grubu ile, ikinci aminin hidrojen gaolusturmasi da

geminal stbstitisyonu daha etkin yapar.

Sekonder aminlerin reaksiyonlari primer aminlerdgk daha fazla uyum
icerisindedir. Bircok sekonder amin nongeminal s$itiisyon verir. Hem geminal
hem de nongeminal Benmaya yatkin bilgklerde, reaksiyon ortami dstirilerek

geminal-nongeminal orani gigebilmektedir.

Dimetilamin, piperidin ve muhtemelen metilamin idan reaksiyonlarda
genellikle non-geminal [@anma hakim olmaktadir. Bu reaksiyonlarin kuvvetli
bazlar (alkilaminler) ile non-geminal flanma, zayif bazlar (arilaminler) geminal
(NH,Me ve NHEt) ile non-geminal bis turevlerini verirken daha eeaktif olan

aminler (NHBU) ile sadece bis-geminal yapilar vermektedir [SHHG5].

Tablo 2.3'de geminal ve non-geminal ghenma yapan aminler
gosterilmektedir [R.A.Shaw.Naturforsch ,31 h, 641-667, 1976].



Tablo 2.3 Cssitli aminlerin trimer ile yaptiklari bglamasekilleri.

Reaktif geminal non-geminal
NH3 +
NH.Me +
NH,Et +
NHPY + +
NH.BU' +
NH,CH,Ph +) +
NH,Ph +

Farkli amin grubu iceren siklofosfazen tirevleringapilarini belirlemek
amaci ile yapilan c¢aimalarda NPs;Cls(NHEt) ve NsP:;Cls(NHBU) tiirevlerinin iki
mol etilamin ile reaksiyonunda nongeminal, iki ntef-butilamin ile reaksiyonunda
ise geminal bilgikler olustugu, reaksiyon mekanizmasini belirleyici grubunglba
olan deil, nukleofilin oldugu belirtilmistir (sekil 2.2) [Keat et a., 1968, Hasan
et.al.1975, Shaw, 1976].

t NHEt
cl_ NHBU cl,
//P\ //P\
NN NN
cl I _cl cl l_cl
/P\\ /P\ N /P\
c” °N “cl
NH, y w JEt NH,But / NH,Et
BuHN NHBut NHBuU! ButHN NHEt NHEt
C\ N/ C'\P/
N//P N //P\ N//P\N N// \N
NN
ol e ol INHEC o ] el C I -NHEt
\ \ VAR \NRZEN
c” N o o W o W o W Ca

Sekil 2.2. NaPsCls(NHEt) ve NsPsCls(NHBU') bilesiklerinin, etilamin ve ter-

bitilamin ile geminal veya non-geminalg@nmasi



2.3.1 Reaksiyon Mekanizmasi

Fosfazenlere notral ambident  elektrofiller  olarak akitabilir.
Hekzaklorosiklotrifosfazatrien deki ilk klor atomum yer dgistirmesi, nitrojen

bazlar ile reaksiyonunda, fosfor tzerine nuklekfaldiri ile meydana gelir.

Hekzaklorosiklotrifosfazatrienin klor atomlarinigr-butilamin grubu ile yer
degistirmesinin sadece geminal pozisyonda meydana gelresddrdincu klor
atomunun, Ug¢uncl klor atomuna gore ter-butilanmenygr dgisim oraninin fazla ve
cok daha hizli olkmasi nedeniyle, tris-ter-batilamino tdrevinin izine

rastlanmamaktadir..

Substitisyon reaksiyonu iki farkli mekanizmayla gi&aceklgebilir. Bunlar;
reaksiyonun bimolekiler tipi 8 yada aminin saldirisindan ©6nce halojenin

iyonizasyonunu icereny tipidir.

Hekzaklorosiklotrifosfazatrienin ter-bitilamin ileeaksiyonunda ilk ter-
butilamin grubunun bdanmasi &% mekanizmasina gore gerceftreektedir. {2 tip
mekanizmada nukleofil saldirisi ve c¢ikan grubunilgyrayni anda gercekde.

Asagidakisekilde S*tip mekanizma gosterilrgir (Sekil 2.3).

c®
Cl
__.\’\\I\ /CI :N\:G) __.\’\\I\ /CI
2P — > P-Cl —>=
—N"a\ =N O
Cl N HD —N NR,
R2
NeNe
I:22

Sekil 2.3. Hekzaklorosiklotrifosfazatrien ile aminlerin/&tip reaksiyon

mekanizmasi



Primer amino gruplart  (PCINHR) iceren Rilder ile baz katalizli
reaksiyonlar proton ayrilmasinin alternatif bir rapkkmasi (proton abstraction /

chloride elimination) ile gercekjebilir (Sekil 2.4.a).

Eger proton koparan baz (B, tersiyer butilamin gibi hidrojen Bayapabilen
hidrojen atomlar iceriyorsa, bu etkjlmn klor iyonunun aygmasina yardimci
olabilir. Muhtemel bir siklik gegi hali gosterilmgtir (Sekil 2.4.b).

B:\ = |IQ
N 7 — 7

i N BH  CR{N N

a) P - - - - —= P + BH'CK

AN /AN

Sekil 2.4. Ter-butilamin ile stbstitisyon

Trimerin; ter-butilaminin @risi ile eter icerisinde geri §otucu altinda
Isitilarak, gerceklgirilen reaksiyonundan 2,2,4,4-tetrakistersiyerainino-2,2-
diklorosiklotrifosfazatrien bilggi elde edildi. EBer uygun reaksiyon ortami

saglanirsa alti klor atomu da ter-butilamin ile yegdgirebilir [Shaw,1965].

2.4. Fosfazenlerin Bazikigi

Hekzakistersiyerbitilamino ve  hekzakisdimetilamiktmgrifosfazatrien
nispeten kuvvetli bazlardir. Bu bgiglerin nitrobenzen icerisindeki pKa gerleri
sirasiyla 8.0 ve 7.6°dir. Bilinen tim hekzakisadkilino turevlerinin pKa deerleri

7.6 — 8.8 arasinda gigir.
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Nitrobenzen igerisinde tetrakis-ter-butilamino tiire(pKa=4.35), non-
geminal terakis-dimetilamino (pKa=-1.40) turevindddukca baziktir. 2,2,4,4-tetra-
amino tdrevlerinin, 2,2,4,6-tetra-amino tlrevlieenddaha kuvvetli bazlar olgu
disunulmektedir [Shaw, 1965].
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3. KONU ILE ILGILI YAYIN VE CALI SMALAR

3.1 Trimerin Tersiyer Butilamin ile Reaksiyonlari

R.A.Shaw ve arkag#tari, trimerin ter-batilamin ile reaksiyonlarini tdgli
arggtirmiglardir. Bir seri ter-bitilamino turevi madde, yapihin ve dolayisiyla

reaksiyon modelinin aciklanmasina yardimci olmasn ihazirlanmgtir [Shaw,
1965].

CI\ _ClI CI\ CI
//P\N N//P\N
el llc ¢ NHpu Benzen cil llc
c” N reflux c’ N i

% 57 verim
28 [ 57 mmol
mmo e.n=114C
+
CI\ CI CI\ CI
//P\ //P\

N N N

o’ N\ NHBU c” SN\ NHBu
% 8 verim % 18 verim
e.n=120-12%C e.n=-10, -19C
(3.2)
CI\ CI CI\ Cl
P AP.
’ \N Benzen N/ N t
CI\|I3 |F|)/C| + NH.BU C|\I|3 Il_-NHBu
2 N
c” SN e reflux c” N” "\ NHBuU
57 mmol 230 mmol % 97 verim
e.n=120-12%C

(3.2)



28 mmol

12

Cl Cl

ANIVZ
//P\
\
P
c” N\ NHBU

N
cl_l  II_-NHBuU
/

% 46 verim
e.n=120-12%C
Benzen

NH,But ~— ——— +

reflux

Cl Cl

N _/
P

173 mmol 7N

N N
BUutHN~_! [|_~NHBuU
N
BunN~ N~ "\ NHBut

% 20 verim
e.n= 156C
(3.3)

Cl Cl

N _~s
//P\
N N
BUtHN~_! [|_-NHBuU
N
BuhN” "N\ NHBuU

% 96 verim

e.n= 156C
Benzen

NH,BUt ~— ——— +

reflux

Cl

CI\ v
P

340 mmol N// N
BUutHN~_! LL/NHBUt
BuHN ~ \\l}ll \ NHBU
H ¢
% 1-5 verim
e.n= 295 dekom

(3.4)



22 mmol
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Cl Cl

ANIVZ

//P\
NT N

Ci, Il -NHBu
N

c” N\ NHBU

% 50 verim
e.n=120-12%C
Eter

NH,But ~— ——— +

reflux

Cl Cl

N _/
P

172 mmol 7N

N N
BUutHN~_! [|_~NHBuU
N
BunN~ N~ "\ NHBut

% 14 verim

e.n= 156C
(3.5)

M. J. Bagley ve D.B. Sowerby 1979 yilinda yaptikigalsmada; Trimer ile

ter-bitilamin

reaksiyonu sonucunda

2-tersiyerbiititeo-2,4,4,6,6-

pentaklorosiklotrifosfazatrien biisinin erime noktasini 1@ olarak bulmslardir

[Sowerby, 1979].

60 mmol

Cl Cl
// N
Cl ITI lI\Il Cl
P /P<
Cl N NHBut
o e.n=110C
Dietil eter +
NH,But _—
oda sicakfil
Cl Cl
//P\

230 mmol N N
Cl| [|_~NHBuU!

N
c” N O\ NHBu

e.n=129C
(3.6)
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Tersiyerbiitilamino tiirevi fosfazenlerif'? NMR verileri tablo 3.1'de

verilmistir.

Tablo 3.1Baz! tersiyerbiitilamino tiirevlerinitP NMR verileri [Shaw, 1976]

Bilesik S3PCINHBU | 3PChL | 8(PNHBU), | J(PNP)
ppm ppm ppm /Hz
CI\P/CI
Z N 5.3 16.0 - 40.6
Cl| Il _Cl
PP
c” N "\ NHBu
cl_ Cl
N//P\N i 175 0.7 44.7
Cl! Il_~NHBut
N
c” N\ NHBu
cl_ Cl
N//P\N i 19.7 23 48
ButHN~_! ll_~NHBU
N
BuHN” N” "\ NHBu




15

3.2. Tersiyerbutilamino Turevi Fosfazenlerin

Monofonksiyonlu Bilesikler ile Reaksiyonlari

3.2.1. 2,2-bistersiyerbitilamino-4,4,6,6-tetrakloosiklotrifosfazatrien

ile Monofonksiyonlu Bilesiklerin Reaksiyonlari

2,2-bistersiyerbutilamino-4,4,6,6-tetraklorosikldsfazatrien bilgiginin
monofonksiyonlu bilgikler (ter-batilamin, dimetilamin ve metanol) ileagiims

calismalar gagida verilmitir [Shaw, 1965].

3.2.1.1. 2,2-bistersiyerbitilamino-4,4,6,6-tetraklrosiklotrifosfaza-

trien ile Tersiyer butilaminin Reaksiyonlari

R.A.Shaw ve arkagéarinin 2,2-bistersiyerbutilamino-4,4,6,6-

tetraklorosiklotrifosfazatrien ile ter-butilaminimesisik mol oranlarinda ve farkh

cOziculerde yaptiklari reaksiyon gatialar gagida verilmitir [Shaw, 1965].

CI\ _ClI
//P\
N N
Cl| lI_-NHBu!
N
Cl_Cl c” N” "\ NHBU
N//P\N
t Benzen verim % 55
C|\| ||/NHBU + NHZBUI .
o’ N\ NHBU reflux
CI\ _ClI
//P\
N N
10 mmol 20 mmol BUHN~_| :DI/NHBut

N
BurN” N” \ NHBu

verim % 20

(3.7)



cl_ Cl
//P\

N" N
cl_| I_-NHBu

N
c” N\ NHBu

10 mmol

Cl Cl

N _/
P

//\

N" N
cl_| I|_-NHBu

+

+

NHBu ———

15 mmol

(3.8)

NHBu ———

20 mmol

(3.9)

Benzen

reflux

CHCI,

reflux

16

cl_ Cl
//P\
N N
Cl\l ||/NHBUt

N
c” N7\ NHBu

verim % 75

verim % 5

cl_ Cl
//P\
N” N
cll  II_-NHBu
N
c” N7 "\ NHBu

verim % 60

verim % 15



cl_ Cl

//P\
N N

cll  Il_-NHBu

N
c” N\ NHBu

10 mmol

Cl Cl

N _/
P

// N
N N
cil  Il_-NHBu

N
c” N7\ NHBu

10 mmol

+

+

CHCI,

NHBu ———

reflux

15 mmol

(3.10)

Eter

—_ =

reflux

NH,Bu

20 mmol

(3.11)

17
cl_ Cl
//P\

N™ N
cl_! 1l_-NHBut

N
c” N7\ NHBu

verim % 81

verim % 3.5

verim % 15
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CI\ /CI
//P\
N N
Cl| ll_~NHBuU
N
Cl_Cl c” N7 "\ NHBuU
N//P\N
Eter verim % 80
t
C|/ \\N/ \ NHBUt reflux
CI\ /CI
//P\
10 mmol N N
0 0] 15 mmol BUHN~_| E’/NHBUI
\Z
BuHN” N” N NHBU
verim % 3
(3.12)

3.2.1.2. 2,2-bistersiyerbitilamino-4,4,6,6-tetraklrosiklotrifosfaza-

trien ile Dimetilaminin Reaksiyonu

R.A.Shaw ve arkagéarinin 2,2-bistersiyerbutilamino-4,4,6,6-
tetraklorosiklotrifosfazatrien  bikgginin, dimetilaminin airisi ile benzen'de

gerceklatirdikleri reaksiyon gagida verilmgtir [Shaw, 1965].

NMe
CI\ /CI MezN\ / 2
//P\ //P\
N N Benzen N N
Cl— | LL/NHBUt + NHM82 MezN\ | ||/NHBUt
PN
c” N N NHBU reflux MeN™ SN\ NHBU!
3.3 mmol Asir e.n=72C
verim % 6¢

(3.13)
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3.2.1.3. 2,2-bistersiyerbitilamino-4,4,6,6-tetraklrosiklotrifosfaza-
trien ile Metanollin Reaksiyonu

cl_ Cl MeG_  OMe
P
// N 7N
NN Metanol MeO_ ) ’I\II/NHBut
t etano
C|\||:>\ /I:l»/NHBu + NaOMe __—— "o D . P
CI/ \N \NHBut reflux MeO N NHBut
12 mmol Asir e.n=72-73C
verim % 20
(3.14)

Tablo 3.2 N3P3(NHBU")2(OMe), bilesiginin *'P NMR verileri [Shaw,1981].

Bilesik 3P(OMe) | 3P(NHBU), | J(PNP)
ppm ppm /Hz
MeO_ OMe
\P/
N// \N 18.9 11.6 63.7
MeO_| |Il_~NHBuU
VRN /P\
MeO N NHBuUt
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3.2.2. 2,2,4,A-tetrakistersiyerbutilamino-6,6-dikbrosiklotrifosfaza-
trien ile Monofonksiyonlu Bilesiklerin Reaksiyonlari

2,2,4,4-tetrakistersiyerbutilamino-6,6-diklorosikitosfazatrienin
monofonksiyonlu Dbilgikler (ter-batilamin  ve dimetilamin) ile reaksiyanl
R.A.Shaw ve arkag#ar tarafindan incelenstir [Shaw, 1965].

3.2.2.1. 2,2,4,4-tetrakistersiyerbutilamino-6,6-#iorosiklotrifosfaza-

trien ile Tersiyer butilaminin Reaksiyonu

CI\ JCl o
N//P\N 7N
BuHN~_! I ~NHBU Toluen BuHN~_l Il ~NHBU
< P +  NHBU — — o P
ButHN N N\ NHBut reflux BuHN N NHBuUt
e.n= 280 - 28%C
5.8 mmol 200 mmol verim % 85

(3.19

3.2.2.2. 2,2,4,4-tetrakistersiyerbutilamino-6,6-¢iorosiklotrifosfaza-

trien ile Dimetilaminin Reaksiyonu

cl_ Cl Me,N_ NMe,
\P/ /\P\
2N 2
N~ N N~ N t
BUHN~_  |l_~NHBU Benzen BuHN~_| || ~NHBu
N P + NHMe, ——— P /p\
BuHN N\ NHBu reflux BUHN™ N+ " NHBU
H cI
> mmol Asir e.n= 259C
verim % 88

(3.19
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3.3. Tersiyerbutilamino Turevi Fosfazenlerin

Difonksiyonlu Bilesikler ile Reaksiyonlari

3.3.1 2,2-bistersiyerbutilamino-4,4,6,6-tetraklorosiklotrifosfazatrien

ile Difonksiyonlu Bilesiklerin Reaksiyonlari

2,2-bistersiyerbutilamino-4,4,6,6-tetraklorosikltdsfazatrien ile  yapilan
calismalarda diol ve aminoalkollerin reaksiyonlari gdikbd piridin varhiginda
yapilmstir. Trietilamin kullanilarak yapilan reaksiyonlarolduk¢ca yava oldugu
tespit edilmgtir. Diaminler ile yapilan reaksiyonlarda ise gdiri yerine trietilamin
baz olarak tercih edilmgi tim reaksiyonlar oda sicaginda gerceklgirilmi stir.
Reaksiyon sireleri 24-28 saattir [Deutsch and SH&80].

3.3.11. 2,2-bistersiyerbutilamino-4,4,6,6-tetraklorodilotrifosfaza-
trienin  1,2-Etandiol, 1,3-Propandiol, ve 1,4-Butanl ile
Reaksiyonlari

Cl cl O O
P \_7
// N /P\
NN DCM NN
Cl| . LI)/ NHBU HO(CH,),OH C|\||:> LI)/ NHBut
/ PR
c” N7\ NHBU piridin o SN\ NHBU
(9.51 mmol)
4.75 mmol 4.75 mmol e.n= 149C
% 56 verim

(3.17)



Cl Cl

N _/
o)

2N

N N

N
c” N\ NHBU

4.75 mmol

cl_ Cl
/P\
I
P

N

c” N\ NHBut

7/

N

cl_| II_~NHBu
7N P

4.75 mmol

+

DCM

HO(CH,),OH
piridin
(9.51 mmol)

4.75 mmol

&

O O
\N_7
//P\

@] II\l lI\Il NHBuUt
u

< >P\\ /p/ +
) N \NHBUt

+

e.n=132-13%C

% 4 verim

(3.18)

DCM
HO(CH),OH ——
piridin
(4,75 mmol)
4.75 mmol

(3.19)

22

&

e
/
P\

N4

N N
Cl_l ll_~NHBut
N

c” N N\ NHBU

e.n= 158-159C

% 54 verim
+
CI\ /O(CH2)30H
// N
N N
Cl| ll_~NHBut

N
c” SN\ NHBu

Oda sicakiiinda sivi

% 5 verim

o O
P

7\

N" N
CI), Il ~NHBu

N
c” N\ NHBu

e.n= 158-159C

% 38 verim

+
Cl._ O(CH),0H
// N

N
Il_- NHBut

Oda sicakizinda sivi

% 30 verim
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()

cl_ Cl o_ 0
2N P\

N/

o)

N N N N
Cl_| Il _~NHBuU DCM
~ _~ + HO(CI |)40| | Cl! ll_~NHBut

N A
c” N\ NHBu piridin o W\ NHBu
(9.51 mmol)
e.n=137-138C

4.75 mmol 4.75 mmol
% 48 verim

+

o_,0
//P\

O,Tl W NHBut
u
R K
o) N NHBuUt
e.n= 164-16%C
% 8 verim

(3.20)

Tablo 3.3.Geminal NPsCl.(NHBUY), nin spiro tiirevlerinir’P NMR @ verileri
[Deutsch and Shaw, 1990]

Bilesik 8Pspiro | PR, | 8PCl, | J(Pspiro- | J(Pspiro- | J(PCl,-
ppm ppm | ppm PCl)/Hz | PRy)/Hz | PRy)/Hz

O O (©)

\N_7

P

7N 268 | 7.0 | 245 | 726 56.3 57.3

NN
AY
c” N N\ NHBU

A

O O
o’ 71 | 73| 230| 671 | 654 | 512
7
N” N
Cl| l|_~NHBuU
N
c” N\ NHBu

AN
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m (d)

o_ 0O
\N_7
/P\

/,
o N _nhBu
v u
< >P\\ /P\
O N NHBuUt

12.3

13.2

63.2 .

13.0

5.9

23.5

76.6

64.1 48.8

ol N nHBu
u
V.Y
o” "N N NHBu

19.4

10.8

65.9 .

(a): CDCE coziiclisiinde (c): 24.15 MHz, (d): 80.95 MHz, R=NHB

3.3.12. 2,2-bistersiyerbttilamino-4,4,6,6-tetraklorodilotrifosfaza-

trienin 1,2-Etandiamin, 1,3-Propandiamin ve 1,4-Biandiamin ile

Reaksiyonlari

3.57 mmol

3.57 mmol

(3.21)

DCM

H,N(CH,),NH, ———
trietilamin

(7.14 mmol)

HN.  NH
\_/
//P\
VN NhBu
u
P, P
N

Cl
c” N\ NHBu

e.n= 148C

% 60 verim




Cl Cl

N _/
P

7 N\
N N
cil  Il_-NHBU
N
c” N” "\ NHBU

3.57 mmol

3.57 mmol

DCM

*  HN(CH),NH, ——

trietilamin
(7.14 mmol)

3.57 mmol

(3.22)

DCM
+ H,N(CH),NH, ———
trietilamin
(7.14 mmol)

3.57 mmol

(3.23)

25

e

HN_  NH

/

P

A

N\

N
Il NHBU
N” O\ NHBut

N
cl|

/N
Cl

e.n= 156-158C
% 53 verim

e.n=1938C
% 50 verim

Tablo 3.4.Geminal NP:Cl4(NHBU), nin spiro tiirevlerinir’P NMR @ verileri

[Deutsch and Shaw, 1990]

Bilesik 8Pspiro | 8PR; 6PCl, J(Pspiro- | J(Pspiro- | J(PCl,-
ppm ppm ppm PClL)/Hz | PRy)/Hz PR,)/Hz
HN_ NH ©
N//P\N 253 | 59 | 231 | 495 42.6 56.9
Cl\,': ll_~NHBuU
N
c” N\ NHBu
m (d)
HN\P/NH 10.7 54 21.3 46.6 40.7 47.4
7,
7\
C|\||:> I|_~NHBut
N
c” SN N\ NHBu
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() e

HN_  NH
\N_7
//P\

NN
N
c” SN\ NHBu

15.5 6.0

23.2 51.8

45.5 51.2

(a): CDCk ¢oziucusiunde, (c): 24.15 MHz, (d): 80.95 MHz, (€62.0

MHz,R=NHBU

3.3.13. 2,2-bistersiyerbutilamino-4,4,6,6-tetraklorodilotrifosfaza-

trienin 2-amino-1-etanol, 3-amino-1-propanol ve 4-aino-1-butanol

ile Reaksiyonlari

cl_ cCl
P

// N
N N
cll II_-NHBuU

N
c” N7 "\ NHBu

3.57 mmol

Cl Cl

N _/
P

// N
NN
cll II_~NHBu
N
c” SN” "\ NHBU

3.57 mmol

+

DCM
HO(CH),NH, ——

piridin

(7.14 mmol)
3.57 mmol
(3.24)

DCM
HO(CH),NH, ————

piridin

(7.14 mmol)

3.57 mmol

(3.25)

O NH

\N 7/

//P\

NN

cll I_~NHBu

c” N\ NHBU
e.n=136-137C

% 53 verim

e.n= 159-160C
% 42 verim



3.57 mmol
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O NH
NOP\N
DCM
piridin c” N7\ NHBU
(7.14 mmol)
3.57 mmol e.n= 164C
% 40 verim
(3.26)

Tablo 3.5.Geminal NP;Cl.(NHBUY), nin spiro tiirevlerinir’P NMR @ verileri

[Deutsch and Shaw, 1990]

Bilesik dPspiro | 8PR; 8PCl, J(Pspiro- | J(Pspiro- | J(PCl,-
ppm ppm ppm PClL)/Hz | PRy)/Hz PR,)/Hz
o, NH ©
\P/
N// \N 27.0 6.4 23.7 54.3 50.6 59.8
Cl| LL/ NHBut
\
c” "N\ NHBU
\P/ 9.3 6.8 21.4 55.1 54.0 46.9
// N
N N
cl_l Il_~NHBU
\
c” "N\ NHBU
(c)
O\ /NH 16.9 5.7 22.6 65.3 51.1 49.1
//P\
N N
\
c” "N\ NHBU

(a): CDCE ¢ozucusunde

(c): 24.15 MHz,
R=NHBU
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3.3.14. 2,2-bistersiyerbutilamino-4,4,6,6-tetraklorodilotrifosfaza-
trienin N-N -dimetil-etan-1,2-diamin, N-N -dimetil-propan-1,3-
diamin, N -metil-etan-1,2-diamin, N -metil-propan-1,3-diamin ve 2-

metilamino-etanolile Reaksiyonlari

cl_ cl MeN_ NMe
P \N_7/
2N /P\
NN DCM NN
Cl| . ll_~NHBuU + MeNH(CH,),NHMe CI\I|3 ll_~NHBuU
/
c” "N N\ NHBU ietilamin 7 “” \ NHBU
(7.14 mmol)
3.57 mmol 3.57 mmol e.n=112C
% 60 verim
(3.27)
CI\ /CI MeN NMe
P \_/
// \ /P\
NN DCM N~ N
Cl| . LL/ NHBU' MeNH(CH,),NHMe Cl| [l_~NHBuU
/
c” N7 "\ NHBu trietilamin \\N/ N\ NHBU
(7.14 mmol)
3.57 mmol 3.57 mmol e.n=99-10€C
% 52 verim
(3.28)
cl_ Cl HN_ NMe
P \N_/
2N /P\
NN DCM NN
Cl | 8 ||/ NHBut + MENH(CHZ)ZNHZ Cl | ||/ NHBuUt
/
CI/ N \ NHBu! trietilamin CI/ \\N/ N\ NHBU
(7.14 mmol)
3.57 mmol 3.57 mmol e.n=108-110C

% 45 verim
(3.29)



3.57 mmol

3.57 mmol

+ MeNH(CH,);NH,

3.57 mmol

(3.30)

+ HO(CH,),NHMe

3.57 mmol

(3.31)
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&

HN NMe
\N_ 7
N//P\N
DCM ] I_-NHBU
. . . P\ /P
trietilamin ~ ~” " "\ NHBuU
(7.14 mmol)
e.n=129-130C
% 55 verim
O. NMe
\N_/
N//P\N
DCM ] I_-NHBU
piridin c” N7\ NHBU
(3.57 mmol)
e.n=142-149C
% 43 verim

Tablo 3.6.Geminal NP;Cl.(NHBUY), nin spiro tiirevlerinir’P NMR @ verileri
[Deutsch and Shaw, 1990]

Bilesik o0Pspiro | PR, oPCl, J(Pspiro- | J(Pspiro- | J(PCl-
ppm ppm ppm PCl)/Hz | PRy)/Hz PR,)/Hz
(d)
MeN_ NMe
N/,P\ 22.9 74 | 244 45.9 40.5 57.8
Cl| ll_~NHBut
Py /P<
Cl N NHBuUt
an
MeN\P/NMe 184 | 64 | 224 | 317 | 439 | 50.2
7,
7\
Cl| |F|)/NHBut
\
c” N\ NHBU
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A
N 25.3 8.1 24.1 44.5 47.4 56.8

14.7 6.3 21.9 38.5 43.4 47.5

(d)
O. NMe

/

NP\N 250 | 7.2 | 243 | 502 49.5 60.4
| 1l_~NHBu
P. /P/
N AN
cl” °N NHBuU

N/

Cl
/

(a): CDCE ¢ozucusunde
(c): 24.15 MHz,

(d): 80.95 MHz,

(e): 162.0 MHz,
R=NHBU

3.3.15. 2,2-bistersiyerbttilamino-4,4,6,6-tetraklorodilotrifosfaza-

trienin 2,2-dimetil-1,3-propandiol ile Reaksiyonu

2,2-bistersiyerbutilamino-4,4,6,6-tetraklorosikltdsfazatrien  ile 2,2-
dimetil-1,3-propandiol  reaksiyonu, piridin vaninda, DCM icerisinde, oda
sicaklginda yapilmgtir [Al-Madfa,1988].
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H,C CH,
Cl_ ClI
Np H.C_ CH, SN
// N P
N N 7N
cl.l 1 t DCM NN
SRy, <NHB“ " T+ ol Il-NHBU
cl” "N\ NHBut OH OH piridin o’ SN\ NHBU
(14,18 mmol) B o
7,13 mmol 7,12 mmol e.n=153%C
% 18 verim
+
H,C_ CH,
Cl 0O OH
//P\

N N
Cl| [l_~NHBut

\
c” N\ NHBut

oda sicakiiinda
SIvi

(3.32)

Tablo 3.7.Geminal NPsCl4(NHBUY), nin 2,2-dimetil-1,3-propandioksi tiirevlerinin
31p NMR @ verileri

Bilesik 3P(NHBUY), | 8Pspiro | 8P(OR)CI SPCl,
ppm ppm ppm ppm
H,C_ CH,
5.28 - 18.15 22.48
cl. /O OH
P
N N
NHBu
Cl\/IID\\ ,;:I’/ u

N 8.0 6.5 ; 21.9

N” N

CI\FI) |P|/NHBut
%

o’ SN O\ NHBU
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3.4. Tersiyerbutilamino TUrevi Fosfazenlerin

Polifonksiyonlu Bilesikler ile Reaksiyonlari

3.4.1 2,2,4,A-tetrakistersiyerbutilamino-6,6-dikbrosiklotrifosfaza-

trien ile Sperminin Reaksiyonu

2,2,4,4-tetrakistersiyerbitilamino-6,6-diklorosikitosfazatrien ile spermin
reaksiyonu benzen igerisinde, trietilamin v@arida, 5 giun geri $mtucu altinda
Isitilarak yapilmgtir [G.Y.Ciftci, 2004].

cl_ Cl

//P\
7y A~
BUutHN~_! l|_~NHBU +
P P NH, NH NH NH,

N
BubN” N~ \ NHBut
9.1 mmol 9.1 mmol

trietilamin| Benzen
(36 mmol) | reflux

BUHN !
UHN . N_  NHBuU

ButHN/If |F|)\|\|H|3ut
\\P/N
7\
K\MN NH
HN_ N v
//P\

N N
ButHN ~_! ||_~NHBU
\S
BuHN” N” " NHBuU

e.n=168-1749C
verim % 9.!

(3.33)
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Tablo 3.8.2,2,4,4-tetrakistersiyerbutilamino-6,6-diklorosikifosfazatrien ile

spermin reaksiyonu sonucu géun bilaigin 3P NMR @ verileri

Bilesik 3P(NHBU'"), dPspiro
ppm ppm
BUHN. N, NHBU
BuHN~T [ nNHBu
N, N
4
N NH
10 18-19
LA
P
7,

NN
BUutHN~_| [|_~NHBU
\Y
BuHN” N~ "\ NHBu
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4. KULLANILAN MADDE VE ALETLER

Tablo 4.1Bu Calsmada Kullanilan Kimyasal Maddeler

o

Adi Uretici firma |Katalog No | Ozelligi

Spermidin Sigma Ltd. S-2626 Sentez igin
Diklormetan Merck Ltd. 1.06049 |Ekstra safz 99.0%
Fosfonitrilik Klortr (trimer) | Fluka Ltd. 79562 >98.0 %

n-Hekzan Merck Ltd. 1.04368 |Ekstra safz 95 %
Petrol eteri Fluka Ltd. 77380 (40°C -7C°C)

Silikajel Merck Ltd. 1.07734 0.063-0200 mm
Sodyum stilfat Merck Ltd. 1.06649 Susuz, min 99.0 %
Tetrahidrofuran Merck Ltd. 8.22306 Sentez igin, 9%
Ter-batilamin Merk Ltd. 8.01546 Sentez i¢in, >99%0
Kloroform Merck Ltd 8.2226 Sentez igin, >99.0 ¢
Aseton Merck Ltd. 1.00013 Ekstra saf, 100 %
Ninhidrin Merck Ltd. 1.06762 Analiz icin

Asetik asit Merck Ltd. 1.00056 Ekstra saf, 100 %
2,2-dimetil-1,3-propandiol | Merck Ltd. 803507 Sentez i¢in,>98.0 %
1,3-propandiol Merck Ltd. 807481 Ekstra saB8 %
Piridin Merck Ltd 107462 Ekstra sab9.0 %
Asetonitril Merck Ltd. 800015 Sentez i¢cir99.0 %
Nitrometan Merck Ltd 820894 Sentez igin, >98.0 ¢

(=]
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Tablo 4.2Yapi Aydinlatma Ca$malarinda Kullanilan Cihazlar

Adi Modeli Bulundugu Yer
Erime Noktasi Tayin Bichi 535 Gebze Yiuksek Teknoloji
Cihazi Enstitisu
Infrared Bio-Rad FTS 175C Gebze Yiuksek Teknoloji
Spektrofotometresi Enstitisu
NMR Spektrometresi Bruker 500 MHz Londra UniversitBirkcbeck
Koleji
Kutle Spektrometresi VG-ZAB-SPEC TUBAK-MAM
Elementel Analiz Carlo-Erba 1106 TWBAK-MAM

X-Ray Diffraktometres

Enraf Nonius Kappal
CCD

Southampton Universitesi

Polarize Mikroskop

Leice Wild MPS52

Gebze Yuksekiaoji
Enstitisu
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5.DENEYSEL BOLUM

5.1.Genelislemler

Batin reaksiyonlar, kullanilan maddelerin havanksijen ve neminden
etkilenmesini dnlemek amaci ile kuru argon atmastlr yapildi. Reaksiyon igin
gerekli olan tum cam malzemeler, bek alevinde kizpgi kurutulduktan sonra,
icinden argon gazi gegcirilerek@dulduktan sonra kullanildi. Sentezi gerceltéen
bilesikler ince tabaka kromatografisi , kolon kromatdggiateknikleri kullanilarak

ayrildilar, uygun safidgirma yontemleri ile saftgurildilar.

Kuru THF Hazirlanmasi
Reaksiyon sirasinda ¢6zicu olarak kullanilan tetrafuran (THF) % 27 K,
% 73 Na iceren atam Uzerinde 6 saat geri @gucu altinda i1sitildi ve havanin

neminden etkilenmesini 6nlemek icin sivi Uzerindgkz fazi argon ile ggstirilerek

agzi sikica kapatildi.Reaksiyondan 6nce argon atmaosie distillenerek kullanildi.

TLC incelemeleri icin ninhidrin hazirlanmasi

0.3 g ninhidrin 100 ml n-butanol ve 5 ml asetikttas oluian ¢ozucl

karisiminda oda sicaldfinda mgnetik karstirici ile karstirilarak ¢ozaldu.

Hekzaklorosiklotrifosfazatrien (Trimer)’in safla stiriimasi

Hekzaklorosiklotrifosfazatrien (Trimer) hekzandakisiyonlu kristallendirme

yontemiyle kristallendirilerek safjarildiktan sonra reaksiyonda kullanildi
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5.2 DENEYLER

5.2.1. Hekzaklorosiklotrifosfazatrien ile Tersiyer Butilaminin
Reaksiyonu

N
ZiN
N N
c|l Il _c +  HN—C(CH),
P. P
\ V2
o’ W al
CH,CI,
cl_ cl_
//P\ //P\
N N N N
CI\||3 IFI)/NHBut Ny IPI/ NHBut
\Z \ 4
o’ SN el c” SN N\ NHBU
(1 ()
(5.1)

Uc boyunlu, yuvarlak dipli, 500 mLlik bir reaksipo balonuna
hekzaklorosiklotrifosfazatrien (15 g, 43 mmol) \arsiyer bitilamin (12.6 g, 172
mmol) 200 mL DCM da c¢ozulerek konuldu. Reaksiyomge TLC ile kontrol
edilerek 6 gun geri $wtucu altinda, ¢dzicunin kaynama sigaktla, magnetik
karstirict yardimiyla kastirilarak 1sitildi. Reaksiyon karminin sicakig oda
sicaklgina geldikten sonra, tersiyer btilamin hidroklotaelar sinterli filitreden
(G4) suzulerek ayrildi. Doner buhattiaici yardimi ile stzintiden DCM
uzaklgtinldi. DCM-n-hekzan (1:2) ¢6zicu sistemi kullanilarak ham GfluC’de
kontrol edildi ve tc farkh lekenin vag gozlendi. [Rf: 0.82 (APsClg), Rf: 0.64 (),
Rf:0.42 (I) ]. Ham urun, DCMn-hekzan (1:2) ¢ozlcl sisteminin yUritict olarak
kullaniimasiyla silikajel dolgulu (70-230 mesh, 18D kolonda (3.5 cm, 90 cm)
sirastyla NPsClg, (1) ve (II) nolu bilgikler ayrildi. 2-tersiyerbitilamino-2,4,4,6,6-
pentaklorosiklotrifosfazatrien, 4R:Cls(NHBU") (I), DCM-n-hekzan (1:1) ¢oziici
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sisteminde kristallendirilerek (e.n=46°Z), (2 g, 5.2 mmol) % 21 verimle elde
edildi. 2,2-bistersiyerbitilamino-4,4,6,6-tetraldsiklotrifosfazatrien,
N3PsCls(NHBU'), (Il), DCM-n-hekzan (1:1) c¢oziicii sisteminde kristallendirilerek
saflastirildi. Bilesik (1) beyaz kristal goriingie, (e.n=121.6'C) ve ulgilan verim
(4.35 g, 10.3 mmol ) % 24.03'dur

5.2.2. 2,2-bistersiyerbttilamino-4,4,6,6-tetraklorsiklotrifosfazatrien
ile 2,2-dimetil-1,3-propandioliin Reaksiyonu

Cl Cl
N _/
7 H.C_ CH,
N N .
ol Il ~NHBu N
WA
Cl N NHBuU! OH OH
(I
Piridin | THF
HgXHS H,C_ CH,
o_ O o_ 0
\N_7 P
//P\ N// \N
N N t
cl_l  II_-NHBu H30><0\F|) I~ NHBu
SN
c” SN” "\ NHBU HC 0" "N NHBu
(1) (IV)
(5.2)

Uc boyunlu, yuvarlak dipli, 100 mL’lik bir reaksiyobalonuna argon atmosferinde
2,2-bistersiyerbutilamino-4,4,6,6-tetraklorosikltdsfazatrien (1g, 2.375 mmol),

2,2-dimetil-1,3-propandiol (0.495 g, 4.750 mmol) pieidin (1.534 g, 19 mmol) 30

mL THF de c¢6zulerek konuldu. Reaksiyon kami TLC ile kontrol edilerek 7 gun

geri s@utucu altinda c¢ozucunin kaynama sigakbla magnetik kagtiric

yardimiyla kamtirilarak 1sitildi. Reaksiyon karminin sicakig oda sicakfiina
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geldikten sonra, piridinyum klortr tuzlari sintefilitreden (G4) suzulerek ayrildi.
Doner buharlgtiricida kismen vakum uygulanarak THF uzsgktddi. DCM-n-
hekzan (3:1) ¢ozlicl sistemi kullanilarak ham Griu@€de kontrol edildi ve g farkli
lekenin varlgl gozlendi. [Rf:0.7 (1), Rf: 0.46 (Ill), Rf: 0.2Y)]. Ham Uriin, DCM#n-
hekzan (3:1) ¢Ozicu sisteminin yurutuct olarak dlmasiyla silikajel (70-230
mesh, 80 g) dolgulu kolonda (2 cm, 90 cm) siras(Mig (Ill) ve (IV) numarali
bilesikler ayrildi. 2,2-bistersiyerbitilamino-4,4-(2,2tktil-1,3-propandioksi)-6,6-
diklorosiklotrifosfazatrien, &H3zoCIl.NsO2P; (Ill), asetonitril de kristallendirilerek
saflastirildi. Bilesik (I1l) beyaz kristal gériingte olup (e.n=167.08) (0.111 g, 0.245
mmol) % 10.3 verimle elde edildi. 2,2-bistersiyerlaimino-4,4,6,6-bis(2,2-dimetil-
1,3-propandioksi)siklotrifosfazatrien, 18H40NsO4Pz  (IV), nitrometanda
kristallendirilerek saflgtirildi. Bilesik (IV) beyaz kristal goringie olup (e.n=231-
232C) (0.0375 g, 0.078 mmol) % 3.26 verim ile eldédid
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5.2.3. 2,2-bistersiyerbitilamino-4,4,6,6-tetrakloosiklotrifosfazatrien

ile 1,3 propandioltiin Reaksiyonu

&

CI\P/Cl o_ 0
7N CH,CI N
N N " 2772 N N
C|\| ||/NHBU + —d> C|\| II/NHBUt
. Piridin
c” N7\ NHBu OH OH e c” SN\ NHBu
(In) (V)
(5.3)
Uc boyunlu yuvarlak dipli 100 mllik  bir reakgn balonunda 2,2-

bistersiyerbutilamino-4,4,6,6-tetraklorosiklotrifagatrien (2 g, 4,75 mmol) 20
mL DCM’de ¢6zuldd. Balona piridin (1.50 g, 19 minilave edildi. 1,3-propandiol
(0.72 g, 9.5 mmol) 30 mL DCM’de ¢ozilerek tuz-themyosunda (yakyek (-5) -
(-18)°C)  s@utulmus reaksiyon kagimina 1 saat siire ile damla damla eklendi.
Reaksiyon kasimi TLC ile kontrol edilerek 24 saat oda sicgkida (25C =+ 2)
magnetik kagtirict yardimiyla kastirildi. Reaksiyon kagimi sinterli filitreden (G4)
suzulerek, piridinyum  klordr tuzlan ayrildiG&intinin ¢ézuciustt. DCM doéner
buharlgtirici yardimiyla uzaklgirildi. Ham Grindenn-hekzan-THF (3:1) ¢ozlcu
sisteminin yuruticu olarak kullaniimasiyla silikiaf@0-230 mesh, 60 g) dolgulu
kolonda (2 cm, 90 cm) (V) nolu bik (Rf = 0.5) ayrildi. 2,2-bistersiyerbutilamino-
4,4-(1,3-propandioksi)-6,6-diklorosiklotrifosfaziatn, GiH2CloNsO2Ps (V), petrol
eteri — DCM (1:1) ¢b6zicu sisteminde kristallendirdk saflatirildi. Bilesik (V)
beyaz kristal gériindie olup (e.n=161.5Z) ulasilan verim (0.552 g, 1.234 mmol) %
27.34 " dur
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5.2.4. 2-tersiyerbutilamino-2,4,4,6,6-pentaklorsiklotrifosfazatrien

ile Spermidinin Reaksiyonu

N CHCl, HN_ N

2 N + — > N//P\N
CI>I\ /g/CI NH, NH NH, CI\||D E/H

N AN t

(5.4)

Uc boyunlu yuvarlak dipli 100 mL’lik bir reaksiydmalonuna argon atmosferinde 2-
tersiyerbutilamino-2,4,4,6,6-pentaklorosiklotrifatdrien (2 g, 5.17 mmol) 30 mL
kloroformda cozillerek konuldu. Tuz-buz banyosungaklgsik (-5) - (-18) °C)
sogutulmuws reaksiyon kagiminin Gzerine 25 mL kloroformda c¢6zilen spermidin
(1.5 g, 10.3 mmol) 1 saat sure ile damla damleeiledildi. Reaksiyon kaymi TLC

ile kontrol edilerek 5 giin oda sicakhda (28C * 2) magnetik Kkastirici
yardimiyla kawtirildi. Reaksiyon kagimi sinterli filitreden (G4) sizilerek
spermidin trihidroklortr tuzlar ayrildi. Doner bafestiricida kismen vakum
uygulanarak sizuntiden kloroform uzakialdi. Ham driinden, DCM-THF (5:1)
¢Obzlcu sisteminin yuraticu olarak kullaniimasiylakajel (70-230 mesh, 80 Q)
dolgulu kolonda (2 cm, 90 cm) (VI) nolu hile (Rf= 0.4 ) ayrldl. 2-
tersiyerbutilamino-6,6-dikloro-1,3,5,7,11,16-hekza&®,4-difosfatrisiklohekzadeka-
2,4,6-trien, GiH26CIoN/P; (VI), DCM-THF-n-Hekzan (5:1:2) ¢6zicu sisteminde
kristallendirilerek saflgtinlldi.  Bilesik (VI) beyaz kristal goringie olup
(e.n=197.3%C) ulasilan verim (0.24 g, 0.573 mmol) % 11.60’ dir.
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5.2.5 2,2-bistersiyerbitilamino-4,4,6,6-tetrakloosiklotrifosfazatrien

ile Spermidinin Reaksiyonu

2
P CHCl, NN
siin ] 1La F mm N H
U
N>P\\ H NH, ~ NH NH, BUHN~_| |F|>/N
BUHN” N~ Cl R

Burn” N
(i vy

(5.5)

Uc boyunlu yuvarlak dipli 100 mL’lik bir reaksiyohalonuna argon atmosferinde
2,2-bistersiyerbitilamino-4,4,6,6-tetraklorosikltdsfazatrien (2 g, 4.75 mmol) 30
mL kloroformda  c¢ozilerek konuldu. Tuz-buz banyatan(yaklaik -5°C)
sogutulmuws reaksiyon kagiminin Gzerine 25 mL kloroformda ¢6zilen spermidin
(1.38 g, 9.5 mmol) damla damla ilave edildi. Re&gaks karsimi TLC ile kontrol
edilerek 12 giin oda sicaikinda (28C + 2) magnetik kastirici yardimiyla
karstirildi. Reaksiyon kagimi sinterli filitreden (G4) suzulerek spermidin
trinidroklorar tuzlari ayrildi. Doner buhaskricida kismen vakum uygulanarak
suzintuden kloroform uzakfarildi. Ham Grinden, DCM-THF (1:1) c¢Ozicu
sisteminin yuraticu olarak kullaniimasiyla silikiaf@0-230 mesh, 80 g) dolgulu
kolonda (2 cm, 90 cm) (VII) nolu bgik (Rf : 0.66) ayrildi. 2,2-
bistersiyerbutilamino-6-kloro-1,3,5,7,11,16-hekzadz6-difosfatrisiklohekzadeka-
2,4,6-trien, GsH3eCINgPs (VII)  DCM-n-hekzan (1:1) c¢b6zlicu sisteminde
kristallendirilerek saflgtirildi.  Bilesik (V1) beyaz kristal gortungte olup
(e.n=186.37C) ulasilan verim (0.112 g, 0.246 mmol) % 5.17 "dir.
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6. SONUCLAR VE TARTI SMA

6.1. 2-tersiyerbutilamino-2,4,4,6,6-pentakloraklotrifosfazatrien
Bilesiginin (1) Yapi1 Analizi

Hekzaklorosiklotrifosfazatrien ile tersiyer butilam reaksiyonu sonucu
e.n=46.21C olan (1) bilaigi (Sekil 6.1) elde edildi .

cl_ ,Cl

P

7N
a N e
P K
c” N "\ NHBuW

(1

Sekil 6.1. (1) bilesiginin yapisi
(I) bilesiginin FT-IR spektrumunda (KBr) (Umawem ) 3232 cnit N-H
gerilmesi; 2978 cr alifatik C-H gerilmesi; 1472 cth, 1413 cni', 1394 cnt, 1371
cm’ alifatik C-H diizlem ici gilmesi; 1183 crit P-N gerilmesi; 1071 ch,1032 cnit
C-N gerilmesi; 893 cfh, 866 cni N-H diizlem dgi egilmesi; 608 crit, 587 cnt,
518 cm' P-Cl gerilmesi gériilmektedir (Spektrum 6.1).
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Spektrum 6.1 (1) bilesiginin FT-IR spektrumu
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Dis referans olarak %85'lik #POy'tin kullanildig 29€K’de CDCk'de alinan
() bilesiginin protonlar ile eslesmemis P NMR spektrumunda £ spin sistemi
gorulmektedir. Yapida farkli kimyasal ¢cevreye sakigosfor atomu bulunmaktadir.
& =21.2 ppm’de gorulen ikili pik Pl grubundaki fosfor atomuna ait olup
PCI(NHBU) grubundaki fosfor atomundan dolayi ikiye yargtm (3Jpne = 47.7 Hz).
8 =13.5 ppm’de PCI(NHBY) grubunun fosfor atomuna ait {clii pik gérilmektedi
Bu fosfor atomunun okturdusu pik ise PC] gruplarindaki fosfor atomlarindan
dolayi tice yarilmtir (2Jone = 47.4 Hz)Integral dgerleri 2.608 : 1.000 olup sirasiyla
2:1 fosfor atomuna kaufik gelmektedir (Spektrum 6.2).
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Spektrum 6.2(1) bilesiginin protonlar ile glesmemi **P NMR spektrumu
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ic referans olarak TMS'in kullanilgh 298K'de CDCl de alinan (1)
bilesiginin fosfor ile eslesmis *H NMR spektrumu incelengdinde 6= 1.55 ppm’'de
fosfor atomuna kzi tersiyer butil gruplarinin metil protonlarinait @ik, 6= 3.25

ppm’de ise N protonuna ait pik gorilmektedir (Spekt 6.3).

4} /Cl
N N
Q| /II)|/C|
Ny
c1” "N NEBw
| L
Y| | __,-._‘Il\_ )J-' 4
T T T T PO I ) B T i T | T im | T T T T T T
8.5 8.0 .5 Tl 6.5 6.0 5.5 5.0 4.5 4.0 3 3.0 2.8 2.0 1.5 a 0.5 pp

Spektrum 6.3(1) Bilesiginin fosfor ile alesmis *H NMR spektrumu
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() bilesiginin DSC (Diferensiyel Tarama Kalorimetrisi) teknigi ile alinms
spektrumu incelenginde 46.29C de gbriilen
gostermektedir (Spektrum 6.4).
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Spektrum 6.4 (1) bilesiginin DSC spektrumu
(1) bilgiginin yapisi Sekil 6.2) X-1sin1 kirinimi yoéntemi ile de incelendi. X-
Isint kirnimi élcima sonucu hesaplanag baunluklari, bg acilari, kristal verileri
ve yapisal 6zellikleri Ek:1'de verildi.

Sekil 6.2. (1) bilesiginin X-1sin1 kirinimi 6lgtimleriyle belirlenen yapisi
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6.2. 2,2-bistersiyerbutilamino-4,4,6,6-tetraklorodilotrifosfazatrien

bilesiginin (1) Yapi Analizi

Hekzaklorosiklotrifosfazatrien ile tersiyer butilam reaksiyonu sonucu
e.n=121.62C olan (II) bilesigi (Sekil 6.3) elde edildi.

cl_ Cl

P

2N

N N
Cl| I|_~NHBuUt
SN

c” "N NHBU
(1)
Sekil 6.3. (1) bilesiginin yapisi

(1) bilesiginin FT-IR spektrumunda (KBr) (vmayem®) 3420 cni, 3263 crit
N-H gerilmesi; 2977 ci, 2876 cnt alifatik C-H gerilmesi; 1475 cth, 1417 cnt,
1389 cni, 1367 crit alifatik C-H diizlem ici gilmesi; 1256 crit, 1224 crit, 1171
cm™* P-N gerilmesi; 1054 cth, 1028 cm C-N gerilmesi; 871 cf, 850 cni , 824
cm® N-H diizlem dyi egilmesi; 580 crit , 521 cm* P-Cl gerilmesi goriilmektedir
(Spektrum 6.5).
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Spektrum 6.5 (I1) bilesiginin FT-IR spektrumu
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Dis referans olarak % 85'lik ¥#POy/Un kullanildgr 298K'de CDCl'de
alinan (Il) bilgiginin protonlar ile eslesmemis 3p NMR spektrumunda £ spin
sistemi gorilmektedir. Yapida farkli kimyasal cepgesahip iki fosfor atomu
bulunmaktadir6=19 ppm’de gorulen ikili pik PGlgrubundaki fosfor atomuna ait
olup P(NHBU), grubundaki fosfor atomundan dolayi ikiye yargtm 8= 2 ppm’de
ise P(NHBU), grubunun fosfor atomuna ait clii pik gorilmekteddu fosfor
atomunun olsturdusu pik PC} gruplarindaki fosfor atomlarindan dolayr tce

yariimistir (Spektrum 6.6).

. __f'! !J L . _Wit J\ Jl .

e TR e T S R e T e TS e TR B R 8 | e
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Spektrum 6.6 (1) bilesiginin protonlar ile glesmemis *'P NMR spektrumu
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(1) bilesiginin DSC (Diferensiyel Tarama Kalorimetrisi) teknigi ile alinmsg
spektrumu incelendinde 121.62C de gériilen

gostermektedir (Spektrum 6.7).

-
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Spektrum 6.7 (11) bilesiginin DSC spektrumu

(1) bilesiginin yapisi §ekil 6.4) X-1sin1 kirinimi yontemi ile de incelendi. X-

Isint kirnimi él¢cima sonucu hesaplanag baunluklari, bg acilari, kristal verileri
ve yapisal 6zellikleri Ek:2'de verildi.

Sekil 6.4. (11) bilesiginin X-1sin1 Kirinimi dlgtimleriyle belirlenen yapisi
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6.3 2,2-bistersiyerbuitilamino-4,4-(2,2-dimetil-1,3ropandioksi)-6,6-
diklorosiklotrifosfazatrien Bile siginin (111) Yapi Analizi

2,2-bistersiyerbutilamino-4,4,6,6-tetraklorosikltdsfazatrien (ll) ile 2,2-
dimetil-1,3-propandioliin reaksiyonu sonucu e.n=Q8C olan (Ill) bilsigi (Sekil
6.5) elde edildi.

H.C CH

3% 3
@) (@)
AN
N//P\N
Cl| I|_- NHBU

N
c” SN N\ NHBUY

(1)
Sekil 6.5. (1ll) bilesiginin yapisi
(1) bilesiginin MS FAB (Hizli Atom Bombardimani) teknigi ile alinms
kitle spektrumunda MH451.9 m/z (hesaplanan 452.24 m/z) piki gorilmekted
(Spektrum 6.8).
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Spektrum 6.8 (ll) bilesiginin kitle spektrumu
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(1) bilesiginin FT-IR spektrumunda (KBr) (vmaxem') 3348 cm' N-H
gerilmesi; 2969 cmalifatik C-H gerilmesi; 1474 cih, 1388 cnT, 1364 cn alifatik
C-H duzlem ici gilmesi; 1259 crit , 1206 cm' P-N gerilmesi; 1092 cth C-O
gerilmesi; 1009 cm P-O gerilmesi; 855 cth, 832 cnt* N-H diizlem dgi egilmesi;
596 cm', 546 cm' P-Cl gerilmesi gérilmektedir (Spektrum 6.9).
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Spektrum 6.9 (111) bilesiginin FT-IR spektrumu
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Dis referans olarak % 85'lik ¥#POy/Un kullanildgr 298K'de CDCl'de
alinan (1) bilssiginin protonlar ile eslesmemis 3P NMR spektrumunda ABX spin
sistemi gorulmektedir. Yapida farkli kimyasal gy sahip U¢ fosfor atomu
bulunmaktadir.6=22.9 ppm’de PGI grubunun fosfor atomuna ait dortli (ikilinin
ikilisi) pik gordlmektedir. Bu fosfor atomunun glurdusu pik spiro grubundaki
fosfor atomundan dolayi ikiye, sonra P(NHBw@rubundaki fosfor atomundan dolayi
tekrar ikiye yarilmgtir. $=7.4 ppm deki dortlii pik P(NHBW grubundaki fosfor
atomuna aittir. P(NHB}, grubundaki fosfor atomunun piki, spiro grubundaisfor
atomundan dolayi ikiye, sonra B@rubundaki fosfor atomundan dolayi tekrar ikiye
yariimistir. 6=6.5 ppm deki dortli pik ise spiro grubundaki fosadomuna aittir.
Spiro grubundaki fosfor atomunun piki BGQjrubundaki fosfor atomundan dolayi
ikiye, P(NHBU), grubundaki fosfor atomundan dolayi tekrar ikiyerilyaustir.
integral dgerleri 1.000 : 2.214 olup sirasiyla 1:2 fosfor matma kagilik
gelmektedir (Spektrum 6.10).
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Spektrum 6.10(111) bilesiginin protonlar ile glesmemi **P NMR spektrumu
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ic referans olarak TMS'nin kullanilgh 298K’de CDClyde alinan (lIl)
bilesiginin fosfor ile eslesmis '"H NMR spektrumu incelenginde: §=0.98 ppm’'de 3
numaral C’nun protonlarina ait pi&=1.15 ppm’de 4 numarah C’nun protonlarina
ait pik, 6=1.55 ppm’de 2 numarali C’larin protonlarina aik,pd=2.4 ppm’de 1
numaral N protonlarina ait pik=3.9 ppm’de Ha vé=4.2 ppm’de Hb protonlarina

ait coklu pik gorulmektedir (Spektrum 6.11).

T, f T I * y T 2 T
) 1.5 1.0 PRR

Spektrum 6.11.(I1l) bilesiginin fosfor ile alesmis *H NMR spektrumu
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(1) bilesiginin yapisi Sekil 6.6) X-1sin1 kirinimi yoéntemi ile de incelendi.
2,2-dimetil-1,3-propandiol,  2,2-bistersiyerbutilaroi4,4,6,6-tetraklorosiklotrifos-
fazatriene mono spiro olarak ganmstir.  X-isini kKirinimi 6lgimi  sonucu
hesaplanan gauzunluklari, bg acilari, kristal verileri ve yapisal 6zelliklerkBB'de

verildi.

Sekil 6.6. (1) bilesiginin X-1sini kKirmimi dl¢timleriyle belirlenen yapisi



55

6.4. 2,2-bistersiyerbutilamino-4,4,6,6-bis(2;@imetil-1,3-
propandioksi) siklotrifosfazatrien Bilesiginin (IV) Yapi Analizi

2,2-bistersiyerbutilamino-4,4,6,6-tetraklorosikltdsfazatrien ile 2,2-dimetil-
1,3-propandiol’iin reaksiyonu sonucu e.n=231%23»lan (IV) bilaigi (Sekil 6.7)
elde edildi.
H.C. CH

3% 3
o_ 0
"
H3C><O\||3 I:|)/NHBUt
N
He  N—0” "N\ NHBu
(V)

Sekil 6.7. (V) bilesiginin yapisi

(IV) bilesiginin MS FAB (Hizlh Atom Bombardimani) teknigi ile alinms
kutle spektrumunda MH484.1 m/z (hesaplanan 483.47 m/z) piki gorilmdikte
(Spektrum 6.12).
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Spektrum 6.12(1V) bilesiginin kitle spektrumu
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Dis referans olarak % 85'lik ¥#POy/Un kullanildgr 298K'de CDCl'de
alinan (V) bilgiginin protonlar ile eslesmemis 3p NMR spektrumunda #B spin
sistemi gorilmektedir. Yapida farkll kimyasal cepgesahip iki fosfor atomu
bulunmaktadiré= 13 ppm’de ikili pik spiro gruplarindaki fosforahlarina aittir.
Spiro gruplarindaki fosfor atomlari P(NHBugrubundaki fosfor atomundan dolayi
ikiye yariimstir. $=10.9 ppm’de P(NHB); grubunun fosfor atomuna ait dortlii
(ikilinin ikilisi) pik gorilmektedir. Bu fosfor atmuna ait pik de spiro gruplarindaki
fosfor atomlarindan dolayr dorde yariktm. Integral dgerleri 2.002:1.000 olup
sirasiyla 2:1 fosfor atomuna kdrk gelmektedir (Spektrum 6.13).
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ic referans olarak TMS'nin kullaniigh 29€K’'de CDClk'de alinan (IV)
bilesiginin fosfor ile eslesmis '"H NMR spektrumu incelenginde §=1.0 ppm’'de 4
numarah C’larin protonlarina ait pik=1.1 ppm’de 3 numaral C’larin protonlarina
ait ait pik,6=1.55 ppm’de 2 numarali C’larin protonlarina ak,@=2.33 ppm’'de 1
numaral N protonlarina ait pik v&3.95-4.07 ppm arasinda 5 numarali C’larin

protonlarina ait ¢coklu pikler goralmektedir (Spektr 6.14).
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Spektrum 6.14(1V) bilesiginin fosfor ile glesmis *H NMR spektrumu
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6.5. 2,2-bistersiyerbitilamino-4,4-(1,3-propandksi)-6,6-dikloro

siklotrifosfazatrien Bilesiginin (V) Yapi Analizi

2,2-bistersiyerbitilamino-4,4,6,6-tetraklorosikltdsfazatrien ile 1,3-

propandiol’iin reaksiyonu sonucu e.n=162Glan (V) bilgigi (Sekil 6.8) elde
edildi.

o_ 0
N//P\N
C|\||3 l:|’/NHBut
N
c” N7\ NHBu
(V)

Sekil 6.8. (V) bilesiginin yapisi

(V) bilesiginin MS FAB (Hizli Atom Bombardimani) teknigi ile alinmsg

kutle spektrumunda MH423.93 m/z (hesaplanan 424.19 m/z) piki gorulmdikte
(Spektrum 6.15).
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Spektrum 6.15(V) bilesiginin kitle spektrumu
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Dis referans olarak % 85'lik ¥#POy/Un kullanildgr 298K'de CDCl'de
alinan (V) bilgiginin protonlar ile eslesmemis 3P NMR spektrumunda ABX spin
sistemi gortlmektedir. Bikggin yapisinda farkli kimyasal ¢evreye sahip Uc¢ fosfo
atomu bulunmaktadirs= 21.4 ppm’de PGlgrubunun fosfor atomuna ait ikilinin
ikilisi seklinde dortli pik gorilmektedir. Bu fosfor atomuaid pik spiro grubundaki
fosfor atomundan ve P(NHBuw grubundaki fosfor atomundan dérde yarsgm
5=7.7 ppm'de  P(NHBY), grubundaki fosfor atomuna ait pikler gériilmektedir.
P(NHBW), grubundaki fosfor atomunun piki spiro grubundaksfor atomundan
dolay ikiye sonra PGlgrubundaki fosfor atomundan dolayi tekrar ikiyeihgmak
ikilinin ikilisi seklinde dortll pik vermstir. 6=6.5 ppm’de ise spiro grubundaki fosfor
atomuna ait pikler gorilmektedir. Spiro grubund&sfor atomunun okiurdugu
pik, PCh grubundaki fosfor atomundan dolayi ikiye sonra IREW'), grubundaki
fosfor atomundan dolayi tekrar ikiye yarilarak imih ikilisi seklinde dortli pik
vermistir. integral dgerleri 1.000:0.706:0.783 olup sirasiyla 1:1:1 fosidomuna
karsilik gelmektedir (Spektrum 6.16).
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Spektrum 6.16(V) numarali bilgigin protonlar ile glesmemis 3P NMR spektrumu
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(V) bilesiginin yapisi §ekil 6.9) X-1sini kirinimi yontemi ile de incelendi.
1,3-propandiol, 2,2-bistersiyerbitilamino-4,4,6e@-aklorosiklotrifosfazatriene
mono spiro olarak anmstir. X-isint  kirnnimi él¢imd sonucu hesaplanarg ba

uzunluklari, bg acilari, kristal verileri ve yapisal 6zelliklerkE#'de verildi.

Sekil 6.9. (V) bilesiginin X-1sin1 kirinimi élgctimleriyle belirlenen yapisi
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6.6. 2-tersiyerbutilamino-6,6-dikloro-1,3,5,7,1,16-hekzaaza-2,4-
difosfatrisiklohekzadeka-2,4,6-trien Bilgiginin (VI) Yap! Analizi

2-tersiyer-butilamino-2,4,4,6,6-pentaklorosiklobsfazatrien ile spermidinin
reaksiyonu sonucu e.n=197°87olan (V1) bilaigi (Sekil 6.10) elde edildi.

HN N
\N_/
i
N~ N H
Il _N

Cl |
>P\\ e
c” SN “\NHBu
(Vi)

Sekil 6.10.(VI) bilesiginin yapisi

(V1) bilesiginin MS FAB ( hizli atom bombardimani)teknigi ile alinms

kitle spektrumunda MH419.949 m/z (hesaplanan 420.20 m/z) piki goriileeikt
(Spektrum 6.17).
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Spektrum 6.17(VI) bilesiginin kitle spektrumu
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(V1) bilesiginin FT-IR spektrumunda (KBr) (Wmaxem.) 3405 cni,3297 cnit
,3224 cni N-H gerilmesi; 2953 ci, 2911 cnt, 2867 cni alifatik C-H gerilmesi:
1395 cm', 1311 cnt alifatik C-H duizlem ici gilmesi; 1222 crit P-N gerilmesi;
1081 cm, 1053 cm', 1021 crit C-N gerilmesi; 954 ci, 927 cm®, 906 cm
alifatik C-H diizlem dy egilmesi; 839 crit, 807 cm* N-H diizlem dyi egilmesi; 573
cm’, 527 cm' P-Cl gerilmesi gériilmektedir (Spektrum 6.18).
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Spektrum 6.18(VI) bilesiginin FT-IR spektrumu
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Dis referans olarak % 85'lik ¥#POy/Un kullanildgr 298K'de CDCl'de
alinan (V1) bilsiginin protonlar ile eslesmemis 3p NMR spektrumunda AMX spin
sistemi gorilmektedirs=26.2 ppm’de PGlgrubundaki fosfor atomuna ait Gc¢li pik
gorilmektedir. Bu fosfor atomuna ait pik spiro vMHRNHBU") grubundaki fosfor
atomlari nedeniyle tice yarilgar ((Jpong=46.6 Hz). =13.2 ppm’de spiro grubundaki
fosfor atomuna ait ikilinin ikilisi seklinde dortlti pik goértlmektedir. Bu fosfor
atomunun olgturdugu pik PCh grubundaki fosfor atomundan dolayi ikiye, sonra
PNH(NHBU) grubundaki fosfor atomundan dolayr tekrar ikiyearijmistir
(CJpn=42.8 Hz).8=12.3 ppm’'de ise PNH(NHBu grubundaki fosfor atomuna ait
ikilinin ikilisi seklinde dortli pik gorilmektedir. Bu fosfor atomumolusturdusu
pik, PCb grubundaki fosfor atomundan dolay: ikiye, sonracsgrubundaki fosfor
atomundan dolay tekrar ikiye yarilshr(®Jone=42.7 Hz) . Integral dgerleri
1.000:0.870:0.896 olup sirasiyla 1:1:1 fosfor atoenukasgilik gelmektedir
(Spektrum 6.19).
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(V1) bilesiginin yapisi §ekil 6.11)X-1sin1 kirinimi yontemi ile de incelendi.
Spermidin, 2-tersiyerbutilamino-2,4,4,6,6-penta&kiklotrifosfazatriene spiro ansa
baglanmstir.  X-isin1 kirinimi élgimi sonucu hesaplanarg haunluklari, bg

acllari, kristal verileri ve yapisal 6zellikleri Ekde verildi.

JCLz

Sekil 6.11.(VI) bilesiginin X-1sin1 kirinimi élgtimleriyle belirlenen yapisi
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6.7. 2,2-bistersiyerbitilamino-6-kloro-1,3,5,2,1,16-hekzaaza-4,6-
difosfatrisiklohekzadeka-2,4,6-trien Bilgiginin (VII) Yapi Analizi

2,2-bistersiyerbitilamino-4,4,6,6-tetraklorosikltisfazatrien ile spermidinin
reaksiyonu sonucu e.n=1867olan (VII) bilssigi (Sekil 6.12) elde edildi.

HN_ N
//P\
N~ N H
BwHN\\$ N

N
BurN N “cl

(v
Sekil 6.12.(VII) bilesiginin yapisi

(V1) bilesiginin MS FAB ( hizli atom bombardimani)teknigi ile alinms
kutle spektrumunda MH457.099 m/z (hesaplanan 456 m/z) piki gorilmektedi
(Spektrum 6.20).
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Spektrum 6.20(VII) bilesiginin kitle spektrumu
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(V1) bilesiginin FT-IR spektrumunda (KBr)(vmaxen') 3397 cni,3245 cnt
,3120 cm N-H gerilmesi; 2962 cf,2879 cnt alifatik C-H gerilmesi; 1461 cih,
1406 cm® ,1383 cm',1364 cnt alifatik C-H dizlem ici gilmesi; 1244 crit P-N
gerilmesi; 1040 cm,1020 cnt C-N gerilmesi; 947 ci,922 cm',904 cmt alifatik
C-H diizlem dyi egilmesi; 844 cnit ,819 cm® N-H diizlem dyi esilmesi; 564 cni
509 cmi* P-Cl gerilmesi goriilmektedir (Spektrum 6.21).
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Spektrum 6.21(VII) bilesiginin FT-IR spektrumu
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Dis referans olarak % 85'lik ¥#POy/Un kullanildgr 298K'de CDCl'de
alinan (VII) bilesiginin protonlar ile eslesmemis 3P NMR spektrumunda ABX spin
sistemi gorilmektedird=30 ppm’de PNHCI grubundaki fosfor atomuna aitikn
ikilisi seklinde dortli pik gorilmektedir. Bu fosfor atomurat pik Pspiro
grubundaki fosfor atomundan dolay: ikiye, sonra RBW), grubundaki fosfor
atomundan dolay! tekrar ikiye yarilghr (“Jon=40.6 Hz).5=12 ppm’de Pspiro
grubundaki fosfor atomuna ait ikilinin ikilisieklinde doértli pik gorilmektedir. Bu
fosfor atomuna ait pik PNHCI grubundaki fosfor atomdan dolay! ikiye, sonra
P(NHBU), grubundaki fosfor atomundan dolayi tekrar ikiyelarstir (2Jpne=40.6
Hz). 6=11.6 ppm'de ise P(NHB) grubundaki fosfor atomuna ait ikilinin ikilisi
seklinde dortli pik gortlmektedir. Bu fosfor atomua# pik PNHCI grubundaki
fosfor atomundan dolayi ikiye, sonra Pspiro grutakndosfor atomundan dolayi
tekrar ikiye yarilmgtir (Jpng=44.8 Hz).integral dgerleri 1.000 : 2.078 olup sirasiyla
1:2 fosfor atomuna kautik gelmektedir (Spektrum 6.22).
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(V1) bilesiginin yapisi §ekil 6.13)X-1sin1 kirilnimi yontemi ile de incelendi.
spermidin, 2,2-bistersiyerbttilamino-4,4,6,6-tetoa&siklotrifosfazatriene spiro-ansa
baglanmstir.  X-isin1  kirilnimi élgiimi sonucu hesaplanarg haunluklari, bg

acllari, kristal verileri ve yapisal 6zellikleri EBkda verildi.

Cl

Sekil 6.13.(VII) bilesiginin X-1sin1 kirinimi 6lgtimleriyle belirlenen yapisi
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Tablo 6.1.Bu calsmada sentezlenerek yapisi aydinlatilangisler

Sira No | Bilesik No | Kapal Formul Gorunusu Yapisi
Vol k}{e“ . ve Erime
oleriagiiel | hoktasi CC)
CI\P/CI CHS
1 C4H10C|5N4P3 Kristal l?l// \” N/I(CHs
382 46.21 C~p, PCH O
a’ N” g
CI\P/CI CHS
NZ N CHy
2 I CaH20ClaNsPs Kristal C~py _PCR O
419 121.62 c Ny CH
H.C CH,
H3c?§CH3
0. .0 cH,
3 I CisH30ClLNsO,P;|  Kristal N e,
451 167.08 C~p, PN CH
c N _-CH,
H.C CH,
Ha(?ﬂCHa
O, .0 cH,
4 \Y CrgHaoN504Ps Kristal NN . e,
483 231-232 |HC O=py _P7H CHs
H3C>CO/ N H><CH3
HC CH
Q) CH,
i CH,
5 \/ C]_]_H26C|2N502P3 Kristal CI\E\ E/H CH,
423 161.52 o NN o
H>< 3
HC CH;
&
HN\ ,Nj
2P<
6 Vi C11H26CI2N7P3 Kristal Cl\'T'P E/H
419 197.37 o NN on
ST
H.C CH,
HG Hmj
3 ~P_
7 il Ci5H3cCINgP Kristal REANRLD IR
456 186.37 | | vN g
H.C
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Ek:1. (I) Bilesiginin X-I sinlari Kirmimi Olgiiminden Elde Edilen

Veriler

Table 1.Crystal data and structure refinement.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

&drange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t6= 27.50°
Absorption correction
Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit o>

Final Rindices F? > 20(F?)]
Rindices (all data)
Extinction coefficient
Largest diff. peak and hole

04src0369  (304-602)
GH1ClsN4P3
384.32
120(2) K
0.71073 A
Monoclinic
P2;/c
a=13.8045(14) A a=90°
b =10.7964(16) A £=104.132(7)°
c=20.7719(12) A y=90°
3002.1(6) R
8 (2 molecules in asymmetric unit)
1.701 Mg /°m
1.266 mith
1536
Cut plate; colourless
0.18x 0.10% 0.02 mnf
3.6427.50°
-17<h<17,-14<k< 14,-26<1< 26
40456
686R | = 0.0437]
99.7 %
Semémpirical from equivalents
0.9751 and 0.8042
Full-matrix least-square$=bn
6867 /0/370
1.072
R1 =0.0339wR2 = 0.0787
R1=0.0492wWR2 = 0.0862
0.0021(2)
0.486 ar@l498 e A®

Diffractometer: Nonius KappaCCD area detectorg{scans andv scans to fillasymmetric unit sphere)Cell determination:

DirAx (Duisenberg, A.J.M.(1992). J. Appl. Cryst.,28-96.)Data collection: Collect (Collect: Data collection software, R.

Hooft, Nonius B.V., 1998)Data reduction and cellrefinement: Denzo (Z. Otwinowski & W. Minor,Methods in Enzymol ogy

(1997) Vol. 276 Macromolecular Crystallography, part A, pp. 307326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academi

Press) Absorption correction: SORTAV (R. H. Blessing, Acta Cryst. 34 (1995) 33-37; R. H. Blessing, J. Appl. Crys30
(1997) 421426). Sructure solution: SHELXSO7 (G. M. Sheldrick, Acta Cryst. (1990)48 467-473). Sructure refinement:
SHELXL97 (G. M. Sheldrick (1997), University of Goéttingen,enany). Graphics: Cameron - A Molecular Graphics
Package. (D. M. Watkin, L. Pearce and C. K. Préaemical Crystallography Laboratory, University@fford, 1993).

Special details

P1-P2 = 2.735, P2-P3 = 2.760, P1-P3 = 2.759, maxation from mean plane = -0.056 (N3); P4-P5 =32,7
P5-P6 = 2.766, P4-P6 = 2.752, max. deviation fromamplane = 0.056 (N7)
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Table 2. Atomic coordinatesy{ 107], equivalent isotropic displacement parameters{A 0% and site occupancy
factors.Ug is defined as one third of the trace of the ortmadizedU" tensor.

Atom X y z Ug So.f.
c1 1713(2) 13566(2) 207(1) 20(1) 1
c2 609(2) 13307(3) -101(1) 27(1) 1
c3 1898(2) 14958(2) 263(1) 28(1) 1
c4 2045(2) 12962(2) 886(1) 26(1) 1
N1 1972(2) 9477(2) -1322(1) 26(1) 1
N2 1950(2) 10672(2) -184(1) 22(1) 1
N3 2985(1) 11639(2) -1022(1) 20(1) 1
N4 2311(2) 13091(2) -248(1) 19(1) 1
P1 2704(1) 10475(1)  -1486(1) 19(1) 1
P2 1609(1) 9551(1) -661(1) 19(1) 1
P3 2688(1) 11708(1) -326(1) 17(1) 1
cii 2167(1) 11089(1) -2408(1) 32(1) 1
cl2 3945(1) 9620(1) -1575(1) 30(2) 1
cI3 1986(1) 7978(1) -164(1) 33(1) 1
Cl4 129(1) 9452(1) -890(1) 33(1) 1
cl5 3964(1) 11471(1) 386(1) 33(1) 1
C5 4914(2) 11284(2) 3353(1) 23(1) 1
Cé6 4741(2) 11961(3) 2697(2) 36(1) 1
c7 5492(2) 12093(3) 3913(2) 38(1) 1
cs 5476(2) 10082(3) 3331(2) 40(1) 1
N5 1229(1) 9223(2) 2356(1) 26(1) 1
N6 2193(1) 10225(2) 3539(1) 20(1) 1
N7 3242(1) 9041(2) 2774(1) 30(1) 1
N8 3918(2) 11045(2) 3489(1) 26(1) 1
P4 2263(1) 8815(1) 2224(1) 19(1) 1
P5 1190(1) 9883(1) 3024(1) 18(1) 1
P6 3253(1) 9820(1) 3422(1) 18(1) 1
Cle 2165(1) 7029(1) 1975(1) 30(1) 1
cl7 2399(1) 9584(1) 1380(1) 36(1) 1
cls 351(1) 11392(1) 2819(1) 33(1) 1
CI9 358(1) 8835(1) 3477(1) 28(1) 1
Cl10 3881(1) 8683(1) 4176(1) 37(1) 1



Table 3.Bond lengths [A] and angles [°].

C1-N4
Cl1-C4
C1-C3
C1-C2
C2-H2A
C2-H2B
C2-H2C
C3-H3A
C3-H3B
C3-H3C
C4-H4A
C4-H4B
C4-H4C
N1-P1
N1-P2
N2-P2
N2-P3
N3-P1
N3-P3
N4-P3
N4-H4N
P1-CI1
P1-CI2
P2-Cl4
P2-CI3
P3-CI5
C5-N8
C5-C6
C5-C7
C5-C8
C6-H6A
C6-H6B
C6-H6C
C7-H7A
C7-H7B
C7-H7C
C8-HBA
C8-H8B
C8-H8C
N5-P5
N5-P4
N6-P5
N6-P6
N7-P4
N7-P6
N8-P6
N8-H8N
P4-CI7
P4-Cl6
P5-CI8
P5-CI9
P6-CI10

N4-C1-C4
N4-C1-C3
C4-C1-C3
N4-C1-C2
C4-C1-C2
C3-C1-C2
C1-C2-H2A
C1-C2-H2B
H2A-C2-H2B

1.490(3)
1.519(3)
1.524(3)
1.528(3)
0.93(3)
0.94(3)
0.98(3)
0.91(3)
0.97(3)
0.95(3)
0.99(3)
0.99(3)
0.97(3)
1.570(2)
1.5737(19)
1.562(2)
1.5886(19)
1.5736(19)
1.5991(18)
1.6021(19)
0.76(3)
1.9902(8)
1.9946(8)
1.9844(9)
1.9901(9)
2.0200(9)
1.492(3)
1.513(4)
1.516(4)
1.518(4)
0.92(3)
0.99(3)
1.00(4)
0.99(3)
0.98(3)
0.96(4)
0.96(3)
0.98(3)
1.00(4)
1.5733(19)
1.581(2)
1.5722(19)
1.6014(18)
1.560(2)
1.585(2)
1.597(2)
0.82(3)
1.9909(8)
1.9922(9)
1.9834(9)
2.0020(8)
2.0125(9)

110.64(19)
106.22(19)
110.2(2)
108.78(18)
110.8(2)
110.1(2)
109.3(15)
108.9(17)
112(2)
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C1-C2-H2C
H2A-C2-H2C
H2B-C2-H2C
C1-C3-H3A
C1-C3-H3B
H3A-C3-H3B
C1-C3-H3C
H3A-C3-H3C
H3B-C3-H3C
C1-C4-H4A
C1-C4-H4B
H4A-C4-H4B
C1-C4-H4C
H4A-C4-H4C
H4B-C4-H4C
P1-N1-P2
P2-N2-P3
P1-N3-P3
C1-N4-P3
C1-N4-H4N
P3-N4-H4N
N1-P1-N3
N1-P1-Cl1
N3-P1-Cl1
N1-P1-Cl2
N3-P1-Cl2
Cl1-P1-CI2
N2-P2-N1
N2-P2-Cl4
N1-P2-Cl4
N2-P2-CI3
N1-P2-CI3
Cl4-P2-CI3
N2-P3-N3
N2-P3-N4
N3-P3-N4
N2-P3-CI5
N3-P3-CI5
N4-P3-CI5
N8-C5-C6
N8-C5-C7
C6-C5-C7
N8-C5-C8
C6-C5-C8
C7-C5-C8
C5-C6-H6A
C5-C6-H6B
H6A-C6-H6B
C5-C6-H6C
H6A-C6-H6C
H6B-C6-H6C
C5-C7-H7A
C5-C7-H7B
H7A-C7-H7B
C5-C7-H7C
H7A-C7-H7C
H7B-C7-H7C
C5-C8-H8A
C5-C8-H8B
H8A-C8-H8B
C5-C8-H8C
H8A-C8-H8C
H8B-C8-H8C

112.4(17)
109(2)
105(2)

105.9(17)

109.8(16)
110(2)

108.4(17)
111(2)
111(2)

107.4(17)

113.3(15)
108(2)

109.1(17)
109(2)
110(2)

120.85(13)
122.38(12)
120.80(12)
128.93(16)
113.9(19)
113.8(19)
119.38(10)
109.22(8)
107.54(8)
108.39(9)
109.70(8)
101.05(4)
118.84(10)
109.04(8)
108.49(9)
109.35(8)
108.14(9)
101.60(4)
116.88(10)
113.50(10)
107.17(10)
105.06(8)
106.65(8)
106.93(8)

107.7(2)

106.9(2)

110.5(2)

111.1(2)

110.8(2)

109.8(2)

109.2(19)

112.5(18)
110(2)
112(2)
107(3)
106(3)

110.1(19)

112.7(19)
106(3)
107(2)
107(3)
114(3)

109.3(18)

112.6(18)
102(2)
111(2)
110(3)
111(3)
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P5-N5-P4 120.40(12)

P5-N6-P6 121.25(11)
P4-N7-P6 122.14(12)
C5-N8-P6 131.54(17)
C5-N8-H8N 114.4(19)
P6-N8-H8N 114.0(19)
N7-P4-N5 119.15(10)
N7-P4-CI7 109.17(9)
N5-P4-CI7 108.62(8)
N7-P4-CI6 109.47(9)
N5-P4-CI6 107.94(9)
Cl7-P4-CI6 100.94(4)
N6-P5-N5 119.46(10)
N6-P5-CI8 108.91(8)
N5-P5-CI8 109.00(8)
N6-P5-CI9 108.97(8)
N5-P5-CI9 107.78(9)
Cl8-P5-CI9 101.17(4)
N7-P6-N8 113.58(12)
N7-P6-N6 116.98(10)
N8-P6-N6 106.72(11)
N7-P6-CI10 104.53(9)
N8-P6-CI10 107.95(9)
N6-P6-CI10 106.54(7)

Symmetry transformations used to generate equivatems:

Table 4. Anisotropic displacement parameter$¥A.0°F|. The anisotropic displacement
factor exponent takes the forr2 7 [h%a*?U™ + ... + 2hka* b* U'?].

Atom Ull U22 U33 U23 U13 U12
c1 27(1) 16(1) 19(1) -2(1) 9(1) 2(1)
c2 27(1) 31(2) 25(1) 2(1) 12(1) 2(1)
c3 37(2) 19(1) 30(1) -3(1) 10(1) 2(1)
ca 35(2) 25(1) 19(1) 1(1) 11(1) 3(1)
N1 34(1) 24(1) 24(1) -9(1) 13(1) -9(1)
N2 32(1) 15(1) 23(1) -1(1) 14(1) -4(1)
N3 23(1) 18(1) 23(1) -2(1) 12(1) -3(1)
N4 27(1) 13(1) 19(1) 3(1) 10(1) 1(1)
P1 21(1) 18(1) 18(1) -1(1) 7(1) 1(1)
P2 22(1) 15(1) 20(1) 0(1) 6(1) -2(1)
P3 20(1) 14(1) 18(1) 0(1) 6(1) -1(1)
cl1 40(1) 33(1) 20(1) 4(1) 3(1) 6(1)
cl2 28(1) 29(1) 34(1) —4(1) 10(1) 9(1)
Cl3 45(1) 16(1) 35(1) 4(1) 4(1) 1(1)
cla 22(1) 41(1) 35(1) 1(1) 6(1) —4(1)
cls 25(1) 40(1) 31(1) 2(1) -2(1) 7(1)
c5 16(1) 23(1) 33(1) -1(1) 11(1) 0(1)
C6 26(1) 48(2) 38(2) 10(1) 15(1) 2(1)
c7 25(1) 47(2) 43(2) -14(2) 9(1) -6(1)
c8 27(2) 29(2) 73(2) -3(2) 28(2) 2(1)
N5 20(1) 36(1) 19(1) -5(1) 2(1) 6(1)
NG 18(1) 24(1) 20(1) -5(1) 7(1) -1(1)
N7 16(1) 43(1) 30(1) -16(1) 6(1) 3(1)
N8 20(1) 19(1) 46(1) -3(1) 18(1) 0(1)
P4 20(1) 22(1) 18(1) -2(1) 6(1) 2(1)
P5 17(1) 21(1) 18(1) 0(1) 7(1) 2(1)
P6 16(1) 20(1) 18(1) -2(1) 6(1) 0(1)
cle 30(1) 22(1) 38(1) -5(1) 10(1) -1(1)
cl7 49(1) 35(1) 31(1) 11(1) 23(1) 10(1)
cls 32(1) 29(1) 40(1) 5(1) 10(1) 13(1)
clo 25(1) 35(1) 25(1) 2(1) 8(1) -10(1)

Cl10 37(1) 39(1) 37(1) 18(1) 12(1) 10(1)
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Ek:2. (11) Bilesiginin X-I sinlari Kirinimi Olgiimiinden Elde Edilen

Veriler

Table 1. Crystal data and structure refinement.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

fdrange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t6= 27.47°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit o>

Final Rindices F? > 20(F?)]
Rindices (all data)
Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

03swb002
GHZOC|4N5P3
421.00
120(2) K
0.71073 A
Orthorhombic
Pna2,
a=20.3441(7) A a=90°
b=11.9481(4) A £=90°
c=15.9661(7) A y=90°
3880.9(3) &
8
1.441 Mg ’m
0.854 mith
1728
Plate; Colourless
0.16x 0.14% 0.06 mnd
2.9227.47°
-26<h<24,-13<k< 15,-20<1< 20
29642
859B,f; = 0.0785]
99.8 %
Semempirical from equivalents
0.9505 and 0.8754
Full-matrix least-square$=bn
8590/1/378
1.051
R1=0.0565wR2 = 0.1221
R1=0.1015wR2 = 0.1416
0.18(9)
0.0075(6)
0.610 ar@i569 e A

Diffractometer: Nonius KappaCCD area detectorg{scans andv scans to fillasymmetric unit sphere)Cell determination:

DirAx (Duisenberg, A.J.M.(1992). J. Appl. Cryst.,28-96.)Data collection: Collect (Collect: Data collection software, R.

Hooft, Nonius B.V., 1998)Data reduction and cellrefinement: Denzo (Z. Otwinowski & W. Minor,Methods in Enzymology

(1997) Vol. 276 Macromolecular Crystallography, part A, pp. 307326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academi

Press) Absorption correction: SORTAV (R. H. Blessing, Acta Cryst. 34 (1995) 33-37; R. H. Blessing, J. Appl. Crys30
(1997) 421426). Structure solution; SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990)4& 467-473). Structure refinement:
SHELXL97 (G. M. Sheldrick (1997), University of Goéttingen,efnany). Graphics: Cameron - A Molecular Graphics
Package. (D. M. Watkin, L. Pearce and C. K. Préaemical Crystallography Laboratory, University@fford, 1993).

Special details

Non-bonded phosphorous distances: P1...P2 = 2.806A..P3 = 2.782A P2...P3=2.711A P4...P5=2.815A

P4...P6 =2.786A P5...P6 =2.707A.

Maximum deviation from meanplane: For P1 ring 980.A for atom N3, for P4 ring = 0.125A for atom N8.
No chirality was observed. Nitrogen based hydrogecised out of map, all other hydrogens placedailcdated

positions.

Possible long distance hydrogen bonds: N4H1...N7123A, N10H31...N1 = 3.167A. Forms head to tail

dimeric pairs.
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Table 2. Atomic coordinatesy{ 107], equivalent isotropic displacement parameters{A 0% and site occupancy
factors.Ug is defined as one third of the trace of the ortmadizedU" tensor.

Atom X y z Ug So.f.

(o7 -4543(5) 7255(17) 4573(12) 286(13) 1
C10 614(4) 2951(6) 6288(4) 83(2) 1
c12 467(3) 4380(5) 5196(4) 76(2) 1
c9 429(3) 3137(5) 5385(3) 56(1) 1
C14 2129(3) 3733(5) 3899(6) 93(3) 1
C13 2240(2) 2600(5) 3581(4) 61(2) 1
c11 -256(3) 2657(7) 5214(5) 93(2) 1

C15 2372(6) 2732(9) 2652(7) 148(5) 1
C16 2796(4) 2026(7) 3988(12) 203(9) 1
c3 -4109(13) 5871(10) 5505(9) 318(16) 1
c4 -3547(5) 7633(9) 5237(7) 147(5) 1
c1 -3933(3) 6713(5) 4905(4) 71(2) 1
c5 -1695(2) 6633(5) 4243(4) 54(1) 1
c6 -1428(3) 6700(7) 3372(4) 79(2) 1
c7 -1288(3) 5753(5) 4735(5) 75(2) 1
cs -1654(3) 7757(5) 4690(5) 78(2) 1
N1 -3017(2) 5506(4) 2866(3) 45(1) 1
N2 -3077(4) 7071(5) 1649(4) 100(2) 1
N3 -2938(2) 7680(3) 3284(3) 52(1) 1
N4 -3636(2) 6144(4) 4175(3) 56(1) 1
N5 -2384(2) 6241(4) 4257(3) 47(1) 1
N6 -328(2) 1836(4) 2601(3) 65(1) 1
N7 515(2) 956(3) 3746(3) 41(1) 1
N8 570(2) 3149(3) 3368(2) 45(1) 1
cl7 -574(1) 4214(2) 2641(1) 89(1) 1
cls 503(1) 3212(2) 1539(1) 78(1) 1
N9 917(2) 2535(4) 4862(3) 45(1) 1
N10 1655(2) 1857(4) 3662(3) 49(1) 1
P1 -2993(1) 6423(1) 3621(1) 42(1) 1
P2 -3005(1) 5810(1) 1925(1) 56(1) 1
P3 -3031(1) 8008(1) 2345(1) 73(1) 1
P4 901(1) 2135(1) 3890(1) 37(1) 1
P5 -118(1) 841(1) 3195(1) 48(1) 1

P6 70(1) 2961(1) 2648(1) 47(1) 1
cii -3690(1) 4935(2) 1308(1) 98(1) 1
cl2 -2197(1) 5157(2) 1380(1) 88(1) 1
cI3 -3808(1) 9008(2) 2208(2) 125(1) 1
Cla -2313(2) 9081(2) 2011(2) 125(1) 1
Clé -57(1) -569(2) 2530(1) 89(1) 1

cl5 -903(1) 449(1) 3907(1) 77(1) 1



Table 3.Bond lengths [A] and angles [°].

C2-C1
C2-H2A
C2-H2B
C2-H2C
C10-C9
C10-H10A
C10-H10B
C10-H10C
C12-C9
C12-H12A
C12-H12B
Cl12-H12C
C9-N9
Co-C11
C14-C13
C14-H14A
C14-H14B
C14-H1i4C
C13-C16
C13-N10
C13-C15
C11-H11A
C11-H11B
Cl1-H11iC
C15-H15A
C15-H15B
C15-H15C
C16-H16A
Cl16-H16B
Cl6-H16C
C3-C1
C3-H3A
C3-H3B
C3-H3C
C4-C1
C4-H4A
C4-H4B
C4-H4C
C1-N4
C5-N5
C5-C6
C5-C8
C5-C7
C6-HG6A
C6-H6B
C6-H6C
C7-H7A
C7-H7B
C7-H7C
C8-H8A
C8-H8B
C8-H8C
N1-P2
N1-P1
N2-P2
N2-P3
N3-P3
N3-P1

1.497(15)
0.9800
0.9800
0.9800

1.508(9)
0.9800
0.9800
0.9800

1.518(8)
0.9800
0.9800
0.9800

1.483(7)

1.530(8)

1.463(8)
0.9800
0.9800
0.9800

1.475(10)

1.490(6)

1.516(13)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

1.434(13)
0.9800
0.9800
0.9800

1.451(10)
0.9800
0.9800
0.9800

1.478(7)

1.478(7)

1.496(9)

1.523(8)

1.550(8)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

1.547(4)

1.630(4)

1.577(6)

1.581(6)

1.560(5)

1.600(4)



N4-P1
N4-H1
N5-P1
N5-H11
N6-P6
N6-P5
N7-P5
N7-P4
N8-P6
N8-P4
Cl7-P6
CI8-P6
N9-P4
N9-H21
N10-P4
N10-H31
P2-CI1
P2-CI2
P3-CI3
P3-Cl4
P5-Cl6
P5-CI5

C1-C2-H2A
C1-C2-H2B
H2A-C2-H2B
C1-C2-H2C
H2A-C2-H2C
H2B-C2-H2C
C9-C10-H10A
C9-C10-H10B
H10A-C10-H10B
C9-C10-H10C
H10A-C10-H10C
H10B-C10-H10C
C9-C12-H12A
C9-C12-H12B
H12A-C12-H12B
C9-C12-H12C
H12A-C12-H12C
H12B-C12-H12C
N9-C9-C10
N9-C9-C12
C10-C9-C12
N9-C9-C11
C10-C9-C11
C12-C9-C11
C13-C14-H14A
C13-C14-H14B
H14A-C14-H14B
C13-C14-H14C
H14A-C14-H14C
H14B-C14-H14C
C14-C13-C16
C14-C13-N10
C16-C13-N10
C14-C13-C15
C16-C13-C15
N10-C13-C15
C9-C11-H11A
C9-C11-H11B

1.614(5)

0.65(5)
1.618(5)

0.63(5)
1.571(4)
1.581(5)
1.566(4)
1.630(3)
1.551(4)
1.617(4)
1.990(2)
2.002(2)
1.623(5)

0.71(4)
1.610(4)

0.68(5)
2.002(2)
2.016(2)
1.994(3)
2.015(3)
1.995(2)
2.014(2)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
107.4(5)
109.2(5)
108.7(5)
109.1(5)
110.1(6)
112.2(6)
109.5
109.5
109.5
109.5
109.5
109.5
113.3(7)
113.5(4)
107.3(5)
105.7(7)
110.1(10)
106.7(6)
109.5
109.5
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H11A-C11-H11B
C9-Cl11-H11C
H11A-C11-H11C
H11B-C11-H11C
C13-C15-H15A
C13-C15-H15B
H15A-C15-H15B
C13-C15-H15C
H15A-C15-H15C
H15B-C15-H15C
C13-C16-H16A
C13-C16-H16B
H16A-C16-H16B
C13-C16-H16C
H16A-C16-H16C
H16B-C16-H16C
C1-C3-H3A
C1-C3-H3B
H3A-C3-H3B
C1-C3-H3C
H3A-C3-H3C
H3B-C3-H3C
C1-C4-H4A
C1-C4-H4B
H4A-C4-H4B
C1-C4-H4C
H4A-C4-H4AC
H4B-C4-H4C
C3-C1-C4
C3-C1-N4
C4-C1-N4
C3-C1-C2
C4-C1-C2
N4-C1-C2
N5-C5-C6
N5-C5-C8
C6-C5-C8
N5-C5-C7
C6-C5-C7
C8-C5-C7
C5-C6-H6A
C5-C6-H6B
H6A-C6-H6B
C5-C6-H6C
H6A-C6-H6C
H6B-C6-H6C
C5-C7-H7A
C5-C7-H7B
H7A-C7-H7B
C5-C7-H7C
H7A-C7-H7C
H7B-C7-H7C
C5-C8-H8A
C5-C8-H8B
H8A-C8-H8B
C5-C8-H8C
H8A-C8-H8C
H8B-C8-H8C
P2-N1-P1
P2-N2-P3
P3-N3-P1

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
115.0(11)
107.9(6)
114.6(6)
109.4(14)
104.4(10)
105.0(7)
112.0(5)
108.9(5)
111.6(5)
106.5(5)
108.3(5)
109.4(5)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
124.1(3)
118.3(4)
123.4(3)
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C1-N4-P1
C1-N4-H1
P1-N4-H1
C5-N5-P1
C5-N5-H11
P1-N5-H11
P6-N6-P5
P5-N7-P4
P6-N8-P4
C9-N9-P4
C9-N9-H21
P4-N9-H21
C13-N10-P4
C13-N10-H31
P4-N10-H31
N3-P1-N4
N3-P1-N5
N4-P1-N5
N3-P1-N1
N4-P1-N1
N5-P1-N1
N1-P2-N2
N1-P2-Cl1
N2-P2-Cl1
N1-P2-Cl2
N2-P2-Cl2
Cl1-P2-CI2
N3-P3-N2
N3-P3-CI3
N2-P3-CI3
N3-P3-Cl4
N2-P3-Cl4
CI3-P3-Cl4
N10-P4-N8
N10-P4-N9
N8-P4-N9
N10-P4-N7
N8-P4-N7
N9-P4-N7
N7-P5-N6
N7-P5-Cl6
N6-P5-Cl6
N7-P5-CI5
N6-P5-CI5
Cl6-P5-CI5
N8-P6-N6
N8-P6-CI7
N6-P6-CI7
N8-P6-CI8
N6-P6-CI8
Cl7-P6-CI8

Symmetry transformations used to generate equivatems:

131.9(4)
114(5)
111(5)

132.4(5)
118(5)
109(5)

118.4(3)

123.5(2)

123.1(2)

131.9(4)
113(3)
114(3)

131.0(4)
107(5)
122(5)

115.8(3)

106.5(3)

104.5(3)

112.6(2)

104.0(2)

113.3(2)

119.7(3)

110.14(19)

107.2(3)
109.96(18)
109.0(3)
98.82(10)
120.3(3)
110.6(2)
107.4(3)
109.0(2)
107.9(3)
99.50(13)
115.8(2)
105.0(3)
106.3(2)
104.4(2)
111.9(2)
113.5(2)
119.6(2)
108.80(16)
109.4(2)
110.81(18)
107.4(2)
98.83(9)
119.9(2)
109.10(17)
107.7(2)
110.23(17)
108.2(2)
99.90(10)
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Table 4. Anisotropic displacement parameter$¥A.0°]. The anisotropic displacement
factor exponent takes the forr2 7 [h%a*?U™ + ... + 2hka* b* U'?].

83

Atom Ull U22 U33 U23 U13 U12
c2 91(8) 460(30) 310(20)  -290(20) -46(10) 115(12)
C10 103(5) 100(5) 46(4) -5(4) 13(3) ~14(4)
C12 101(5) 67(4) 60(4) -17(3) —~4(4) 18(3)
c9 59(3) 65(4) 44(3) -7(3) 7(2) -3(3)
c14 74(4) 65(4) 139(7) -28(5) 29(4) -35(3)
C13 45(3) 46(3) 90(5) -6(3) 12(3) -11(2)
c11 59(4) 139(7) 81(5) -48(5) 22(3) -14(4)
c15 182(9) 116(7) 148(9) -37(7) 99(8) -81(7)
C16 70(5) 86(6) 450(30) 73(10)  -100(10) -28(4)
c3 730(40) 95(8) 127(10) -24(8) 239(19) -40(16)
ca 143(8) 154(9) 144(9) -121(8) 48(7) —44(7)
c1 61(4) 71(4) 80(5) -37(4) 21(3) -6(3)
cs 44(3) 59(3) 59(4) -11(3) -7(2) -4(2)
Cc6 43(3) 118(6) 78(5) —4(4) 5(3) 1(3)
c7 58(4) 78(5) 90(5) -2(4) -31(3) 2(3)
(o:} 64(4) 65(4) 106(6) -23(4) -2(3) -13(3)
N1 54(2) 38(2) 42(2) -9(2) 1(2) -1(2)
N2 206(7) 46(3) 50(3) -2(3) -15(4) 8(4)
N3 64(3) 35(2) 58(3) -6(2) -13(2) 2(2)
N4 44(3) 63(3) 62(3) -28(3) 7(2) -6(2)
N5 47(3) 47(3) 46(3) 4(2) -3(2) 1(2)
N6 67(3) 60(3) 68(3) 17(3) -34(3) -21(2)
N7 39(2) 33(2) 52(3) 1(2) -3(2) -7(1)
N8 57(2) 40(2) 38(2) -1(2) -9(2) -5(2)
cl7 78(1) 83(1) 107(2) 14(1) -11(1) 32(1)
cl8 97(1) 97(1) 41(1) 6(1) 3(1) -16(1)
N9 44(3) 50(3) 42(3) 3(2) -11(2) 5(2)
N10 41(2) 38(3) 68(3) -11(2) 8(2) -2(2)
P1 44(1) 37(1) 44(1) -9(1) -3(1) 2(1)
P2 80(1) 46(1) 42(1) -6(1) -5(1) 1(1)
P3 121(1) 39(1) 59(1) 2(1) -19(1) 9(1)
P4 40(1) 33(1) 38(1) -1(1) -1(1) -2(1)
P5 45(1) 43(1) 56(1) -1(1) -5(1) -10(1)
P6 51(1) 48(1) 42(1) 5(1) -5(1) -2(1)
cl1 97(1) 120(2) 77(1) -44(1) -23(1) -3(1)
cl2 94(1) 101(1) 68(1) -10(1) 36(1) -9(1)
cl3 156(2) 76(1) 145(2) -8(1) -79(2) 42(1)
cla 185(2) 68(1) 123(2) 25(1) 34(2) -15(1)
cle 95(1) 68(1) 104(2) -38(1) -12(1) -15(1)
cls 45(1) 77(1) 108(1) 16(1) 5(1) -14(1)



Table 5.Hydrogen coordinatex[10%] and isotropic displacement parameter $A.07].
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Atom X y z Ug So.f.
H2A -4422 7849 4179 429 1
H2B -4794 7576 5039 429 1
H2C -4811 6694 4285 429 1
H10A 589 2150 6418 124 1
H10B 311 3364 6651 124 1
H10C 1064 3216 6383 124 1
H12A 339 4513 4613 114 1
H12B 917 4644 5286 114 1
H12C 167 4787 5569 114 1
H14A 1742 4057 3624 139 1
H14B 2515 4197 3781 139 1
H14C 2055 3704 4505 139 1
H11A -371 2778 4625 140 1
H11B -578 3033 5573 140 1
H1iC -256 1853 5335 140 1
H15A 2455 1995 2404 223 1
H15B 2757 3212 2570 223 1
H15C 1988 3073 2382 223 1
H16A 2850 1279 3742 304 1
H16B 2709 1955 4589 304 1
H16C 3199 2461 3902 304 1
H3A -4359 5278 5226 477 1
H3B -4378 6208 5947 477 1
H3C -3709 5554 5752 477 1
H4A -3367 8074 4773 221 1
H4B -3186 7336 5577 221 1
H4C -3828 8111 5585 221 1
H21 1183(19) 2320(30) 5090(30) 10(10) 1
H11 —2470(30) 5910(40) 4550(30) 29(17) 1
H31 1750(30) 1330(50) 3540(40) 44(18) 1
H1 -3840(20) 5830(40) 3970(30) 31(15) 1
H6A -1464 5966 3102 119 1
H6B —-966 6927 3392 119 1
H6C -1680 7252 3051 119 1
H7A -1457 5696 5308 113 1
H7B -826 5984 4749 113 1
H7C -1325 5024 4457 113 1
H8A -1832 7683 5258 118 1
H8B -1909 8314 4379 118 1
H8C -1194 7997 4721 118 1
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Table 6. Torsion angles [°].

C3-C1-N4-P1 -135.9(13)
C4-C1-N4-P1 -6.4(11)
C2-C1-N4-P1 107.5(11)
C6-C5-N5-P1 -34.1(8)
C8-C5-N5-P1 89.8(6)
C7-C5-N5-P1 -152.3(5)
C10-C9-N9-P4 162.0(5)
C12-C9-N9-P4 -80.2(6)
C11-C9-N9-P4 42.8(8)
C14-C13-N10-P4 11.6(9)
C16-C13-N10-P4 137.6(9)
C15-C13-N10-P4 -104.4(7)
P3-N3-P1-N4 -108.6(4)
P3-N3-P1-N5 135.7(3)
P3-N3-P1-N1 10.9(4)
C1-N4-P1-N3 -50.3(7)
C1-N4-P1-N5 66.5(7)
C1-N4-P1-N1 -174.4(6)
C5-N5-P1-N3 -37.6(6)
C5-N5-P1-N4 -160.6(5)
C5-N5-P1-N1 86.8(6)
P2-N1-P1-N3 ~1.4(4)
P2-N1-P1-N4 124.8(3)
P2-N1-P1-N5 -122.4(3)
P1-N1-P2-N2 -9.4(5)
P1-N1-P2-CI1 -134.2(3)
P1-N1-P2-CI2 117.9(3)
P3-N2-P2-N1 11.0(7)
P3-N2-P2-CI1 137.2(5)
P3-N2-P2-CI2 -116.7(5)
P1-N3-P3-N2 -9.6(6)
P1-N3-P3-CI3 116.6(3)
P1-N3-P3-Cl4 -135.0(3)
P2-N2-P3-N3 -1.9(7)
P2-N2-P3-CI3 -129.6(5)
P2-N2-P3-Cl4 123.9(5)
C13-N10-P4-N8 49.2(6)
C13-N10-P4-N9 -67.6(6)
C13-N10-P4-N7 172.8(5)
P6-N8-P4-N10 104.5(3)
P6-N8-P4-N9 -139.4(3)
P6-N8-P4-N7 -15.0(4)
C9-N9-P4-N10 164.2(5)
C9-N9-P4-N8 41.1(5)
C9-N9-P4-N7 -82.4(5)
P5-N7-P4-N10 -128.3(3)
P5-N7-P4-N8 -2.3(4)
P5-N7-P4-N9 118.0(3)
P4-N7-P5-N6 12.5(4)
P4-N7-P5-CI6 139.1(2)
P4-N7-P5-CI5 -113.2(3)
P6-N6-P5-N7 -5.9(5)
P6-N6-P5-CI6 -132.2(3)
P6-N6-P5-CI5 121.4(3)
P4-N8-P6-N6 22.1(5)
P4-N8-P6-CI7 146.8(2)
P4-N8-P6-CI8 -104.4(3)
P5-N6-P6-N8 -10.7(5)
P5-N6-P6-CI7 -136.1(3)
P5-N6-P6-CI8 116.8(3)

Symmetry transformations used to generate equivatems:
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Ek:3. (IIl) Bile siginin X-1 sinlari Kirinimi Olgiimiinden Elde Edilen

Veriler

Table 1.Crystal data and structure refinement.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

&drange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t6= 27.48°
Absorption correction
Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit o>

Final Rindices F? > 20(F?)]
Rindices (all data)
Largest diff. peak and hole

03src281 (303-1U-600AandB)
GaH30Cl2N5O,P3

452.23

120(2) K

0.71073 A

Monoclinic

P2,/n

a=7.27880(10) A a=90°

b =18.2703(3) A [=91.8040(10)°

c=16.2238(4) A y=90°

2156.47(7) R

4

1.393 Mg /°m
0.541 mith
952
Rod; colourless
0.50% 0.14x 0.14 mni
3.6127.48°
-9<h<9,-23<k<23,-21<1<21
24586
493R [ = 0.0791]
99.5 %
Semémpirical from equivalents
0.9281 and 0.7736
Full-matrix least-square$=bn
4932 /0/242
1.222
R1=0.0578wR2 = 0.1254
R1=0.0626 WR2 = 0.1274
0.799 ar@i630 e A

Diffractometer: Nonius KappaCCD area detectorg{scans andv scans to fillasymmetric unit sphere)Cell determination:

DirAx (Duisenberg, A.J.M.(1992). J. Appl. Cryst.,28-96.)Data collection: Collect (Collect: Data collection software, R.

Hooft, Nonius B.V., 1998)Data reduction and cellrefinement: Denzo (Z. Otwinowski & W. Minor,Methods in Enzymol ogy

(1997) Vol. 276 Macromolecular Crystallography, part A, pp. 307326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academi

Press) Absorption correction: SORTAV (R. H. Blessing, Acta Cryst. 34 (1995) 33-37; R. H. Blessing, J. Appl. Crys30
(1997) 421426). Sructure solution: SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990)4& 467-473). Sructure refinement:

SHELXL97 (G. M. Sheldrick (1997), University of Goéttingen,efnany). Graphics: Cameron - A Molecular Graphics

Package. (D. M. Watkin, L. Pearce and C. K. Préagmical Crystallography Laboratory, University@fford, 1993).

Special details

P1-P2 = 2.843, P2-P3 = 2.816, P1-P3 = 2.732, meiriien from mean plane = 0.028 (P3).
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Table 2. Atomic coordinatesy{ 107], equivalent isotropic displacement parameters{A 0% and site occupancy
factors.Ug is defined as one third of the trace of the ortmadizedU" tensor.

Atom X y z Ug So.f.

c1 7251(4) 4253(2) 7856(2) 17(1) 1
c2 8080(5) 3932(2) 7086(2) 20(1) 1
c3 7511(6) 4407(2) 6347(2) 34(1) 1
c4 10179(5) 3908(2) 7182(2) 25(1) 1
C5 7309(5) 3161(2) 6948(2) 22(1) 1
C6 2419(4) 3841(2) 9915(2) 17(1) 1
c7 2371(5) 4406(2) 9220(2) 26(1) 1
C8 877(5) 4004(2) 10504(2) 30(1) 1
c9 4261(5) 3867(2) 10385(2) 26(1) 1
C10 2401(4) 1253(2) 8297(2) 14(1) 1
c11 781(5) 1103(2) 7701(2) 26(1) 1
c12 2521(4) 648(2) 8953(2) 19(1) 1
C13 4186(4) 1279(2) 7826(2) 21(1) 1
N1 4743(3) 2966(1) 8521(2) 14(1) 1
N2 4711(3) 2084(1) 9822(2) 15(1) 1
N3 7994(3) 2530(2) 9218(2) 21(1) 1
N4 2040(3) 3097(1) 9582(2) 15(1) 1
N5 2031(3) 1972(1) 8683(2) 14(1) 1
o1 7633(3) 3795(1) 8575(1) 15(1) 1
02 7652(3) 2697(1) 7670(1) 19(1) 1
P1 6898(1) 2978(1) 8517(1) 13(1) 1
P2 3464(1) 2538(1) 9142(1) 11(1) 1
P3 6842(1) 2105(1) 9883(1) 14(1) 1
cl 7711(1) 2468(1) 11007(1) 25(1) 1
cl2 7802(1) 1068(1) 9953(1) 21(1) 1



Table 3.Bond lengths [A] and angles [°].

C1-01
C1-C2
C1-H1A
C1-Hi1B
C2-C3
C2-C5
C2-C4
C3-H3A
C3-H3B
C3-H3C
C4-H4A
C4-H4B
C4-H4C
C5-02
C5-H5A
C5-H5B
C6-N4
C6-C9
C6-C8
C6-C7
C7-H7A
C7-H7B
C7-H7C
C8-HBA
C8-H8B
C8-H8C
C9-HOA
C9-H9B
C9-HOC
C10-N5
C10-C11
C10-C13
C10-C12
C11-H11A
C11-H11B
Cl1-Hi1C
C12-H12A
C12-H12B
Cl12-H12C
C13-H13A
C13-H13B
C13-H13C
N1-P1
N1-P2
N2-P3
N2-P2
N3-P3
N3-P1
N4-P2
N4-H4N
N5-P2
N5-H5SN
01-P1
02-P1
P3-CI2
P3-Cl1

01-C1-C2

01-C1-H1A
C2-C1-H1A
01-C1-H1B
C2-C1-H1B

1.456(3)
1.522(4)
0.9900
0.9900
1.527(4)
1.530(4)
1.532(5)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.461(4)
0.9900
0.9900
1.485(4)
1.522(4)
1.526(4)
1.529(5)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.485(4)
1.525(4)
1.529(4)
1.534(4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.569(2)
1.598(2)
1.552(2)
1.633(2)
1.589(3)
1.596(3)
1.636(2)
0.84(4)
1.631(2)
0.83(5)
1.586(2)
1.582(2)
2.0221(10)
2.0232(11)

111.4(2)
109.3
109.3
109.3
109.3



H1A-C1-H1B
C1-C2-C3
C1-C2-C5
C3-C2-C5
C1-C2-C4
C3-C2-C4
C5-C2-C4
C2-C3-H3A
C2-C3-H3B
H3A-C3-H3B
C2-C3-H3C
H3A-C3-H3C
H3B-C3-H3C
C2-C4-H4A
C2-C4-H4B
H4A-C4-H4B
C2-C4-H4C
H4A-C4-H4C
H4B-C4-H4C
02-C5-C2
02-C5-H5A
C2-C5-H5A
02-C5-H5B
C2-C5-H5B
H5A-C5-H5B
N4-C6-C9
N4-C6-C8
C9-C6-C8
N4-C6-C7
C9-C6-C7
C8-C6-C7
C6-C7-H7A
C6-C7-H7B
H7A-C7-H7B
C6-C7-H7C
H7A-C7-H7C
H7B-C7-H7C
C6-C8-HB8A
C6-C8-H8B
H8A-C8-H8B
C6-C8-H8C
H8A-C8-H8C
H8B-C8-H8C
C6-C9-H9A
C6-C9-H9B
H9A-C9-H9B
C6-C9-HOC
HI9A-C9-H9C
H9B-C9-HOC
N5-C10-C11
N5-C10-C13
C11-C10-C13
N5-C10-C12
C11-C10-C12
C13-C10-C12
C10-C11-H11A
C10-C11-H11B

H11A-C11-H11B

C10-C11-H11C

H11A-C11-H11C
H11B-C11-H11C

C10-C12-H12A
C10-C12-H12B

108.0
108.7(3)
108.8(3)
108.6(3)
110.4(3)
110.0(3)
110.4(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
111.3(2)
109.4
109.4
109.4
109.4
108.0
111.2(3)
105.9(2)
109.5(3)
110.4(3)
110.4(3)
109.3(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
106.2(2)
110.6(2)
109.9(3)
110.7(2)
109.7(3)
109.8(2)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

89



H12A-C12-H12B
C10-C12-H1i2C
H12A-C12-H12C
H12B-C12-H12C
C10-C13-H13A
C10-C13-H13B
H13A-C13-H13B
C10-C13-H13C
H13A-C13-H13C
H13B-C13-H13C
P1-N1-P2
P3-N2-P2
P3-N3-P1
C6-N4-pP2
C6-N4-H4N
P2-N4-H4N
C10-N5-P2
C10-N5-H5N
P2-N5-H5N
C1-01-P1
C5-02-P1
N1-P1-02
N1-P1-O1
02-P1-01
N1-P1-N3
02-P1-N3
01-P1-N3
N1-P2-N5
N1-P2-N2
N5-P2-N2
N1-P2-N4
N5-P2-N4
N2-P2-N4
N2-P3-N3
N2-P3-Cl2
N3-P3-Cl2
N2-P3-Cl1
N3-P3-Cl1
Cl2-P3-Cl1

Symmetry transformations used to generate equivatems:

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

127.73(16)

124.31(16)

118.18(15)
128.1(2)

115(3)
116(3)
129.2(2)
116(3)
115(3)

115.94(18)

116.94(19)

111.89(13)

110.41(13)

103.41(11)

117.86(13)

105.88(14)

106.27(13)

113.56(13)

110.63(12)

108.67(13)

111.04(13)

100.94(13)

111.67(13)

121.12(13)

108.85(10)

107.90(11)

110.45(10)

107.16(11)

99.11(4)

90



Table 4. Anisotropic displacement parameter$¥A.0°]. The anisotropic displacement

factor exponent takes the forr2 7 [h%a*?U™ + ... + 2hka* b* U'?].

Atom Ull U22 U33 U23 U13 U12
c1 21(2) 14(1) 17(1) 4(1) 3(1) 1(1)
c2 30(2) 16(1) 13(1) 2(1) 3(1) -1(1)
c3 49(2) 35(2) 19(2) 12(2) -2(2) 1(2)
c4 24(2) 26(2) 26(2) 2(1) 13(1) -5(1)
c5 28(2) 21(2) 16(1) -3(1) 3(1) -2(1)
C6 14(1) 13(1) 24(2) -8(1) 1(1) -1(1)
c7 28(2) 17(2) 34(2) -2(1) 0(1) 2(1)
cs 24(2) 24(2) 40(2) -15(2) 12(2) -2(1)
co 20(2) 25(2) 31(2) -11(1) -7(1) -1(1)
C10 17(1) 10(1) 14(1) -3(1) 1(1) -1(1)
ci11 31(2) 24(2) 23(2) -6(1) -6(1) -5(1)
c12 23(2) 15(1) 19(1) 1(1) 6(1) 0(1)
c13 25(2) 19(2) 20(2) 0(1) 9(1) 2(1)
N1 9(1) 16(1) 17(1) 5(1) -2(1) -1(1)
N2 11(1) 17(1) 16(1) 3(1) 1(1) -1(1)
N3 8(1) 27(1) 27(1) 13(1) 0(1) 1(1)
N4 7(1) 15(1) 25(1) -7(1) 2(1) -2(1)
N5 10(1) 13(1) 20(1) -4(1) 1(1) 0(1)
o1 18(1) 16(1) 11(1) 3(1) 1(1) -4(1)
02 22(1) 14(1) 22(1) 0(1) 9(1) 0(1)
P1 9(1) 15(1) 16(1) 4(1) 2(1) 0(1)
P2 7(1) 12(1) 14(1) -1(1) 1(1) 0(1)
P3 8(1) 16(1) 17(1) 5(1) 0(1) 0(1)
cl1 23(1) 27(1) 23(1) 0(1) -10(1) -3(1)
cl2 20(1) 19(1) 26(1) 6(1) 2(1) 7(1)



Table 5. Torsion angles [°].
01-C1-C2-C3
01-C1-C2-C5
01-C1-C2-C4
C1-C2-C5-02
C3-C2-C5-02
C4-C2-C5-02
C9-C6-N4-P2
C8-C6-N4-P2
C7-C6-N4-P2
C11-C10-N5-P2
C13-C10-N5-P2
C12-C10-N5-P2
C2-C1-01-P1
C2-C5-02-P1
P2-N1-P1-02
P2-N1-P1-0O1
P2-N1-P1-N3
C5-02-P1-N1
C5-02-P1-01
C5-02-P1-N3
C1-O1-P1-N1
C1-01-P1-02
C1-O1-P1-N3
P3-N3-P1-N1
P3-N3-P1-02
P3-N3-P1-0O1
P1-N1-P2-N5
P1-N1-P2-N2
P1-N1-P2-N4
C10-N5-P2-N1
C10-N5-P2-N2
C10-N5-P2-N4
P3-N2-P2-N1
P3-N2-P2-N5
P3-N2-P2-N4
C6-N4-P2-N1
C6-N4-P2-N5
C6-N4-P2-N2
P2-N2-P3-N3
P2-N2-P3-CI2
P2-N2-P3-Cl1
P1-N3-P3-N2
P1-N3-P3-CI2
P1-N3-P3-Cl1

Symmetry transformations used to generate equivatems:

92

175.9(3)
57.8(3)
-63.4(3)
-56.3(3)
~174.4(3)
65.0(3)
-41.9(4)
~160.8(3)
81.0(3)
~159.3(2)
-40.1(4)
81.7(3)
-59.1(3)
56.7(3)
121.7(2)
-123.70(19)
-1.4(3)
68.5(2)
-50.3(2)
-161.8(2)
-68.6(2)
51.2(2)
162.5(2)
-0.6(3)
-126.70(19)
123.78(19)
~122.4(2)
0.1(3)
124.7(2)
73.5(3)
-50.1(3)
-167.6(3)
3.3(2)
128.63(19)
-120.90(19)
-42.0(3)
-162.7(3)
81.9(3)
-5.5(3)
-131.33(16)
120.86(16)
3.9(3)
130.14(17)
-123.96(17)
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Table 1.Crystal data and structure refinement.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

&drange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t6= 27.49°
Absorption correction
Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit o>

Final Rindices F? > 20(F?)]
Rindices (all data)
Extinction coefficient
Largest diff. peak and hole

03src0393  (300-1U-601-1B)
G1H26C12N50,P3
424.18
120(2) K
0.71073 A
Orthorhombic
Pnma
a=15.8843(5) A a=90°
b =16.9625(6) A £=90°
c=7.2435(2) A y=90°
1951.67(11) A
4
1.444 Mg Pm
0.593 mith
888
Needle; colourless
0.16x 0.08x 0.06 mn
3.0627.49°
-20<h<20,21<k<22,-9<1<9
19224
2278,f; = 0.0889]
98.4 %
Semémpirical from equivalents
0.9653 and 0.9111
Full-matrix least-square$=bn
2279/01/123
1.066
R1=0.0419wWR2 = 0.1172
R1 = 0.0479wWR2 = 0.1262
0.007(2)
0.441 ar#l450 e A®

Diffractometer: Nonius KappaCCD area detectorg{scans andv scans to fillasymmetric unit sphere)Cell determination:

DirAx (Duisenberg, A.J.M.(1992). J. Appl. Cryst.,28-96.)Data collection: Collect (Collect: Data collection software, R.

Hooft, Nonius B.V., 1998)Data reduction and cellrefinement: Denzo (Z. Otwinowski & W. Minor,Methods in Enzymol ogy

(1997) Vol. 276 Macromolecular Crystallography, part A, pp. 307326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academi

Press) Absorption correction: SORTAV (R. H. Blessing, Acta Cryst. 34 (1995) 33-37; R. H. Blessing, J. Appl. Crys30
(1997) 421426). Sructure solution: SHELXSO7 (G. M. Sheldrick, Acta Cryst. (1990)48 467-473). Sructure refinement:
SHELXL97 (G. M. Sheldrick (1997), University of Goéttingen,efnany). Graphics: Cameron - A Molecular Graphics
Package. (D. M. Watkin, L. Pearce and C. K. Préaemical Crystallography Laboratory, University@fford, 1993).

Special details

NH proton experimentally found. P1-P2 = 2.840, B2=F2.818, P1-P3 = 2.736. Ring flat as on mirronpla



94

Table 2. Atomic coordinatesy{ 107], equivalent isotropic displacement parameters{A 0% and site occupancy
factors.Ug is defined as one third of the trace of the ortmadizedU" tensor.

Atom X y z Ug So.f.
c1 1521(1) 6772(1) -75(3) 28(1) 1
c2 1200(2) 7500 -1039(4) 28(1) 1
c3 3514(1) 5917(1) 5334(3) 23(1) 1
c4 3913(2) 5662(1) 3514(3) 33(1) 1
c5 2563(2) 5777(1) 5281(3) 35(1) 1
c6 3903(2) 5459(1) 6930(3) 33(1) 1
N1 2907(1) 7500 2888(3) 20(1) 1
N2 4580(1) 7500 3106(3) 25(1) 1
N3 3827(2) 7500 -269(3) 28(1) 1
N4 3693(1) 6760(1) 5711(2) 21(1) 1
o1 2443(1) 6764(1) -93(2) 24(1) 1
P1 2926(1) 7500 722(1) 19(1) 1
P2 3697(1) 7500 4259(1) 17(1) 1
P3 4645(1) 7500 970(1) 22(1) 1
cii 5380(1) 6591(1) 142(1) 32(1) 1

Table 3.Bond lengths [A] and angles [°].

C1-01 1.464(3)
c1-C2 1.508(3)
C1-H1A 0.9900
C1-H1B 0.9900
c2-c1 1.508(3)
C2-H2A 0.9900
C2-H2B 0.9900
C3-N4 1.483(2)
C3-C6 1.524(3)
C3-C4 1.526(3)
C3-C5 1.529(3)
C4-H4A 0.9800
C4-H4B 0.9800
C4-H4aC 0.9800
C5-H5A 0.9800
C5-H5B 0.9800
C5-H5C 0.9800
C6-H6A 0.9800
C6-H6B 0.9800
C6-H6C 0.9800
N1-P1 1.569(2)
N1-P2 1.601(2)
N2-P3 1.550(3)
N2-P2 1.632(2)
N3-P3 1.579(3)
N3-P1 1.601(2)
N4-P2 1.6377(17)
N4-H4N 0.86(3)
01-P1 1.5797(14)
P1-0O1 1.5797(14)
P2-N4 1.6377(17)
P3-Cl1 2.0244(7)
P3-Cl1 2.0244(7)
01-C1-C2 109.97(18)
01-C1-H1A 109.7
C2-C1-H1A 109.7
01-C1-H1B 109.7
C2-C1-H1B 109.7
H1A-C1-H1B 108.2
c1-c2-c1 110.0(2)

C1-C2-H2A 109.7



C1-C2-H2A
C1-C2-H2B
C1-C2-H2B
H2A-C2-H2B
N4-C3-C6
N4-C3-C4
C6-C3-C4
N4-C3-C5
C6-C3-C5
C4-C3-C5
C3-C4-H4A
C3-C4-H4B
H4A-C4-H4B
C3-C4-H4C
H4A-C4-H4C
H4B-C4-H4C
C3-C5-H5A
C3-C5-H5B
H5A-C5-H5B
C3-C5-H5C
H5A-C5-H5C
H5B-C5-H5C
C3-C6-H6A
C3-C6-H6B
H6A-C6-H6B
C3-C6-H6C
H6A-C6-H6C
H6B-C6-H6C
P1-N1-P2
P3-N2-P2
P3-N3-P1
C3-N4-P2
C3-N4-H4N
P2-N4-H4N
C1-01-P1
N1-P1-0O1
N1-P1-O%'
01-P1-0O1
N1-P1-N3
O1-P1-N3
O1-P1-N3
N1-P2-N2
N1-P2-N4'
N2-P2-N4'
N1-P2-N4
N2-P2-N4
N4'-P2-N4
N2-P3-N3
N2-P3-Cl1’
N3-P3-Cl1’
N2-P3-Cl1
N3-P3-Cl1
Cl1-P3-Cl1

Symmetry transformations used to generate equivatems:

(i) x,~y+3/2,z

109.7
109.7
109.7
108.2
105.94(16)
110.61(17)
110.00(18)
110.13(17)
109.90(18)
110.18(18)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
127.27(14)
124.61(15)
118.72(16)
128.45(14)

114.8(19)

115.8(19)
118.42(12)

111.36(7)

111.36(7)

104.38(11)

117.73(13)

105.48(8)

105.48(8)

110.84(12)

113.26(8)

109.42(8)

113.26(8)

109.42(8)

100.11(12)

120.82(13)

109.52(6)

107.82(6)

109.52(6)

107.82(6)
99.17(4)

95



Table 4. Anisotropic displacement parameter$¥A.0°]. The anisotropic displacement
factor exponent takes the forr2 7 [h%a*?U™ + ... + 2hka* b* U'?].

96

Atom Ull U22 U33 U23 U13 U12
c1 23(1) 33(1) 28(1) -4(1) 0(1) -7(1)
c2 18(1) 44(2) 24(1) 0 0(1) 0
c3 29(1) 20(1) 20(1) -1(1) 1(1) -2(1)
c4 45(1) 25(1) 29(1) -6(1) 6(1) 0(1)
c5 32(1) 36(1) 37(1) -2(1) 0(1) -10(1)
C6 48(1) 22(1) 30(1) 4(1) -3(1) 2(1)
N1 18(1) 29(1) 14(1) 0 1(1) 0
N2 17(1) 39(1) 19(1) 0 -1(1) 0
N3 20(1) 50(2) 15(1) 0 2(1) 0
N4 28(1) 19(1) 15(1) -1(1) 0(1) 0(1)
o1 25(1) 26(1) 23(1) -5(1) -3(1) 2(1)
P1 18(1) 24(1) 13(1) 0 0(1) 0
P2 18(1) 21(1) 13(1) 0 -1(1) 0
P3 17(1) 35(1) 15(1) 0 1(1) 0
cl1 27(1) 43(1) 26(1) -3(1) 5(1) 7(1)
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Table 1.Crystal data and structure refinement.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

&drange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t6= 27.49°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit o>

Final Rindices F? > 20(F?)]
Rindices (all data)
Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

03src0670 (300-655-1)
GiH26CIoN7Ps
420.20
120(2) K
0.71073 A
Orthorhombic
Pna2;
a=9.6472(2) A
b=14.4376(3) A
c=13.6544(2) A
1901.82(6) R
4
1.468 Mg /°m
0.603 mith
880
Block; colourless
0.36x 0.20% 0.16 mm
2.9527.49°
-12<h<12,-16<k<18,-17<1<15
16850
406R [ = 0.0587]
99.6 %
Semémpirical from equivalents
0.9097 and 0.8122
Full-matrix least-square$=bn
4062 /11225
1.023
R1 = 0.0275wWR2 = 0.0640
R1 = 0.0300WR2 = 0.0656
0.21(5)
0.0042(9)
0.370 ar®i310 e A3

a=90°
B=90°
y=90°

Diffractometer: Nonius KappaCCD area detectorg{scans andv scans to fillasymmetric unit sphere)Cell determination:

DirAx (Duisenberg, A.J.M.(1992). J. Appl. Cryst.,28-96.)Data collection: Collect (Collect: Data collection software, R.

Hooft, Nonius B.V., 1998)Data reduction and cellrefinement: Denzo (Z. Otwinowski & W. Minor,Methods in Enzymology

(1997) Vol.276 Macromolecular Crystallography, part A, pp. 307326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academi

Press) Absorption correction: SORTAV (R. H. Blessing, Acta Cryst. 34 (1995) 33-37; R. H. Blessing, J. Appl. Crys30
(1997) 421426). Sructure solution: SHELXS97 (G. M. Sheldrick, Acta Cryst. (1990)48 467-473). Sructure refinement:

SHELXL97 (G. M. Sheldrick (1997), University of Goéttingen,efnany). Graphics: Cameron - A Molecular Graphics

Package. (D. M. Watkin, L. Pearce and C. K. Préagmical Crystallography Laboratory, University@fford, 1993).

Special details

P1-P2 = 2.837, P2-P3 = 2.792, P1-P3 = 2.755, mexation from mean plane = 0.132 (N1). NH

protons located experimentally. P1 =S P2=??.
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Table 2. Atomic coordinatesy{ 107], equivalent isotropic displacement parameters{A 0% and site occupancy
factors.Ug is defined as one third of the trace of the ortmadizedU" tensor.

Atom X y z Ug So.f.
c1 8610(2) 1988(2) 4238(2) 23(1) 1
c2 7200(2) 1626(2) 4581(2) 23(1) 1
c3 6491(2) 1082(2) 3769(2) 20(1) 1
Cc4 6610(2) -325(2) 2736(2) 20(1) 1
c5 6024(2) 157(2) 1816(2) 20(1) 1
c6 6036(2) -442(2) 894(2) 22(1) 1
c7 7483(2) -693(2) 519(2) 22(1) 1
cs 11711(2) 1722(1) 598(2) 17(1) 1
c9 11832(2) 2453(2) -208(2) 27(2) 1
C10 12971(2) 1091(2) 559(2) 27(1) 1
Ci11 11621(2) 2193(2) 1593(2) 28(1) 1
N1 9136(2) 954(1) 2062(1) 14(1) 1
N2 10503(2) -498(1) 1313(1) 18(1) 1
N3 9831(2) -462(1) 3259(1) 16(1) 1
N4 9556(2) 1228(1) 3963(1) 17(1) 1
N5 7348(2) 299(1) 3412(1) 16(1) 1
N6 8389(2) 99(1) 335(1) 19(1) 1
N7 10418(2) 1190(1) 375(1) 16(1) 1
P1 8996(1) 503(1) 3117(1) 13(1) 1
P2 9625(1) 450(1) 1089(1) 13(1) 1
P3 10672(1) -876(1) 2380(1) 16(1) 1
cii 10348(1) -2257(1) 2362(1) 38(1) 1
cl2 12721(1) -874(1) 2754(1) 38(1) 1

Table 3.Bond lengths [A] and angles [°].

C1-N4 1.475(3)
C1-C2 1.530(3)
C1-H1A 0.9900
C1-H1B 0.9900
C2-C3 1.521(3)
C2-H2A 0.9900
C2-H2B 0.9900
C3-N5 1.482(3)
C3-H3A 0.9900
C3-H3B 0.9900
C4-N5 1.473(3)
C4-C5 1.543(3)
C4-H4A 0.9900
C4-H4B 0.9900
C5-C6 1.526(3)
C5-H5A 0.9900
C5-H5B 0.9900
C6-C7 1.530(3)
C6-HBA 0.9900
C6-H6B 0.9900
C7-N6 1.461(3)
C7-H7A 0.9900
C7-H7B 0.9900
C8-N7 1.496(2)
C8-C10 1.520(3)
c8-C11 1.521(3)
C8-C9 1.529(3)
C9-H9A 0.9800
C9-HIB 0.9800
C9-HoC 0.9800
C10-H10A 0.9800
C10-H10B 0.9800

C10-H10C 0.9800



C11-H11A
C11-H11B
Cl1-H11iC
N1-P2
N1-P1
N2-P3
N2-P2
N3-P3
N3-P1
N4-P1
N4-H4N
N5-P1
N6-P2
N6-H6N
N7-P2
N7-H7N
P3-Cl1
P3-CI2
N4-C1-C2
N4-C1-H1A
C2-C1-H1A
N4-C1-H1B
C2-C1-H1B
H1A-C1-H1B
C3-C2-C1
C3-C2-H2A
C1-C2-H2A
C3-C2-H2B
C1-C2-H2B
H2A-C2-H2B
N5-C3-C2
N5-C3-H3A
C2-C3-H3A
N5-C3-H3B
C2-C3-H3B
H3A-C3-H3B
N5-C4-C5
N5-C4-H4A
C5-C4-H4A
N5-C4-H4B
C5-C4-H4B
H4A-C4-H4B
C6-C5-C4
C6-C5-H5A
C4-C5-H5A
C6-C5-H5B
C4-C5-H5B
H5A-C5-H5B
C5-C6-C7
C5-C6-H6A
C7-C6-H6A
C5-C6-H6B
C7-C6-H6B
H6A-C6-H6B
N6-C7-C6
N6-C7-H7A
C6-C7-H7A
N6-C7-H7B
C6-C7-H7B
H7A-C7-H7B
N7-C8-C10
N7-C8-C1l1
C10-C8-C11

0.9800
0.9800
0.9800
1.5864(17)
1.5876(17)
1.5644(17)
1.6379(17)
1.5671(17)
1.6207(17)
1.6503(17)
0.79(3)
1.6663(17)
1.6551(18)
0.80(3)
1.6358(17)
0.76(3)
2.0183(7)
2.0417(7)
111.96(17)
109.2
109.2
109.2
109.2
107.9
110.70(17)
109.5
109.5
109.5
109.5
108.1
112.51(16)
109.1
109.1
109.1
109.1
107.8
114.35(16)
108.7
108.7
108.7
108.7
107.6
114.42(18)
108.7
108.7
108.7
108.7
107.6
114.63(17)
108.6
108.6
108.6
108.6
107.6
114.72(18)
108.6
108.6
108.6
108.6
107.6
110.65(17)
111.28(16)
110.17(18)

99



N7-C8-C9
C10-C8-C9
C11-C8-C9
C8-C9-H9A
C8-C9-H9B
H9A-C9-H9B
C8-C9-HoC
H9A-C9-HOC
H9B-C9-HIC
C8-C10-H10A
C8-C10-H10B
H10A-C10-H10B
C8-C10-H10C
H10A-C10-H10C
H10B-C10-H10C
C8-C11-H11A
C8-C11-H11B
H11A-C11-H11B
C8-C11-H11C
H11A-C11-H11C
H11B-C11-H11C
P2-N1-P1
P3-N2-P2
P3-N3-P1
C1-N4-P1
C1-N4-H4N
P1-N4-H4N
C4-N5-C3
C4-N5-P1
C3-N5-P1
C7-N6-P2
C7-N6-H6N
P2-N6-H6N
C8-N7-P2
C8-N7-H7N
P2-N7-H7N
N1-P1-N3
N1-P1-N4
N3-P1-N4
N1-P1-N5
N3-P1-N5
N4-P1-N5
N1-P2-N7
N1-P2-N2
N7-P2-N2
N1-P2-N6
N7-P2-N6
N2-P2-N6
N2-P3-N3
N2-P3-Cl1
N3-P3-Cl1
N2-P3-Cl2
N3-P3-Cl2
Cl1-P3-CI2

Symmetry transformations used to generate equivatems:

105.74(16)
109.13(17)
109.75(18)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
126.68(10)
121.31(10)
119.61(10)
116.57(14)
109(2)
114(2)
113.76(16)
114.66(13)
118.46(13)
124.29(15)
114.7(18)
118.2(18)
127.15(14)
112.8(18)
107.7(19)
114.73(9)
110.31(9)
107.42(9)
111.92(9)
107.08(9)
104.80(9)
109.74(9)
112.36(9)
114.57(9)
116.53(9)
99.58(9)
103.49(9)
121.72(9)
108.47(7)
107.82(7)
109.51(7)
108.01(7)
98.90(3)

100
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Table 4. Anisotropic displacement parameter$¥A.0°]. The anisotropic displacement
factor exponent takes the forr2 7 [h%a*?U™ + ... + 2hka* b* U'?].

Atom Ull U22 U33 U23 U13 U12
c1 25(1) 18(1) 25(1) -5(1) -1(1) 2(1)
c2 24(1) 24(1) 21(1) -4(1) 2(1) 4(1)
c3 16(1) 24(1) 19(1) 1(1) 3(1) 3(1)
ca 19(1) 22(1) 20(1) 1(1) -1(1) —4(1)
c5 17(1) 22(1) 21(1) 2(1) -2(1) -1(1)
Cc6 19(1) 26(1) 22(1) -2(1) -2(1) -7(1)
c7 26(1) 21(1) 20(1) -5(1) 0(1) -6(1)
c8 17(1) 16(1) 17(1) -1(1) -1(1) -5(1)
c9 26(1) 28(1) 28(1) 8(1) -1(1) -7(1)
C10 21(1) 25(1) 35(1) -2(1) -4(1) -1(1)
c11 30(1) 32(1) 23(1) -8(1) 1(1) -14(1)
N1 17(1) 13(1) 11(1) 0(1) 0(1) 1(1)
N2 24(1) 15(1) 16(1) o(1) 3(1) 4(1)
N3 20(1) 16(1) 14(1) 2(1) 1(1) 3(1)
N4 20(1) 18(1) 12(1) -2(1) -3(1) 2(1)
N5 16(1) 18(1) 15(1) 1(1) 2(1) -1(1)
NG 24(1) 21(1) 12(1) 2(1) -2(1) -5(1)
N7 19(1) 18(1) 11(1) -2(1) -1(1) -4(1)
P1 15(1) 13(1) 12(1) 0(1) 0(1) 1(1)
P2 16(1) 13(1) 11(1) 0(1) 0(1) -1(1)
P3 19(1) 13(1) 16(1) 2(1) 2(1) 4(1)
cl1 69(1) 12(1) 32(1) 1(1) 16(1) 3(1)

cl2 19(1) 58(1) 36(1) 19(1) 2(1) 11(1)



Table 5. Torsion angles [°].

102

N4-C1-C2-C3
C1-C2-C3-N5
N5-C4-C5-C6
C4-C5-C6-C7
C5-C6-C7-N6
C2-C1-N4-P1
C5-C4-N5-C3
C5-C4-N5-P1
C2-C3-N5-C4
C2-C3-N5-P1
C6-C7-N6-P2
C10-C8-N7-P2
C11-C8-N7-P2
C9-C8-N7-P2
P2-N1-P1-N3
P2-N1-P1-N4
P2-N1-P1-N5
P3-N3-P1-N1
P3-N3-P1-N4
P3-N3-P1-N5
C1-N4-P1-N1
C1-N4-P1-N3
C1-N4-P1-N5
C4-N5-P1-N1
C3-N5-P1-N1
C4-N5-P1-N3
C3-N5-P1-N3
C4-N5-P1-N4
C3-N5-P1-N4
P1-N1-P2-N7
P1-N1-P2-N2
P1-N1-P2-N6
C8-N7-P2-N1
C8-N7-P2-N2
C8-N7-P2-N6
P3-N2-P2-N1
P3-N2-P2-N7
P3-N2-P2-N6
C7-N6-P2-N1
C7-N6-P2-N7
C7-N6-P2-N2
P2-N2-P3-N3
P2-N2-P3-Cl1
P2-N2-P3-CI2
P1-N3-P3-N2
P1-N3-P3-Cl1
P1-N3-P3-CI2

Symmetry transformations used to generate equivatems:

-60.8(2)
57.0(2)
146.12(17)
-65.7(2)
-55.3(3)
56.2(2)
57.7(2)
-83.15(19)
171.24(17)
-49.5(2)
100.9(2)
73.6(2)
-49.2(2)
-168.34(16)
18.10(16)
139.56(12)
-104.16(14)
-0.69(15)
-123.72(12)
124.16(12)
77.85(17)
~156.44(15)
-42.79(17)
59.08(16)
-79.79(16)
-67.46(16)
153.67(14)
178.64(14)
39.77(16)
-148.98(12)
-20.27(16)
98.89(14)
61.22(19)
-66.3(2)
-175.97(17)
5.64(16)
131.78(12)
-120.89(13)
~73.09(19)
169.07(17)
50.76(19)
9.65(17)
135.50(10)
-117.55(11)
-12.27(17)
-138.42(10)
115.60(10)
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Ek:6. (VII) Bile siginin X-1 sinlari Kirinimi Olgiimiinden Elde Edilen

Veriler

Table 1.Crystal data and structure refinement.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal

Crystal size

&drange for data collection
Index ranges

Reflections collected
Independent reflections
Completeness t6= 27.43°
Absorption correction
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit o>

Final Rindices F? > 20(F?)]
Rindices (all data)
Extinction coefficient
Largest diff. peak and hole

03src584 (300-652)
GsH36CINgP;
456.88
120(2) K
0.71073 A
Monoclinic
P2:/n
a=9.2315(2) A a=90°
b=11.6657(3) A [=97.3300(10)°
c=22.3996(5) A y=90°
2392.54(10) A
4

1.268 Mg /°m
0.378 mith
976
Prism; colourless
0.62x 0.40% 0.30 mnf
3.6627.43°
-11<h<11,-14<k<15,-28<1<28
21859
538R | = 0.0548]
98.9 %
Semémpirical from equivalents
0.8951 and 0.7995
Full-matrix least-square$=bn
5387 /0/267
1.017
R1 =0.0314wR2 = 0.0798
R1 =0.0369wWR2 = 0.0827
0.0044(8)
0.465 ar@i317 e A®

Diffractometer: Nonius KappaCCD area detectorg{scans andv scans to fillasymmetric unit sphere)Cell determination:
DirAx (Duisenberg, A.J.M.(1992). J. Appl. Cryst.,28-96.)Data collection: Collect (Collect: Data collection software, R.
Hooft, Nonius B.V., 1998)Data reduction and cellrefinement: Denzo (Z. Otwinowski & W. Minor,Methods in Enzymol ogy
(1997) Vol. 276 Macromolecular Crystallography, part A, pp. 307326; C. W. Carter, Jr. & R. M. Sweet, Eds., Academi
Press) Absorption correction: SORTAV (R. H. Blessing, Acta Cryst. 34 (1995) 33-37; R. H. Blessing, J. Appl. Crys30
(1997) 421426). Sructure solution: SHELXSO7 (G. M. Sheldrick, Acta Cryst. (1990)48 467-473). Sructure refinement:
SHELXL97 (G. M. Sheldrick (1997), University of Goéttingen,efnany). Graphics: Cameron - A Molecular Graphics
Package. (D. M. Watkin, L. Pearce and C. K. Préaemical Crystallography Laboratory, University@fford, 1993).

Special details

P1-P2 = 2.712, P2-P3 = 2.815, P1-P3 = 2.786, maiatitn from mean plane -= 0.176 (N1). N-H praton

experimental. P2 = S.
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Table 2. Atomic coordinatesy{ 107], equivalent isotropic displacement parameters{A 0% and site occupancy
factors.Ug is defined as one third of the trace of the ortmadizedU" tensor.

Atom X y z Ug So.f.

C1 3319(2) 1892(1) -996(1) 25(1) 1

c2 2248(2) 2841(1) -881(1) 26(1) 1

c3 1110(2) 2521(2) -472(1) 30(1) 1

Cc4 1604(2) 2542(1) 206(1) 22(1) 1
c5 1381(2) 4270(1) 826(1) 24(1) 1
c6 1979(2) 5461(1) 984(1) 26(1) 1
c7 3567(2) 5447(1) 1265(1) 22(1) 1
cs 2966(2) 306(1) 1885(1) 20(1) 1
c9 1516(2) -236(2) 1635(1) 40(1) 1

C10 2681(2) 1429(1) 2198(1) 27(1) 1
c11 3813(2) -513(2) 2337(1) 41(1) 1

C12 7423(2) 2233(1) 2021(1) 19(1) 1
C13 6841(2) 3261(1) 2341(1) 28(1) 1
Ci14 8526(2) 1580(1) 2461(1) 26(1) 1
C15 8158(2) 2638(2) 1485(1) 32(1) 1
N1 4908(1) 3239(1) 112(1) 14(1) 1
N2 4345(1) 2797(1) 1246(1) 15(1) 1
N3 5507(1) 1132(1) 623(1) 14(1) 1
N4 4040(1) 1324(1) -452(1) 18(1) 1

N5 2259(1) 3654(1) 419(1) 17(1) 1
N6 4515(1) 4911(1) 862(1) 18(1) 1
N7 3799(1) 506(1) 1374(1) 16(1) 1
N8 6213(1) 1419(1) 1838(1) 15(1) 1
P1 5245(1) 1916(1) 44(1) 13(1) 1
P2 4051(1) 3591(1) 664(1) 13(1) 1
P3 4950(1) 1528(1) 1250(1) 12(1) 1
cl 7189(1) 1853(1) -318(1) 23(1) 1

Table 3.Bond lengths [A] and angles [°].

C1-N4 1.4679(19)
C1-C2 1.528(2)
C1-H1A 0.9900
C1-H1B 0.9900
C2-C3 1.526(2)
C2-H2A 0.9900
C2-H2B 0.9900
c3-ca 1.528(2)
C3-H3A 0.9900
C3-H3B 0.9900
C4-N5 1.4844(19)
C4-H4A 0.9900
C4-H4B 0.9900
C5-N5 1.4802(19)
C5-C6 1.521(2)
C5-H5A 0.9900
C5-H5B 0.9900
C6-C7 1.519(2)
C6-HBA 0.9900
C6-H6B 0.9900
C7-N6 1.4732(18)
C7-H7A 0.9900
C7-H7B 0.9900
C8-N7 1.4770(18)
C8-C9 1.521(2)
C8-C10 1.524(2)
c8-C11 1.531(2)
C9-H9A 0.9800

C9-H9B 0.9800



C9-HOC
C10-H10A
C10-H10B
C10-H10C
C11-H11A
C11-H11B
Cl1-Hi1C
C12-N8
C12-Ci14
C12-C15
C12-C13
C13-H13A
C13-H13B
C13-H13C
C14-H14A
C14-H14B
Cl4-H14C
C15-H15A
C15-H15B
C15-H15C
N1-P1
N1-P2
N2-P3
N2-P2
N3-P1
N3-P3
N4-P1
N4-H4N
N5-P2
N6-P2
N6-HG6N
N7-P3
N7-H7N
N8-P3
N8-H8N
P1-CI1
N4-C1-C2
N4-C1-H1A
C2-C1-H1A
N4-C1-H1B
C2-C1-H1B
H1A-C1-H1B
C1-C2-C3
C1-C2-H2A
C3-C2-H2A
C1-C2-H2B
C3-C2-H2B
H2A-C2-H2B
C4-C3-C2
C4-C3-H3A
C2-C3-H3A
C4-C3-H3B
C2-C3-H3B
H3A-C3-H3B
N5-C4-C3
N5-C4-H4A
C3-C4-H4A
N5-C4-H4B
C3-C4-H4B
H4A-C4-H4B
N5-C5-C6
N5-C5-H5A
C6-C5-H5A

0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.4837(18)
1.526(2)
1.529(2)
1.529(2)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.5859(11)
1.6039(12)
1.5817(11)
1.5947(12)
1.5791(12)
1.6237(12)
1.6229(13)
0.83(2)
1.6768(13)
1.6443(12)
0.841(19)
1.6449(12)
0.76(2)
1.6488(12)
0.79(2)
2.0626(5)
114.97(13)
108.5
108.5
108.5
108.5
107.5
115.72(14)
108.4
108.4
108.4
108.4
107.4
116.84(13)
108.1
108.1
108.1
108.1
107.3
113.00(13)
109.0
109.0
109.0
109.0
107.8
112.05(13)
109.2
109.2
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N5-C5-H5B
C6-C5-H5B
H5A-C5-H5B
C7-C6-C5
C7-C6-H6A
C5-C6-H6A
C7-C6-H6B
C5-C6-H6B
H6A-C6-H6B
N6-C7-C6
N6-C7-H7A
C6-C7-H7A
N6-C7-H7B
C6-C7-H7B
H7A-C7-H7B
N7-C8-C9
N7-C8-C10
C9-C8-C10
N7-C8-C11
C9-C8-C11
C10-C8-C11
C8-C9-H9A
C8-C9-H9B
H9A-C9-H9B
C8-C9-HoC
H9A-C9-HOC
H9B-C9-HIC
C8-C10-H10A
C8-C10-H10B
H10A-C10-H10B
C8-C10-H10C
H10A-C10-H10C
H10B-C10-H10C
C8-C11-H11A
C8-C11-H11B
H11A-C11-H11B
C8-C11-H11C
H11A-C11-H11C
H11B-C11-H11C
N8-C12-C14
N8-C12-C15
C14-C12-C15
N8-C12-C13
C14-C12-C13
C15-C12-C13
C12-C13-H13A
C12-C13-H13B
H13A-C13-H13B
C12-C13-H13C
H13A-C13-H13C
H13B-C13-H13C
C12-C14-H14A
C12-C14-H14B
H14A-C14-H14B
C12-C14-H14C
H14A-C14-H14C
H14B-C14-H14C
C12-C15-H15A
C12-C15-H15B
H15A-C15-H15B
C12-C15-H15C
H15A-C15-H15C
H15B-C15-H15C

109.2
109.2
107.9

112.85(12)
109.0
109.0
109.0
109.0
107.8

111.63(13)
109.3
109.3
109.3
109.3
108.0

107.47(13)

110.96(12)

109.35(14)

109.76(12)

109.62(15)

109.64(14)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

105.99(12)

111.97(12)

109.60(13)

109.55(12)

109.52(13)

110.11(14)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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P1-N1-P2
P3-N2-P2
P1-N3-P3
C1-N4-P1
C1-N4-H4N
P1-N4-H4N
C5-N5-C4
C5-N5-P2
C4-N5-P2
C7-N6-P2
C7-N6-H6N
P2-N6-HG6N
C8-N7-P3
C8-N7-H7N
P3-N7-H7N
C12-N8-P3
C12-N8-H8N
P3-N8-H8N
N3-P1-N1
N3-P1-N4
N1-P1-N4
N3-P1-Cl1
N1-P1-Cl1
N4-P1-Cl1
N2-P2-N1
N2-P2-N6
N1-P2-N6
N2-P2-N5
N1-P2-N5
N6-P2-N5
N2-P3-N3
N2-P3-N7
N3-P3-N7
N2-P3-N8
N3-P3-N8
N7-P3-N8

Symmetry transformations used to generate equivatems:

116.44(7)
124.79(7)
120.90(7)
125.08(11)
114.0(14)
116.0(14)
112.91(12)
114.50(10)
114.27(9)
114.07(10)
112.3(12)
114.5(12)
131.10(10)
111.5(15)
117.3(15)
127.02(10)
114.4(15)
111.6(15)
119.72(6)
109.65(6)
110.71(7)
104.61(5)
105.27(5)
105.70(5)
115.64(6)
108.13(6)
108.10(6)
110.58(6)
108.80(6)
105.02(6)
114.36(6)
116.35(6)
102.88(6)
106.84(6)
113.55(6)
102.42(6)
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Table 4. Anisotropic displacement parameter$¥A.0°]. The anisotropic displacement

factor exponent takes the forr2 7 [h%a*?U™ + ... + 2hka* b* U'?].

108

Atom Ull U22 U33 U23 U13 U12
c1 34(1) 24(1) 15(1) 1(1) -2(1) 6(1)
c2 32(1) 25(1) 18(1) 3(1) -4(1) 7(1)
c3 22(1) 38(1) 28(1) -3(1) -5(1) 2(1)
ca 17(1) 23(1) 25(1) 1(1) 2(1) -2(1)
c5 21(1) 26(1) 28(1) 3(1) 9(1) 7(1)
Cc6 32(1) 20(1) 29(1) 2(1) 14(1) 12(1)
c7 33(1) 13(1) 22(1) -1(1) 11(1) 4(1)
cs 22(1) 17(1) 22(1) 3(1) 11(1) 0(1)
c9 31(1) 45(1) 47(1) -13(1) 22(1) -17(1)
C10 36(1) 23(1) 26(1) -1(1) 18(1) -1(1)
ci11 51(1) 39(1) 38(1) 23(1) 25(1) 18(1)
c12 18(1) 19(1) 19(1) -1(1) 0(1) -2(1)
c13 30(1) 21(1) 29(1) -7(1) -5(1) 1(1)
c14 20(1) 29(1) 26(1) -3(1) -5(1) 2(1)
C15 27(1) 40(1) 28(1) 2(1) 6(1) -14(1)
N1 19(1) 11(1) 14(1) 2(1) 7(1) 1(1)
N2 20(1) 12(1) 13(1) 1(1) 6(1) 3(1)
N3 18(1) 11(1) 13(1) 1(1) 4(1) 2(1)
N4 26(1) 13(1) 14(1) -1(1) -1(1) 2(1)
N5 16(1) 17(1) 19(1) 2(1) 4(1) 3(1)
N6 26(1) 11(1) 17(1) 1(1) 9(1) 0(1)
N7 21(1) 14(1) 15(1) -1(1) 6(1) -4(1)
N8 17(1) 12(1) 15(1) 2(1) 0(1) 1(1)
P1 17(1) 11(1) 12(1) 1(1) 5(1) 1(1)
P2 16(1) 10(1) 13(1) 2(1) 5(1) 2(1)
P3 14(1) 10(1) 11(1) 1(1) 3(1) 0(1)
cl1 25(1) 20(1) 28(1) 0(1) 16(1) 2(1)



Table 5. Torsion angles [°].
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N4-C1-C2-C3
C1-C2-C3-C4
C2-C3-C4-N5
N5-C5-C6-C7
C5-C6-C7-N6
C2-C1-N4-P1
C6-C5-N5-C4
C6-C5-N5-P2
C3-C4-N5-C5
C3-C4-N5-P2
C6-C7-N6-P2
C9-C8-N7-P3
C10-C8-N7-P3
C11-C8-N7-P3
C14-C12-N8-P3
C15-C12-N8-P3
C13-C12-N8-P3
P3-N3-P1-N1
P3-N3-P1-N4
P3-N3-P1-Cl1
P2-N1-P1-N3
P2-N1-P1-N4
P2-N1-P1-Cl1
C1-N4-P1-N3
C1-N4-P1-N1
C1-N4-P1-Cl1
P3-N2-P2-N1
P3-N2-P2-N6
P3-N2-P2-N5
P1-N1-P2-N2
P1-N1-P2-N6
P1-N1-P2-N5
C7-N6-P2-N2
C7-N6-P2-N1
C7-N6-P2-N5
C5-N5-P2-N2
C4-N5-P2-N2
C5-N5-P2-N1
C4-N5-P2-N1
C5-N5-P2-N6
C4-N5-P2-N6
P2-N2-P3-N3
P2-N2-P3-N7
P2-N2-P3-N8
P1-N3-P3-N2
P1-N3-P3-N7
P1-N3-P3-N8
C8-N7-P3-N2
C8-N7-P3-N3
C8-N7-P3-N8
C12-N8-P3-N2
C12-N8-P3-N3
C12-N8-P3-N7

Symmetry transformations used to generate equivatems:

-50.7(2)
80.34(19)
54.19(19)

-56.52(18)
58.57(17)
-69.16(18)
-173.71(13)
53.22(15)
114.37(14)
~112.45(13)
-57.50(15)
146.41(13)
26.9(2)
-94.44(16)
-162.85(11)
-43.38(18)
79.08(15)
19.54(11)
-109.97(9)
137.07(7)
-31.02(11)
98.02(9)
-148.21(6)
168.00(12)
33.75(14)
~79.75(13)
-21.00(12)
-142.33(9)
103.20(9)
30.67(11)
152.02(8)
-94.44(9)
-67.74(12)
166.37(10)
50.34(12)
68.04(11)
-64.39(11)
-163.93(10)
63.65(11)
-48.38(11)
179.19(10)
9.17(12)
-110.66(9)
135.71(9)
-7.82(11)
119.29(9)
-130.81(8)
-57.93(15)
176.23(13)
58.18(14)
-47.18(13)
79.84(13)
-169.98(12)



