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1 Uvod

Jiz po rkolik desetileti vziistd zdjem o chemii dithiolatovych slk@mnin, zvlas
pak o dithiokarbamatove sléeniny gechodnych kofr. PrestoZze je zdjem chemické
vefejnosti hlave zameien na jejich fyzikals-chemické studium, diky kterému ziskavame
cenné a mnohdy zajimavé informace o imitstruktde a vlastnostech studovanych
slowenin, byly také u &kterych objeveny vyznamné aplikd vlastnosti vyuZitelné
v riznych od¥tvich primyslu, lékdstvi nebo zerdélstvi. Tyto latky nasly uplatmi
napiklad pi vulkanizaci kaduku, @i vyvoji Iéki na l&bu AIDS ¢i jako pokusna
karcenostatika.

V ramci literarni reSerSe, kteréreplchazela syntetické praci, jsem v odborné
literature nalezl mnoho publikaci zabyvajicich se problekoati nikelnatych
dithiokarbamatovych slaenin, ale jen nepatrné&st z nich se &novala nesymetrickym
nikelnatym dithiokarbamatn. Proto jsem v literarngéasti gedlozené disertai prace
podal pokud mozno Uplnyehled o dosud znamych st@ninach tohoto typudetrg vyctu
jejich reakinich mozZnosti s akcentem na problematédenou v experimentalédsti.

V experimentalni ¢asti jsem se intenzi¥n zantiil na pipravu a reakce
bis(N-cyklohexylN-ethyldithiokarbamato)nikelnatého a MsenzylN-butyldithiokarba-
mato)nikelnatého komplexu s vybranymi ligandy ohglimi siru, arsen, antimon, dusik,
poipadt jedenc¢i vice donorovych atofnh fosforu. Hlavnim cilem bylo roz$i naSe
védomosti o vlivu aniont, resp. o vzajemném vlivu donorovych ligande vnitni
koordin&ni sfé&e centralniho atomu niklu, na strukturu a vlastndstordinaniho
polyedru.

Pripravené koordingni sloweniny byly charakterizovany standardnimi fyzikaln
-chemickymi metodami studia latek (elementérni yregl volumetrické stanoveni niklu,
magnetochemické a vodivostnitani, UV-VIS, € a *P{*H}-NMR spektroskopie,
termicka analyza). SloZeni prodakermického rozkladudkolika izolovanych komplek
bylo stanoveno praskovou rentgenovou dirdkanalyzou. Pokud se pdda ziskat
vhodné monokrystaly, byly sléaniny studovany pomoci monokrystalové rentgenove
strukturni analyzy. U vybranych kompiexyl rovrez studovan vliv jejich fitomnosti

na oxidaci grafitu.



Je mi milou povinnosti p@#ovat a vyjadit hlubokou v@&cnost jmenovi
prof. Zdenku Travrekovi a prof. Richardu Pastorkovi za vytrvaly,édvy a profesionélni
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¢lenaim Katedry anorganické chemie za pomaicrealizaci této prace, dale doc. Vaclavu
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podékoval své rodig a vSem pateiim za motivaci a projevenou podporu, bez kterych by

tato prdce nemohla byt dokema.



2 Literarni ¢ast
2.1 Obecna charakteristika dithiokarbamatovych ligandi

Dithiokarbamatoveé ligandyd{c) jsou zaporé jednomocné bidentatni ligandy, které
pati spolu s dithiofosfaty, xanthaty, dithiokarboxyladithioarsenitany apod. do velké
skupiny 1,1-dithiolatovych ligarid Jejich spolénou vlastnosti jsou chelatotvornéinky,
které umo#uji vytvaret pongrné stabilnictyicetné cykly sadou gechodnych kofr. Ty
vznikaji diky dwma atonim siry, prostednictvim kterych se mohou vazat ligandy
na centralni atom kovu, obsazeny v koordimalowenins.

Dithiokarbaméaty se jako ligandy tr&dé déli na symetrické, nesymetrické
a heterocyklické. Bleni sp@iva ve zfgisobu navazani uhlovodikovych zbgtka atomu
dusiku v ramci dithiokarbamatové skupiny (Obr.1)piipadt symetrického strukturniho
typu jsou na atomu dusiku navazany dva stejné obdievé zbytky, u nesymetrického
uspdadani dva rozdilné uhlovodikové zbytky (popodik a jeden uhlovodikovy zbytek)

a u heterocyklického dithiokarbaméatu je atom dusibutasti heterocyklu.

Obr. 1 Schematické znazor#ni strukturnich typ a dithiokarbaméatového ligandu.
{a) symetricky, b) nesymetricky, c) heterocyklicky}



2.2  Historie a sowasnost ve vyzkumu dithiokarbamatovych slodenin

Vramci této kapitoly bych rad zminil ¢kolik publikaci z oblasti
dithiokarbamatovych slaenin, které se dle mého nazoru vyznénpodilely na vyvoji
dithiokarbamatové chemie.

Prvni zminky o dithiokarbamatech niklu pochézi #atku 20. stoleti, kdy byly
Delepinem [1,2] usgsre izolovany jednoduché dithiokarbamatové komplegyichz blizsi
charakteristika vSak v publikacich clédn. S rozvojem fistrojoveého vybaveni a fyzikain
-chemickych metod byla studovana spousta novychialiarbamatovych sla@enin.
Za zminku stoji prace Whitbyho a Mathesona [3],kieré byly uvéejrény body tani
n¢kolika novych dithiokarbaméatnebo publikace Cavella a Sugdena [4], ve kteréiaut
jako prvni studovali magnetochemické vlastnosti, maklad kterych prokéazali
diamagnetické chovani jednoduchych dithiokarbamgatiowkomplexi. Tito autdi rovnéz
navrhli spolehlivou metodu pro jejich preparaciaté zkoumali jejich chovéani ve véd
atad organickych rozpou&tlel, ve kterych na zakladbulioskopického gteni prokazali
monomeérni uspadani koordinéni sféry. V nasledujicich létech pokowal vyzkum
publikacemi o jejich elektronovych spektrech [S5hfra¢ervenych spektrech [6,7],
dipdlovych momentech [8]i termickém chovéni [9].

Ze 30. a 40. let pochazi prvni zminky o krystalosttukture nikelnatych
dithiokarbamai. Nejprve Cambi a Corisselli [10], na zakiad vysledki
magnetochemického dreni, gedpowdéli ¢tvercové uspiadani koordinéni sféry atomu
niklu. Av8ak prvni pokus o teni krystalové struktury byl ¢inén az vroce 1941
Peyronellem [11], ktery pro komplex [Ni{ltc)] urcil prostorovou grupu, polohu atdm
a délku vazby Ni-S (2,46 A). V roce 1960 byla paemea kompletni rentgenostrukturni
analyza komplexu [Ni(ittc)], jehoz strukturdesili Vaciago [12], Shugam a Levina [13].

V souwiasnosti existuje na && mnoho akademickych pracovjsktera se #nuji
systematickému studiu dithiokarbaméatovych &kmin. Na zéklagl tohoto vyzkumu
odpublikovaly stovkyc¢lanki, které se &novaly nejen syntéze komplexrozmanitych
struktur, ale i studiu jejich vlastnosti s vyuzitimajnowjSich fyzikalre-chemickych metod.
Ve vS8i skromnosti jeféba podotknout, Ze ve zZm&m nefitku prispiva kieSeni dané
problematiky i pracovigt Katedry anorganické chemieif® UP v Olomouci, nelio
za témt pétadvacet let bylo vydano nactyricet publikaci ¥nujicich se

dithiokarbamatovym slaieninam, které jsou stale citovany v zah¢airch periodikach.



O dithiokarbamaty je v odbornych kruzich velky rjenebd u rekterych byly
objeveny zajimavé aplikai vlastnosti. Pozornost igdevSim zvySuje jejich
farmakologicka, fungicidni a polymewa aktivita. Jsou znamy prace, ve kterych #uto
studovali biologickou aktivitu u diethyldithiokariveti zinku a n&di, u kterych byly
zjisteny protinddorové &inky vaéi mnoha ty@m rakovinnych bu#k [15]. Nekteré
z komplexa byly navrzeny jako &inné latky i Iécbé onkologickych onemocmi,
zejména rakoviny prsu [16,17]. Déale seitg dithiokarbamaty vyuZzivajiiplécbe virovych
onemocgni [19] nebo pi hledani novych lék k 1&b¢ AIDS u pacieni nakazenych virem
HIV [20].

Dithiokarbamatové slaieniny zinku, manganu a Zeleza se pouzivaji jako
fungicidni latky v zemadélIstvi pii péstovani jablek, répt a brambor [21] (jsou znamy pod
obchodnimi nazvy - Zineb, Maneb, Ferbam). Pr@&mmjiné dithiokarbamaty mohou byt
acinné @i radikalové polymeraci styrenu a methyl-methakiyldi vyrobé polymei
s predem stanovenou molekulovou hmotnosti [22], daie giipraw sulfidi kova
a nangastic vyuzivanych v letectvi a kosmonautice [23)amenohou najit uplatmi také
jako vulkanizani urychlovae [24], flotani ¢inidla [25], inhibitory koroze [26] nebo jako

biosenzory [27].

2.3  Hehled izolovanych nesymetrickych nikelnatych dithigarbamatua

Dosud znamé zakladni nesymetrické nikelnaté ditrlmamaty jsem fehledr®
uspdadal do tabulek (Tab. 1, 2) podle tygic ligandu, tj. [Ni(HRdtc)] a [Ni(RiR-dtc),].
VSechny tyto sloéeniny byly izolovany na zaklad tiéi obecnych postup piipravy.
V piipac prvniho postupu se vychazelo z alkalické nebo diarsoli dithiokarbamatové
kyseliny (Schéma 1). ProtoZe j&l snadno rozpustna v polarnim rozp@d&, mohla se
srazet vodnym roztokem nikelnaté soli za vznikuehiktého dithiokarbamatu. Timto
zpiusobem se s oblibouripravuji dithiokarbaméatové komplexy odvozené odraskyselin
[47-50]. AvSak tradini je na naSem pracovisti druha metoda [39,43,62].
Ta spa@iva vreakci ethanolického roztoku sirouhliku a @mis vodnym roztokem
nikelnaté soli (Schéma 2). ¢které nikelnaté dithiokarbamaty se dajfippavit také
substituci gvodniho komplexu [Ni(HRdtg) vhodnou elektrofilni ¢astici, odvozené
od sekundarnich amig sulfonamid nebo estér karboxylovych kyselin [52,59]. Obeén

Ize tyto syntézy popsat mechanismem podle Schéma 3.
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N2+
M(S,CNRR,), ————= [Ni(S,CNR,R,),]
H,0 H,O

n CS +n NHRR, + M(OH),

R, =uhl. zbytek

R, =uhl. zbytek, H

M =Na, K*(n=1),B& (n=2)
S,CN =dtc

Schéma 1 Piprava nikelnatych dithiokarbamatia (metodaé.1).

CS, + NHRR, + 1/2 NiCL.6H,0 > 1/2 [Ni(SCNR,R,),]
EtOH, HO

R, =uhl. zbytek
R, =uhl. zbytek, H
S,CN =dtc

Schéma 2 Piprava nikelnatych dithiokarbamatia (metodaé.2).

S H
. N--- NEt
Ni » N\ _2H+3 >—N ﬁ, Ni Sk N
S R/,

E* = elektofil
NEt, = triethylamin (deprotonacni cinidlo)

Schéma 3 Riprava nikelnatych dithiokarbamatia substituci (metodaé.3) [59].

10



Tab. 1 Frehled nikelnatych dithiokarbamata typu [Ni(HRdtc) 2].

Komplex R- Lit.
1.01 [Ni(H Budtc)] terc. butyl 29
1.02 | [Ni(HPhdtc)] fenyl 30
1.03 [Ni(HCphdtc)] | p-chlorfenyl 30
1.04 | [Ni(H’Mphdtc)] | p-methylfenyl 30
1.05 | [Ni(H'Hedtc)] isohexyl 31
1.06 | [Ni(HMedtc)] | methyl 32,67
1.07 | [Ni(HAlydtc)] allyl 32
1.08 | [Ni(HEtdtc),] ethyl 33
1.09 [Ni(HCalydtc),] | chlorallyl 34
1.10 | [Ni(HPhetdtc}] | 2-fenylethyl 35
1.11 [Ni(HCdtc),] cyklohexyl 36
1.12 | [Ni(H°Nfdtc)] | a-naftyl 37
1.13 | [Ni(HPNfdtc),] | B-naftyl 37
1.14 | [Ni(H°Mphdtc)] | o-methylfenyl 37
1.15 | [Ni(H™Mphdtc)y] | m-methylfenyl 37
1.16 | [Ni(HPIphdtcy] | p-jodfenyl 38
1.17 [Ni(HPrdtc)] propyl 39,68
1.18 | [Ni(HBudtc),] butyl 39
1.19 [Ni(HPadtc)] palmityl 39
1.20 | [Ni(HEadtc)] 2-hydroxyethyl 39
1.21 [Ni(H™Aphdtc)] | m-hydroxyfenyl 39
1.22 | [Ni(HPAnisdtcy] | p-methoxyfenyl 39
1.23 | [Ni(HBzdtc),] benzyl 39
1.24 [Ni(HAetdtc),] 2-aminoethyl 40
1.25 | [Ni(HAprdtc),] 3-aminopropyl 41
1.26 | [Ni(HDmaedtc)] | 2-(N,N-dimethyl)aminoethyl 42
1.27 | [Ni(HDmapdtc)] | 3-(N,N-dimethyl)aminopropyl 42
1.28 | [Ni(H4-aapdtc)] | 2.3-dimethyl-1-feny-3-pyrazolin-5-on-4-yl 43
1.29 | [Ni(HMethdtc),] | 3-(methylthio)-1-karboxypropyl 44
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Tab. 1 (pokra¢ovani)

Komplex

1.30 [Ni(HTrydtc),] 2-(2-indolyl)-1-karboxyethyl 44
1.31 [Ni(HGlydtc),] karboxymethyl 44
1.32 | [Ni(H'Prdtc)] isopropyl 45
1.33 | [Ni(HAladtc),] 1-karboxyethyl 46,47
1.34 | [Ni(HAbudtc),] 1-karboxypropyl a7
1.35 | [Ni(HNorvaldtc)] | 1-karboxybutyl 47
1.36 [Ni(HNorleudtc)] | 1-karboxypentyl 47
1.37 | [Ni(HGludtc),] 1,3-dikarboxypropyl 48
1.38 [Ni(HAspdtc)] 1,2-dikarboxyethyl 48
1.39 | [Ni(HPhglydtcy] | karboxy-fenylmethyl 49
1.40 | [Ni(HPhaladtc)] | karboxy-benzylmethyl 49
1.41 [Ni(HValdtc),] 1-karboxyisobutyl 50
1.42 [Ni(HLeudtc),] 1-karboxyisopentyl 50
1.43 | [Ni(H 'Leudtc)] 1-karboxy-2-methylbutyl 50
1.44 | [Ni(H®Budtc)) sek. butyl 51
1.45 | [Ni(HMkacdtc)] | 1-(methoxykarbonyl)cyklohexyl 64

12



Tab. 2 HFrehled nikelnatych dithiokarbamati typu [Ni(R 1R2dtc),].

Komplex Ri- Ro- Lit.
2.01 | [Ni(PhEtdtc)] fenyl ethyl 53
2.02 | [Ni(PhMedtc})] fenyl methyl 53,69
2.03 | [Ni(Ph'Amdtc),] fenyl isoamyl 53
2.04 | [Ni(CEtdtc)] cyklohexyl ethyl 54,70
2.05 | [Ni(MeHfidtc),] methyl 2-hydroxy-2-fenyl-isopropyl| 55
2.06 | [Ni(MeDmaedtc)] | methyl 2-(N,N-dimethyl)aminoethyl 42
2.07 | [Ni(MeMaedtc)] methyl 2-(N-methyl)aminoethyl 42
2.08 | [Ni(MeGlydtc),] methyl karboxymethyl 44
2.09 [Ni(PhoBzydtc)(H,0),] | 5-fenyl-1,3,4-oxadiazol-2-yl| benzoyl 56
2.10 | [Ni('PrMedtc)] isopropy! methyl 57
2.11 [Ni(CMedtc),] cyklohexyl methyl 54
2.12 | [Ni(C'Prdtc)] cyklohexyl isopropyl 54
2.13 | [Ni(MeEadtc}] methyl 2-hydroxyethyl 58
2.14 | [Ni(MeAcedtc)] methyl acetyl 52
2.15 | [Ni(EtAcedtc)] ethyl acetyl 52
2.16 | [Ni('BuAcedtc)] isobutyl acetyl 52
2.17 | [Ni(BzAcedtc)] benzyl acetyl 52,71
2.18 | [Ni(PhAcedtc)] fenyl acetyl 52
2.19 | [Ni(°"MphAcedtc)] | p-methylfenyl acetyl 52
2.20 [Ni(CphAcedtc}] p-chlorfenyl acetyl 52
2.21 | [Ni(MeBzydtc),] methyl benzoyl 52
2.22 [Ni(PhBzydtc)] fenyl benzoyl 52
2.23 | [Ni(MePhkdtc)] methyl N-fenylkarbamoyl 59
2.24 | [Ni(MeDphkdtc)] methyl N,N-difenylkarbamoyl | 59
2.25 [Ni(MeEkadtc)] methyl ethoxykarbonyl 59
2.26 | [Ni(BuEkadtc)] butyl ethoxykarbonyl 59
2.27 | [Ni(BzEkadtc}] benzyl ethoxykarbonyl 59
2.28 [Ni(MePhsdtc)] methyl fenylsulfonyl 59
2.29 | [Ni(MePMphsdtc)] | methyl p-methylfenylsulfonyl 59

13



Tab. 2 (pokra¢ovani)

Komplex
[Ni(BuPMphsdtc)] | butyl p-methylfenylsulfonyl

2.31 | [Ni(BzPMphsdtc)] | benzyl p-methylfenylsulfonyl 59
2.32 | [Ni(BzMedtc))] benzyl metyl 60, 61
2.33 | [Ni(BzEtdtc)] benzyl ethyl 60
2.34 | [Ni(Bz'Prdtc)] benzyl isopropyl 60, 62
2.35 | [Ni(MeEtdtc)] methyl ethyl 63
2.36 [Ni(MeBudtc)] methyl butyl 63
2.37 | [Ni(MeHedtc)] methyl hexyl 63
2.38 | [Ni(PrEadtc)] propyl 2-hydroxyethyl 65
2.39 | [Ni(EtBudtc))] ethyl butyl 66
2.40 | [Ni(DetpMedtc)] diethylthiofosforyl metyl 72
241 [Ni(PmBzdtc}] 2-pyrrolylmethyl benzyl 73
2.42 [Ni(BzEadtc)] benzyl 2-hydroxyethyl 84

V piipact n¢kolika koording&nich  slogenin,

na zaklat monokrystalové

rentgenoveé strukturni analyzy, bylaiegena molekulova struktura, ktera jednémia

potvrdila vysledky fyz.-chemického studia a konkmetala usp&adani koordinéni sféry

atomu niklu.V literature [45,65,67-73] byly odpublikovany vysledky rentgstrukturni
analyzy komple [Ni(HMedtc),] (1.06), [Ni(HPrdtc)] (1.17), [Ni(HPrdtcy] (1.32),
[Ni(PhMedtc)] (2.02), [Ni(CEtdtc)] (2.04) , [Ni(BzAcedtc)] (2.17), [Ni(PrEadtc)
(2.38), [Ni(EtBudtc)] (2.39), [Ni(DetpMedtc)] (2.40) a [Ni(PmBzdtg) (2.41), podle

kterych se jedna o sloeniny s planarnim uspédanimctyi atomi siry kolem centralniho

atomu (molekulové struktury a vybrana krystalogigdi data jsou znazaima

na Obr. 2-11, atomy vodiku jsou #t§iny struktur pro fehlednost vynechany).

14



S1
Ni1 />c1 N1
¢
¢
S2
Obr. 2 Molekulova struktura komplexu [Ni(HMedtc) 7] (1.06).
{P2,/a; a = 12,20(30), b = 9,37(30), ¢ = 4,20(20B4; 93,4(20)°}

S1
Oy~
L/.\L S2

Obr. 3 Molekulova struktura komplexu [Ni(HPrdtc) 5] (1.17).
{P2i/c; a=9,483(2), b = 7,769(2), ¢ = 11,674(2)3% 125,14(2)%}

S1
e
- 52 ~e

Obr. 4 Molekulova struktura komplexu [Ni(H 'Prdtc),] (1.32).
{R 3c; a=22,13(1), b = 22,13(1), ¢ = 15,06(3)yA& 120,00(2)°}
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S2

),}‘I: S1

Obr. 5 Molekulova struktura komplexu [Ni(PhMedtc),] (2.02).
{P2,/a; a = 19,30(2), b = 6,592(3), ¢ = 7,658(3)RA: 107,8(1)°}

1

o0

}*‘p

Obr. 6 Molekulova struktura komplexu [Ni(CEtdtc) o] (2.04).
{P2,/c; a = 8,534(4), b = 12,087(4), ¢ = 11,109(434; 95,54(3)°}

C1 N1
—G
X

Obr. 7 Molekulové struktura komplexu [Ni(BzAcedtc),] (2.17).
{PL; a=7,7881(8), b = 19,6134(23), c = 7,4784(23)A; 90,78(1),
B =193,14(1)y=93,46(1)°}
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Obr. 8 Molekulova struktura komplexu [Ni(PrEadtc),] (2.38).
{P1;a=6,401(1), b=11,480(2), c = 12,517(2)oks 88,021(2),
B = 82,491(2)y = 89,986(2)°}

X AA 2
ey

Obr. 9 Molekulova struktura komplexu [Ni(EtBudtc) ;] (2.39).
{P2,/n; a = 8,5641(9), b = 8,6316(9), ¢ = 13,6047(14p A 94,753(2)°}

¢ L S1
- Sl C1 N1
S3
P1
[ ¢ \
s2 )
Obr. 10 Molekulova struktura komplexu [Ni(DetpMedtc),] (2.40).
{C2/c; a = 25,634(6), b = 11,152(1), ¢ = 7,913(2)pA= 99,95(2)°}
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Obr. 11 Molekulova struktura komplexu [Ni(PmBzdtc),] (2.41).
{P1;a=6,294(10), b = 10,323(14), ¢ = 10,909(17pAs 100,75(1),
B =93,28(1)y = 106,73(1)°}

Tab. 3 Srovnéani rekterych vazebnych délek u [Ni(RR2dtc);] (R1 = H, uhl. zbytek).

Ni(1)-S(1) Ni(1)-S(2) C(1)-N(1) C(1)-S(1) C(1)-S(2)

[Ni(HMedtc),] | 2,196(9) | 2,203(9) | 1,30(2) | 1,72(1)| 1,70(1)
[Ni(HPrditc) 2] | 2,193 (1) | 2,202(1) | 1,295(7)] 1,711(4) 1,719(4)
[Ni(H'Prdic);] | 2,202(4) | 2,222(4) | 1,38(2) | 1,694(15) 1,721(15)
[Ni(PhMedtc),] | 2,198(3) | 2,208(3) | 1,30(1) | 1,70(1)| 1,74(1)
[Ni(CEtdic),] | 2,1965(7)| 2,197(1) | 1,314(3)] 1,725(3) 1,723(3)
[Ni(BzAcedtcy] | 2,198(2) | 2,199(2) | 1,37(1) | 1,695(8) 1,694(d)
[Ni(PrEadtc),] | 2,1982(6)| 2,2083(6] 1,311(3) 1,722(2) 1,729(})
[Ni(EtBudtc),] | 2,2032(8)| 2,2034(7] 1,3193) 1,712(3) 1,716(})
[Ni(DetpMedtc);] | 2,205(2) | 2,218(2) | 1,355(1)] 1,703(2) 1,707(3)
[Ni(PmBzdtc),] |2,202(3) | 2,207(4) | 1,291(3)] 1,734(3) 1,728(3)
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Prakticky u vSech rentgenograficky studovanych &ain byl prokazéan
tetrakoordinovany nikl v mighdeformovanénttvercovém usp@dani koordinéni sféry.

V Tab. 3 jsou uvedeny jejichékteré vazebné délky. U vSech struktur byl zaznamena
nepatrny rozdil v nalezenych hodnotach vazebnytdkddi(1)—-S(1) a Ni(1)-S(2). Rozdily
vétsi nez 0,015 A byly Zisobeny existenci intramolekularnich interakci naoimy siry

a uhlovodikovym zbytkem navazanym na atomu dusidtithiokarbamatoveé skupir{71].

V piipact vazeb C(1)-N(1), C(1)-S(1) a C(1)-S(2) byla #pat delokalizace
srelektrori, diky které ndly tyto vazbycasté&né dvojny charakter. Jejich délky byly kratSi
nez vazebné délky typické pro jednoduchou vazbi ¢547 A) resp. C-S (1,81 A)
a zarové deldi v porovnani s délkou vazby C=N (1,28 A) reSpS (1,66 A) [71,74].
Stejné zadry o zn&ném podilurelektronové hustoty v ramci dithiokarbamatové shyipi
mohou poskytnout také vysledky @ Ispekter. Jednoducha vazba C-N se projevuje
maximem vibrace v rozmezi 1250 a? 1350 ‘cmatimco dvojna vazba C=N signalem
v intervalu vingta 1640 aZ 1690 cth V dithiokarbamatech vsak vazba=I8 absorbuje
pfi cca 1500 cnt [75].

Za zminku stoji také komplex [Ni(PhoBzydi#).O),] (2.09), ktery se Ilisi
od zbyvajicich komplex uspgdadanim ligand v koordin&ni sfée. Na zéklad vysledki
magnetochemického a vodivostnihaieni, elektronovych spekter a termické analyzy
bylo zjiS€no, Ze tento paramagneticky komplex je oktaedridgkgry ma d¢ molekuly
vody koordinovany na atomu niklu [56].

Dithiokarbamétové ligandy jsou ro¥h aktivni @ tvorbé vicejadernych
makrocyklickych komplek. V publikaci [73] se aui® zan®fili na syntézu
dithiokarbamatovych kompléx odvozenych od derivatpyrrolu. Podélo se izolovat
~acyklicky jednojaderny komplex [Ni(PmBzdtg) (2.41), jehoZ molekulova struktura je
uvedena vySe (Obr. 11), a také dvojjaderny makrdidgk komplex
{[Ni(PmBzdtc),],-5H,0} (Obr. 12). Tento komplex byligpraven obdobnym Zisobem
jako jednojaderny komplex, ale s vyuzitim struktushozitjSi pyrrolové baze obsahujici
ve své strukite ¢tyfi dusikové atomy. Autéim se tak naskytla moznost porovnat
strukturni aspekty d&kného jednojaderného komplexu s dvojjadernym chiic
komplexem maijici stejngtc ligand. Uk&zalo se, Ze pyrrolova jadra propogdrotlivédtc
fragmenty v uzakeny makrocyklus (Obr. 12), aniz by jejich NH skupisiimo ovlivnily

slozeni dithiokarbamatového ligandu a koordiriasféru atomu niklu.
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Obr. 12 Molekulova struktura komplexu {[Ni(PmBzdtc),].-5H,0}.
{P1;a=12,996(17), b = 16,75(2), c = 17,05(2)ch= 68,67(1)B = 83,41(1),
y = 80,28(1)°; molekuly vody a atomy vodiku pri@plednost odstrany}

2.4  Reakce s fosfanovymi ligandy

Nikelnaté dithiokarbamatové komplexy ochétreaguji s nabojav neutralnimi
ligandy obsahujicimi jeden a vice donorovych atdimsforu. Velmicasto pouzivanymi
monodentatnimi fosfanovymi ligandy jsou tercidroéfany (PR, kde R je alkyl ¢i aryl),
které se mohou podilet na tvérb-donor 7zakceptorové vazby prdasdnictvim volného
elektronového paru a vakantniho 3d-orbitalu na atdosforu. Vazebnd interakce mezi
atomem niklu a ligandem jgqd.. Ligandy tohoto typu vadt piipadi rozhoduji o piibéhu
chemickych reakci a zvlaStv pripadt objemnych P-liganid také o koné&né symetrii
koordin&ni sloweniny. ObjemgyjSi substituenty na atomu fosforu v terciarnim gutidu
zpasobuji z¥tSeni meziatomovych Ghl coz se projevi zémou vrcholového uhlu kuzele
(tzv. Tolmariv Uhel, Obr. 13) a z#mou meziatomové vzdalenosti Ni—P. Souhfchto
faktoni se niize nejlépe objasnit ngadé komplexi typu [NiX2(PR3)2]. Diamagnetické
planarni formy fipadaji v Uvahu, jestlize 'R= alkyl a X = I. Je-li naopak R= aryl

a X = CI, pak vzniklé komplexy jsou paramagnetické a mejfaedrické usgadani
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koordin&ni sféry niklu [76]. Terciarni P-ligandy ro¥h miZeme povaZovat zaciinna
redoxni¢inidla vhodna pro stabilizaci nizkych [77], aleyisokych oxidanich staw niklu
[78,79]. V mnoha syntézach nalézaji vyuziti bidaritdosfanové ligandy, za pomoci
kterych lze pipravit jednojaderné nebo dvojjadernéustkové komplexy étvercové
symetrie nebo také tridentatni fosfanové ligandgrék jevi naopak zcela ojedif sklon
ke tvorke komplexi s trigondli bipyramidalnici tetragonal pyramidalni strukturou.

Obr. 14 Konstituéni vzorce rekterych bidentatnich fosfanovych ligandi.

{a) 1,2-bis(difenylfosfan)ethan, b) 1,4ifenylfosfan)butan,
c) 1,6-bis(diféimsfan)hexan, d) 1,1"-bis(difenylfosfan)ferrocen}
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a) Triphosl

Obr. 15 Konstituéni vzorce rékterych tridentatnich fosfanovych ligandi.

{a) bis(2-difenylfosfanoethyl)fenylfosfan, b)111-tris(difenylfosfano-

methyl)ethan}

2.4.1 Nesymetrické dithiokarbamaty niklu s monodentatnimiP-ligandy

Tab. 4 Hehled dithiokarbamatovych komplexi niklu s P-ligandy.

Komplex Lit. Komplex Lit.
4.01 | [Ni(NO)(HMedtc)(PPh)] 80 | 4.13 |[Ni(NOy)(H*Budtc)(PBu)] 51
4.02 | [Ni(NO)(HEtdtc)(PPh)] 80 | 4.14 |[Ni(NO)(HMedtc)(PBw)] 51
4.03 | [Ni(NO)(HBudtc)(PPh)] 80 | 4.15 |[Ni(NO)(HEtdtc)(PBw)] 51
4.04 | [Ni(NO)(H'Budtc)(PPB)] 80 | 4.16 |[Ni(NO)(H'Prdtc)(PBu)] 51
4.05 | [Ni(NO)(H®Budtc)(PPh)] 80 | 4.17 |[Ni(NO)(H*Budtc)(PBu)] 51
4.06 | [Ni(NO)(H'Budtc)(PPh)] 80 | 4.18 |[NiCl(HEtdtc)(PPh)] 29
4.07 | [Ni(NO)(HPhdtc)(PPB)] 80 | 4.19 [[NiBr(HMedtc)(PPh)] 29
4.08 | [Ni(NO)(HCphdtc)(PPB)] 80 | 4.20 |[NiBr(H'Prdtc)(PPB)] 29
4.09 | [Ni(NO)(HPAnisdic)(PPR)] | 80 | 4.21 |[NiBr(H'Budtc)(PPH)] 29
4.10 | [Ni(NO2)(HMedtc)(PBu)] 51 | 4.22 [[NiBr(HPhdtc)(PPb)] 29
4.11 | [Ni(NO2)(HEtdtc)(PBuy)] 51 | 4.23 |[NiBr(HCphdtc)(PPh)] 29
4.12 | [Ni(NO2)(H'Prdtc)(PBy)] 51 | 4.24 [[NiBr(HPMephdtc)(PPH)] 29

22




Tab. 4 (pokracovani)

Komplex

4.25 | [NiBr(HPAnisdtc)(PPBh)] 29 | 4.50 |[NiBr(Bz'Prdtc)(PPB)] 62
4.26 | [NiCI(HEadtc)(PPH)] 81 | 4.51 |[Nil(Bz'Prdtc)(PPB)] 62
4.27 | [Ni(HEadtc)(PPh),]JClO4 81 | 4.52 |[Ni(NCS)(BZPrdtc)(PPB)] 62
4.28 | [Ni(MeEadtc)(PPH),]JCIO; | 82,83| 4.53 | [Ni(Bz'Prdtc)(PP,CIO,0.5H0O | 86
4.29 | [NiCl(MeEadtc)(PPH)] 83 | 4.54 | [Ni(Bz'Prdic)(PPH,]BPh-3HO | 86
4.30 | [Ni(NCS)(MeEadtc)(PP¥] | 83 | 4.55 |[Ni(Bz'Prdic)(PPk),]PFs 86
4.31 | [NiCl(BzEadtc)(PPh)] 84 4.56 | [Nil(H4-aapdtc)(PP§)] 43
4.32 | [Ni(NCO)(BzEadtc)(PPy] | 84 | 4.57 | [Ni(NCS)(H4-aapdtc)(PPJI 43
4.33 | [Ni(NCS)(BzEadtc)(PPY)] | 84 | 4.58 |[[NiCI(HPhdtc)(PPB)] 87
4.34 | [Ni(CN)(BzEadtc)(PPH)] 84 | 4.59 |[[NiBr(HPhdtc)(PPE)]-CHCL | 87
4.35 | [Ni(HGlydtc)(PPh)JClO, | 44,85 4.60 |[[Nil(HPhdtc)(PPh)] 87
4.36 | [Ni(HMethdtc)(PPh),]JCIO, | 44 | 4.61 [[Ni(NCS)(HPhdtc)(PPH] 87
4.37 | [Ni(HTrydtc)(PPh),]CIO, 44 | 4.62 |[NiCl(HPhetdtc)(PPH)] 87
4.38 | [Ni(MeGlydtc)(PPh),]CIO, | 44 | 4.63 |[NiBr(HPhetdtc)(PP] 87
4.39 | [Ni(H'Leudtc)(PPB),JCIO, | 85 | 4.64 |[[Nil(HPhetdtc)(PPH)] 87
4.40 | [Ni(NCS)(HGIlydtc)(PPB)] | 85 | 4.65 |[Ni(NCS)(HPhetdtc)(PPf)] | 87
4.41 | [Ni(NCS)(H'Leudtc)(PPB] | 85 | 4.66 | [Ni(HPhdtc)(PPh).]CIO, 87
4.42 | [Ni(CN)(HGlydtc)(PPh)] 85 | 4.67 |[Ni(HPhdtc)(PPh),]PFs 87
4.43 | [Ni(CN)(H'Leudtc)(PPB)] 85 | 4.68 |[NiCl(BzMedtc)(PPh)] 88
4.44 | [Ni(NCS)(HBudtc)(PPB)] 79 | 4.69 |[NiBr(BzMedtc)(PPh)] 88
4.45 | [Ni(NCS)(HEtdtc)(PPR]-H.O | 79 | 4.70 | [Nil(BzMedtc)(PPh)] 88
4.46 | [Ni(NCS)(HBudtc)(PPK)BI] 79 | 4.71 [[Ni(NCS)(BzMedtc)(PPR] | 88
4.47 | [Ni(NCS)(HEtdtc)(PPBBr] | 79 | 4.72 [[Ni(BzMedtc)(PPh)jJCIO, | 88
4.48 | NIiCI(Bz'Prdic)(PPR]-CHCL | 62 | 4.73 [[Ni(BzMedtc)(PPh),]PFs 88
4.49 | [NiCI(Bz'Prdtc)(PPB)] 62 | 4.74 [[Ni(BzMedtc)(PPh),]JBPh, | 88
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Prvni souborna prace o komplexech s nesymetrickithiokarbamato ligandem
a trifenylfosfanem byla odpublikovana jiz v roce829V této praci se autoTsipis a kol.
[80] zan®fili na syntézu komplexnich neelektralyb slozeni [Ni(NO)(HRdtc)(PR)I
(4.01-4.09), které fpravili reakci bromo-nitrosyl-bis(trifenylfosfaniki komplexu
(1 mmol) samonnou nebo sodnou shHalkyldithiokarbaméatové kyseliny (1 mmol,
Schéma 4). Reakci ziskali produkty modrozelenéyhateré poté fecistili rekrystalizaci
ve snési rozpoustdel diethylether/methanol, aby filtraci odstranigaléni neistoty

véetne nerozpustného bromidu sodného (amonného).

[Ni(NO)Br(PPhy),] + [M(HRdtc)].xH,0 ——= [Ni(NO)(HRdtc)(PPR)] + MBr + PPh + xH,0
aceton

M = Na*, NH,".

Schéma 4 Piprava dithiokarbamati niklu o slozeni [Ni(NO)(HRdtc)(PPh)].

VSechny izolované koordigai sloweniny byly diamagnetické a rozpustné
ve WtSine organickych rozpoudtiel (chloroform, aceton, benzen, dichlormethan aj.,
nerozpustné v3ak v petroletheru a ve &odC spektra izolovanych sléanin potvrdila
koordinaci {NO'} ligandu diky gitomnosti silnych valefich vibraciv(NO) v oblasti
1721-1750 cnl. Vzhledem k tomu, Ze nebyly nalezeny vibracé 1100 cm® naleZici
ligandu {NO}, nebylo moZzné u kompléx ocekavat ¢tvercovou symetrii s niklem
v oxida&nim stavu Il. S odkazem na i@genou strukturu u analogického komplexu
(O-cyklopentyldithiokarbonato)-nitrosyl-(trifenylfoaf)nikl  [89] winili autofi zawr
o pseudo-tetraedrickém uspdani koordineni sféry Nf. Déale sledovali valemi vibrace
v(C=S) vrozsahu 941-998 ¢ v(N-H) vintervalu 3160-3280 cm a V(Ni-N)
pfi 420-440 cnit. V oblasti 1350-1550 cthnavic nalezli intenzivni pasy, které potvrdily
bidentatni koordinacN-alkyldithiokarbamatového ligandu &sté&né dvojny charakter
vazby C'N. Tetraedrické usgadani prokazala také elektronova spektra. V UV sibla
zaznamenali intenzivni pasy s vysokymi ex¢mikni koeficienty (cca 500-800), jejichz
poloha odpovidala intraligandovym- 77 an- 77 piechodim, zatimco pasy ve viditelné

oblasti spektra byly malo intenzivni a prépddobr patily CT prechodim.
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V navazujici praci [51] tentyZ pracovni tymiigravil a studoval &které
¢tyikoordinované nitro a nitrosylové komplexy. fi P syntéze nitro komplex
[Ni(NO2)(HRdtc)(PBu)] (4.10-4.13) postupoval podle Schéma 5, na zékletgrého
nikelnaty dithiokarbamatovy komplex [Ni(HRdif) (1 mmol) rozpustil v acetonu
a smichal za stdlého michani s acetonovym roztokemplexu [Ni(NQ)2(PBus),]
(1 mmol). Reakni snts michal¢tydi hodiny za pokojové teploty, dokud se nemnifo
zbarveni roztoku ze zelenoZluté na téh@ervenou. Poté roztok zahustil na maly objem
a produkt vysrazel petroletherem. Zaelem gecisteni rozpustil slodeniny v malém
objemu dichlormethanu a &pvre je ziskal pidavkem petroletheru. Komplexy
(4.10-4.11) byly ziskdny v podélpevné soli, zatimco komplexy (4.12-4.13) se pidala
izolovat v olejovité formi. VSechny nily ¢ervenohgdé zbarveni, byly stabilni na vzduchu
a rozpousdlly se ve ¥tSiné organickych rozpouddel, jako je aceton, chloroform,

dichlormethan a benzen, ale nerozpély&e v petroletheru a ve véd

[Ni(NO,),(PBW,),] + [Ni(HRdtc),] ———= 2 [Ni(NO,)(HRdtc)(PBu)]

Schéma 5 Piprava nitro komplexi o sloZeni [Ni(NQ)(HRdtc)(PBus)].

Nitrosylové komplexy [Ni(NO)(HRdtc)(PB)] (4.14-4.17) pipravili podle
Schéma 6 tak, Ze v dusikové atmésfsytili benzenovy roztok [Ni(N(HRdtc)(PBu)]
oxidem uhelnatym. &em jedné hodiny zémila reakni snmés barvu z tma¥ ¢ervené
na tma¢ modrou, ale fivod oxidu uhelnatého neustal a palaeal jest dalSich ticet
minut, nez se modry roztok odflado sucha. Vzniklé olejovité produkty suSili vakuu
a uchovavali v dusikové atmosfé aby nedochézelo k neZadouci oxidaci vzduSnym
kyslikem. VVSechny nitrosylové komplexy byly izolowéjako tma¢ modré latky olejovité
konzistence velmi citlivé na vzdusny kyslik a rogmé v mnoha organickych

rozpoustdlech.

[Ni(NO,)(HRdtc)(PBy)] + CO ——— [Ni(NO)(HRdtc)(PBu)] + CO,

Schéma 6 Piprava nitrosylovych komplexi o sloZeni [Ni(NO)(HRdtc)(PBu)].
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V IC spektrech nitro kompléi (4.10-4.13) byly nalezeny dwalereéni a jedna
deform&ni vibrace, které nalezely (NP skupiré. Hodnoty &chto vibracivsym(NO,)

v intervalu 1370-1375 cth Vasym(NO>) Vv oblasti 1310-1332 ctha 3(NO,) pri 817-823
cm’ potvrdily koordinaci (NQ) ligandu pes atom dusiku. Dale byly zaznamenany
valeréni vibrace v(CN) v intervalu 1535-1560 cth typické pro dithiokarbaméatovou
skupinu. Pedpokladané ¢tvercové usptadani nitro  komplek bylo podloZzeno
magnetochemickym #&fenim, které prokazalo u danych komgilexliamagneticky
charakter. Existencttvercové symetrie koordidai sféry prokazala také elektronova
spektra ve viditelné oblasti, ve které byly idektf/any pasy v oblasti 23600 ¢m
21000 cnt a 15800 crit souvisejici s d-d iechody. Naopak intenzig$i pasy v UV
oblasti spektra i 41000 cni, 34000 crif, 31500 crit a 26700 crit byly piitazeny
intraligandovym pechodim 77— 7an— 7.

U nitrosylovych komplek (4.14-4.17) byly nalezeny | spektru velmi silné
valertni vibracev(NO) pii 1700-1720 cnt dokladajici koordinaci {N¢} ligandu, ktera se
projevuje deformacétvercové symetrie koorditai sféry NP do pseudo-tetraedrického
uspdadani [89]. Potvrdila ho maxima nalezena v obla3600 crit, 18000 crit a 21500
cm’, ktera se ligila od spekter nitro komplexe velikosti extinkniho koeficientu.
V oblasti 18000 cr byl zaznamenan absarg pas s vysokym extithim koeficientem
charakterizujici tetraedrickou strukturu. Také veveani setvercovymi nitro komplexy

mély valereni vibracev(C=N) niz$i hodnoty v intervalu 1500-1514 ¢m

Tsipis a kol. [29] se déle zabyvali preparaci koewpl [NiX(HRdtc)(PPh)]
(4.18-4.25) sidrazem na ligandavvyménnou reakci, jejiz pibéh popsali reasnim
mechanismem (Schéma 7). Podle autoastala na zatku reakni cesty disociace
komplexu [NiX(PPh);] za vzniku meziproduktu (1), ktery vzép snadno podlehnul
nukleofilnimu ataku dithiokarbamatového ligandu £4)vzniku konéného produktu (III)
a X. Tento halogeno ligand atakuje ¢p& nabitouc¢astici (ll), ktera vznikla disociaci
tetrakoordinovaného aduktu s monodertétidentatd navazanym dithiokarbamatovym
ligandem (3), ot za vzniku kon&ného produktu (111) o slozeni [NiX(HRdtc)(PBh
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[NiX ,(PPh),] + [Ni(HRdtc),] ——= 2 [NiX(HRdtc)(PPh)] (1)

Ph,P X X
Ni< P — Ph3P—Ni< + PPh (2
Ph,P X X
(0
S S PPh S +
Nai ) s ppy = | Oni? —— | \ni—pen| +
<S/N\S <s/ Ns s <s/ |
A
(I
PhP X
X - Ny -
PI13P—Ni< + U —_— S/NI\S + X (4)

M (1

S + i -/
< >Ni —PPh| + X —> /Nl N (5)
S

(Il (D)

Schéma 7 Reaéni mechanismus ligando¥-vyménné reakce [29].
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Pri syntéze koordinmich slodenin o sloZzeni [NiX(HRdtc)(PR) bylo obecr
postupovano tak, Ze diethyleterické roztokifsjuSného dithiokarbaméatu [Ni(HRdif)
(1 mmol) a [NiX(PPh);] (1 mmol) byly michany d¥ hodiny v dusikové atmog&
pii pokojové teplat, za vznikucervenofialovych produkit K jejich rekrystalizaci bylo
pouzito organické rozpou&tio benzen, ze kterého byly &@pvné vysrazenyn-hexanem.
Na zaklad tohoto postupu se pokla pripravit nikelnaté komplexy neobgjrné stélé
na vzduchu a rozpustné vetsiné organickych rozpoudtllech (benzen, chloroform,
dichlormethan, THF aj.).

IC spektra a diamagnetické chovani navrhlo u zkouctarkpmplex étvercové
uspdadani koordingni sféry. V L spektrech byly zaznamenany signaly v oblasti
3180-3290 cni, které byly pitazeny valetni vibraci v(N-H) a signaly fi 1388-1520
cm® byly pritazeny valetni vibraci v(CN). Signaly mezi 960-1005 ¢modpovidaly
valertni vibraciv(C=S). V elektronovych spektrech bylo identifikovares§absorgnich
pasi. Nejintenzivjsi pas v oblasti 35800-36900 ¢mbyl zpisoben 77— 77
intraligandovym pechodem NC™S skupiny. Absorgni pas v oblasti 30300-31200 ¢m
objevujici se v zaznamu jako rameno, byl taktédsapen intraligandovymipchodem
7T 7T souvisejici tentokrat se skupinot'GS. Treti absorpni pas v intervalu vinad
25200-26300 cih byl prifazen intraligandovémui@chodun— 77 umistnému na atomu
siry a pasu fenosu naboje z ligandu na kov. Zbyvajici pasy vbtelné oblasti spektra
byly pritazeny d-d pechodim ‘A, — Ay, 'Aly — 'Byy a ‘A —~ 'Ey typickych
pro ¢tvercové nikelnaté komplexy. Na zaktadpektrochemického &eni navrhli autt
spektrochemickouradu nesymetrickychdtc ligandi podle klesajici schopnosti &pit
d-orbitaly:

H'Budtc> HEtdtc> H'Prdtc> HMedtc > HAnisdtc > HMephdtc > HPhdtc > HCphdtc

Syntézou a studienCI spekter dithiokarbaméatovych skmnin se zabyval ve své
praci [81] Ramalingam. Izoloval komplexy dvojihauiturniho typu (4.26 a 4.27), které
se liSily nejen ve zjsobu preparace a ve slozeni, ale i v hodnotaatnirdth vibraci
nalezenych v{d spektru. Komplex [NiCI(HEadtc)(PR)fj (4.26) ziskal reakci NiGI6HO
(1 mmol) s trifenylfosfanem (1 mmol) aNs(2-hydroxyethyl)dithiokarbamatem sodnym

(1 mmol) v absolutniho ethanolu refluxenti 0 °C. Naopak komplex o sloZeni

28



[Ni(HEadtc)(PPh),]JCIO, (4.27) izoloval zrealni snesi [NiCl(HEadtc)(PPh)] (4.26)
(0,5 mmol), trifenylfosfanu (1 mmol) a chloristafithného (1 mmol) v methanolu, ktera
byla za laboratorni teploty micharfartodiny.

V IC spektrech izolovanych i dalSich strukttiredlisnychdtc slousenin sledoval
posuny hodnot valénich vibraciv(C=N). Ukazalo se, Ze hodnoty vibragfC~N) jsou
nejvyssi u komplek s heterogenni koorditiai sférou, nebd zanena jednédtc skupiny
za lepSirrakceptorové ligandy (n&pPPh) zpisobuje posun elektronové hustoty did
skupiny smérem k niklu. Z hodnot valeémich vibraciv(C“N) uvedenych v Tab. 5 je tedy

ziejmeé, Ze hodnoty vibraci klesaly v tomtargpdi:

[Ni(dtc)(PPh)z]" > [NiCl(dtc)(PPh)] > [Ni(dtc),]

Tab. 5 Valereni vibrace v(CN) [cm™] dithiokarbaméatovych komplexi.

Et.dtc Pipdtc Morphdtc” Eaydtc HEadtc’
[Ni(dtc) 7] 1518 1513 1495 1500 1530
[NiCl(dtc)(PPhs3)] 1524 1515 1505 - 1540
[Ni(dtc)(PPhsz),]* 1530 1525 1530 1510 1545

(Pipdt¢c a Morphdtc... heterocyklickéltc ligandy odvozené od piperidinu a morfolinu)

Manohar [82] preparoval a rentgenograficky stud@ialkturu komplexu o sloZeni
[Ni(MeEadtc)(PPB),]JCIO, (4.28). Purpurokervené krystaly komplexu fipravil tak,
Ze reakni snts vychozich latek [Ni(MeEadtg) (2.13) (1 mmol), trifenylfosfanu
(2 mmol), NiCh-6H,0 (0,5 mmol) a chloristanu sodného (1 mmol) refkedati hodiny
ve sngsi rozpoudtdel methanol/dichlormethan (1:1). Poté radksmes peefiltroval,
zahustil na polovini objem a nechal vodrkrystalovat.

IC spektra vykazovala pro dithiokarbamaty charakiieké valerni vibrace
v(CN) pii 1550 cm® av(C*S) kolem 997 cm. Hodnotyv(CN), ve srovnani §(CN)
vychoziho [Ni(MeEadtg)], byly posunuty k vySSim virbim, nebd dosSlo k odlivu
elektroni z dithiokarbamatové skupiny k atomu niklu. V etekiovych spektrech byla
nalezena abso#pi maxima pi 17500 cnit, 18200 crit, 21700 crit a @i 25000 cnt-
Silny pas pi 25000 cnit pravdspodobré odpovidal CT pechodu, ostatni uvedena maxima

naleZela d-d fechodim Ni' ve tvercové symetrii.
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Vysledky  monokrystalové  rentgenové  strukturni  amaly prokazaly
tetrakoordinovany nikl v deformovanégtvercovém usp@dani. Odchylky od ideélni
planarni geometrie prokazaly rozdilné délky vazethmomoforu NigP, a pislusné
vazebné uhly. Z nalezenych vazebnych délek a hodhiat vyplynulo, Ze délka vazby
Ni(1)-S(1) (2,213 A) je krati nez Ni(1)-S(2) (2228) a vazebny thel S(1)-Ni(1)-S(2)
(78,4°) je mensi v porovnani s thlem P(1)-Ni(1)}P@02,9°). KratSi vazebna délka
C(1)-N(1) (1,31 A), nez je délka typicka pro jedoohou vazbu C-N (1,47 A) [74],
umoznila pedpokladat cast&éné dvojny charakter této vazby a zardvéndikovala
delokalizaci elektronové hustoty v rdmci celé dika@rbamatove skupiny. V krystaloveé
strukture komplexu byla navic prokazana vodikova vazba QQ{5) (2,746 A) mezi
kyslikem dtc ligandu a chloristanovym aniontem. Molekulova ktawwa a vybrana
krystalograficka data jsou znazeénma na Obr. 16.

w
”\}*”

Obr. 16 Molekulova struktura komplexu [Ni(MeEadtc)(PPhg),]ClO 4 (4.28).
{P2n; a = 11,729(5), b = 20,697(6), c = 15,918(6 A 94,44(5)°}

V nésledujici publikaci [83] poktaval Manohar reakcemi vychoziho nikelnatého
dithiokarbamatu [Ni(MeEadtg) (2.13) s trifenylfosfanem a NiXnHO (X = CI, NCS).
Reakni smés (v molarnim porru vychozich latek 1:1:1) refluxovaii thodiny ve snisi
methanol/dichlormethan (2:1) za vzniku purpurogbarvenych slatenin o sloZeni
[NiX(MeEadtc)(PPB)] (4.29-4.30). Produkty charakterizoval na zakladIC
a elektronovych spekter. \CIspektrech identifikoval signalyiip1530 cn a 990 cr,

které piradil valergnim vibracim v(C=N) a v(C*S) prokazujici bidentatn vazany
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dithiokarbamatovy ligand na atomu niklu. Koordinadgéenylfosfanového a X ligandu se
projevila odlivem elektronové hustotydic skupiny smirem k atomu niklu. Hodnoty
valertni vibracev(C~N) byly u preparovanych kompléxvyssi nez v fipac vinoctu
vibrace v(C*N) (1523 cnl) vychoziho komplexu [Ni(MeEadts) (2.13). Koordinaci
(NCS) skupiny ples atom dusiku prokdzalo maximum vibrag€=N) pti 2093 cni'.
V elektronovych spektrech nalezl absarpmaxima, ktera jsou typicka pro d-gephody

nikelnatychdtc slowenin seitvercovou symetrii.

Ramalingam [84] ve své praci, u komplex [NiX(BzEadtc)(PPh)]
(4.31-4.34), studoval vliv ligarid(CI', CN, NCS, NCO a PPh) na strukturu koordinani
sféry centralniho atomu. VSechny sieniny preparoval podle metodyipravy uvedené
jiz v publikaci [83] a strukturh popsal na zaklad vysledki spektralnich metod
a monokrystalové rentgenové strukturni analyzy.

IC spektra ukazala signaly v oblasti 1514-1520"ckteré byly gitazeny vibraci

v(C=N). Vzhledem k tomu, Ze se jednalo o nikelnaté kiemps heterogenni koordiéai

sférou, dosahovaly vibracgCN) vysSich hodnot, nez tomu bylo vipac vychoziho
komplexu [Ni(BzEadtg] (1497 cm'). NavySeni bylo zjsobeno posunem elektronové
hustoty oddtc ligandu k niklu v dsledku koordinace PRha X ligandi. NerozS&pena
maxima vibraciv(CS) pi 991-997 crit prokazala existenci bidentatnilutic ligandu
a jeho koordinaci na atomu niklu. Pasy 2253 cm' (4.32), 2085 cil (4.33) a 2119 cih
(4.34) potvrdily koordinaci (NCQ a (NCS) ligandu gres atom dusiku a koordinaci (GN
ligandu prostednictvim atomu uhliku. Diamagnetické chovani v3détek a jejich
elektronovéa spektra prokazatawercovou geometrii kolem Ni

V 'H-NMR spektrech byly objeveny singlety v oblasti4®3,85 ppm, které
nalezely ethylenovym protdm (—CH—CH,~OH). Protony v benzylové skugin
(-CH,-) rezonovaly v oblasti 4,76-4,99 ppm, protony aatioké fenylové skupiny
pii 7,14-7,87 ppm a proton v (—OH) skupise projevoval jako singlet v oblasti 2,16-2,19
ppm. V*C-NMR byl zaznamenan niz&i chemicky posun pfdQ$; (205,1-206,6 ppm)
nez v*C-NMR spektru vychoziho komplexu [Ni(BzEad{c}207 ppm). Tento jev dp
souvisi s tokem elektronové hustoty v randtc skupiny v souvislosti s koordinaci
strukturré odliSnych ligand na niklu. Nemé# zajimavé vysledky souvisejici s koordinaci
PPh ligandu byly zjistny v3P-NMR spektrech. Volnd molekula PPke projevuje
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singletem B -5 ppm, zatimco koordinovany PPHhigand signdlem kolem 20 ppm.
NejvySSi hodnota chemického posunu byla zaznamenda@ano komplexu (28,9 ppm),
neba’ (CN) ligand ma na rozdil od (NCY) (NCS) a (CI) liganda vysSi zgtnovazebnou

aktivitu.

U tfi rentgenograficky studovanych kompilex (4.31-4.33) potvrdila
monokrystalovd RTG strukturni analyza vysledky s$@#kiho studia a prokazala nikl
v deformovanéngtvercovém uspi@dani. Vazebné ahly P(1)-Ni(1)-X dosahovaly hodnot
kolem 92°. Vazebné uhly S(1)-C(1)-S(2) (kolem 1GB¥ratSi vazebna délka C(1)-N(1)
(cca 1,30 A) navic potvrdila delokalizaci elektrggo hustoty vramci celé
dtc skupiny a casténé dvojny charakter CS a C'N vazeb. Stérické vlivy PRBh
(CI', NCO a NCS9) ligandi se projevily zminou vazebnych délek Ni—S v chromoforu
NiS,PX. Ukazalo se, Ze nejséi$i inek na tuto vazbu ma PPhgand. Vazebné délky
Ni(1)-P(1) (cca 2,20 A) byly v porovnani s literéimodnotou pro jednoduchou vazbu
Ni-P (2,40 A) [92] krat$i visledku zptné donace Ni(1»P(1). Molekulova struktura
a vybrana krystalograficka data jsou znazae na Obr. 17-19 (atomy vodiku jsou

pro prehlednost vynechany).

Obr. 17 Molekulova struktura komplexu [NiCl(BzEadtc)(PPh)] (4.31).
{R2a =9,198(2), b = 14,563(3), ¢ = 10,770(2)34 107,98(2)°}
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Obr. 18 Molekulova struktura komplexu [Ni(NCO)(BzEadtc)(PPhs)] (4.32).
{P1; a=10,64(2), b = 13,81(2), ¢c = 10,23(2)cb= 96,65(2) = 106,83(2),
y=74,33(2)°}

Obr. 19 Molekulova struktura komplexu [Ni(NCS)(BzEadtc)(PPhs)] (4.33).
{P1; a=11,172(3), b = 14,647(2), c = 10,059(2)d: 107,430(3),

B = 108,090(3)y = 72,020(2)°}
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Syntézou nikelnatych dithiokarbaméatovych komglexlvozenych od aminokyselin
s chromoforem Nig?, a NiSPX se zabyvaly autorské kolektivy v publikacich ,B].
Koordinani sloweniny [Ni(AAdtc)(PPh);]CIO, (4.35-4.38) ppravily ze smndsi
[Ni(AAdtc);] (1 mmol), NiCk-6H,O(1 mmol), trifenylfosfanu (2 mmol) a chloristanu
sodného (1 mmol) v rozpowsilech chloroform/ethanol (10:1). Reak snes refluxovaly
tiéi hodiny, pak purpurové roztoky Zzfiltrovaly a neth&olné¢ odpdit. Po dvou dnech se

vyloucily purpurowcervené substance, které navic rekrystalovaly z-afdaomu.

CH—(CH,),—S—CH,

COOH

/H CH,
Y

CH —CH — CH,—CH,

COOH

e)
Obr. 20 Schematické znazoréni dithiokarbamétovych derivatia aminokyselin[44,85].

{a) glycin (HGlydtc), b) sarkosin(MeGlydtc), c) tryptofan HTrydtc),
d)methionin HMethdtc), e) isoleucinH'Leudtc)}
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Komplexy [NiX(AAdtc)(PPh)] (4.40-4.43) ziskaly fthodinovym refluxem
acetonitrilové suspenze obsahujici [Ni(AAdic)(1 mmol), NiCb-6HO(1 mmol),
trifenylfosfan (2 mmol) a KCN (resp. N\SCN) (1 mmol). Purpurové az oranzové
substance navic rekrystalovaly z chloroformu (XGN§ a acetonu (X = C\

VIC spektrech autd sledovali pedevdim maxima vibraci typickych
pro dithiokarbamaty. Valemi vibracev(C=N) se projevovaly v oblasti 1525-1542 ¢m
a v(C"S) kolem 1000 ci. V IC spektrech vSech kompléxkrome derivatu sarkosinu,
nalezli signaly i 2950-3450 cni, které pitadili vibraci v(N-H). Dale zaznamenali
intenzivni maxima kolem 1700 ¢hidentifikujici piitomnost nekoordinované karboxylové
skupiny. Na zékla#l vysledki IC, EAS a magnetochemickéhoé&tani navrhli autt
u izolovanych sloéenin &tvercové uspiidani koordinéni sféry NI'.

Studium termické analyzy potvrdilo jejich chemiclgoZzeni a jednozia¢
vyvratilo pochybnosti o iitomnosti solventu. Komplexy (4.36-4.38) se&a§ rozkladat
pii teplo cca 210 °C. Konay produkt byl analyzovan jako NiQOV pripad komplexi
(4.40-4.43) byl na TGilkvce zaznamenan hmotnostni Ubytéktpplo& cca 180 °C, ktery
probihal spoji (Obr. 21) piblizné do teploty 390 °C za vzniku kotreho produktu, ktery
byl popséan na z&kl&dgraktického a vyp&ieného Ubytku jako NiS.

[Ni(NCS)(HGlydic)(PPh,)]
I10

Weight (%)

Obr. 21 Termogram komplexi 4.40 a 4.41
igvzato z [85]).

[Ni(NCS)(H'Leudic)(PPh,)]

L T T T T T T 1
50 100 200 300 400 500 600 700 775
Temperature (°C)

V publikaci [85] byla navic studovana elektrootiekd redukce cyklickou
voltametrii. VSechny komplexy vykazaly jednoelekiboou redukci s redwkimi
potencialy v intervalu -0,645 az -1,092 V. Obdrzdrm&noty byly nizsi nez vifpac
[Ni(AAdtc) ;] (-1,3 V). Pokles hodnot redtkich potencidl souvisel s koordinaci PRh
(NCS) a (CN) ligandi. Redukni potencialy klesaly v tomto padi:

[Ni(AAdtc) ;] > [Ni(CN)(AAdtc)(PPh)] > [Ni(NCS)(AAdtc)(PPh)] >
> [Ni(AAdtc)(PPE)2]ClO,
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V roce 1994 autorsky tym z domaciho pracavigydal prvni publikaci [79],
ve které byly uvedeny vysledky fyzik&themického studia nikelnatych a niklitych
slowenin s nesymetrickymi dithiokarbamaty, isothioky@an@CS), bromo a fosfanovymi
ligandy. Nikelnaté komplexy [Ni(NCS)(HBudtc)(PPh(4.44) a [Ni(NCS)(HEtdtc)(PRbi
‘H,O (4.45) ziskal z chloroformové suspenze vychozilikelnatého dithiokarbamatu
[Ni(HRdtc),] (2 mmol) a komplexniho neelektrolytu [Ni(NGEPh),] (2 mmol), kterou
michal fiblizné cétyricetpt minut, nez se vychozi latky rozpustily. Poté teaksnts
piefiltroval a zroztoku vysrazel diethyletheredervenofialovou krystalickou latku
komplexu (4.44). Naopak roztok komplexu (4.45) raclvolré odpdit do faze
cervenofialového odparku, ktery naslédtekantovah-hexanem.

Oba gipravené komplexy byly diamagnetické a v roztokinamhethanu se chovaly
jako neelektrolyty. Jejich elektronova spektraaztvala sedre silna maxima p 21000
cm?, kterd souvisela s elektronovym d-deghodem'A;; — 'Ej & Ay - Ay
charakteristickym practvercové nikelnaté koordidai sloweniny. Absorpni maxima
zaznamenana v oblasti viktd kolem 30000 cil autdi prifadili prechodim n- 77
na atomu siry uvnit dithiokarbamatové skupiny, zatimco maxima ab&uigh pasg
v blizkosti 40000 ci piisoudili 77— 77 prechodim v N“C*S skupii. TaktéZ u obou
komplex: v IC spektru byly prokézany pro dithiokarbamaty chasektické valedni
vibrace v(C*N) pii 1535 cnmi(resp. 1552 ciM) a v(C=S) pi 995 cm'. Jednalo se
o komplexy obsahujici vazbu N-H, proto byly nalezenvaleréni vibrace v(N-H)
pfi 3140 cm'. Koordinaci (NC9 skupiny fes atom dusiku potvrdila existence vateich
vibraciv(C=N) pii 2124 cm* (resp. 2120 ci) av(C-S) g 828 cni*. Studium termické
analyzy izolovanych slaenin dovolila autarm vyslovit za¥r o jejich termické stabikit
Zameéna dvou atora siry za P a N v chromoforu NjSychozich nikelnatych kompléx
vedla ke sniZzeni termické stability. Oba komplegyza&aly rozkladat v rozmezi 50-70°C,
tedy mnohem five nez jejich maiské vychozi dithiokarbamaty. aiek termického
rozkladu @i 70 °C u komplexu (4.45) a jeho maly endoefekt 0 °C souvisel také
s odS¢penim jedné molekuly krystalové vody.

Niklité komplexy [Ni(NCS)(HBudtc)(PR)Br] (4.46) a [Ni(NCS)(HEtdtc)(PR)Br]
(4.47) ziskal oxidaci suspenze [Ni(NCS)(HRdtc)(®PL,5 mmol v 10 crfin-hexanu)
bromem (1,6 mmol v 5 cfm-hexanu). V obou ifpadech se vylatila hnsd& substance,

kterou rgkolikrat dekantovah-hexanem.
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Komplexy byly paramagnetické, nebgejich magnetické momenty nabyvaly
hodnot ™" /s = 1,79 (resp. 1,98). Vzhledem k tomu, Ze molarrdivosti nedosahly
hodnot uvadnych pro elektrolyty typu 1:1, bylo moZné&eppokladat, Ze uéthto
komplexi doSlo nejen ke zvySeni oxitldho cisla, ale i ke zvySeni koordit@iho cisla
zedtyt na Et. V elektronovych spektrech nebyla ré¥malezena Zzadna absémp maxima
souvisejici s d-d fechody typickymi proétvercové nikelnaté komplexy.Cl spektra
oxidatnich produkt a IC spektra nikelnatych kompléxsi byla podobna, nebose

pii oxidaci dithiokarbamatovy ani trifenylfosfanovgand nenanil.

Pastorek a kol. se dale z&iihi v publikacich [62,86] na reakce bié{enzylN-
-isopropyldithiokarbaméto) nikelnatého s komplextysahujici trifenylfosfanovy ligand
s cilem izolovat slateniny o slozeni [NiX(BPrdtc)(PPB)] (4.48-4.52). Tyto produkty
dale poslouzily jako vychozi latky profipravu strukturaé odliSnych komplek majici
sloZenf [Ni(BZPrdtc)(PPh),]Y (4.53-4.55).

Prvni sérii nikelnatych kompléx(4.48-4.52) [62] ziskali z chloroformové suspenze
vychoziho nikelnatého dithiokarbamatu [Ni(Bmltcy] (1 mmol) a [NiX(PPh),]
(1 mmol), kterou michali za laboratorni teploty,kdd se vychozi latky nerozpustily.
Reakni snts prefiltrovali, pridali diethylether do slabého zakalu a nechaliakatolne
krystalovat. Volnou krystalizaci se vyldly fialové acervené polykrystalické latky, které
rekrystalovali ze s&si rozpoustdel chloroform/diethylether.

Uvedené komplexy byly diamagnetické a v nitrometivém roztoku se chovaly
jako komplexni neelektrolyty. Porovnanim hodnot a@moich vodivosti jednotlivych
komplexi (Cl: 6,4; Br: 12,5; I: 13,2; NCS: 4,5[@n’/mol) dosgli autaii publikace
k zawru, Ze disociace rostla v faai komplex (NCS<CI<Br<I). Mirné zvySeni hodnoty
molarni vodivosti v pouZzitém rozpoddte Zejm¢ zpasobila cast&éna disociace, kterou

popsali rovhovahou (Schéma 8).

[NiX(Bz'Prdtc)(PPR)] <———= [Ni(Bz/Prdtc)(PPR)]* + X

Schéma 8 Castana disociace komplexu v nitromethanu.

Kromé vysledki magnetochemického a vodivostnih@iemi potvrdilaétvercove
uspdadani koordinéni sféry (chromoforu NigPX) také C spektra a elektronova difuen
-reflexni spektra [90]. U vSech skenin byly v C spektru nalezeny pro dithiokarbamaty
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charakteristické valemi vibracev(C=S) v rozsahu 988-998 ¢ha v(C*“N) v intervalu
1511-1526 crl. V piipad komplexu [Ni(NCS)(B#Prdtc)(PPE)] (4.52) bylo navic
objeveno dgedrt siiné maximum vibracev(C=N) pii 2080 cm' a v(C-S)
pfi 835 cm'. Z &chto nalezenych hodnot vyplynulo, ?e skupina (YG® koordinuje
na centralni atom niklu prdasdnictvim atomu dusiku. Elektronova spektra vykazal
absorgni maxima v oblasti 19200-24400 ¢mktera odpovidala elektronovym d-d
piechodim charakteristickym proétvercove nikelnaté komplexy. DalSi absorpmaxima
objevena @i vySSich vindgtech pravdpodobré souvisela s intraligandovymiigchody
v dtc skupiré. VSechny izolované slgéeniny byly studovany také termickou analyzou
(kroms komplexu[NiCI(Bz'Prdtc)(PPB)] [CHCL, ktery nebyl studovan pro maly ¥gek).
Termicky se z&aly rozkladat g teplotach 130-190 °C, tedy mnohem pgeaeZ tomu
bylo u vychoziho dithiokarbamatu [Ni(Bxrdtc)], ktery se zaal termicky rozkladat
pii 80 °C [62]. To s¥d¢i o jejich vySSi termické stabiit ktera rostla w¥ad komplexi
(NCS<CI<Br<l).

Vysledky monokrystalové rentgenové strukturni amalkomplexi (4.48, 4.50,
4.51) potvrdily vysledky fyzikalerchemického studia a jednozimd prokazaly
tetrakoordinovany nikl v deformovanétvercovém usp@dani. Sedci o tom rozdilné
délky vazeb v chromoforu NiBX, pislusné vazebné uhly a odchylky poloh atom
od roviny Ni(1)S(1)S(2)P(1)X(1) (Tab. 6, 7). V saslosti se zinou donorového atomu
(X) vchromoforu NiSPX byl pozorovan pokles hodnot vazebnych uadhl
S(1)-Ni(1)—X(1) a S(2)—-Ni(1)-X(1) vadk (CI>Br>I). Naopak délka vazby Ni(1)-X(1) se
s rostoucim atomovym polamem atomu (X) prodluzuje v padi (CI<Br<I). Ve stejném
poradi (X) ligandi se prodluZuje také délka vazby Ni(1)-P(1).#ppck vazeb Ni(1)-S(1)
a Ni(1)-S(2) byla u vSechitstruktur zpozorovana zajimava skinest. Z nalezenych
hodnot vazebnych délek totiz vyplynulo, Ze vzdatradonti Ni(1)-S(1) je ve srovnani se
vzdalenosti Ni(1)-S(2) kratSi. U vazeb C(1)-N(1J1)&S(1) a C(1)-S(2) byl prokazan
znany podil 7rvazby v porovnani steoretickou hodnotou pro jediobée
o-vazby (C-N) a (C-S), kteréini 1,47 A a 1,81 A [91]. U vSechitstruktur byly
identifikovany intramolekularni vodikové interaktygou C—H..S vZzdy mezi atomy S(1)
a C(2), resp. S(2) a C(23). Rentgenostrukturniyaaaiaké prokazala u komplexu (X = Cl)
molekulu rozpougdla (chloroformu) mimo koordirgai sféru niklu. Molekulova struktura
a vybrana krystalografickd data jsou zn&#Zoen na Obr. 22-24 (atomy vodiku jsou

pro p‘ehlednost vynechany).
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Tab. 6 Odchylky poloh atomia od roviny Ni(1)S(1)S(2)P(1)X(1) v komplexech
[NiX(Bz'Prdtc)(PPhg)] (X = Cl, Br, 1) [A].

Atom Cl Br I

Ni(1) | 0,045(4) | -0,025(5) 0,005(6),
S(1) | 0,023(8) | -0,001(14) -0,029(13)
S(2) | -0,108(8) | 0,051(11)] 0,021(14
P(1) | -0,107(9) | 0,049(11), 0,012(12
X() | 0,012(9) 0,002(6) | -0,003(4

Tab. 7 Vybrané vazebné délky [A] a Ghly [’komplexi [NiX(Bz'Prdtc)(PPhs)]

X=Cl, Br, ).

Cl Br I
Ni(1)-S(1) 2,176(3) | 2,1851(10) 2,1882(12)
Ni(1)-S(2) 2,215(3) 2,2205(8)| 2,2087(12)
Ni(1)-X(1) 2,189(3) 2,3153(7)| 2,5257(8
Ni(1)—-P(1) 2,195(3) 2,2023(9)| 2,2094(12)
C(1)-S(1) 1,722(10) 1,720(3) 1,724(4
C(1)-S(2) 1,714(11) 1,711(3) 1,709(5
C(1)-N(1) 1,326(14) 1,316(4) 1,325(5

Cl Br I
S(1)-Ni(1)-X(1) | 171,80(13)| 170,87(3) | 169,13(3
S(2)-Ni(1)-X(1) | 93,02(12) 92,87(3) 91,06(4
S(1)-Ni(1)-S(2) | 78,83(12) 78,05(3) 78,13(5
P(1)-Ni(1)-X(1) | 92,66(12) 96,84(3) 94,96(4
S(1)-Ni(1)-P(1) | 95,29(12) 92,14(3) 95,86(5
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Cl2

Obr. 22 Molekulova struktura komplexu [NiCI(Bz'Prdtc)(PPhs)]-CHClI; (4.48).
{P2/n; a =11,975(2), b = 10,001(2), c = 26,698(5B4 96,080(3)°}

, }v’czs -

Br1

Obr. 23 Molekulové struktura komplexu [NiBr(Bz 'Prdtc)(PPhs)] (4.50).
{PL: a=10,1391(13), b = 10,851(2), ¢ = 14,105(2p’A; 109,08(2),
B =91,512(12)y = 105,52(2)°}
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Obr. 24 Molekulova struktura komplexu [Nil(Bz'Prdtc)(PPhs)] (4.51).
{P2c; a=8,969(2), b = 19,356(4), c = 16,960(334; 96,460(3)°}
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V dalSi publikaci Pastorek ukegnil syntézu a vysledky studia trojice latek [86],
ve kterych se koordinovaly na atomu nillabenzylN-isopropyldithiokarbamato ligand
a dva trifenylfosfanové ligandy (4.53-4.55). Sleniny izoloval z methanolové suspenze
[NiCI(Bz'Prdtc)(PPB)], trifenylfosfanu a fislusné soli (LiCIQ-3H,0, Na[BPh], K[PFd]),
kterou ponechaltyrhodinovému refluxu.

Na rozdil od pedchozi skupiny latek [62] se tyto komplexy chovalgcetonovém
roztoku jako elektrolyty typu 1:1.ifBdpokladanétvercové usptadani jejich koordinani
sféry niklu potvrdily vysledky spektroskopickéharegnetochemického dteni (vSechny
tii izolované slogeniny byly diamagnetické). CI spektra prokazala ifpomnost
dithiokarbamatové skupiny nalezenim charakterigtibk valegnich vibraci v(C*S)
av(C~N) a také iontoy vazané anionty (Cl9) a (Pk) {nerozS&pena maxima3(ClOy)
pii 1076 cmav4(ClOy4) pii 622 cm®, velmi silné maximum vibrace(PR) pri 832 cm'}.
Elektronova difuzi-reflexni spektra vykazala absénp maxima kolem 19500 chm
a 31000 cnf. Maxima g nizSich vingtech souvisela s d-dfgchody typickymi
pro planarni nikelnaté komplexy, zatimco maxima yySSich vinétech souvisela
s intraligandovymi pechody wdtc skupirg.

Existenci & molekul krystalové vody u kompleti(Bz'Prdtc)(PPk),]BPhBH,0
(4.54) potvrdila termickd analyza. Latka setala rozkladat p 58 °C. Ztrata vSech
molekul vody se projevila na DTArikce dwma endoefekty ip 66 °C a 79 °C,ieti
endoefekt fi 109 °C souvisel stanim sléeniny. Bezvody komplex charakterizovalo
plato v intervalu 96-111 ° QWM prakt./teoret= 4,1/4,5%).

Monokrystalova rentgenova strukturni analyza [NifBdtc)(PPh);]ClO.-0.5H0
(4.53) potvrdila vysledky fyzikaichemického studia a jednozm& prokazala nikl
v deformovanémdétvercovém uspi@dani koordinéni sféry s rozdilnymi vazebnymi
délkami Ni-S, Ni—P a vazebnymi Uhly (odchylky oadthi roviny chromoforu Nif,
¢inily pro Ni(1) 0,007; S(1) 0,137; S(2) -0,139; P(D,124; P(2) 0,107 A). Vzdalenost
mezi chlorem a niklem (10,51 A) prokézala chlonstay anion mimo koordirii sféru
niklu. Molekulova struktura a vybrana krystalogcifi data jsou znazama na Obr. 25

(atomy vodiku a solvent jsou proghlednost vynechany).
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Obr. 25 Molekulova struktura komplexu [Ni(Bz'Prdtc)(PPhs),]ClO 4-0.5H0 (4.53).
{P1;a=12,655(3), b =12,884(3), c = 13,924(30ks 92,80(3)p = 107,01(3),
Yy =94,60(3)°}

V publikaci [43] byly syntetizovany dva nikelnaté -a#ninoantipyrin-
dithiokarbamatové komplexy o slozeni [Nil(H4-aap(®h)] (4.56) a [Ni(NCS)(H4-
-aapdtc)(PPY)] (4.57) (Obr. 26), které byly fpraveny podob& jako v praci [62]

a u kterych byla na zakladvysledki fyzikalné-chemického studia navrzena struktura

s tetrakoordinovanym atomem niklu &teercové symetrii.

Obr. 26 Schematické znazor#éni 4-aminoantipyrindithiokarbaméatového ligandu
(H4-aapdtg.
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V néasledujicich publikacich [87,88] se aiita naSeho pracovidtopst zabyvali
syntézou a strukturni  charakteristikou nikelnatyclkomplexa o  sloZeni
[NiX(RiR.dtc)(PPR)] (4.58-4.65, 4.68-4.71) a [Ni@R.dtc)(PPh),]Y  (4.66-4.67,
4.72-4.74) obsahujicich N-fenyldithiokarbamat, N-(2-fenylethyl)dithiokarbamat
a N-benzylN-methyldithiokarbamatovy ligand. Sléeniny gipravili podle navod
u syntéz uvedenych v publikacich [62,82].

V piipact [NiBr(HPhdtc)(PPR)]-CHCl; (4.59) [87] a [Ni(NCS)(BzMedtc)(PR}
(4.71) [88] vyesili molekulovou strukturu (Obr. 27, 28), kteradnezn&né potvrdila
vysledky zékladniho fyzikatichemického studia a prokazala tetrakoordinovaiky n
ve ¢tvercové symetrii chromoforu N3BX. Rozdilné vazebné délky Ni-S, Ni—Br(N)
a vazebné uhly P-Ni—Br(N), S—Ni—Br(N) prokazaly akepé odchylky od idealni roviny
¢tverce, podob&ijako tomu bylo u &olika komplexi stejného strukturniho typu jizige
popsanych v odborné literatu [62,86]. K podobnému zé&w dosgli i v pripadc
molekulové struktury komplexu [Ni(BzMedtc)(PR$CIO,4 (4.72) [88] majici atom niklu
v deformovanénttvercovem uspi@dani koordinéni sféry (chromofor Nig>; Obr. 29,

atomy vodiku jsou proighlednost vynechany).
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Obr. 27 Molekulova struktura komplexu [NiBr(HPhdtc )(PPhg)]-CHCI3(4.59).
{P2/c; a=13,697(3), b = 22,216(4), c = 9,672(2B4 109,45(3)°}
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Obr. 28 Molekulova struktura komplexu [Ni(NCS)(BzMedtc)(PPh)] (4.71).
{P2/n; a = 13,6177(3), b = 10,3556(2), ¢ = 19,1284 = 92,4015(18)°}

Obr. 29 Molekulova struktura komplexu [Ni(BzMedtc)(PPhg),]ClO 4 (4.72).
{P1; a=11,47995(13), b = 13,24049(16), c = 15,0288)A; o = 70,3319(11),
B = 84,5683(10)y = 87,3995(9)°}
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V publikaci [88] byly komplexy také studovany poniccP{'H}-NMR spekter.

Ve spektru volného nekoordinovaného ligandu £BYl nalezen singlet s chemickym
posunem -4,52 ppm. Ve spektrech izolovanych koniplepty rovnéz nalezeny singlety,
ale svyrazé vysSimi hodnotami chemického posunu (21,1-32,0 )pprehledem
k volnému ligandu PRh Tento jev souvisel se Zmami v rozloZeni elektronové hustoty
kolem atomu fosforu, kterou vyvolala koordinace PRiyandu na centralni atom niklu
pies atom fosforu. Porovnanim hodnot chemickych piobsunsérie komplek
[NiX(BzMedtc)(PPh)] bylo zjiS€no, ze jeho hodnoty rostou vipdi uvedeného nize,

pravdEpodobré v disledku rozdilné elektronegativity a objemu ligandu

[NICI(BzMedtc)(PPB)] < [Ni(NCS)(BzMedic)(PPH] < [NiBr(BzMedic)(PPh)] <
< [Nil(BzMedtc)(PPh)]

Porovnanim TG #vek charakterizujicich termické chovani komgiexyplynulo,
Ze pabéh rozkladi byl velmi podobny bez ohledu na@vmdni slozeni studovanych latek
(Obr. 30). Termické rozklady probihaly bez vzniktalsinich meziprodukt a byly
doprovazeny na DTAikkach vyraznymi exoefekty. U¢kolika komplexi byla na DTA
kiivce zaznamenana maxima v teplotnim intervalu 188-IC, ktera se projevila na TG
kiivkdch mirnym nérstem hmotnosti. U ostatnich komplexarist hmotnosti zaznamenan
nebyl, protoZze se igjmé piekryval s velkymi hmotnostnimi Ubytky doprovazejici
rozklad organick&asti komplexu. Narst hmotnosti na TGikvkach Zejmeé souvisel se

vstupem kysliku do vazby Ni—P [93].
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Obr. 30 TG/DTA k¥ivky komplexi [NiCl(BzMedtc)(PPhs)] (Complex 1)
a [Ni(BzMedtc)(PPh),]BPh, (Complex 6) (prevzato z [88]).
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Konetné produkty termického rozkladu byly studovany ko&®u rentgenovou
difrakci. V piipact komplexnich neelektrolyt [NiX(BzMedtc)(PPh)] (4.68-4.71) byl
produkt rozkladu identifikovan jako NiO, zatimcgtipadt [Ni(BzMedtc)(PPh),]Y (4.73,
4.74) jako smas NiP,O7, Ni3(POy)2 nebo NiS, NiB,Og s dominantni imési NiO.

V publikaci [88] se také auto vénovali katalytickému vlivu &kolika
preparovanych kompléx[NiX(BzMedtc)(PPh)] (X = CI;, I) a [Ni(BzMedtc)(PP§2]Y
(Y = CIOs, BPh) na oxidaci grafitu. ZDTG ikvek (Obr. 31) oxidace vzotk
(komplex + grafit) vyplynulo, Zefitomnost velmi malého mnoZstvi testovanych komplex
vyrazré ovliviiuje piibeh oxidace grafitu. Ve vSechiipadech bylo pozorovano snizZeni
teploty p@&atku oxidace o 64 az 99 °C. Z kinetickych paratnéifab. 8) vyplynulo,
Ze v @itomnosti testovanych kompléx probihala oxidace grafitu dvoustigvym
procesem. Prvni stuperobihal pi nizsi teploé nez oxidace&istého grafitu, kdezto druhy
stupdi odpovidal pra¥ jeho oxidaci. Nejvice grafitu se oxidovalo vip¢hu druhého
stupré s vySSimi hodnotant a A.

Graphite

500 600 700 800 900
Temperature (°C)

Obr. 31 DTG k¥ivky oxidace ¢istého grafitu a jeho snési s [NiCl(BzMedtc)(PPhy)] (ki¥ivka 1),
[Nil(BzMedtc)(PPR)] (k¥ivka 3), [Ni(BzMedtc)(PPhy),]JCIO, (kFivka 5)
a [Ni(BzMedtc)(PP¥),]BPh, (kFivka 6) (pievzato z [88]).
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Tab. 8 Charakteristické teploty a kinetické paraméry oxidace grafitu a jeho snési

s testovanymi komplexy [88].

T[°C] Tm[°C] Krok INER E [kJmol™] w[%]

Grafit 778-859] 832 0,7 | 1,910 247
1 679-838 792 | 1,3 | 3,6210 190 43,58
Il 0,9 1,0910° 235 56,42
3 696-879| 838 | 0,9 | 4,0810° 174 34,48
I 0,9 9,100’ 220 65,52
5 693-860| 815 | 1,0 1,470 183 36,06
Il 1,0 4,08910° 250 63,94
6 714-861| 812 | 0,8 | 5,8q10° 176 23,48
I 1,1 1,1M0° 238 76,52
(T = teplotni interval oxidace, T = teplota maxima oxidacen = f{ad reakce,

A = frekvereni faktor, E = aktiva&ni energie,w = hmotnostni podil oxidovaného vzorku)

2.4.2 Nesymetrické dithiokarbamaty niklu s polyderétnimi P-ligandy

Tab. 9 Hrehled dithiokarbamatovych komplexi niklu s polydentatnimi P-ligandy.

Komplex Lit. Komplex
9.01 | [Ni(HGlydtcNa)(Dppe)]CIQ 44 [Ni(1-Dpph)(BZPrdtch(NCS)]
9.02 | [Ni(HMethdtcNa)(Dppe)]CIQ 44 9.16 | [Niy(u-Dpph)(H4-aapdtepBr,] 95
9.03 | [Ni(HTrydtcNa)(Dppe)]ClQ 44 9.17 | [Nix(p-Dpph)(H4-aapdtgNCS))] 95

9.04 | [Ni(MeGlydtcNa)(Dppe)]CIQ 44 9.18 | [Niz(u-Dpph)( H4-aapdte]CIOL);] | 95

9.05 | [Ni(BzEadtc)(Dppe)]CIQ 84 9.19 | [NiCl(H4-aapdtc)(Dppe)] 43

9.06 | [Ni(MeEadtc)(Dppe)]BPRCHCl, | 82,83 9.20 | [NiBr(H4-aapdtc)(Dppe)] 43

9.07 | [Ni(MeEadtc)(Dppm)]CIQ 83 9.21 | [Nil(H4-aapdtc)(Dppe)] 43

9.08 | [Ni(MeEadtc)(Dppp)]CIQ 83 9.22 | [Ni(NCS)(H4-aapdtc)(Dppe)] | 43

9.09 | [Ni(MeEadic)(Dppb)|CIQ | 83 | 9.23 | INNO:)(H4-aapdic)(Dppe)] 40 | 43

9.10 | [Ni(Bz'Prdtc)(Dppf)]CIQ 94 9.24 | [Ni(ClO4)(H4-aapdtc)(Dppe)] 43

9.11 | [Ni(Bz'Prdtc)(Dppf)]l 94 9.25 | [Ni(Bz'Prdtc)(Triphosl)]CI-HO | 96

9.12 | [Ni(Bz'Prdtc)(Dppf)NCS 94 | 9.26 | [Ni(Bz'Prdtc)(Triphosh]CIQ | 96

9.13 | [Ni»(u-Dpph)(BZPrdtc)yCl] | 95 | 9.27 |[Ni(Bz'Prdtc)(Triphosl)|BPh| 96

9.14 | [Nix(u-Dpph)(BZPrdtcyBr;] | 95 | 9.28 |[Ni(Bz'Prdtc)(Triphosl)]PE | 96

47



Koordinanim slokenindm o sloZzeni [Ni(AAdtcNa)(Dppe)]ClO (9.01-9.04)
se ¥novala publikace [44]. Tyto komplexy bylytfipraveny ve smsi rozpousidel
ethanol/chloroform (1:1) obsahujici [Ni(AAdi¢) Dppe {1,2-bis(difenylfosfan)ethan}
a NaCIlQ v porgru 1:1:1. Poifhodinovém refluxu byly roztoky zahésty na polovni
objem a ponechany volné krystalizaci.

Produkty ndly oranzovoZzluté zbarveni, byly diamagnetické aCvspektrech
vykazovaly valetini vibrace typické pro dithiokarbamatové sgleniny, tj. v(C~N)
pii 1540 cm' a v(C*S) kolem 1000 ci. Vazbu N-H v dithiokarbaméatové skupin
odvozené od aminokyseliny prokéazaloGsdpektru maximum vibracgN—H) nalezeného
pfi 3000 cm' (krom& 9.04, Obr. 20) a karboxylovou skupinu v podgkji sodné soli
potvrdila vibrace v oblasti 1618-1622 ¢V Elektronovych spektrech byly objeveny pasy
kolem 21000 cr, které souvisely s d-drpchodyétvercow Ni' komplexa s chromoforem
NiS;P,. Termicky rozklad u kompleéxzatal priblizné pii 230 °C a probihal spofitdo cca
730 °C (konény produkt byl analyzovan jako NiQD

Syntézou a spektralni charakteristikou [Ni(BzEx@ppe)]CIO, (9.05) se zabyvala
publikace [84]. Vysledkyd a EAS poukéazaly nétvercové usptadani koordingni sféry
Ni" s bidentats vazanymN-benzylN-(2-hydroxyethyl)dithiokarbamato ligandem a Dppe
ligandem (chromofor Nig.). Koordinaci Dppe ligandu na atomu nikldepwdcive
prokazala *'P-NMR spektra. Na rozdil od'P-NMR spektra volné molekuly Dppe
s hodnotou signaluip-13 ppm, byl pozorovan v souvislosti s koordinacstudovaného

komplexu jednoduchy signal s chemickym posunem pfhrt.

Manohar se ve svych dvou publikaci¢82,83] cilek zan®iil na pipravu
jednojadernych dithiokarbamatovych komplexs P,P-ligandy, které se liSily délkou
uhlikovéhoretézce {Dppm = 1,1-bis(difenylfosfan)methan, Dppe 2-bis(difenylfosfan)-
ethan, Dppp = 1,3-bis(difenylfosfan)propan a Dppb 14-bis(difenylfosfan)butan}.
VSechny komplexy o slozeni [Ni(MeEadtc)(P,P)]Y @®.09) ziskal v souladu s navodem
popsanym Vv publikaci [44]. Izolované nikelnaté Idioetni sloweniny byly
diamagnetické, u kterych na zakiadysledki spektralniho studia navrhl tvar polyedru se
¢tvercow uspdadanymi ligandy.
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V piipac komplexi [Ni(MeEadtc)(Dppe)]|BPh CHCI, (9.06)
a [Ni(MeEadtc)(Dppp)]CI@ (9.08) wvyesSil strukturu (Obr. 32, 33), diky které mohl
potvrdit vySe uvedené zé&w o symetrii a porovnat vazebné dispozice bidemcat
fosfanovych ligand (Dppe, Dppp). Nepatrné odchylky od idealni rowitwerce prokazaly
rozdilné vazebné délky v chromoforu M Vazebné délky Ni—P (cca 2,18 A) byly kratsi
v porovnani s délkou pro jednoduchou vazbu Ni-BQ23) [92]. V pipad vazebnych
ahla P(1)-Ni(1)-P(2) byla zjigha zajimava skud@ost. V souvislosti s délkou uhlikového
fettzce v molekule koordinovaného fosfanového ligangia lkzpozorovana disproporce
v hodnotach vazebnych uwhlP(1)-Ni(1)-P(2). Z nalezenych hodnot vazebnychu ahl
vyplynulo, Ze srostouci délkou uhlikovéltettzce mezi déma atomy fosforu rostla
hodnota ahlu P(1)-Ni(1)-P(2). U komplexu s Dpparigem (9.06§inila hodnota tohoto
uhlu 86,6°, zatimco vifpact komplexu s Dppp ligandem (9.08) jiz 95,5%d®vy trend
byl zjistén i v pripact podobného komplexu se symetrickym dithiokarbamet®ppb
ligandem, u kterého hodnota Ghlu P(1)-Ni(1)-P(2pkjokonce 101,4° [97]. Podabn
jako u molekulovych struktur jinych nikelnatych Hikarbamatovych kompléx

s fosfanovymi ligandy byla prokdzana delokalizaeelektronové hustoty v rAmci cetiéc

skupiny acasté&n¢ dvojny charakter CS a C'N vazeb.

Obr. 32 Molekulova struktura komplexu [Ni(MeEadtc)(Dppe)]BPhy:CH.CI, (9.06).
{P2/c; a=9,559(5), b = 14,652(6), ¢ = 37,080(7BA; 91,08(5)°;
molekula CECl, a atomy vodiku profehlednost odstraény}
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Obr. 33 Struktura [Ni(MeEadtc)(Dppp)] * (9.08).
{PR; a = 14,933(2), b = 21,263(3), ¢ = 10,552(3) A;
B =90,51(4)°; atomy vodiku praghlednost odstrany}

Syntéze a charakteristice koordingch slodenin s bidentatnimi fosfanovymi
ligandy se také &noval autorsky kolektiv z naSeho praco¥idt publikaci [94] preparoval
jednojaderné komplexy [Ni(BRrdtc)(Dppf)]Y (9.10-9.12), zatimco v praci [95]
dvojjaderné komplexy o slozeni [Niu-Dpph)(RR2dtchX;] (9.13-9.18) s nastkow
vazanym Dpph ligandem a aniontem)(gimo koordinovanym na atomu niklu (Obr. 34).
V obou publikacich postupovaliipsyntéze komplek stejnym zjgisobem. Suspenzi
vychoziho dithiokarbamatu [Ni@R.dtc)] (1 mmol), P,P-ligandu (1 mmol) &iplusné soli
NiX ,M0H,0 (1 mmol) v absolutnim ethanolu (50 Ymefluxoval 4-6 hodin. V fipads série
jednojadernych kompléxreakini snmés prefiltroval a ponechal volné krystalizaci. Stanim
se vylowily purpurow zbarvené latky, které odfiltroval a promyl dietétyierem. Naopak
dvojjaderné komplexy se vyloily jiz v prabéhu refluxu. Fialo¥ zbarvené komplexy byly
nasledg odfiltrovany a promyty absolutnim ethanolem aluyttherem.

Komplexy obou strukturnich typbyly diamagnetické a spdies v elektronovych
difuzré-reflexnich spektrech vykazovaly absémp maxima kolem 20000 cfh ktera
souvisela s elektronovymi d-digchody typickymi proétvercow nikelnaté komplexy.
Dal§i maxima fi vy3Sich vingtech (cca 30000 c) autdi prifadili intraligandovym
ptechodim v ramci dtc skupiny. V C spektrech nalezli piky v oblasti 990-1008 tm
a 1512-1530 cih, které pislusely valetnim vibracim v(C*S) a v(C*N)
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charakteristickych pro koordinovany dithiokarbamdtdigand. OdliSné vysledky vSak
byly zaznamenany aziipkonduktometrickém wrteni a pi analyze jejich € spekter
v souvislosti s polohou maxim iontowebo koordinéné vazanych iont. Jednojaderné
komplexy se v acetonovém roztoku chovaly jako etdty typu 1:1, zatimco
dvojjjaderné komplexy v chloroformovém roztoku jakomplexni neelektrolyty. Vd
spektrech komplek (9.10 a 9.12), iontavvazany chloristanovy nebo thiokyanatanovy
anion prokazala nerozfiend maximavs(ClOs) pii 1084 a v4(CIOs) pri 625 cm®
nebo maxima vibraci(C=N) pii 2092 cm® a v(C-S) i 740 cni'. Naopak koordingng
vazany chloristanovy anion u dvojjaderného komplg@ul8) potvrdilo roz&pené
maximum vibracess(CIO,) pii 1096 a 1065 ci V piipads komplexa (9.15 a 9.17) byla
identifikovana maxima vibraci(C=N) pii 2080 cmi' a v(C-S) @i 840 cni', ktera

vypovidala o koordinaci skupiny (NQ$xes donorovy atom dusiku.

Obr. 34 Predpokladana struktura komplexi [Ni(pu-Dpph)(R1R2dtc)X;] [95].

Reakcim 4-aminoantipyrindithiokarbamatu nikelnatéls Dppe ligandem se
vénovala publikace [43]. Reakce byly realizovany gumwojako v publikaci [94], v rdmci
kterych se poddo izolovat produkty hidé barvy. Tyto sloteniny byly diamagnetické,
ale na rozdil od elektronovych difuzneflexnich spekterctvercovych nikelnatych
komplexi neposkytovaly v intervalu 13000-30000 trzadné absotmi maxima. Molarni

vodivosti zngfené v nitromethanu, acetonu B,N-dimethylformamidu byly vySSi
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nez u neelektrolyt, ale nedosahovaly hodnot typickych pro elektrolgggu 1:1. VySSi
hodnoty mohly byt zfsobenyéast&nou disociaci komplax v pouzitém rozpouétlle,

coz ukazovalo na iontovy charakter vazby Ni—X:

[NiX(H4-aapdtc)(Dppe)i———= [Ni(H4-aapdtc)(Dppe)] + X

Schéma 9 Castena disociace kompler v roztoku.

V IC spektru komplexu (9.22) byla nalezen@gte silna maxima(C=N) pii 2080
cm’t av(C-S) ¥ 816 cmi', kterd souvisela s koordinaci skupiny (NOSes atom dusiku.
Taktéz u komplexu (9.24) byla prokazana koordingd€4O,) skupiny na zaklad
roz&&peného maximas(ClOs) s vrcholy gi 1085 cm® a 1100 crit a slabého maxima
v4(ClOs) pii 620 cm'. Dale byly v C spektru nalezeny pro dithiokarbamaty
charakteristické valemi vibracev(C=N), v(C*S) a vibracev(N-H), v(C=0) nalezici
4-aminoantipyrinu, ktery je soastidtc ligandu. Tyto skuténosti umoznily pedpokladat
u komplex: [NiX(H4-aapdtc)(Dppe)] (9.19-9.24) pentakoordinaya Ni' majici
uspdadani tetragonalni pyramidy. K podobnémuérawdosgli autai v citované literatie
[98], kterym se poddo strukturré popsat komplex o slozeni [Nil(Bdtc)(Dppe)].

Syntézou dithiokarbamatovych kompiexobsahujici tentokrate tridentatni
fosfanovy ligand (Triphosl; Obr. 15, s. 22) se aallg publikace [96]. Komplex
[Ni(Bz'Prdtc)(Triphos))]CIH,O (9.25) byl izolovdn ze suspenze (dichlormethan,
20 cn?) vychoziho dithiokarbamatu [Ni(B2rdtcy] (1 mmol) a triphosl ligandu (1 mmol)
michané dvacet hodin za laboratorni teploty. Né&sléyla suspenzeigfiltrovana a filtrat
zahu3n na maly objem. Ztohoto roztoku byla diethyledmr vysraZzena fialova
srazenina, ktera byla poté odfiltrovanashoaiikrat dekantovana diethyletherem.

Na syntézu fialovych kompléxo slozeni [Ni(B#rdtc)(Triphosl)]Y (9.26-9.28,
Obr. 35) bylo zapaebi roztoku slogeniny [Ni(BZPrdtc)(Triphosl)]CI-HO (1 mmol)
rozpudtné v 10 cm methanolu. Roztok byligfiltrovan a smichan s roztokyiglusnych
soli (1 mmol), jako byly LiCI@-3H:0 rozpudtny ve 20 crmiethanolu, Na[BPH v 10 cn?
ethanolu nebo K[Pfve 2 cnf vody.
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VSechny komplexy byly diamagnetické, u kterych amol vodivosti znsiené
v acetonu doséahly hodnot typickych pro elektroliggu 1:1. V jejich € spektrech byly
nalezeny pro dithiokarbaméty charakteristické vénéwvibracev(CS) pi 982-992 cnit
a v(C*N) vintervalu 1518-1538 cth lontow vazany chloristanovy anion (9.26)
prokazala neroz&ena maximas(CIOs) pii 1080 cnit av.4(ClOs) pii 615 cm, zatimco
hexafluorofosfor&nanovy anion (9.28) potvrdila intenzivni vibragéPRs) pii 830 cni'.

V elektronovych difuz&reflexnich spektrech byla nalezena ab&orpmaxima v oblasti
17800-18500 cih a 28700-32800 cify ktera naleZela elektronovym d-dephodim

charakteristickym pro nikelnaté komplexy s koordiman ¢islem @t majici uspéadani
nizkospinoveé trojboké dipyramidy (symetriesH) a intraligandovym jechodim v dtc

skupire.

P¥itomnost jedné molekuly krystalové vody u komplé@P5) prokazala termicka
analyza. Dehydratace nastala jii p4 °C, kterAd se na DTAfkce projevila malym
endoefektem i 87 °C. Na TG kvce bylo zachyceno plato v teplotnim intervalu
110-176 °C, jenz odpovidalo dle hmotnostnich Ubyblezvodé latce AM praxtseoret. =
= 2,85/2,07 %).

Obr. 35 Predpokladana struktura komplexi [Ni(Bz'Prdtc)(Triphosl)]Y [90].
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2.5

Reakce s dusikatymi ligandy

Tab. 10 Rehled nesymetrickych nikelnatych dithiokarbamati s dusikatymi ligandy.

Komplex Lit. Komplex Lit.
10.01 | [Ni(HCphdtck(y-pic).] 30 | 10.08 | [Ni(Bz'Prdtcy(Cyclam)] 102
10.02 | [Ni(En)s][(HEadtc)] 99 | 10.09 | [Ni(Bz'Prdtc)(Cyclam)]CIQE,O 102
10.03 | [Ni(Phen}k(HGlydtc)] 101 | 10.10 | [Ni(Bz'Prdtc)(Cyclam)]BPh | 102
10.04 | [Ni(Phen}(HPhaladtc)] 101 | 10.11 | [Ni(Bz'Prdtc)(Cyclam)]BPKCHCE | 102
10.05 | [Ni(Phen)(HAladtc)] 101 | 10.12 | [Ni(BzMedtc)(Cyclam)] 61
10.06 | [Ni(Phen)(HMethdtc)] 101 | 10.13 | [Ni(BzMedtc)(PhemClO4 61
10.07 | [Ni(Phen)(HTrydtc)] 101 | 10.14 | [Ni(BzMedtc)(Bpy)]ClO,2H,0 | 61

Nesymetrické nikelnaté dithiokarbamaty nereaguf-lgyandy g@iliS ochotr,
proto mizeme v odborné literate nalézt jen &kolik publikaci Wnujicich se d&mto
reakcim. V jedné z nich Coucouvanis [30tippavil komplex [Ni(HCphdtc)(y-pic),]
(10.01), ktery izoloval z acetonového roztoku [NZphdtc)] (1.03) a 4-methylpyridinu.
Tento s¥tle zeleny produkt vysrazel z roztoktigavkem vody, ktery nasledmodfiltroval
a promyl snisi n-pentan/4-methylpyridin (1:1).

Komplex byl paramagneticky s absémimi maximy v elektronovych spektrech,
které odpovidaly fechodim typickym pro Ni komplexy v oktaedrické symetrii. Pas
pti 10000 crm' odpovidal elektronovémuigchodu®A,; — °T,y a pas s maximem
pri 15950 cn naleZel pechodu’Azg — *Tig,

Také Ramalingam [99] sledoval interakci dithiokarid@ového komplexu
[Ni(HEadtc)] (1.20) s pyridinem a ethylendiaminem. Reakce ridpyem neprobihala
a v obecném gfitku poukdzala na neochotu nikelnatych dithiokarét@nvorit adukty
s dusikatou monodentatni Lewisovskou béazi. Zato @wichani [Ni(HEadtg)
s methanolickym roztokem ethylendiaminu vznikKiZovy roztok. U tohoto roztoku

Ramalingam zril elektronové spektrum seemi absorpnimi maximy (11100 cif,
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18200 crt a 29400 cni) charakterizujici oktaedrickou koordinaci niklupaokazuijici
existenci kationtu [Ni(En)*" v roztoku. Ridavkem kyseliny chlorovodikové #me

vysrazel vychozi nikelnaty dithiokarbamat a pro tjda c&je navrhl schéma rovnovahy.

E
[Ni(HEadtc)] — [Ni(En).]2*[(HEadtc)]>

HCI

Schéma 10 Piklad rovnovahy nikelnatych dtc komplexi v roztoku (¢tverec - okteedr).

Rajendiran ve sveé praci [100] navazal na publikg@®] a studoval reakceskolika
vychozich nikelnatych dithiokarbamatovych komigies dimethylglyoximem (Dmg).
V piipact dithiokarbamat o sloZzeni [Ni(HEadtg) a [Ni(Eadtc)], obsahujicich
uhlovodikovy zbytek 2-hydroxyethyl (Ea), reakce Dsng) neprobihaly podle
predpokladaného scéea za vzniku komplex [Ni(dtc)(Dmg)], ale pouze za vzniku
cervené srazeniny dimethylglyoximatu nikelnatého. tB® skuténosti nel ziejmé podil
2-hydroxyethyl (Ea), jehoz —OH skupina vyvolala adyy indukéni efekt majici vliv
na posun elektronové hustoty v rardtg ligandu a na vyrazné oslabeni Ni—S vazeb.

Syntéze nikelnatych oktaedrickych komplexo sloZzeni [Ni(PhenjAAdtc)]
(10.03-10.07) seanovala publikace [101]. Koordidai sloweniny byly gipraveny podle
Schéma 11 reakci vodného roztoku bromidu tris(feb@nthrolin)nikelnatého
s vodnym roztokem disodné soli dithiokarbamatoveekny. V pitibéhu Sestihodinového
michani pi teplo€ 0 °C se vylodgily oranzovozluté latky, které byly odfiltrovany

a dekantovany vodou.

Na,(AAdtc) + [Ni(Phen)]Br, H—O> [Ni(Phen),(AAdtc)] + Phen + 2 NaBr
2

Schéma 11 Piprava komplexi o sloZzeni [Ni(PhenyAAdtc)].

Komplexy byly stabilni na vzduchu a rozpustné \otmn organickych
rozpoustdlech jako byl nafiklad ethanol, aceton neldgN-dimethylformamid. Hodnoty
jejich molarnich vodivosti v ethanolu dosahovaly dhat (5,9-8,7 &m‘/mol)

odpovidajicich komplexnim neelektralys. V elektronovych spektrech komptex
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zmetenych v ethanolu byla identifikovana maxima s wtydolem 21000 ci, které jsou
charakteristicka pro d-d elektronoviephody niklu v oxidénim stavu Il a v koordir@gim
&isle Sest. Absotmi maxima vy3si nez 30000 émsouvisela s intraligandovymtgchody

v ramci dtc skupiny a 1,10-fenanthrolinu. Na zakladtudia € spekter navrhli auid
publikace skelet dithiokarbamatového ligandu fedpokladanou strukturu nikelnatych
komplexi (Obr. 36, 37), kde mdtc ligand v disledku existence karboxylatového aniontu
vyjimeén¢ naboj (2-), a kde se upiafji intramolekularni vodikové vazby mezi —NH
a karboxylatovou skupinou. Koordinadic ligandu a delokalizacirelektronové hustoty
(¢&sténe nasobny charakter vazby) potvrdily valehvibracev(C*S) i 980-995 crit
av(C1N) v intervalu 1505-1510 cth Hodnoty vibraci(C1-N) byly dle aiekavani vyssi
(Obr. 36) neZ vibrace(C2—N) (1100-1115 cif). Koordinaci 1,10-fenanthrolinu prokazaly
vibracev(Ni-N) pii 420 cni', zatimco pitomnost vazby N-H a karboxylatového aniontu

identifikovaly vibracev(N—H) pri 3400 cm* a symetrické vibraces(COO) pri 1420 cm'.

Obr. 36 Skelet dithiokarbamatového derivatu amin&yseliny (HAAdtc?) [101].
{R = H, PhCH~, CHy—, CH~S—CH—CH,—, GHgN-}

Obr. 37 Predpokladana struktura komplexi [Ni(Phen),(AAdtc)] [101].
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U vybranych komplek (10.05-10.07) byl také sledovan mikrobiologickyisimng,
na zaklad kterého se ukazalo, Ze testované komplegly mntibakterialni a antifungicidni
vlastnosti wci nékterym bakteriim a plisnim (nApBacillus cereus, Escherichia coli,

Pseudomonas aeruginosa, Penicillium oxaliaum a g niger).

Oktaedrické nikelnaté komplexy s 1,4,8,11-tetaagtklotetradekanem (Cyclam,
Obr. 38) izolovali a charakterizovali v publikaci02]. Autofim publikace se podido
izolovat paramagnetické komplexy dvojiho struktbmitypu. Nejprve fialovy komplex
[Ni(Bz'Prdtcy(Cyclam)] (10.08) fipravili smichanim chloroformového roztoku
[Ni(Bz'Prdtc)] (2.34) s ethanolickym roztokem Cyclamu v molarmpemsru vychozich
latek 1:1. U této koordirgai sloweniny efektivni magneticky moment nabyval hodnoty
et Iis = 3,20 a molarni vodivost v roztoku acetonu odpalddhodnat typické
pro komplexni neelektrolyt (13,6[@n*/mol). Proto se autdbv souladu s publikaci [103]
priklonili k zawvéru, Ze vtomto fipact je nikl koordinovancétyimi dusiky Cyclamu
a dwmadtc ligandy, které se pra¥godobr vazi na centralni atom monodentatn

Déle ziskali sérii komplex o slozeni [Ni(B#rdtc)(Cyclam)]Y (10.09-10.11),
kterou izolovali z roztoku vychoziho dithiokarbamaiNi(Bz'Prdtc)] (2.34), Cyclamu
a pislusné soli NiYnH,O (1:1:1, chloroform/ethanol). Komplexydy fialovou barvu,
jejich efektivni magnetické momenty nabyvaly hodmadntervalu peg™*"/ps = 2,75-3,20,
které potvrdily pitomnost dvou neparovych elektfona prokazaly u studovanych
komplexi oktaedrické usp@dani koordinéni sféry niklu. Molarni vodivosti zgtené
v acetonu dosahly hodnot typickych pro elektroljypu 1:1 (105,5-123,9 Bm/mol).
lontow véazany chloristanovy anion také potvrdild Ispektra, ve kterych byla
identifikovana neroz8pena maximavs(ClO,) pii 1080 cm' a v4(CIO,) pri 618 cm.
V difuzné-reflexnich spektrech byla nalezena ab&oipnaxima v intervalu 17600-25000
cm’, ktera odpovidala elektronovym d-dlephodim charakteristickym pro oktaedrickou
symetrii. Komplex [Ni(BZ#rdtc)(Cyclam)|BPHTCHCl; (10.11) byl studovan také
termickou analyzou. Existenci molekuly CHCI prokazal endoefekt na DTAfikce
pii 146 °C. Termicky rozklad probihal spgjitbez vzniku termicky stabilnich
meziproduki. Koneiny produkt termické analyzy identifikovala praskoxéntgenova

difrakéni analyza jako NiO.
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Obr. 38 Konstitu¢ni vzorec 1,4,8,11-tetraazacyklotetradekanu (Cyclajmn

Monokrystalova rentgenostrukturni analyZ&i(Bz'Prdtc)(Cyclam)BPhCHCl
(10.11) potvrdila vysledky fyzikatiichemického studia a prokazala nikl v deformovaném
oktaedrickém uspgadani koordinéni sféry (chromofor NigN,). Z nalezenych vazebnych
délek vyplynulo, Ze délka vazby Ni(1)-S(1) je kfaigz Ni(1)-S(2), a také Ze vzdalenosti
Ni-N se néni v intervalu 2,085-2,135 A. U vazeb C(1)-N(1)1E6(1) a C(1)-S(2) byl
navic prokazan zkay podil Ttrvazby v porovnani s teoretickymi  hodnotami
pro jednoduchéo-vazby (C-N) a (C-S), které podle [9%]ni 1,47 A a 1,81 A.
Rentgenostrukturni analyza také prokazala molekdapoustdla (CHCE) mimo
koordin&ni sféru niklu a potvrdila iontovy charakter komple nebd@ vzdalenost atofn
Ni(1) a B(1) ¢inila 6,80 A. Molekulova struktura a vybrana kryetmaficka data jsou

znazorrna na Obr. 39 (atomy vodiku a solvent jsou gehfednost vynechany).

Obr. 39 Molekulova struktura komplexu [Ni(BziPrdtc)(CycIam)]BPh4IIDHCI3 (10.11).
{P1:a=12,056(2), b=13,836(3), c = 15,295(3)4: 66,98(3)B = 86,84(3),
y = 82,62(3)°}
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Travnicek a kol. [61] se &novali reakcim [Ni(BzMedtg] (2.32) s Cyclamem,
1,10-fenanthrolinem  (Phen) a  2,2"-bipyridinem  (Bpy) Fialovy  komplex
[Ni(BzMedtc)y(Cyclam)] (10.12) ziskali desetihodinovym refluxemsuspenze
(chloroform/ethanol, 1:2) obsahujicim nikelnaty htbkarbamat (1 mmol) a Cyclam
(2 mmol).

Koordinani sloweniny Zluté barvy majici slozeni [Ni(BzMedtc)(Phg§6)O,
(10.13) a [Ni(BzMedtc)(Bpy]ClO42H,O (10.14) obdrzeli dvacetihodinovym refluxem
suspenze (chloroform/ethanol, 1:1), kteroufityovychozi latky v molarnim posru
0,5:0,5:1:2, tj. [Ni(BzMedte)], NiCl,BH,0, LIiCIO4B8H,0 a gislusny N,N-ligand
(Phen, Bpy).

VSechny komplexy byly paramagnetické latky s efgkitni magnetickymi
momenty v intervalyues /s = 3,02-3,07, které prokazalyippmnost dvou neparovych
elektronmi a tudiz oktaedrické uspidani koordinéni sféry niklu. Komplex (10.12) se
choval v roztoku acetonu jako komplexni neelektratatimco sloteniny (10.13 a 10.14)
jako elektrolyty 1:1. V€ spektrech v3ech studovanych latek byly nalezemypady

valertnich vibraciv(C~N) v intervalu 1514-1522 ctha nerozd{pena maxima valénich

vibraci v(CS) pi 992-996 crit charakterizujici bidentatnkoordinujici sedtc ligand.
Oktaedrickou geometrii v okoli niklu také podip@ elektronova difuzé&reflexni spektra
a roztokova spektra N,N-dimethylformamidu, ve kterych byla zaznamenanaogikiai
maxima v intervalu 10500-11700 &m 16100-16700 cith a 22400-26200 cih
kterd odpovidala elektronovym d-dieghodim °Ay; — *Tay Ay - *Tig (F)

a °Ayy - °T14(P). Maxima nad 30000 c¢hmpravdpodobré souvisela s CT iechody.
Na zaklad vysledki magnetochemického, konduktometrického a spektrdlstudia by
atom niklu v komplexu [Ni(BzMedtg|Cyclam)] (10.12) dosahoval neobvyklého
koordinaniho¢isla osm. Stejny problénesili autdi publikace [102], ve které u komplexu
[Ni(Bz'Prdtcy(Cyclam)] (10.08) pedpokladali nikl v koordingim ¢isle Sest v dksledku
tetradentatni koordinace Cyclamu a monodentéatnidioace dvoudtc ligandi. K vyieSeni
toho problému vyrazn prispéla monokrystalovd rentgenostrukturni  analyza,
ktera u podobného komplexu [Ni(Ritck(Cyclam)] [61] prokazala oktaedrickou
geometrii  dvou centrosymetrickych polovin 1NBz.dtc)(Cyclam), scésténe
deformovanym Cyclamem. V této publikaci se takéo@uténovali studiu katalytického
vlivu komplexu (10.12) na oxidaci grafitu, kteréoprhala dvoustuppvym mechanismem

a nastala o 73 °Citve nez v pipack ¢isteho grafitu.
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2.6  Reakce s S-donorovymi ligandy

Tab. 11 HRehled nesymetrickych nikelnatych dithiokarbamafi s S-ligandy.

Komplex Lit.
11.01 | [Ni(p-SGHs)(H4-aapdtc)y 104
11.02 | [Ni(p-SCH7)(H4-aapdtc)y] 104
11.03 | [Ni(p-SCoH7)(H4-aapdtc) 104

11.04 | [Ni(p-SGsHs)(BZ'Prdtc)}, 105
11.05 | [Ni(u-SGH-)(BZ'Prdtc)} 105
11.06 | [Ni(pu-SCioH7)(BZ'Prdtc)}, 105
11.07 | [Ni(p-SMe)(HMedtc)} 106

Reakce nesymetrickych nikelnatych dithiokarbamatbvy komplexi
s aromatickymi monothioly popsali v publikacich #1005] autéi z naSeho pracovist
Koordinani sloweniny obecného sloZzeni [MHSR)(R:1Rzdtc)l, (11.01-11.06) fipravili
podle Schéma 12 reakci chloroformového roztoku [(RgR.dtc)(PPR)] s aromatickym

monothiolem (Obr. 40) a triethylaminem.

[NiCI(R,R,dtc)(PPh)] + HSR® + E{N | 1/2 [Ni(u-SR)(RR,dtc)], + PPh + [EL,NH]CI
CHCl,

Schéma 12 Piprava komplexi o slozeni [Ni(t-SR')(R;1R2dtc)]..

Obr. 40 Konstitu¢ni vzorce aromatickych monothiofi.

{a) benzenthiol {8sSH), b) 4-methylbenzenthiol (8;SH),
) 2-naftalenthiol (gH-SH)}
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Izolované komplexy rly zelenou barvu a byly nerozpustnédziych organickych
rozpoustdlech. Velmi malé hodnoty molarnich vodivosti (@,2- S6m?/mol) vN,N-
-dimethylformamidovych a acetonovych roztocich pmaty na neelektrolyticky charakter
piipravenych komplek. Magnetochemicka #&teni prokazala u vSech latek jejich
diamagnetismus, coZz bylo v dobrém souladuesipoklademdétvercového usp@dani
donorovych atori siry kolem centralnich atammiklu(ll). Tyto zawry byly také potvrzeny
vysledky difuzi-reflexnich spekter. Abso&pi maxima se nachézela v intervalech
15600-15900 cih a 21000-21800 cih a byla charakteristicka pro d-digghody
(‘Ag - 'Azg a Ay — 'Byg Stvercow nikelnatych komplek Dalsi maxima, ktera se
nachazela v oblasti 27700-35800 tmpravdspodobré souvisela s intraligandovymi
piechody lokalizovanymi dtc skupiré. V IC spektrech byly identifikovany vibrace
v(C-N) av(C*S) charakteristické pro sléeniny sdtc ligandem koordinovanym na atomu
niklu. Hodnoty &chto vibraci se nachazely v intervalech 1500-1582 a 990-1016 cih
Signaly kolem 1642 cth odpovidaly vibraciv(C=O) typické pro 4-aminoantipyrin-
dithiokarbamatové ligandy (11.01-11.03) a signéiekn 740 crit souvisely s fitomnosti
aromatického monothiolu v koordi¢ra slowenirg.

Na zaklad experimentélnich vysledk dosgli autari v publikacich [104,105]
k zawru, Ze se jednd o dvojjaderné nikelnaté komplexatomy niklu ve ¢tvercové
symetrii, ve kterygch ma aromaticky monothiol funkamistkového ligandu.
Tyto predpoklady potvrdila molekulova struktura analogloké komplexu
[Ni(p-SMe)(HMedtc)} [106] zobrazena na Obr. 41.

[
PR

Obr. 41 Molekulova struktura komplexu [Ni(p-SMe)(HMedtc)], (11.07).
{P2n; a=9,861(2), b = 13,081(3), ¢ = 12,286(24; 96,07(3)°;
atomy vodiku v methylu preplednost odstrany}
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2.7 Reakce s As- a Sb-ligandy

V chemii nikelnatych dithiokarbamatse #iliS c¢asto nesetkavame s komplexy
obsahujicimi koordinované molekuly jodidu arserstéhebo jodidu antimonitého.
V literature byly nalezeny ¢které informace oéthto latkach, nicmeénlatky nepatly
do skupiny nesymetrickych dithiokarbarnal ramci literarni reSerSe se proto zminim
0 publikaci [107], ktera inesla zajimavé informace o jejich syntéze i@dpvSim
o molekulové strukite, kterd se stala vzorem ke konstrukci pépediobné struktury
slowenin popsanych v experimentadidisti disertani prace.

Willemse a kol. vtéto publikaci syntetizovali okthické nikelnaté komplexy
purpurové barvy o slozeni [Nigitch(Asl3);] (R = Et, Bu) a zeleny komplex
[Ni(Etodtc)(Sbk),]. Ziskali je reakci fislusSného nikelnatého dithiokarbamatu (1 mmol)
rozpuséného v chloroformu s Aslresp. Shl (2 mmol) rozpu&ného v sirouhliku.
Monokrystal komplexu [Ni(Edtch(Asls);] vhodny pro rentgenovou strukturni analyzu
obdrzeli po pidavku malého mnozZstvi-hexanu. Studie monokrystalové rentgenove
analyzy prokazala téeh oktaedrickou symetrii (Obr. 42) v okoli niklu(ligpojnice atori
As(1)-Ni(1)-As(2) nebyla kolmé rdtc rovinu (NiS) a svirala s ni Uhel 82,6°.

1

OR
~e

Obr. 42 Molekulova struktura komplexu [Ni(Et dtc).(Asls)2].
{P2c; a = 8,428(1), b = 19,692(2), ¢ = 9,194(1)3% 102,24(2)°;
atomy vodiku prieplednost odstr&ny}
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Z literarni reSerSe vyplynulo, Ze malo pozornostilob vénovdno reakcim
s nesymetrickymi dithiokarbamaty strukturniho typNi(R;R.dtc)]. Je také Ejmé,
Ze nikelnaté dithiokarbamaty odvozené MatyklohexylN-ethylaminu nebyly studovany
témet viabec, az na vyjimku zakladniho komplexu [Ni(CEtetd)2.04), jehoz syntéza
a molekulova struktura byla popsana celkem ve dudhblikacich [54,70]. O nikelnatych
komplexech €N-benzylN-butyldithiokarbaméatovym ligandem nebyla v odbolitgratuie
nalezena zadna informace. Jak jiz bylo zminv Gvodu disertai prace, zafiil jsem se
v experimentalntasti blize na reaki moznosti &chto dvou nesymetrickych nikelnatych
dithiokarbamal a podrobil je reakcim s vybranymi ligandy obsatiuji siru, arsen,
antimon, dusik, pdfpadc jedenci vice donorovych atotnfosforu.
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3 Experimentalni ¢ast

3.1 Pouzité chemikalie, experimentalni metody aijbstroje

fa Aldrich:

benzenthiol (97%)

N-benzylN-butylamin (98%)
1,i-bis(difenylfosfan)ferrocen (97%)
N-cyklohexylIN-ethylamin (98%)
deuterizovany chloroform (CD¢;09,8% D)
4-methylbenzenthiol (98%)

2-naftalenthiol (97%)

trifenylfosfan (90%)
1,1,1-tris(difenylfosfanomethyl)ethan (98%)

fa Fluka:

1,4-bis(difenylfosfan)butan (98%)
1,2-bis(difenylfosfan)ethan (98%)
bis(2-difenylfosfanoethyl)fenylfosfan (97%)
1,6-bis(difenylfosfan)hexan (97%)
hexafluorofosforénan draselny (98%)
chloristan sodny monohydrat (p.a.)
nitromethan p.a.

sirouhlik p.a.
1,4,8,11-tetraazacyklotetradekan (98%)
tributylfosfan (85%)

fa Lachema:
aceton p.a.
amoniak p.
n-butanol p.a.
diethylether p.a.
dichlormethan p.a.
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N,N-dimethylformamid p.a.
dusinan stibrny p.a.
1,10-fenanthrolin monohydrat p.a.
n-hexan p.a.

hydroxid sodny p.a.

chelaton 3 dihydrat p.a.

chlorid nikelnaty hexahydrat p.a.
chloroform p.a.

karborafin p.a.

kyselina dugina (65%) p.a.
methanol p.a.

murexid p.a.

petrolether

tetafenylboritan sodny p.a.

toluen p.a.

fa Seliko:
ethanol p.

fa DCL:
triethylamin p.

Asls, Sbk, [NiX2(PR3)s] (X = CI, Br, I, NCS; R = Bu, Ph), Na(CEtdt&}H,0
a NiYo-nHO (Y = Br, I, ClO4, NCS; n = 2, 3, 6) byly fipraveny podle postup
popsanych v literatie [108,109,120,124]. Obsah niklu ve vzorcich byanswven
chelatometricky za pouZziti indikatoru murexidu [],18rocentuélni obsah chloru a bromu
byl stanoven Schodnigerovou metodou [111]. Elementanalyza uhliku, vodiku, dusiku
a siry byla realizovana natigtroji EA 1108 (fa Fisons). K &ieni molarni vodivosti
pii 25 °C byl pouzit konduktometr LF 330/SET (WTW GH)b Magnetické susceptibility
byly méteny za laboratorni teploty Faradayovou metodowabarhtorni sest&wbsahujici
mikrovahy Sartorius 4434 MP-8, ktera byla vyvinuta Katede anorganické chemie
ve spolupraci s Vyvojovymi laboratemi a dilnami Univerzity Palackého v Olomouci.
Jako kalibrantu bylo pouzito Co[Hg(SCiN)Elektronova difuzi-reflexni spektra v nujolu
byla mgtena na UV/VIS spektrometru Specord M40 (fa CarkZedena) nebo naigtroji
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Lambda 35 (fa Perkin-Elmer) v rozsahu \itio 9000-40000 ci. Infratervena spektra
byla mgfena v nujolu na spektrometru Specord M80 (fa Cait&, Jena) nebo naizeni
Spectrum One FT-IR za pouZiti KBr techniky v rozsatnosta 400-4000 crit. 3'P{*H}-
-NMR spektra byla ziskana pomoci NMR spektrofh&ruker Avance 300 MHz a Varian
400 MHz, jenz miily pii frekvenci 121,49 MHz a termodynamické tepl®d00 K
resp. 320 K (rozpou&tlo CDCk, vrgjSi standard 85%-#P0Q,). Termickd analyza byla
provedena naifstroji TG/DTA 6200 ExStd (fa Seiko) s teplotnim gradientem 2,5 pop
5 °C/min a navazkami kolem 10 mg. K identifikaco@ukti termického rozkladu bylo
pouzito z#izeni XRD 7 (fa Seifert) za vyuziti Cukzéaeni Q = 1,5419 A) neboiistroje
X'Pert Pro (fa Panalytical) za vyuziti CaKz&eni ( = 1,7903 A). Data z praskové
rentgenove difrakni analyzy byly zpracovany programy HighScore P(usrze 2.2c,
fa Panalytical), Match (verze 1.10, fa Crystal Ieipa vyhodnoceny dle databdze PDF-4
+ 2008 RDB 4.0804. Teploty tani bylyseny pomoci bodotavku Melting Point B-545
(fa Buchi). Katalytickd oxidace grafitu byla studma na fstroji Netzsch STA 449 C
(kelimek z a-Al,Os, rychlost oltevu 10 °C/min, dynamickd atmosféra - vzduch,
100 cni/min, navézka vzorku 5,0-5,2 mg). Data pro mondialgsou rentgenovou
strukturni analyzu byla z#ena na fstroji KUMA KM-4 s k-0sou vybaveném
grafitovym monochroméatorem a CCD detektorem nebodifi@ktometru Xcalibu2
(fa Oxford Diffraction) vybaveném CCD detektorempBhire2 a monochroméatorem
Enhance. Difraéni experimenty byly realizovanyigeplot 100 a 120 K za vyuZziti MoK
z&eni (\ = 0,7107 A). Experimentalni data a struktura bi@§eny za pomoci program
SHELXS-97, SHELXL-97 a PARST 95 [112-114]. CIF soup struktur zobrazenych
v této disertaci byly ziskany z CSD databaze (@imjraphic Structural Database, verze
5.30, September 2009) [146].

66



3.2 Syntéza a charakteristika komplex [Ni(CEtdtc) ;] a [Ni(BzBudtc);]

V ramci literarni reSerSe, kterargaichazela syntetické préaci, jsme v odborné
literature nalezli pouze dv publikace [54,70] #nujici se pipraw a studiu struktury
vychoziho komplexu o sloZzeni [Ni(CEtdiE)(Tab. 2, s. 13). Autid publikace [54]
pripravili komplex reakci roztoku sodné saN-cyklohexylN-ethyldithiokarbamatove
kyseliny s vodnym roztokem chloridu nikelnatého {&ma 1, s. 10) a popsali ho jako
diamagnetickou nikelnatou koordifrd sloweninu s planarnim uspédanim chromoforu
NiS, [70] (Obr. 6, s. 16). O existenci komplexu [Ni(Bzc)] jsme v literatie Zadnou
informaci nenalezli.

Vzhledem k naSim bohatym zkuSenostem souvisejicienisyntézou podobnych
slowenin (Schéma 2, s. 10) ziskali jsme oba komplesgakini smési obsahujici ethanol
(50 cn?), sirouhlik (100 mmol) a sekundarni amin (100 mmdba komplexy se
vylougily aZ po fridavku teplého roztoku NigBH0 (50 mmol v 100 crhvody). Po jedné
hodine stani jsme produkty odfiltrovali, uétladreé promyli teplou vodou do negativni
reakce filtratu na chloridové anionty a vysusSilidpmfralampou g 40 °C {praktické
vytezky: 47% (1), 43% (2)}.

Vysledky elementarni analyzy a zakladniho fyzikathemického studia jsou
uvedeny v Tab. 12 a Tab. 13. Oba komplexy bylyazahy v podob tmaw zelenych
latek, které se v roztol,N-dimethylformamidu (1) a acetonu (2) chovaly jakmriplexni
neelektrolyty [115]. Magnetochemické éreni prokazalo u studovanych komplex
diamagnetické chovéani, coZz bylo v souladufedpokladanym planarnim us@danim

donorovych atorin siry v okoli centralniho atomu niklu(ll).

Tab. 12 Vysledky elementarni analyzy dithiokarbamé&vych komplexi o sloZeni
[Ni(RRzdtc).].

Komplex M, Nalezeno / Vypdteno [%0] Piiloha

Ni C H
1 | [Ni(CEtdtc)] 463,42| 13,0/12,7| 46,3/46,7| 7,3/7,0 | 6,0/6,0 —
2 | [Ni(BzBudtc)] | 535,49 10,9/11,0| 53,8/53,8| 6,1/6,0 | 5,3/5,2 P.9
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Tab. 13 Vysledky fyzikalré-chemického studia dithiokarbamatovych komplex
o sloZeni [Ni(FR2dtc)].

Komplex Au UV/IVIS ¢ ICem™ ¢ | T. E, =
[SBm?mol] [A0° cm™] v(C=S) v(C=N) [°C] [C] [°C]

1 |[Ni(CEtdtc)] 3,35 |15,6; 20,4; 23,0; | 1002n| 1518v | 155 | 220 | 332; 392;
25,8; 29,4 730 | 515

2 |[Ni(BzBudtc)]| 0,9° |15,8; 20,2; 24,6;|1008v | 1512n| 237 | 132 | 313; 332

25,6; 31,0 733 | 445; 508

(® msteno vN,N-dimethylformamidu® m&teno v acetonu (c =[10° mol/dnT); *méteno v nujolu;
intenzita vibracexm = sfedni, w = slaba; T = paiatek termického rozkladu, ,E= vrchol

endoefektu, E= vrchol exoefektu).

V IC spektrech komplex byly nalezeny pro dithiokarbamaty charakteristické
valertni vibrace v(C*N) pri 1518 cm® (resp. 1512 ci) a v(C*S) pi 1002 cm
(resp. 1008 cif), které prokazaly koordinaci dithiokarbamatové mky a casténs
nasobny charakter @ a CS vazeb [29,116]. Také elektronova difézeflexni spektra
potvrdila naSe fedstavy o sloZeni fipravenych latek. Absotmi maxima nalezena
v oblasti 15600-25600 cmmohla souviset s elektronovymi d-dephody’A;y — 'Bug,
A1y - 'Bag nebo’A;y — 'Ey typickymi pro &tvercové nikelnaté komplexy [51,117],
zatimco dal$i maxima zaznamenatidvinoctech vyssich nez 29000 enpravdipodobré
odpovidala intraligandovymiechodim v ramci dithiokarbamatové skupiny [29].

Pribéh termické analyzy u studovanych komgilelayl velmi podobny. LiSil se
pouze teplotou p@tku termického rozkladu. Jestlize porovname tgpldty, zjistime,
Zze komplex (2) je termicky stab#j$i (jeho rozklad z&al o 82 °C pozgi). Na DTA
kiivkach obou latek byl zaznamenan endoefékRp0 °C (1) a 132 °C (2), ktery souvisel
s tAnim sloteniny. Teplota tani stanovena na bodotavkila pro komplex (1) 220 °C
a pro (2) 131 °C. Dale byl rozklad doprovazewtkailika exoefekty souvisejicimi
s rozkladem organické slozky ligandu, jejichz maxifoyla identifikovana v teplotnim
intervalu 313-515 °C. Plato na TGriwWkach bylo zjiS¢éno v intervalu 640-680 °C,
u ktereho na zaklahmotnostniho ubytku Izer@dpokladat existenci NS AM prakt jteoret.=
= 72,7/73,5 % (1) &M praktiteorer.= 76,2/77,1 % (2)}. Jeho rozklad je doprovazenymal
endoefektem ip 730 °C (1) a 733 °C (2). Produktem tohoto terrélok rozkladu byl
stanoven NiS AMpraktieoret. = 80,8/80,4 % (1) @AMpraktseoret. = 82,9/83,0 % (2)}.
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Dale bylo zjiSéno, Ze @i pozvolném zakivani komplex v elektrické peci na teplotu

1100 °C vznika jako produkt termického rozkladu Ng©z bylo o¢ieno pomoci praskové
rentgenove difrakce (Obr. 43).

JJL JL N @
\JLJL J\ N

Q)

30 40 50 60 70 8 90
20[°C] CuKot

Intenzita [a.u.]

Obr. 43 Zaznamy RTG praskoveé difrakce konéneho produktu

termického rozkladiNgO, PDF-4¢. 01-089-7130)
u kompldéix(1, 2).
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3.3 Syntéza a charakteristika nikelnatych dithiokabamatovych komplexi
s monodentatnimi P-ligandy

Koordina&ni sloweniny o slozeni [NiX(RR.dtc)(PRs)] (3-17; Tab. 14) jsme
ziskali z chloroformové suspenze (25 %nvychoziho nikelnatého dithiokarbamétu
[Ni(R1Rdtc)] (1, 2) (1 mmol) a [NiX%(PR3)2] (1 mmol) [109]. Reaéni snes jsme
intenzivre michali za pokojové teploty, dokud se vSechny wychlatky nerozpustily.
Vzniklé roztoky jsme fefiltrovali, pridali diethylether do slabého zé&kalu a nechali ¥oln
krystalovat. V pipad® komplexa s PPh ligandem se vylatily barevné polykrystalické
latky (Tab. 15), které jsme nasledodfiltrovali, nékolikrat promyli diethyletherem a susili
pii 40 °C pod infralampou. Monokrystal komplexu (dhpdny pro rentgenovou strukturni
analyzu jsme ziskali rekrystalizaci ze &in rozpou&tdel chloroform/diethylether.
Komplexy s PBu ligandem se volnou krystalizaci vykily v podoke latek s olejovitou
konzistenci, které se pada prevest po fidavku petroletheru do praskovitého stavu.
Produkty jsme odfiltrovali, promyli petroletherensasili @i 40 °C pod infralampou.

VsSechny izolované koorditai sloweniny byly diamagnetické
a Vv nitromethanovém roztoku se chovaly jako kommiereelektrolyty [115]. Krom
vysledki magnetochemického a vodivostnihostemi potvrdila ¢tvercové usptadani
koordinani sféry (chromoforu NiPX) také C spektra a elektronova difuzmeflexni
spektra. B vyhodnocovani @ spekter jsme si vimalifgdevsim vibraci, které jsou
charakteristické pro dithiokarbamatovou skupinu.laBjo maxima valetnich vibraci
v(C=S) av(C=N) [29,116], ktera jsme nalezlifipvinottech v intervalu 990-1010 ¢h
a 1500-1520 cih U komplexnich slotenin (6, 10, 14, 17) jsme také sledovali vibrace
(NCS) skupiny, které mohou poskytnout cenou infarim@a tom, zda-li je tato skupina
vazana ionto¥ nebo se fimo koordinuje na atom niklu ve viii koordin&ni sfé&e
komplexu. Maxima objevena v intervalu vid 2080-2100 cii a 830-840 cni byla
piitazena vibracinv(C=N) av(C-S), které potvrdily fitomnost (NCS) skupiny ve viiiti
koordin&ni sfé&e centralniho atomu a jeji koordinadiep donorovy atom dusiku [118].
Vysledky neteni elektronovych difuziareflexnich spekter jsou v dobrém souladu
s literarnimi Udaji o nikelnatych komplexech, kter@ji atom niklu obklopenytyimi
donorovymi atomy vectvercové symetrii. VSechny izolované koordina sloweniny
vykazaly intenzivni péasy v oblasti 18400-21500 ‘crrkteré mohou byt if¥azeny
dle literatury [51,117] elektronovym d-digzhodim *A;y — 'Byga ‘A — By Dalsi
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absorgni maxima objevena ip vysSich vinétech pravdpodobré souvisela
s intraligandovymi pechody v dithiokarbamatové skupinByla to maxima nalezena
v oblasti 28100-33300 cfnziejme souvisejici s intraligandovymig@chodyn - 77 a 77— 77,

které jsou lokalizovany na atomech siry ve sk&@nC=S [29]. Maxima nalezena pobliz

V *P{*H}-NMR spektru volného nekoordinovaného RRgandu (PPk PBu)
jsme nalezli singlet s chemickym posunem -4,52 p@®h) a -30,07 ppm (PBi
Ve spektrech vsSech izolovanych komplexTab. 16) jsme row nalezli singlety,
ale s vyraz#s vy5Simi hodnotami chemického posunu vzhledem kémlu ligandu PRh
(20,88-31,52 ppm) a PBY7,50-13,04 ppm). Tento jev souvisel seémami v rozlozeni
elektronové hustoty kolem atomu fosforu, kterou otgla koordinace PR ligandu
na centralni atom niklu ips atom fosforu [84,119]. Porovnanim hodnot chegmick
posurii u serie komplek s PPh ligandem bylo zji&tno, Ze jeho hodnoty rostou vijoli
(CI'<NCS<Br<I). Paadi v hodnotach chemickych posum série komplek s PBuy
ligandem bylo velmi podobné (8Br<NCS<I). 3*P-NMR spektra ukéazala,
Ze na koordinaci fosfanového ligandu a tim pademySahodnoty chemického posunu ma
patrre vliv objem ligandu (X) vazaného na centralnim atomu niklu [88]. Tohoujso
dukazem komplexy s objemnym jodo ligandem), (U kterych byly zaznamenany vzdy
nejvyssi hodnoty chemického posunu. Za pozornogji $aké vyrazny rozdil mezi
chemickymi posuny kompléx s PPh a PBuy ligandem. Vy3Si hodnoty chemického
posunu byly pozorovany u kompliexs koordinovanym PRhligandem, u kterého se
projevuje \tSi odstigni fosforu patrty v diasledku mezomérniho efektu okolnich
benzenovych jader.

Patatek termického rozkladu nastal mezi 140-204 °C aakpzal u vSech
studovanych slatenin na jejich vysokou termickou stabilitu.aB&h termického rozkladu
si byl u vSech komplax velmi podobny, tudiz ho @eme pro ilustraci ztotoZnit
s termickou analyzou komplexu [Ni(NCS)(CEtdtc)(BRBU10) na Obr. 44. Endoefekty
zaznamenané na DTArikkdch komplex (6-10, 15-17) v intervalu teplot 66-163 °C
nebyly na TG kivkach doprovazeny hmotnostnimi Ubytky a souvisglgjich tanim.
Tato skuténost byla potvrzena &renim na bodotavku, kde byly¥imo stanoveny teploty
tani (Tab. 15). Dale byly pozorovany na DTAvkach exoefekty s vrcholy v teplotnim
intervalu 181-545 °C, které byly na TGiwkéach doprovdzeny hmotnostnimi Gbytky
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bez vzniku termicky stabilnich meziproditkHmotnostni Ubytky a tvorba exoefékiyly
pravdpodobré zpasobeny celkovou termickou destrukci komglex
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Obr. 44 TG/DTA krivky komplexu [Ni(NCS)(CEtdtc)(PBug)] (10).
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Tab. 14 Vysledky elemtémi analyzy dithiokarbamatovych komplexi o slozeni [NiX(RR2dtc)(PR's)].

Nalezeno / Vypdéteno [%]

Pr¥iloha

3 | [NIiCI(CEtdtc)(PPR)] 558,80| 10,2/10,5 57,8/58,0] 5,4/5,6 | 2,5/25 | 6,5/6,3 | P.5
4 | [NiBr(CEtdtc)(PPh)] 603,25 9,9/9,7 | 53,8/53,8 5,2/52 | 2,2/2,3 | 13,9/13,3 P.5
5 | [Nil(CEtdtc)(PPh)] 650,25| 9,4/9,0 | 49,0/49,9] 4,9/4.8 | 2,3/2,2 _ P5
6 | [Ni(NCS)(CEtdtc)(PP)] | 581,43 10,0/10,1| 58,0/57,8| 5,3/5,4 | 4,8/4,8 _ P5
7 | [NICI(CEtdtc)(PBw)] 498,83 11,8/11,8| 50,0/50,6| 8,8/8,7 | 2,8/2,8 | 7,8/7,1 | P.5
8 | [NiBr(CEtdtc)(PBw)] 543,28| 10,9/10,8| 45,0/46,4] 8,2/80 | 2,3/2,6 | 14,2/14,7 P.5
9 | [Nil(CEtdtc)(PBw)] 590,28| 9,8/9,9 | 43,2/42,7| 7,5/7,3 | 2,8/2,4 — P5
10 | [Ni(NCS)(CEtdtc)(PBy)] | 521,46| 11,1/11,3] 50,9/50,7| 8,6/8,3 | 5,1/5,4 - P5
11| [NiCI(BzBudtc)(PPh)] 594,83 10,1/9,9 | 60,6/60,6] 5,2/5.3 | 2,4/2.4 | 6,4/60 | P.9
12 | [NiBr(BzBudtc)(PPh)] 639,28| 9,3/9,2 | 56,0/56,4] 5,1/4.9 | 2,2/2,2 | 12,6/12,5 P.9
13| [Nil(BzBudic)(PPh)] 686,28 8,4/8,6 | 52,2/52,5] 4,8/4,6 | 2,1/2,0 - P.9
14 | [Ni(NCS)(BzBudtc)(PPH] | 617,46| 9,8/9,5 | 59,9/60,3| 5,1/5,1 | 4,5/4,5 - P.9
15 | [NiCI(BzBudtc)(PBu)] 534,86| 10,6/11,0| 54,2/53,9] 8,2/8,1 | 2,6/2,6 | 59/6,6 | P.7
16 | [NiBr(BzBudtc)(PBw)] 579,31| 10,3/10,1] 49,3/49,8| 7,6/7,5 | 2,6/2,4 | 14,2/13,8 P.7
17 | [Ni(NCS)(BzBudtc)(PBy)] | 557,49| 10,6/10,5 53,6/53,9] 7,8/7,8 | 5,1/5,0 - P.7
X% =Cl, Br.
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Tab. 15 Vysledky fyzikalné-chemického studia dithiokarbamatovych komplex o slozeni [NiX(RR.dtc)(PR'3)].

Komplex Barva Vytézek Ay, @ UV/VIS P 1€ [em™] ® Ta En
[S@m?%mol] [0 cm?  v(C=S) w(C=N) [°C] [°C]
3 | [NiCI(CEtdtc)(PPh)] fialova 60 6,3 |19,0;28,4 |992v |1505m | 164 | — |315; 424 483 202°
4 | [NiBr(CEtdtc)(PPh)] fialova 58 82  [18,9;32,7 |990s |151am | 170 | — |304; 421; 447 201°
5 | [Nil(CEtdtc)(PPh)] fialova 75 11,8 |184,28,9  |992n |152Gw | 140 | — |291; 445; 490 166°
6 |[Ni(NCS)(CEtdtc)(PPg]  |oranzova| 68 39 |20,7:36,4 |995m |1508/s | 173 | 163 |272; 309; 439; 538|165
7 |[NICI(CEtdtc)(PBu)] gervena | 86 38 |19,9;33,3; 361995m 1520 | 179 | 126 |252; 298; 328, 463 | 126
8 | [NiBr(CEtdtc)(PBW)] fialova 83 65 | 19,6, 30,2 35(99an |162av | 177 | 123 |224; 264; 335, 494 | 123
9 | [Nil(CEtdtc)(PBw)] fialova 75 67 |19,5;32,6  |100an |1525v | 179 | 99 |196; 255; 415; 462 | 100
10 |[Ni(NCS)(CEtdtc)(PBy)]  |oranZova| 84 15  |21,5,31,0;37,{990n |1530v | 164 | 127 |192; 302; 471; 545 | 128
11 | [NiCI(BzBudtc)(PPR)] fialova 68 27 |19,4,288  |998v |1500n | 175 | 206 |240; 249; 319; 428, 475 208°
12 | [NiBr(BzBudtc)(PPh)] fialova 62 23 [19,1;28,1 |995w |151% | 204 | 210 |208; 221; 265; 437; 463 212°
13 | [Nil(BzBudtc)(PPh)] fialova 55 32 |186;3L,1  |100an |161Gs | 173 | — |181; 244; 476 192°
14 [[Ni(NCS)(BzBudtc)(PPg] | cervena | 69 28  |20,8,30,3;35(996n |1508n | 171 | 181 |223; 305; 422; 533 | 181°
15 | [NiCI(BzBudtc)(PBu)] fialova 65 1,8 19,5, 31,2 36,990m |1520v | 153 | 66 |219; 286, 389; 465 |66
16 | [NiBr(BzBudtc)(PBw)] riZova 64 21 |19,2;30,3; 35,(1010v |151an | 170 | 72 |225; 275; 335; 410; 458 72
17 | [Ni(NCS)(BzBudtc)(PBy)] |oranzova | 61 26  |21,2,30,0; 36,41000v |1510vs | 163 | 84 |251; 303; 458,538 |85

¢ meteno v nitromethanu (c =103 moI/dm°’); P m&ieno v nujolu; intenzita vibrace = slabam = stedni,s = silna,vs= velmi siln&; T, = patatek termického rozkladu,

E, = vrchol endoefektu, &= vrchol exoefektu; = teplota taniS latka taje za saiasného rozkladu).

74



Tab. 16 *'P{*H}-NMR @ data komplexii 0 sloZeni [NiX(RRdtc)(PR's)]
a fosfanovych ligadPR'3).

Komplex o [ppm]
3 | [NiCI(CEtdtc)(PPh)] 21,70 (s)
4 | [NiBr(CEtdtc)(PPh)] 25,12 (s)
5 | [Nil(CEtdtc)(PPh)] 31,52 (s)
6 | [Ni(NCS)(CEtdic)(PPR] | 23,13 (s)
7 | [NiCI(CEtdtc)(PBw)] 7,50 (s)
8 | [NiBr(CEtdtc)(PBw)] 8,95 (s)
9 | [Nil(CEtdtc)(PBuw)] 13,04 (s)
10 | [Ni(NCS)(CEtdtc)(PBu)] | 12,46 (s)
11| [NiCl(BzBudtc)(PPh)] 20,88 (s)
12 | [NiBr(BzBudtc)(PPh)] 24,48 (s)
13 | [Nil(BzBudtc)(PPh)] 31,08 (s)
14 | [Ni(NCS)(BzBudtc)(PPR] | 22,53 (s)
15 | [NiCl(BzBudtc)(PBuw)] 7,67 ()
16 | [NiBr(BzBudtc)(PBw)] 9,20 (S)
17 | [Ni(NCS)(BzBudtc)(PBy)] | 12,54 (s)
— | PPh -4,52 (s)
— | PB -30,07(s)

#meieno v CDC} (300 K), (s) - singlet.

Vysledky  monokrystalové  rentgenové  strukturni  @mal  komplexu
[NiCl(BzBudtc)(PPhR)] (11) potvrdily vysledky fyzikals-chemického studia
a jednozné&né¢ prokazaly tetrakoordinovany nikl v méndeformovanémctvercovém
uspdadani koordinéni sféery. Potvrdily to nestejné deélky vazeb v chodonu NiS;PCI,
piislusné vazebné Uhly a odchylky poloh atormd roviny Ni(1)S(1)S(2)P(1)CI(1).
Odchylky atonfi od této roviny byly nasledujici: Ni(1) 0,000(4){1% 0,000(8); S(2)
0,000(8); P(1) -0,115(8); CI(1) 0,231(8) A. Z nadagch vazebnych délek a velikosti ihl
vyplynulo, Ze délka vazby Ni(1)-S(1) je kratSi n@&#(1)-S(2) a vazebny udhel

75



S(1)-Ni(1)-S(2) je menSi v porovnani s uhlem P(1)BNCI(1) (Tab. 18). Na této
skut&nosti se vyznamin podepsala vazebna interakce s chloro ligandentedepSim
strukturre objemnym PPhligandem. Ukazalo se, Ze stéricky vliv BRgandu na blizké
okoli nikelnatého iontu je sifjsi nez v pipacd chloro ligandu [84]. Vazebna délka
Ni(1)-P(1) byla kratSi v porovnani s literarni hotbou pro jednoduchou vazbu Ni—P
(2,40 A) patrid v disledku zgtné donace Ni(B>P(1) [84]. Vazebné délky C(1)-N(1),
C(1)-S(1) a C(1)-S(2) potvrdily delokalizaci elektové hustoty v ramci
dithiokarbamatové skupiny &st&né dvojny charakter CN a C'S vazeb. Jejich délky
byly kratsi neZ vazebné délky typické pro jednoduckazbu C-N (1,47 A) resp. C-S
(1,81 A) [91] a zaroviedelsi v porovnani s délkou vazby C=N (1,28 A) re3pS (1,66 A)
[74]. Molekulova struktura komplexu (11) je znazéra na Obr. 45 (atomy vodiku jsou
pro pehlednost vynechany) a vybrana krystalograficka,deazebné délky a uhly jsou
uspdadany v Tab. 17 a 18.

Zawrem lze konstatovat, Ze monokrystalova rentgenovidakdni analyza
diskutovaného komplexu (11) potvrdila naS&edstavy o sloZzeni a strukéu vSech
izolovanych komplek (3-17), které obsahuji ve vhiii koording&ni sfé&e niklu gislusny
dithiokarbamatovy ligand, molekulu monodentatnilusfénového ligandu afiglusny

anion (X) dophujici tuto sféru na koordigai ¢islo ¢tyi.

"_\»7}7 y
m >‘

C|1 S2

T

—&

Obr. 45 Molekulova struktura komplexu [NiCl(BzBudtc)(PPhs)] (11).
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Tab. 17 Krystalografick4 a rentgenostrukturni data komplexu
[NiCl(BzBudtc)(PPh)] (11).

Sumarni vzorec C30H31CINNIPS,
Molarni hmotnost [Ghol™] 594,83
Teplota [K]; VInova délka [A] 100(2); 0,71069
Krystalograficka soustava P1
Prostorova grupa symetrie Trojklonna
Parametry elementarnitiky [A, °] | a= 11,006(5)
b=11,396(5)
c=12,533(5)
a = 73,830(5)
B =88,390(5)
y=171,370(5)
Objem buiky [A”] 1427,4(11)
Z; Dyyp. [MgIi™] 2; 1,384
F(000); Absorgni koeficient [mn1] | 620; 0,966
Velikost monokrystalu [mm] 0,4x0,3x0,3
Oblast@pro skér dat [°] 2,94-32,07
Intervaly indexi (h, k, I) -16<h<15
-16<k<16
-14<1<18
Patet nangienych reflexi 14249
Patet nezavislych reflexi 873%:. = 0,0390)
Data / omezeni / parametry 8735/0/325
Goodness-of-fit orfF® 1,019
R (fin.) [1>20(1)] R; = 0,0442
wR; = 0,1087
R (vSechna data) R; = 0,0564
wR, = 0,1178
Difrakéni max. a min. [&] 0,97; -0,57
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Tab. 18 Vybrané vazebné délkyA] a thly [°] pro komplex
[NiCl(BzBudtc)(PPf)] (11).

Ni(1)-S(1) 2,1745(10) S(1)-Ni(1)-S(2) | 79,02(3)
Ni(1)-S(2) 2,2224(11)| P(1)-Ni(1)-CI(1)| 92,49(3)
Ni(1)-CI(1) 2,1952(10)| S(1)-Ni(1)-P(1) | 94,23(2)
Ni(1)-P(1) 2,1849(11)| CI(1)—Ni(1)-S(2)| 94,53(3)
C(1)-S(1) 1,737(2) | S(1)-Ni(1)=CI(1)| 171,20(2)
C(1)-S(2) 1,723(2) | P(1)-Ni(1)-S(2) | 172,62(2)
C(1)-N(2) 1,309(3) | C(1)=S(1)-Ni(1) | 87,12(7)
C(1)-S(2)-Ni(1) | 85,93(7)
S(2)-C(1)-S(1) | 107,93(11)

V disert&ni praci jsme se tak&movali reakcim s cilem ziskat komplexy s iortov
vazanym aniontem situovanym &nkoordin&ni sféry niklu, ve které se kram
nesymetrického dithiokarbamatového ligandu také adentatg koordinuji dva fosfanové
ligandy. Celkem se podifo izolovat jedenact koordiaich slodenin majicich slozeni
[Ni(R1R2dtc)(PR3)2]Y (18-28, Tab. 19), jak vyplynulo z vysledkfyzikalné-chemické
charakteristiky nebo z monokrystalového dithalho experimentu kompléx22, 25).

Komplexy o sloZeni [Ni(CEtdtc)(PR).]Y (18-22) jsme ziskali z methanolové
suspenze (30 cih sodné soli N-cyklohexylN-ethyldithiokarbamatové kyseliny
Na(CEtdtc)2H,O (1 mmol) [120], PR (2 mmol) a NiC}BH,O (1 mmol). Reaéni snts
jsme refluxovali @ldruhé hodiny a po uplynuti tohotdasu gidali prisluSnou 8l,
tj. NaCIOy[H,0, Na[BPh] nebo K[PF] (1 mmol). Refluxem jsme poktavali dalsi jednu
hodinu, nasledhjsme reakni roztok zfiltrovali a ponechali volné krystalizaPo odp&eni
veSkerého rozpouitla jsme odparek dekantovah-hexanem, produkt odfiltrovali
a promyli malym mnoZstvim destilované vody a po wdgni na vzduchu také
diethyletherem. V fipadt komplexu (20) se vytuwd produkt olejovité konzistence, ktery
byl petroletheremigveden do pevného stavu. Naopak u komplexu (19ylsecila pevna
substance jiz v ibéhu refluxu, kterou jsme odfiltrovali, promyh-hexanem, toluenem

a diethyletherem. VSechny izolované sleniny jsme susili f 40 °C pod infralampou.
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Monokrystal komplexu (22) vhodny pro rentgenovowldurni analyzu jsme ziskali
rekrystalizaci z methanolu.

Komplexy o sloZeni [Ni(BzBudtc)(PR),]Y (23-28) jsme ziskali dvouhodinovym
refluxem methanolové suspenze (30 ®cnvychoziho nikelnatého dithiokarbamatu
[Ni(BzBudtc)] (2) (1 mmol), PR (2 mmol) a NiCiBH,O (0,5 mmol), do které byl
po jedné hodi& michani pidan NaCIlQ[H,0, Na[BPh] nebo K[PF] (1 mmol). Poté jsme
reakeni snts zfiltrovali s karborafinem a ponechali volné kaJizaci. Stanim se vytvi
odparek, ktery jsme dekantovali malym mnoZzstvim tibesné vody, odfiltrovali
a po vysuSeni na vzduchu promyli petroletherem.chi$g izolované sloteniny jsme
suSili pi 40 °C pod infralampou. Monokrystal komplexu (2%tery byl podroben
difrak¢nimu experimentu jsme obdrzeli rekrystalizaci malémnozstvi této latky
v methanolu. Pro maly wiek krystalizace nebyly krystaly tohoto komplexucevi
studovany.

Magnetochemické wiieni prokazalo u studovanych latek (18-28) diamagkyet
charakter. Na rozdil od fedchozi skupiny dithiokarbamatovych sieain
s koordinovanym fosfanovym a  halogeno ligandem tg® komplexy chovaly
v acetonovém roztoku jako elektrolyty typu 1:1 [L1BTab. 20). Vysledky ¢
a elektronovych difuzfireflexnich spekter byly v dobrém souladu s litendni Udaji
o nikelnatych dithiokarbamatovych komplexech, verkth nikl dosahuje koordigaiho
gisladtyti a je sowasti planaré uspdadaného chromoforu NiB,. V IC spektrech jsme se
hlavne zan®iili na valeréni vibrace v(C~N) a v(C*~S) charakterizujici bident&tn
koordinovany dithiokarbamatovy ligand a r@&¢nprokazujicicastén¢ dvojny charakter
C~S a C'N vazeb v dsledku delokalizacerelektronové hustoty v rdmci cetiéc skupiny
[29,116]. Tato skutmost byla jednozria¢ prokadzana vysledky monokrystalové diftak
analyzy u komplek (22, 25). Valenni vibracev(C~N) byly nalezeny v oblasti 1500-1525
cm?® a v(C=S) pi 970-1012 cnt. Kromg tdchto hodnot jsme objevili u kompléx
s chloristanovym aniontem (18, 21, 23, 26) neigeSta maximavs(ClO4) v oblasti
1065-1090 cnit a v4(ClOy) v intervalu 615-622 cih kterd potvrzovala iontévvazany
(ClOy) anion [121]. V € spektrech komplex (20, 25, 28) bylo navic identifikovano jest
velmi silné maximum vibrace(PR) pii 830-840 crit odpovidajici iontoy vazanému
(PR) aniontu [135]. V elektronovych difuzfreflexnich spektrech jsme zaznamenali
absorgni maxima v intervalu vingii 18800-25000 cih souvisejici s elektronovymi d-d

piechody charakteristickymi prétvercové nikelnaté komplexy patrrypu lAlg - 1Bzg
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a lAlg - lEg [51,117], zatimco dalSi maxima zaznamenahavimoctech vysSich nez
30000 cm' pravaspodobrg odpovidala intraligandovymiechodim n— 77 a 77— 77 v rdmci
dithiokarbamatové skupiny [29].

Neméré zajimavych vysledk bylo dosaZzeno také studiettP{*H}-NMR spekter
nekoordinovanych fosfanovych liganda vSech izolovanych nikelnatych kompiex
(Tab. 21). Nekoordinovany PPligand se projevil ve spektru jednoduchym signalem
pii -4,52 ppm podobhjako PBy ligand signalem § -30,07 ppm. Ve spektrech komptex
jsme roveZz nalezli singlety, ale s vyraZnvySSimi hodnotami chemického posunu
vzhledem k nekoordinovanému ligandu RRR7,91-31,61 ppm) a PBuU11,52-23,74
ppm). Posun signéldo oblasti slabych poli a tedy k vySSim hodnoté&entického posunu
souvisel se zgmami v rozlozZeni elektronové hustoty kolem atofosforu v disledku
jejich  koordinace. *'P{*H}-NMR spektra komple s koordinovanym N-benzyl-
-N-butyldithiokarbamato ligandem (23-28) jsméiit pti teplo® 300 K a 320 K. B prvni
uvedené tepletbyly zachyceny signaly jako dublety, coz sizame vysitlit piitomnosti
dvou forem izomer patrré v disledku pomalé rotace dithiokarbamatové skupinyrkole
C~N vazby. Ri teplot 320 K byla tato rotacerejme intenzivrgjsi a tudiz byla ve spektru
rozeznatelna pouze jedna forma izomeru, ktera sg\pla jiz neroz&penym signalem
[122]. U komplext (20, 25, 28) byl navic identifikovan septet v ivedu
-143,74 az -143,98 ppm charakterizujici {lP&nion.

Termicka analyza byla studovana pouze u kootdiith slodenin s (PE)

a (BPh) aniontem. V pipact chloristanovych komplaek jsme neprovadi termickou
analyzu z dvodu jejich potenciakh mozné exploze. Studium termickeé stability ukazalo,
Ze komplexy s (P aniontem jsou fiblizn¢ o 40-70 °C stabikjSi nez analogické
komplexy s (BPEK) aniontem. Jak ukazuje Tab. 20 byly na DTAvkadch komplex
(22, 27, 28) v intervalu teplot 85-116 °C zaznanmgnandoefekty, jenz nebyly na TG
kiivkach doprovazeny hmotnostnimi Gbytky. Mohli jsree proto domnivat, Ze vznik
endoefeki souvisel s procesem tani. Tuto damku jsme prokazali z#étenim teplot tani
na bodotavku, kde stanovené hodnoty kopirovalyotgpimaximal@ s rozdilem jednoho
stupré Celsia), které fisluSely vrchaim endoefekt. Na Obr. 46 je znazo¥n pribéh
termické analyzy komplexu [Ni(CEtdtc)(PBuBPh, (22), kde si Ize povSimnout mirného
naristu hmotnosti P teplog 123 °C na TG #vce, ktery doprovazi ip stejné teplat
exoefekt na DTA Kvce. Tento jev prawtpodobré souvisel s inzerci kysliku do vazby
Ni—P [93]. Stejnou anomalii jsme pozorovali tak@aiSich dvou tetrafenylboritanovych
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komplexi (19, 27), zatimco vifpac zbyvajicich komplek nebyl na TG kvkéch
pozorovan zadny nést hmotnosti, jelikoZz setrpkryval s velkymi hmotnostnimi Gbytky
zpasobenymi pravépodobré celkovou destrukci kompléx SloZzeni konénych produki
termického rozkladu, diky po¥mé velkému zastoupeniiznych prvkKi ve slogenirg,

se nepodi@o pomoci praskové rentgenové diftak analyzy korektéia preswdcéiveé urdit.

T T T T T
0 100 200 300 400 500 600 700 800 900
Teplota [°C]

Obr. 46 TG/DTA krivky komplexu [Ni(CEtdtc)(PBu3),]BPh,4(22).
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Tab. 19 Vysledky elementarni analyzy dithiokarematovych komplexi o sloZzeni [Ni(RR2dtc)(PR'3),]Y.

Komplex Nalezeno / Vypdteno [%0] Piiloha
C H

18 | [Ni(CEtdtc)(PPh)2]ClO4 885,08 ( 7,0/6,6 | 61,0/61,1 5,6/5,2 | 1,3/1,6 | 4,0/40 | P.1
19 | [Ni(CEtdtc)(PPh),JBPh, | 1104,86| 5,7/5,3 | 74,1/75,0] 6,5/6,0 | 1,3/1,3 - P.1
20 | [Ni(CEtdtc)(PPR),]PFs 930,60 | 6,4/6,3 | 57,4/58,1] 5,1/5,0 | 1,3/1,5 - P.1
21| [Ni(CEtdtc)(PBuw),]ClO4 765,14 | 7,2/7,7 |51,8/51,8/ 9,6/9,2 | 1,5/1,8 | 4,4/4,6 P.1
22 | [Ni(CEtdtc)(PBw),]BPhs | 984,92 6,1/6,0 | 69,6/69,5] 9,7/9,2 | 1,4/1,4 - P.1
23 | [Ni(BzBudtc)(PPh),JCIO, | 921,11 | 6,1/6,4 | 62,5/62,6| 5,6/50 | 1,6/1,5 | 3,3/3,9 | P.9
24| [Ni(BzBudtc)(PPh),|BPh, | 1140,89 5,2/5,1 | 75,2/75,8] 5,6/5,8 | 1,3/1,2 - P.9
25 | [Ni(BzBudtc)(PPh),]PFs 966,63 | 6,1/6,1 | 58,9/59,6| 4,8/4,8 | 1,5/1,5 - P.9
26 | [Ni(BzBudtc)(PBu);]CIO, | 801,18 | 7,1/7,3 |53,4/54,0] 8,7/8,8 | 1,9/1,8 | 4,3/4,4 | P.9
27 | [Ni(BzBudtc)(PBu);|BPh: | 1020,96| 5,7/5,8 | 70,0/70,6] 9,1/8,9 | 1,5/1,4 - P.9
28 | [Ni(BzBudtc)(PBu),]PFs | 846,69 | 6,7/6,9 | 51,0/51,1| 8,3/8,3 | 2,1/1,7 - P.9
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Tab. 20 Vysledky fyzikalné-chemického studia dithiokarbamatovych komplex o sloZeni [Ni(RR2dtc)(PR'3),]Y.

Komplex Barva  Vytézek A, ° UV/VIS P IC[em™®  T. E, Ex
v(C=S) v(C=N) [°C] [°C] [°C]
18| [Ni(CEtdtc)(PPR),JCIO, |oranzova | 58 132,9 |19,2;:31,4 992 [150% | * | * * *
19| [Ni(CEtdtc)(PPR);]BPh; _|oranzova | 56 103,3 [19,2;31,2 995m |152am |113°| 119 |115; 131, 167 | 121°
20| [Ni(CEtdtc)(PPR),JPFs  |oranzova | 57 122,9 |19,0; 30,8; 36,0]995m | 1526m | 142 | — |197; 217; 226; 279| 193°
21| [Ni(CEtdtc)(PBw),JClIO,  |oranzova | 33 127,8 |20,2; 23,9; 33,3/ 1006m | 1508 | * | * * *
22| [Ni(CEtdtc)(PB),]JBPh; _|oranzova | 39 104,3 |19,5: 23,4 33,1|970m | 1513 |116°| 116 |123; 148 117
23| [Ni(BzBudtc)(PPh),JCIO, |fialova 35 1275 [19,0; 31,1 100&/s| 15160 | * | * 2 2
24| [Ni(BzBudtc)(PPh),]BPh, |cervena 36 105,3 |18,8; 25,0; 31,2|995v |1500v | 95 | — |117; 138; 537 72
25/ [Ni(BzBudtc)(PPh),JPF; | fialova 32 118,6 [19,2; 31,0 1011m | 1512 | 170 | — |187; 200; 285; 556| 203°
26| [Ni(BzBudtc)(PBw),]CIO, | Svitle hreda| 35 112,6 |19,7; 24,6 30,4|992m |150an | * | * 5 2
27 | [Ni(BzBudtc)(PBuw),]BPh, |oranzova 31 126,4 |19,6; 33,1 1010wv |1520wn |117°| 113|122; 144; 210; 551| 114
28 | [Ni(BzBudtc)(PBuw)2]PFs swtle hreda 28 108,8 |19,6; 24,5; 32,1/1012v [{1505n | 140 | 85 | 184, 275; 342 84

(® msteno v acetonu (c =0° mol/dn?); ®meieno v nujolu, intenzita vibrace: = slabam = stedni,s = silna,vs = velmi silna; T, = pasatek termického

rozkladu, E = vrchol endoefektu, &= vrchol exoefektu® pocatek naiistu hmotnosti na TGrkice; T; = teplota témf,j latka taje za saasného rozkladu;

* nestudovano).
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Tab. 21 3P{*H}-NMR @ data komplexii 0 sloZeni [Ni(RR.dtc)(PR's),]Y

a fosfanovych ligaidPR's3).

Komplex 0 [ppm]

18 | [Ni(CEtdtc)(PPh),]ClO4 31,61 (s)

19 | [Ni(CEtdtc)(PPh)2]BPhy 29,14 (s)

20 | [Ni(CEtdtc)(PPh),]PFs 27,91 (s)
-143,86 (sept.)

21 | [Ni(CEtdtc)(PBu)2]ClO4 23,24 (s)

22 | [Ni(CEtdtc)(PBu),]BPhy 11,52 (s)

23 | [Ni(BzBudtc)(PPh),]CIO, 31,20 (s)°

24 | [Ni(BzBudtc)(PPHh),]BPh, 29,25 (s)°

25 | [Ni(BzBudtc)(PPh),]PFs 31,21 (s)°
-143,74 (sept.)

26 | [Ni(BzBudtc)(PBuw)2]ClO4 23,74 (s)

27 | [Ni(BzBudtc)(PBuw),|BPhy 11,67 (s)°

28 | [Ni(BzBudtc)(PBuw),]PFs 11,80 (sf
-143,98 (sept.)

- | PPh -4,52 (s)

- | PBy -30,07(s)

2 m&teno v CDC} (300 K),” meteno v CDC} (320 K), (s) - singlet,
(sept.) - septet.

U rentgenograficky studovanych komplex22, 25) potvrdila monokrystalova
difrakéni analyza vysledky magnetochemického i spektrélngiudia a prokazala
deformované&tvercove uspiadani donorovych atainv koordin&ni sf&e niklu. Odchylky
od idedlni planarni geometrie prokazaly rozdilnékydérazeb v chromoforu N,
a [islusné vazebné ahly, podabnako tomu bylo u &kolika komplexi stejného
strukturniho typu jiz tive popsanych v odborné liter&u[86,88]. Na této skutaosti se
vyznamrié podepsala koordinace struktérobjemnym PR ligandi (PPh nebo PBu).
Muzeme se proto domnivat, Ze stéricky vliv dvou kowrdanych PR ligandi vyrazré

ovlivnil rozloZeni elektronové hustoty v blizkémabdknikelnatého iontu a tedy i v rdmci
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celé dithiokarbamatové skupiny [123]. Vazebné délikfl)—P(1) a Ni(1)-P(2) byly kratSi
v porovnani s literarni hodnotou pro jednoduchozbuaNi—P (2,40 A) patnv disledku
zpetné donace NbP [84]. KratSi vazebné délky C(1)-N(1), C(1)-S(1)Cél)-S(2)
potvrdily delokalizaci elektronové hustoty v rantithiokarbamatové skupiny &ste&ng
dvojny charakter CS a C'N vazeb (dle literarniho udaje [94ini vazebna délka
pro jednoduchou vazbu C-N 1,47 A a vazbu C-S 1,81Jiktou asymetrii &i idealni
¢tvercové geometrii potvrdily také vazebné uhly vathoforu NiSP,. Nagiklad vazebny
Uhel S(1)-Ni(1)-S(2) byl menSi v porovnani s pedtiym ahlem P(1)-Ni(1)-P(2).
Vzdéalenost Ni(1)-B(1) (8,09 A) a Ni(1)-P(3) (8,43 ) Aprokazala existenci
tetrafenylboritanového (22) a hexafluorofostar@nového aniontu (25) mimo koordéma
sféru niklu. V krystalové strukie komplexu (25) byla navic prokadzang&it@mnost fl
molekuly methanolu. Nutno poznamenat, ZeifipgqE tohoto komplexu dosahovala
hodnotaR-faktoru pongrné vysokéhocisla R, = 0,1030). Strukturu se anigs veSkerou
snahu nepoddo Iépe vygesnit, festoze byla aplikovana korekce na absorpci (XABS22)
a ani frepaset struktury v prostorové grafP1l nevedl ke zlepSeni vysletikMolekulové
struktury komplex (22, 25) jsou znazoény na Obr. 47, 48 (atomy vodiku gomolekula
solventu jsou pro ighlednost vynechany). Vazebné délky a uhly jsouoidsiany

v Tab. 22, vybrand krystalograficka a rentgenostnuk data jsou uvedena v Tab. 23.

Obr. 47 Molekulova struktura komplexu [Ni(CEtdtc)( PBus);]BPh, (22).



Obr. 48 Molekulova struktura komplexu [Ni(BzBudtc)(PPhg);]PFs0,5CH;OH (25).

Tab.22 Vybrané vazebné délkyA] a thly [°] komplexi [Ni(CEtdtc)(PBus),]BPh,(22)
a [Ni(BzBudtc)(PPk),]PFe-0,5CHOH (25).

22 25
Ni(1)-S(1) 2,2208(13)| 2,1890(14
Ni(1)-S(2) 2,2141(14)| 2,2468(15]
Ni(1)—P(1) 2,2052(15)| 2,1989(14
Ni(1)—P(2) 2,2056(14)| 2,2188(14
C(1)-S(1) 1,722(5) | 1,760(6)
C(1)-S(2) 1,719(5) | 1,710(5)
C(1)-N(1) 1,306(6) | 1,295(7)

22 25
S(1)-Ni(1)-S(2) | 78,15(5) | 78,60(6)
P(1)-Ni(1)-P(2) | 106,28(6) | 99,77(5)
S(1)-Ni(1)-P(1) | 88,57(5) | 94,52(6)
S(1)-Ni(1)-P(2) | 165,12(5) | 163,65(6)
P(2)-Ni(1)-S(2) | 87,04(5) | 88,10(6)
P(1)-Ni(1)-S(2) | 166,47(6) | 170,15(5)
C(1)-S(1)-Ni(1) | 86,43(17) | 86,79(17)
C(1)-S(2)-Ni(1) | 86,7(2) 86,2(2)
S(2)-C(1)-S(1) | 108,7(3) | 108,2(3)
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Tab. 23 Krystalograficka a rentgenostrukturni datakomplexi

[Ni(CEtdtc)(PBu),]BPh4 (22) a [Ni(BzBudtc)(PPh),]PFe-0,5CHOH (25).

Sumarni vzorec

22
Cs7HooBNNIP,S,

25
Cuag HagFsNNIOg sP5S,

Molarni hmotnost [@hol™]

984,92

982,65

Teplota [K]; VInova délka [A]

120(2); 0,71073

100(2); 0,71069

Krystalografickd soustava

P2

P1

Prostorova grupa symetrie Jednoklonna Trojklonna
Parametry elementarnitiky [A, °] | a=9,8874(2) a=13,063(3)
b =23,7183(6) b=13,176(3)
c=12,1939(3) c=14,981(3)
a=90 a = 95,83(3)
£=100,001(2) [=111,49(3)
y=90 y=92,63(3)
Objem buiky [A3] 2816,17(11) 2377,2(9)
Z; Dyyp. [MgIm™] 2;1,161 2;1,370
F(000); Absorpni koeficient [mmi] | 1068; 0,511 1014; 0,656
Velikost monokrystalu [mm] 0,3x0,3x0,2 0,4 800,3
Oblast@pro skr dat [°] 2,60-25,00 3,15-32,20
Intervaly index: (h, k, I) -8<h<11 -19<h<19
-28<k<28 -18<k<17
-14<1<14 -22<1<21
Patet nangtenych reflexi 23521 23696
Patet nezavislych reflexi 983R(:. = 0,0312) 14650R;;. = 0,0555)
Data / omezeni / parametry 9835/0/571 14650558
Goodness-of-fit ofF* 1,058 1,105
R (fin.) [I>20(1)] R, = 0,0591 R, = 0,1030
wWR, = 0,1469 wR, = 0,2811
R (vSechna data) R, =0,0782 R; =0,1363
WR, = 0,1550 wR, = 0,3184
Difrakéni max. a min. [#h] 1,05; -0,67 2,50; -1,42
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3.4 Syntéza a charakteristika nikelnatych dithiokabaméatovych komplexi

s bidentatnimi P-ligandy

Reakcemi vychoziho nikelnatého dithiokarbamatu (E(dtc))
resp. [Ni(BzBudtc)] s bidentatnimi P,P-ligandy {tj. 1,2-bis(difeny$ffiman)ethan (Dppe),
1,4-bis(difenylfosfan)butan  (Dppb), 1,1"-bis(dif¢iegfan)ferrocen (Dppf) nebo
1,6-bis(difenylfosfan)hexan (Dpph); Obr. 14, s. 34ie gipravili sloweniny s dvojim
uspdadanim koordingni sféry. V prvnim pipad to byly jednojaderné komplexy typu
[Ni(R;Rdtc)(P,P)Y (Obr. 49), ve kterych ma vazba aniontu’)(Yontovy charakter
a ve druhém ippadt dvojjaderné komplexy typu [Miu-P,P)(RRxdtchX,] (Obr. 50)

s mistkow vazanym P,P-ligandem, kde je anion)(@timo koordinovan na atom niklu.

Obr. 50 Predpokladané struktura komplexi [Ni(p-P,P)(RiR2dtc).X2].
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Pri syntézenikelnatych komplek s P,P-ligandy jsme obetpostupovali tak, Ze do
suspenze vychoziho komplexu [NifRdtc)] (1, 2) (1 mmol) v 50 crh absolutniho
ethanolu jsme ijidali P,P-ligand (Dppe, Dppb, Dpph nebo Dppf) (1 ohma rovréz
piislusnou 8l NiX,mMH,O (X= Br, CI, I, ClO4, NCS; n = 2, 3, 6)(1 mmol). Tuto
suspenzi jsme za stalého michani refluxovélinedin.

V piipact jednojadernych kompléxo sloZzeniNi(R;Rdtc)(P,P)Y (29-33, 35-46;
Tab. 24, 25) jsme reahki smes peefiltrovali a ponechali volné krystalizaci. Po odgai
veskerého rozpouitla jsme odparek rozpustili v minimélnim mnoZstthamolu, roztok
piefiltrovali s karborafinem a filtrat srdzeli destrtanou vodou. Poté jsme sraZeninu
odfiltrovali a po vysuSeni na vzduchu promyli p&tberem (29-33, 35-37) nebo
n-hexanem (38-46). Vyjimkou byla koordifrd slowtenina (34), ktera se vyloia behem
refluxu. Odséli jsme ji, rozpustili ji v chlorofonm roztok pefiltrovali a filtrdt ponechali
volné krystalizaci. Stanim se vytilo produkt olejovité konzistence, ktery jsme
petroletherem i@vedli do praskového stavu. VSechny izolované ¢aoimy jsme susili
pii 40 °C pod infralampou.

V piipact dvojjadernych nikelnatych komplé slozeni [Ni(u-P,P)(RR.dtc)X ]
(47-55; Tab. 26) se vyla@ila substance jiz v ibéhu refluxu, kterou jsme poté odfiltrovali,
promyli ethanolem nebo naviehexanem (47, 52-55). Produkty kompiefd8-51) jsme
dale rekrystalovali zidrodu pecisténi ve smidsi rozpoustdel chloroform/dichlormethan
(1:1). VSechny izolované sléeniny jsme susili 40 °C pod infralampou.

Celkem jsme izolovali dvacet sedm novych koordimeh slodenin
s bidentatnimi P,P-ligandy, u kterych byl v osmnggipadech prokazan iontéwéazany
anion a v deviti ipadech byl anion navazantipo na atomu niklu. Zajimaveé |je,
Ze v tchto dvojjadernych komplexech seustkow vazal pedevsim Dpph ligand
a ve dvou pipadech v komplexech s (NG&niontem také Dppb ligand. S Dppe a Dppf
ligandy se nepoddo ziskat Zadny dvojjaderny nikelnaty dithiokarké@ovy komplex.
Da se tedy usuzovat na preferenciisthového komplexu s rostouci délkdetezce
—(CH)— bidentatniho fosfanu. Ale ne vzdy musi mit v kéewpch dany P,P-ligand
mustkovy charakter. Tak néjglad u komplex s Dpph ligandem nedoSlo ke tverb
mustku jen u chloristanovych komplex(34, 43). Fic¢inu, pra praw v téchto dvou
piipadech se Dpph ligand nenavéazaistkow, lze pravdpodobrg vyswtlit stérickymi

a objemovymi vlastnostmi (ClQ aniontu.
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Vysledky elementarni analyzy vSech komplexP,P-ligandy jsou uvedeny v Tab.
24-26 a vysledky zakladniho fyzikéhehemického studia v Tab. 27-29. V souladu
s magnetochemickym chovanim, které je typické ptangrni nikelnaté komplexy,
byl u vSech preparovanych st@mnin prokazan diamagneticky charakter. O mozné
variabilitt ve sloZzeni komplex s bidentatnimi fosfanovymi ligandy nasepwdcily
hodnoty molarnich vodivosti ztfenych v jejich roztocich. Hodnoty molarnich voditios
jednojadernych kompléxse v acetonovych roztocich pohybovaly v interved#,7-133,8
S@m?/mol (z divodu malé rozpustnosti komplexu 43 v acetonu jsmmiii molarni
vodivost vN,N-dimethylformamidu, jenZginila 77,6 Sdnf/mol). Tyto hodnoty jsou
typické pro elektrolyty 1:1 [115], #&ehoZz nfizeme vyvodit z&r o pritomnosti aniontu
(Y") mimo koordin&ni sféru niklu. Hodnoty molarnich vodivosti dvojgdych komplex
zmetenych v roztoku N,N-dimethylformamidu dosé&hly hodnot v intervalu 12%4
S@m?/mol, které jsou charakteristické pro komplexni lekeolyty [115]. Je tedy
pravdépodobné, Ze v tomtoifpadt se anion (X nachazi ve vnihi koordin&ni sfé&e,
kde se spolmé s bidentatnim dithiokarbamatovym ligandesinm koordinuje na kazdy
z dvojice atomu niklu a kde imtkow vazany P,P-ligand daflje koordingni ¢islo
nactyii (Obr. 50).

Nejen vysledky konduktometrickéhoéreni potvrdily naSe fiedstavy o slozZeni
latek. Také analyzouCl spekter jsme obdrZeli informace o iontomebo koordin&ns
vazanych iontech. Vifpadt chloristanovych komplex (30, 33, 34, 36, 39, 42, 43, 45)
jsme objevili neroz&pena maximavs(ClOs) v oblasti 1076-1094 ciha v4(ClOy)
vintervalu 612-623 cih kterd poukdzala na iontdvvazany (CIQ) anion [121].
U komplexa (31, 37, 40, 46) s iontévwvazanou skupinou (NCSjsme nalezli vibrace
V(C=N) v rozsahu 2050-2092 ¢hav(C-S) v intervalu 740-744 ci[118,125]. Naopak
u komplexnich neelektrolit (47, 51, 52, 55) byly nalezeny hodnoty vibrag€=N)

v rozsahu 2080-2090 ¢hev(C-S) v intervalu 798-840 ch které v souladu s literaturou
[118,125] identifikuji skupinu (NC$ jako ligand koordinujici seips donorovy atom
dusiku. V € spektrech viech studovanych koordiriah slogenin jsme nalezli valemi
vibrace obvyklé pro dithiokarbamatové komplexy,r&t@rokazaly existenci bidentatniho
dithiokarbamatového ligandu a jeho koordinaci rarat niklu. Byly to valetni vibrace
v(C*S) v intervalu 990-1008 cth a v(C*N) v oblasti 1505-1529 cih [29,116].
V elektronovych difuz&-reflexnich spektrech jsme sledovali pasy v oblas800-24600

cm’, které mohou podle [51,117] souviset s elektromaivgl-d grechody'Aiy — 'Big,
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A1y - By nebo Ay, — 'Ey typickymi pro nikelnaté komplexy sétvercow
uspdadanym chromoforem NjB, ¢i NiS,PX. DalSi maxima nalezendi plnoctech kolem
30000 crit pravdspodobré souvisela s intraligandovymifgchody n— 77 a 77— 17,
které jsou lokalizovany na atomech siry ve sk&8nC-S [29].

3p{*H}-NMR spektra byla studovéna u vSech izolovanyamplexi s cilem
prokazat koordinaci bidentatniho fosfanového ligand atomu niklu. Na rozdil od spekter
s nekoordinovanymi P,P-ligandy, ve kterych byl zamenan singlet ip nizkych
hodnotach chemického posunu, jsme pozorovali vé&tsgh kompled vyrazny posun
signalu do oblasti slabych poli a tedy kvySSim roddm chemického posunu
(Tab. 30-31). Zmna polohy signalu V'P{*H}-NMR spektru souvisela s koordinaci
chemicky ekvivalentni dvojice fosforovych atérfosfanového ligandu [84].

Studium termické analyzy poukazalo na vysSi termicktabilitu dvojjadernych
nikelnatych komplek (47-55, Tab. 29) jejichz termicky rozklad ¢ah v teplotnim
intervalu 184-225 °C, zatimco jednojaderné kompl€R9-43, 45, 46; Tab. 27, 28)
se paaly rozkladat dive v intervalu teplot 45-153 °C (pouze komplex dd z&al
termicky rozkladat pozgi pii 211 °C). V gipad bromidovych komplek (29, 32, 38) byl
pocatek rozkladu spojen s dehydrataci, ktera byla @l@gmena na DTA ikvkach malymi
endoefekty s vrcholyip48 °C (29), 107 °C (32) a 111 °C (38). &hto ¥ech gipadech
odpovidal hmotnostni Ubytekegripokladanému odteni jedné molekuly krystalové vody
{ AMprakt. fteoret. = 2,6/2,4 % (29)AMprakt.steoret.= 1,9/2,3 % (32) &M prakt.eoret.= 1,9/2,3 %
(38)}. Na DTA kiivkach komplex (31, 51, 53, 55) byly zaznamenany endoefekty
s vrcholy @i 98 °C (31), 202 °C (51), 166 °C (53) a 165 °C)(5&eré nebyly na TG
kiivkach doprovazeny zadnymi hmotnostnimi Gbytky. @efdkty souvisely s procesem
tani, coz jsme uspokojivpotvrdili zmétenim teplot tani na bodotavku {99 °C (31), 202 °C
(51), 168 °C (53) a 167 °C (55)}. Na Obr. 51 je zzmdn pribéh termické analyzy
komplexu [Np(u-Dpph)(CEtdtc)l,] (50), kde si lze povSimnout ostrého exoefektu
pii teplot 203 °C, ktery na TGikvce doprovazi mirny nédst hmotnosti. Takovy jev je
u komplexi s fosfanovymi ligandy znamy [93] a souvisi s imzétysliku do vazby Ni—P.
U zbyvajicich komplek jsme nalezli exoefekty v teplotnim intervalu 14865 °C,
které nebyly na TG fikvkach doprovazeny zadnym ii&tem hmotnosti, jelikoZz se
piekryval s velkymi hmotnostnimi Gbytky @pobenymi pravépodobré celkovou tepelnou
destrukci komplek Termicky rozklad probihal ve vSechigadech bez vzniku stabilnich
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meziprodukt, byl zna&né komplikovany a nami nebyl déle studovan.

obsahujici (CI@) anion nebyly z bezgaostnich dvoda termicky studovany.

100

20

Teplota [°C]

Obr. 51 TG/DTA k¥ivky komplexu [Nix(p-Dpph)(CEtdtc),l 5] (50).

Komplexy

BohuZel se nepodito vypéstovat od skterého z komplek monokrystal vhodny

pro monokrystalovou rentgenovou strukturni analyza, zaklad které by se pod#o

jednoznéné potvrdit naSe experimentalni vysledky. Na druhowaral je nutné

poznamenat, Zze jsme da&pv ramci naSeho studia ke stejnym &dm jako autdi

publikaci [82,83,126], ki€ se ¥novali syntéze typaypodobnych kompleks P,P-ligandy

a jednoznén¢ prokazali jejich strukturu pomoci monokrystalové@r strukturni analyzy

(Obr. 32, s. 49; Obr. 33, s. 50; Obr. 52).

‘,\\*\‘
73-*\ \*x

Br1B

Obr. 52 Molekulova struktura komplexu [Niy(pu-Dpph)(Hmidtc) ,Br ;] RCHCls.
{P2/n; a =9,131(2), b = 19,702(4), ¢ = 15,096(3)34; 90,84(3)°; atomy vodiku

a solvent prorghlednost odstr&ny, Hmi = hexamethylenimin}
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Tab. 24 Vysledky elementarni analyzy dithiokarbam#&ovych komplexi o sloZeni [Ni(CEtdtc)(P,P)]Y.

Komplex M, Nalezeno / Vypdteno [%0]
Ni C H [\ x@
29 | [Ni(CEtdtc)(Dppe)]Br-HO 757,40| 8,1/7,8 | 55,0/55,5| 5,3/5,6 | 1,9/1,9 | 10,3/10,6
30 | [Ni(CEtdtc)(Dppe)ICIQ 758,93 7,5/7,7 [ 55,0/55,4] 5,4/53 | 2,0/1,9| 4,0/4,7

31 | [Ni(CEtdtc)(Dppe)](NCS) | 717,56] 7,9/8,2|59,8/60,3 5,8/56 | 3,8/3,9| -
32 | [Ni(CEtdtc)(Dppb)|Br-BO | 785,45| 7,4/7,5 | 57,2/56,6/ 5,4/5,9 | 1,8/1,8 | 10,2/10,4

33 | [Ni(CEtdtc)(Dppb)ICIQ 786,98| 7,8/7,5|56,9/56,5 5,1/56 | 1,7/1,8 | 4,4/4,5
34 | [Ni(CEtdtc)(Dpph)]CIQ-2H,0 | 851,06| 7,2/6,9 | 55,5/55,0] 6,1/6,2 | 2,2/1,7 | 3,8/4,2
35 | [Ni(CEtdtc)(Dppf)]Br 895,34| 6,3/6,6 | 57,4/57,7 5,01/5,0| 1,5/1,6 | 9,4/8,9
36 | [Ni(CEtdtc)(Dppf)]CIOy 914,89] 6,0/6,4 | 56,7/56,5] 4,5/4,9 | 1,7/1,5| 3,4/3,9

37 | [Ni(CEtdtc)(Dppf)](NCS) 873,52| 7,0/6,7 | 60,2/60,5 4,8/51 | 3,213,2| —

¥ = ClI, Br.
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Tab. 25 Vysledky elementarni analyzy dithiokarbam#é&ovych komplexi o sloZeni [Ni(BzBudtc)(P,P)]Y.

Komplex M, Nalezeno / Vypdteno [%0]

Ni C H N X2
38 | [Ni(BzBudltc)(Dppe)]Br-HO | 793,43| 7,8/7,4 | 58,2/57,5) 4,9/5,3 | 1,8/1,8 | 10,3/10,1
39 | [Ni(BzBudtc)(Dppe)[CIQ | 794,96 7,1/7,4 | 57,9/57,4] 5,0/5,1 | 1,9/1,8 | 4,1/45
40 | [Ni(BzBudtc)(Dppe)](NCS) | 753,59 7,5/7,8 | 61,9/62,2 5,3/5.4 | 3,7/3,7 -
41 | [Ni(BzBudtc)(Dppb)]Br 803,47 7,2/7,3 | 60,0/59,8) 5,7/55 | 1,8/1,7 | 9,7/9,9
42 [ [Ni(BzBudtc)(Dppb)ICIQ | 823,01| 7,2/7,1 | 58,9/58,4] 4,9/5,4 | 2,1/1,7 | 4,0/4,3
43| [Ni(BzBudtc)(Dpph)[CIQ, | 851,07| 6,8/6,9 | 58,8/59,3 5,4/5,7 | 1,5/1,7 | 4,0/42
44 | [Ni(BzBudtc)(Dppf)]Br 931,38] 6,0/6,3 | 59,2/59,3] 4,4/4,8 | 1,4/15| 8,9/8,6
45 | [Ni(BzBudtc)(Dppf)]CIO; | 950,92| 6,1/6,2 | 58,5/58,1] 4,8/4,7 | 1,3/1,5 | 3,9/3,7
46 | [Ni(BzBudtc)(Dppf)](NCS) | 909,56 6,2/6,5 | 61,6/62,1] 5,0/4,9 | 3,6/3,1 -

X = Cl, Br.
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Tab

a7

. 26 Vysledky elementarni analyzy dithiokarbam#ovych komplexi o sloZeni [Ni(p-P,P)(RiR2dtc) X 5].

Komplex

[Ni2(u-Dppb)(CEtdtc)(NCS)]

1064,76

10,7/11,0

Nalezeno / Vypdéteno [%]

C
53,7/54,2

H
5,8/5,7

[\
5,1/5,3

Ptiloha

48 | [Ni(u-Dpph)(CEtdtc)Cl;] | 1047,55| 11,0/11,2| 55,2/55,0] 6,3/6,2 | 2,7/2,7| 6,268 | P.2
49 | [Ni»(u-Dpph)(CEtdtc)Br,] | 1136,45| 10,2/10,3 51,0/50,7| 5,9/5,7 | 2,5/2,5| 14,1/14,1] P.2
50 | [Ni (p1-Dpph)(CEtdtcl] 1230,45] 9,6/9,5 | 46,8/46,9 5,1/5.2 | 2,2/2,3 | 20,8/20,6] P.2
51 | [Ni(u-Dpph)(CEtdtc)(NCS)] | 1092,81| 10,6/10,7| 54,1/55,0] 6,1/5,9 | 5,3/51 | — P.2
52 | [Ni(u-Dppb)(BzBudtcXNCS)] | 1136,82| 10,0/10,3 57,0/57,1] 5,4/5,3 | 5,0/49 | - -
53| [Ni»(u-Dpph)(BzBudtc)Cl;] | 1119,61] 10,2/10,5 58,2/57,9 5,5/5,8 | 2,6/25 | 5,7/6,3 | -
54 | [Ni(u-Dpph)(BzBudtc)l;] | 1302,51] 8,9/9.0 | 50,6/49,8] 4,9/50 | 2,4/22| - -
55 | [Ni(u-Dpph)(BzBudtcXNCS)] | 1164,87| 9,9/10,1 | 57,2/57,7| 59/5,5| 4,8/4,8| - -

X% = Cl, Br.
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Tab. 27 Vysledky fyzikalné-chemického studia dithiokarbamatovych komplexi o sloZeni [Ni(CEtdtc)(P,P)]Y.

Komplex

Barva

Vytézek
[%]

Am®
[SBm?/mol]

UV/VIS P
[[0° cm]

1€ [cm™] ®
v(C=S) v(C=N)

Ta
[°C]

En
[°C]

29 | [Ni(CEtdtc)(Dppe)]Br-HO hnéda 35 115,6 |20,5; 32,6 990wv 1510w | 45 | 48;120/243; 386; 482 122°
30 | [Ni(CEtdtc)(Dppe)]ClQ Zluti 42 120,6 |20,6; 24,3; 32,4/996m |1505n * * * *
31 | [Ni(CEtdtc)(Dppe)](NCS) hnéda 48 112,8 |18,0; 21,9; 29,0/990n |1522v | 103 98 |230; 360; 457 99
32 | [Ni(CEtdtc)(Dppb)]Br-BHO Zluta 55 118,2 [21,4;32,1 99w |1505/s | 70 107 |144; 235; 390; 474 115°
33 | [Ni(CEtdtc)(Dppb)]CIQ oranzova 42 121,9 [21,3;32,0 992v | 1522w * * * *
34 | [Ni(CEtdtc)(Dpph)]CIQ-2H,0 | hreda 52 107,7 |19,5; 22,6; 31,2|1994s | 1508 * * * *
35 | [Ni(CEtdtc)(Dppf)]Br razova 59 115,0 |18,8; 32,0 990w |1510v/s | 153 - 163; 240; 369; 464 136
36 | [Ni(CEtdtc)(Dppf)]CIO oranzova 51 118,4 |19,0; 31,2 1000m |1505n * * * *
37 | [Ni(CEtdtc)(Dppf)](NCS) oranzova 43 114,0 |20,2;31,1 1008v [1528v | 89 - 180; 270; 443 112°

(* mgteno v acetonu (c =10° moI/dm°’); ® m&ieno v nujolu, intenzita vibrace: = slabdm = stedni,s = silna,vs= velmi silna; T, = pasatek termického

rozkladu, E = vrchol endoefektu, &= vrchol exoefektu; = teplota taniS latka taje za saiasného rozkladu; * nestudovano).
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Tab. 28 Vysledky fyzikalné-chemického studia dithiokarbamatovych komplexi o sloZeni [Ni(BzBudtc)(P,P)]Y.

Komplex Barva = Vytézek UV/IVIS ¢ 1€ [em™] € Ta En =
[SBmZmol]  [ACcmY  wC=S) wC=N) [°C] [°C] [°C]

38 | [Ni(BzBudtc)(Dppe)]Br-HO | Zluta 34 128,5 |15,3;22,5; 28,1994 |1526/s | 48 | 111 [211; 255; 373; 493
39 | [Ni(BzBudtc)(Dppe)]CIQ |hreda 42 133,8 |21,0; 28,3; 35,(992v | 1520 * * * *
40 | [Ni(BzBudtc)(Dppe)](NCS) | zluta 51 125,9 [18,5;23,9;30,(990s |1518/s| 109| — |220; 423; 457; 507 156°
41 | [Ni(BzBudtc)(Dppb)]Br hneda 54 123,2 |18,0; 29,0 990w [1510m | 67 | 107 |143; 234; 391; 484 106
42 | [Ni(BzBudtc)(Dppb)]CIQ,  |oranZzova 43 119,6 |22,5;29,1; 30,§998nv |152% * * * *
43 | [Ni(BzBudtc)(Dpph)]CIQ,  |oranZzova 56 77,6° [19,9; 28,1; 36,{1000m | 1525 * * * *
44 | [Ni(BzBudtc)(Dppf)]Br raZova 45 109,6 |[18,6; 30,0 996w |1524vs | 211 | - |160; 377; 471 118
45 | [Ni(BzBudtc)(Dppf)]CIO, oranzova 49 110,4 [19,9; 24,0; 30,998v |150% * * * *
46 | [Ni(BzBudtc)(Dppf)](NCS) |oranzova 42 121,8 |18,8; 22,8; 30,§998w |1505vs| 107 | — |188;276; 478 83

(* m&teno v acetonu (¢ =10° mol/dn?), ®meieno vN,N-dimethylformamidu (¢ = M0® mol/dnT); ® m&teno v nujolu, intenzita vibrace: = slaba,
m = sf¥edni,s = siln4,vs = velmi silna; T = patatek termického rozkladu,,E vrchol endoefektu, &= vrchol exoefektu; (= teplota tani’latka taje

za sodasneého rozkladu; * nestudovano).
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Tab. 29 Vysledky fyzikalné-chemického studia dithiokarbamatovych komplex o slozeni [Ni(p-P,P)(RiR2dtc)2X,].

Komplex

UVIVIS ©

1€ [em™] €

Ta

En

v(C=N) [°C] [C]

Ex
[*Cl]

A7 | [Ni,(u-Dppb)(CEtdtc)(NCS),] | &ervena 51 18,7° [21,1;28,8 990s [1520m | 198 | - |218; 366; 496 215°¢
48 | [Ni(u-Dpph)(CEtdtc)Cl,]  |fialova 58 21,2° |19,5;24,6;29,9995v [1528w | 225 | — [248;255; 397 248°
49 | [Ni(u-Dpph)(CEtdtc)Br,]  |fialova 63 24,7° 119,0; 28,8 992w [1510m | 218 | — |229; 388, 445 240°
50 | [Niz(u-Dpph)(CEtdtc)l,] fialova 39 25,8 |18,5; 30,3 990~ [1508v | 185| — |[203;223; 385; 503| 202°
51 | [Ni(u-Dpph)(CEtdtc)(NCS)] |cervenohada | 70 18,8° [20,2; 30,5 992w [1505/s | 213 | 202 | 219, 295; 363; 483|202
52 | [Ni,(u-Dppb)(BzBudtc)(NCS)] | ¢ervena 48 14,6  [20,7;27,0;32,9990m [151% | 224 | — |244;325; 456 238¢
53 | [Ni(u-Dpph)(BzBudtc)Cly] | rizova 52 26,8° |19,4;29,3 1004v |1505% | 205 | 166 |228; 314; 383; 489|168
54 | [Niy(u-Dpph)(BzBudtc)l,]  |fialova 56 29,4 |18,6;26,8;33,8992v [1508n | 184 | — |228;275; 391; 505|196°
55 | [Ni(u-Dpph)(BzBudtc)(NCS))] | cervenohida 43 16,0 20,7; 26,8; 30,9 1006~ |1512n | 218 | 165 |351; 428; 489 167

(* meteno vN,N-dimethylformamidu (c = M0® mol/dn?), ® mgteno vN,N-dimethylformamidu (¢ = B0* mol/dn?); © méteno v nujolu, intenzita vibrace:

w = slabam = stedni,s = silnd,vs = velmi silna; T, = paatek termického rozkladu,,E vrchol endoefektu, /= vrchol exoefektu; (= teplota tani,

9 atka taje za sdmsného rozkladu).
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Tab. 30 *P{*H}-NMR 2 data komplexi o sloZeni [Ni(RRdtc)(P,P)]Y

a bidentatnich fosfanovych ligand

Komplex o [ppm]
29 | [Ni(CEtdtc)(Dppe)]Br-HO 61,55 (s)
30 | [Ni(CEtdtc)(Dppe)]ClQ 61,84 (s)
31 | [Ni(CEtdtc)(Dppe)](NCS) 62,12 (s)
32 | [Ni(CEtdtc)(Dppb)]Br-HO 28,67 (S)
33 | [Ni(CEtdtc)(Dppb)]CIQ 29,24 (s)
34 | [Ni(CEtdtc)(Dpph)]CIGQ-2H0O | 24,22 (s)
35 | [Ni(CEtdtc)(Dppf)]Br 31,79 (s)
36 | [Ni(CEtdtc)(Dppf)]CIO, 31,76 (s)
37 | [Ni(CEtdtc)(Dppf)](NCS) 31,48 (s)
38 | [Ni(BzBudtc)(Dppe)]Br-HO 61,54 (s)
39 | [Ni(BzBudtc)(Dppe)]CIQ 61,59 (s)
40 | [Ni(BzBudtc)(Dppe)](NCS) 61,60 (s)
41 | [Ni(BzBudtc)(Dppb)]Br 28,32 (s)
42 | [Ni(BzBudtc)(Dppb)]CIQ 28,60 (s)
43 | [Ni(BzBudtc)(Dpph)]CIQ 24,22 (s)
44 | [Ni(BzBudtc)(Dppf)]Br 31,48 (s)
45 | [Ni(BzBudtc)(Dppf)]CIO, 31,52 (s)
46 | [Ni(BzBudtc)(Dppf)](NCS) 30,90 (s)
— | Dppe -11,86 (s)
— | Dppb -15,43 (s)
— | Dpph -15,42 (s)
— | Dppf -16,55 (s)

& mereno v CDC} (300 K), (s) - singlet.
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Tab. 31 *P{*H}-NMR 2 data komplexii 0 sloZeni [Ni(p-P,P)(R.R2dtc)2X 3]

a bidentatnich fosfanovych ligand

Komplex ‘ 3 [ppm]
47 | [Nio(u-Dppb)(CEtdtc)(NCS)] | 19,64 (S)
48 | [Ni(pu-Dpph)(CEtdtc)Cl,] 16,24 (s)
49 | [Ni(u-Dpph)(CEtdtc)Br;] 18,82 (s)
50 | [Ni(p-Dpph)(CEtdtc)l,] 19,15 (s)
51 | [Niy(u-Dpph)(CEtdtc)(NCS)] | 18,89 (s)
52 | [Nio(u-Dppb)(BzBudtc)(NCS)] | 19,88 (s)
53 | [Ni(p-Dpph)(BzBudtc)Cly] 16,94 (s)
54 | [Ni2(u-Dpph)(BzBudtc)l] 19,06 (s)
55 | [Ni(u-Dpph)(BzBudtc)(NCS)] | 19,48 (s)
— | Dppb -15,43 (s)
— | Dpph -15,42 (S)

& mereno v CDCY (300 K), (s) - singlet.
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3.5 Syntéza a charakteristika nikelnatych dithiokabamatovych komplexi
s tridentatnimi P-ligandy

Jako zajimavé se ukazaly reakce nikelnatydk-cyklohexyl-N-ethyl-
dithiokarbamatovych sl@enin s tridentatnimi fosfanovymi ligandy (Triphas[Triphosl;
Obr. 15, s. 22) vramci kterych se ptitia pripravit komplexy obecného sloZeni
[Ni(CEtdtc)(P,P,P)]Y (Tab. 32) s pentakoordinovangikiem v chromoforu NigPs.

Komplexy o sloZzeni [Ni(CEtdtc)(P,P,P)|BLO (56, 60) jsme izolovali
z dichlormethanové suspenze (20 *gmrychoziho dithiokarbamatu [Ni(CEtdt) (1)
(2 mmol) a P,P,P-ligandu (Triphosl nebo Triphogll)mmol), kterou jsme michali desitky
hodin za laboratorni teploty. \fipadt komplexu (56) jsme po dvaceti hodinach michani
reakni smes prefiltrovali, filtrdt zahustili na maly objem, ze éieho jsme vysrazeli
produkt diethyletherem. Naopak suspenzi komplex@) (§me michali¢tyficet hodin,
poté gefiltrovali a filtrat ponechali volné krystalizacRPo odpé&eni rozpou&dla jsme
pievedli produkt olejovité konzistence michanim wgletheru na praskovitou latku.
Oba komplexy (56, 60) jsme odfiltrovali a susiti #0 °C pod infralampou.

P¥i syntéze komplek o sloZeni [Ni(CEtdtc)(TriphosD]Y (57, 58) jsme chazeli
ze suspenze [Ni(CEtd}) (1) (0,5 mmol) a Triphosl ligandu (0,5 mmol) v 1
dichlormethanu (57) resp. ve &sirozpougtdel n-butanol/aceton (1:1, 20 ¢in(58). Ok
realkéni smési jsme michali d& hodiny za laboratorni teploty a po uplynuti tétby jsme
k nim pridali roztok @islusné soli (0,5 mmol), jako byl NaCJBI,O rozpu&ny v 5 cnt
methanolu nebo Na[BRhv 5 cn? n-butanolu. V pipads chloristanového komplexu (57)
jsme roztok po jedné hodinmichani pefiltrovali, zahustili na maly objem a srazeli
petroletherem. Tetrafenylboritanovy komplex (58grk se vylodil v prabéhu michani,
jsme odfiltrovali, promyli ethanolem a petrolethere Z divodu @ecisténi jsme oba
produkty rozpustili v minimalnim objemu methanol&7), resp. v chloroformu (58),
nasledg prefiltrovali s karborafinem a vysrazeli petrolethereOba produkty jsme susili
pii 40 °C pod infralampou.

Komplex [Ni(CEtdtc)(Triphosl)]PE (59) jsme pipravili smichanim roztoku
chloridového komplexu (56) (0,5 mmol) rozptrgho v 10 cm methanolu s vodnym
roztokem (10 crf) K[PFg] (0,5 mmol). lhned po smichani roztoke vyloil produkt,
ktery jsme odfiltrovali, promyli petroletherem asdupti 40 °C pod infralampou. Koray

produkt jsme navic rekrystalovali v methanolu.
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Komplexy o sloZzeni [Ni(CEtdtc)(TriphoslD]Y (61-83jsme ziskali reakci
chloridového komplexu (60) (0,5 mmol) rozpirgého v 10 crih methanolu s roztokem
prislusné soli (tj. NaCI@H,O ve 25 cm ethanolu, Na[BPA v 10 cn? ethanolu nebo
K[PFe] v 5 cn? destilované vody). Smichanim roztoge ihned vylotily produkty, které
jsme odfiltrovali, promyli petroletherem a susiti g0 °C pod infralampou.

VSechny studované komplexy (56-63) bdiamagnetické, u kterych molarni
vodivosti znErené v acetonu dosahly hodnot (108,4-125.8m3mol) typickych
pro elektrolyty typu 1:1 [115]. V jejichCl spektrech jsme nalezli vakani vibracev(C-S)
pii 990-1000 crit av(CN) v intervalu 1502-1531 cthsouvisejici s bidentatni koordinaci
dithiokarbamatového ligandu a delokalizaeglektronové hustoty v ramci cedéc skupiny
[29,116], v disledku které maji CS a C'N vazby cast&né dvojny charakter. lontav
vazany chloristanovy anion (57, 61) prokazala n&gpena maximasz(ClO4) s vrcholy
pii 1088 (57) a 1076 cm(61) a slaba maximes(CIO,) pii 620 cm’* (57) a 610 crl (61)
[121], zatimco hexafluorofosfoteanovy anion (59, 63) potvrdila intenzivni vibrace
v(PR) pii 830 cm' [135]. V elektronovych difuzireflexnich spektrech jsme nalezli
absorgni maxima kolem 14000, 18000 a 23000 'cn(iTab. 33), ktera naleZela
elektronovym d-d fechodim charakteristickym pro nizkospinové pentakoordara/
nikelnaté komplexy. Ned4 se vSakepwdcivé urit, zda elektronové d-d fpchody
nélezely nikelnatym kompléxn majicim usptadani nizkospinové trojboké dipyramidy
(symetrie B@h) nebo nizkospinovétvercové pyramidy (symetri€s,) [138]. Nepodélo se
od zadné ze studovanych steunin vygistovat monokrystal pro rentgenovou strukturni
analyzu, na zakladkteré by se mohl jednozév& urcit tvar koording&niho polyedru.

K dispozici mame pouze literarni Udaje, kde #&upmpsali podobna spektra riédgad

u nikelnatych xanthét s Triphosl ligandem [Ni(SCOR)(Triphosl) [135] nebo

u komplexi [Ni(Bzodtc)(Triphosl)]PE a [Ni(Pedtc)(Triphosl)]PkE (Obr. 53) [122],
u kterych se rentgenograficky prokazalo deformowuaigénalre bipyramidalni uspi@dani
koordinani sféry niklu. Daldi maxima nalezen# plnoctech vyssich neZ 28000 &m
pravdépodobré souvisela s intraligandovymigchody v ramci dithiokarbamatové skupiny
[29].
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Obr. 53 Molekulova struktura komplexu [Ni(Pexdtc)(Triphosl)]PF .
{P2n; a=11,797(2), b = 21,685(4), ¢ = 19,044(4pA; 94,31(3)°;
atomy vodiku préghlednost odstr&ny, Pe= pentyl}

Studiem **P{*H}-NMR spekter jsme dosti k zawru, Ze Triphosl i Triphosll
ligand se ve studovanych komplexech koordinovahtoan niklu progednictvim vSechit
fosforovych atomi. Dukaz o koordinaci poskytly signaly, které ve slabymdlich ngly
vySSi hodnoty chemickych posumarozdil od signal ve spektrech nekoordinovaného
Triphosl a Triphosll ligandu.

V 3P{H}-NMR spektru volného Triphos! ligandu jsme zazremali dublet
pii -11,84 ppm nalezici @wma chemicky ekvivalentnim fosforovym atém a meés
intenzivni  triplet pi -15,58 ppm pafci ,centralnimu® fosforovému atomu
uprosted molekuly v Triphos! ligandu®'P{*H}-NMR spektra komplei s Triphosl
ligandem (56-59) jsme é&ili pii teplo€& 300 Ka 320 K. B obou teplotach jsme
zaznamenali signaly ve stejné oblasti chemickycbupg jen i teplog€ 300 K ntly
signaly charakter multipletu. Tento jev siibeme pravépodobré vyswtlit pritomnosti
dvou forem izomar patrré v disledku pomalé rotace dithiokarbamatové skupiny rkole
C~-N vazby. Ri teplot 320 K byla tato rotacerejme intenzivrgjsi a tudiz byla ve spektru
rozeznatelna pouze jedna forma izomeru, ktera sg\pla jiz jasnym dubletem kolem
41 ppm a tripletem kolem 109 ppm (Tab. 34) [122].

Volny Triphosl! ligand se projevil V'P{*H}-NMR spektru singletem i -25,69
ppm. Ve spektru kompléx(60-63) jsme pozorovali jiZitsinglety v oblasti chemickych
posuri pii 27, 15 a 0 ppm, patérjako disledek koordinaceitchemicky neekvivalentnich
fosforovych atomi. U komplexi (59, 63) byl navic identifikovan septet kolem -1g8m

charakterizujici existenci (Rf aniontu.
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Studium termické stability ukazalo, Zze nejaétabilni byly komplexy obecného
slozeni [Ni(CEtdtc)(P,P,P)]®@.,0O (56, 60). Jejich rozklad ¢&@mal dehydrataci
pii teplo& 49 °C (56) a 48 °C (60). Dehydratace byla dopremazna DTA kivkach
malym endoefektemip62 °C (56) a 81 °C (60). U komplexu (60) bylo T& kiivce
zachyceno plato mezi 124-167 °C (Obr. 54) odpowda&xistenci bezvodého komplexu
(hmotnostni  Ubytek souvisel s o#$nim jedné molekuly krystalové vody,
AM prakt freoret. = 1,4/1,9 %). U komplexu (56) plato zaznamenanoylog porévadz konec
dehydratace sergkryval s rozkladem vriti sféry komplexu. Termicky nejstabsi byly
hexafluorofosforénanové komplexy (59, 63). Wripad komplexu (59) jsme zaznamenali
endoefekt s vrcholem ip 236 °C, ktery nebyl na TG fiwce doprovazen zadnym
hmotnostnim Ubytkem. Endoefekt tobil proces tani, ktery nastalfed p@atkem
termického rozkladu komplexu (240 °C). Teplotu tisrhe ow¥fili na bodotavku a jeji
hodnotacinila 236 °C. Vintervalu teplot 121-276 °C jsme BdA kiivkach u vSech
komplexi zaznamenali exoefekty, které prapddobre souvisely s inserci kysliku
do vazby Ni—P [93]. Mirny nést hmotnosti jsme na TGikkach nezpozorovali, jelikoz
se rekryval s velkymi hmotnostnimi Ubytky @gpobenymi celkovou destrukci kompiex
(slozeni konénych produki jsme z dvodu velkého zastoupeniuzanych prvki
nestudovali). Komplexy (57, 61) obsahujici aniohQx) nebyly z bezp&nostnich dvoda

termicky studovany.
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Obr. 54 TG/DTA k¥ivky komplexu [Ni(CEtdtc)(TriphosI)]CI-H 0 (60).
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Zatim se nepod#o pripravit monokrystal u Zadného z izolovanych komjplex
a tudiz ani ufit jeho pgesnou molekulovou strukturu pomoci monokrystalemitgenové
analyzy. Pouze byla navrzena na zaklagsledki magnetochemickych, vodivostnich
a spektralnich #&feni gedpokladana struktura, ktera je uvedena na Obis5&5Y souladu
s liter&rnimi Gdaji [122], které se tykaji struki&r podobnych dithiokarbaméatovych
komplexi, mizeme pedpokladat pentakoordinovany atom niklu s chromafolNiSP;,
v ramci kterého se P,P,P-ligand vaze vSemi fosforovatomy na centralni atom niklu,

piicemz koordinani ¢islo pet dophuje @islusny dithiokarbamatovy ligand.

Obr. 55 Predpokladana struktura komplexi [Ni(CEtdtc)(Triphosl)]Y.

Obr. 56 Predpokladané struktura komplexi [Ni(CEtdtc)(Triphosll)]Y.
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Tab. 32 Vysledky elementarni analyzy dithiokarbaméovych komplexi o sloZeni [Ni(CEtdtc)(P,P,P)]Y.

Komplex Nalezeno / Vypdteno [%0] Piiloha
C H \

56 | [Ni(CEtdtc)(Triphosl)]CI-HO 849,08 | 6,7/6,9 | 60,3/60,8| 6,4/6,1| 2,1/1,7| 3,7/4,2| P.4
57 | [Ni(CEtdtc)(Triphosl)]CIQ 895,06 | 6,5/6,6 | 57,1/57,7| 5,3/5,5| 2,1/1,6 | 3,7/40| P.4
58 | [Ni(CEtdtc)(Triphosl)]|BPh 1114,84| 5,2/5,3|71,8/72,2| 6,5/6,2| 1,4/1,3] - P.4
59 | [Ni(CEtdtc)(TriphosI)]Pk 940,57 | 6,1/6,2 | 54,4/54,9 5,1/5,3| 1,5/1,5| - P.4
60 | [Ni(CEtdtc)(Triphosll)]Cl-HO 939,20 | 6,4/6,3 | 63,9/63,9| 6,5/6,1| 2,0/1,5| 3.1/3.8| P.3
61 | [Ni(CEtdtc)(TriphoslII)]CIQ, 985,18 | 6,0/6,0 | 60,4/61,0] 5,6/5,6| 1,6/1,4| 3.3/3.6| P.3
62 | [Ni(CEtdtc)(Triphosll)]BPh 1114,84| 4,8/5,3 | 71,8/72,2| 6,6/6,2| 1,6/1,3 - P.3
63 | [Ni(CEtdtc)(TriphoslI)]PR 1030,70| 5,8/5,7|57,6/58,3| 6,1/5,4| 1,3/1,4| - P.3
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Tab. 33 Vysledky fyzikalné-chemického studia dithiokarbamatovych komplex o slozeni [Ni(CEtdtc)(P,P,P)]Y.

Komplex

Barva

Vytézek
[%]

Am 2
[SBm*mol]

UV/VIS P
[0 cmY]

1€ [ecm™] ®
v(C=S) v(C=N) [°C]

Ta

En
[°C]

Ex
[°C]

Ty
[*C]

56 | [Ni(CEtdtc)(Triphos)]CI-HO |swtle fialova 78 113,0 |18,5; 36,0; 39,0 996m [1510m | 49 | 62 |208; 241; 466 141°
57| [Ni(CEtdtc)(Triphosl]CIQ  |fialova 52 125,8 |18,2;27,9; 35,9; 39,1995m |1515w | * * * *

58| [Ni(CEtdtc)(Triphosl)|BPhh | modrofialova| 58 117,6 |14,5;18,0; 33,2 998m [1508v | 84 | — |121;188;50( 109°
59| [Ni(CEtdtc)(Triphosl)]Pk tmaw fialova| 78 113,3 |14,2;18,1; 32,9 992w |1508w | 240 | 236 | 276; 328; 537 236
60 | [Ni(CEtdtc)(TriphoslIl)]CI-HO | hnéda 86 119,2 |18,6; 32,1; 35,8 990w |1502v | 48 | 81 |260; 324; 42¢ 128°
61| [Ni(CEtdtc)(TriphosID]CIQ, |zluta 62 118,2 |21,2; 31,2; 36,0 998m |1520w | * * * *

62 | [Ni(CEtdtc)(Triphosll)]BPh |swtle hreda| 51 108,4 |18,6;23,1; 32,0 990w~ |153Mw | 174| — |[226; 370; 474 132
63 | [Ni(CEtdtc)(Triphosll)]Pk swtle hreda| 48 111,6 |18,5; 32,2; 36,1 1000w |1528v | 176 | — |252;410; 474 148

( meteno v acetonu (¢ =[10° mol/dn?); ® m&teno v nujolu, intenzita vibrace: = slabam = stedni; T, = pasatek termického rozkladu,

E, = vrchol endoefektu, & vrchol exoefektu; 1= teplota tani; latka taje za saiasného rozkladu; * nestudovano).
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Tab. 34 *'P{*H}-NMR ? data komplexi o sloZeni [Ni(CEtdtc)(P,P,P)]Y

a P,P,P-liganil

56

[Ni(CEtdtc)(Triphosl)]CI-HO

41,41 (d,2P, *Jo.p= 33,69 Hz)
109,03 (t,1P, *Jo.» = 33,69 Hz)

57

[Ni(CEtdtc)(Triphosl)]CIG

40,82 (d,2P, °Jo.p = 33,69 Hz
108,47 (t,1P, *Jo.p= 33,69 Hz)

58

[Ni(CEtdtc)(Triphosl)|BPh

41,18 (d,2P, °Jo.p = 33,69 Hzf
107,37 (t,1P, *Jo.p= 33,69 Hz)

59

[Ni(CEtdtc)(Triphosl)|Pk

-143,77(sept, 1P b= 712,72 HZ)
40,76 (d,2P, *Jo.p= 33,69 Hz)
108,02 (t,1P, *Jo.p= 33,69 Hz)

Triphosl

-15,58 (t,1P, °Jo.p= 28.51 Hz)
-11,84 (d 2P, °J.p= 28.51 Hz)

60

[Ni(CEtdtc)(Triphosll)]CI-HO

27,25 (), 15,48 (S), 0,14 (S)

61

[Ni(CEtdtc)(TriphoslI]CIG,

27,31 (s), 15,34 (s), 0,01 (S)

62

[Ni(CEtdtc)(Triphosll)]|BPh

26,90 (s), 15,97 (s), -0,07 ()

63

[Ni(CEtdtc)(Triphosll)]PF

-143,92 (sept.)
27,67 (s), 15,51 (s), 1,01 (s)

Triphosli

-25,69 (s)

2 m&teno v CDC} (300 K),” méteno v CDC} (320 K); (s) - singlet, (d) - dublet,
(t) - triplet, (sept.) - septet.
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3.6 Syntéza a charakteristika nikelnatych dithiok@abamatovych komplexi
s tetradentatnim ligandem Cyclamem

Koordinani sloweniny o sloZzeni [Ni(RR:dtc)y(Cyclam)] (64, 68; Tab. 35) jsme
pripravili smichanim chloroformového (5 &m roztoku vychoziho komplexu
[Ni(R1Rzdtc)] (1, 2) (1 mmol) s ethanolickym roztokem (5 ¥r€yclamu (1 mmol). Poté
jsme reakni smés michali gt hodin za laboratorni teplotyjgfiltrovali a filtrat ponechali
volné krystalizaci. Po odpeni veSkerého rozpouwsiia jsme odparek dekantovali
n-hexanem, nasledrprodukt odfiltrovali a susili $ 40 °C pod infralampou.

Koordinani sloweniny [Ni(RiR.dtc)(Cyclam)]Y (65-67, 69-71; Tab. 35) jsme
pripravili podobnym zfisobem jako slateniny gedeslého strukturniho typu. @pgsme
smichali pefiltrované roztoky ii vychozich latek v molarnim pam 1:1:1
(tj. [Ni(R1Rzdtc),] v 5 cnt chloroformu, ligand Cyclam v 5 chethanolu a fislugna 8l
NaCIO,H,0 v 5 cni ethanolu, Na[BPA v 5 cn ethanolu nebo K[P§v 5 cnt acetonu).
Reaguijici roztok jsme michaliépphodin za laboratorni teploty, po uplynuti tétobgo
piefiltrovali a filtrat ponechali volné krystalizacVznikly odparek jsme dekantovali
n-hexanem a petroletherem, naskedmprodukt odfiltrovali a susili § 40 °C
pod infralampou. VSechny produkty jsme navic relaigwvali s karborafinem
v chloroformu.

Vysledky elementarni analyzy a zakladniho fyzikathemického studia jsou
uvedeny v Tab. 35 a Tab. 36. lontovy charakter Kewrip (66, 67, 69-71) prokazaly
hodnoty molarnich vodivosti zffenych v roztocich nitromethanu (78,2-82 @n8/mol)

a v fipads komplexu (65) v roztokiN,N-dimethylformamidu (75,0 Bm%mol). Naopak
komplexy (64, 68) se chovaly v roztokM,N-dimethylformamidu jako komplexni
neelektrolyty (25,9 a 19,3 @n?/mol) [115]. Vysledky magnetochemickéhoéimni
u vSech izolovanych latek prokazaly paramagneticlestnosti. Z hodnot efektivnich
magnetickych momeit (e /s = 2,79-3,06) vyplynula iitomnost dvou neparovych
elektrori Ni" [102,127] a tedy moZné oktaedrické usm@ni jeho koordirimi sféry.

Tuto @Fedstavu potvrdila také elektronova difdézeflexni spektra zgfena
v nujolu. Ve spektrech jsme nalezli dwyznamna absotpi maxima v intervalu
11200-11300 cfha 18000-18200 cih které pravéipodobré odpovidala elektronovym d-d
prechodm °A,; - %y a Ay -~  °Tyy  [134] charakteristickym
pro nikelnaté oktaedrické komplexy. Ve spektrecimptexi (64, 66-68 a 71) bylo navic
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identifikovano feti absorpni maximum v oblasti 23000-26100 ¢rarejmeé odpovidajici
elektronovému d-dfpchodu3Azg - 3Tlg (P) [134]. Dalsi maxima nalezen#& plnoc¢tech
vy&8ich neZ 29700 cmpravdpodobré souvisela s intraligandovymiigchody v ramci
dithiokarbamatové skupiny [29]. Ve snaze potvrditaedrické usp@dani koordinéni
sféry niklu(ll) jsme rovez znefili absor@ni spektra v roztokiN,N-dimethylformamidu
(c = 110° mol/dn?). V roztokovych spektrech jsme zachyitili vyragh maximum pouze
v intervalu 25400-27200 cin(e = 120-588 driycmihol), které bychom mohli ifradit
elektronovému d-d fechodu®A,, — °Ty4 (P) [134]. V C spektrech vSech studovanych
latek jsme nalezli signaly vibrac{C—N) v intervalu 1480-1520 cfa maxima vibraci
v(C-S) i 990-1010 crit charakteristické pro dithiokarbamatovy ligand. Kgotichto
signdli jsme objevili u komplek s chloristanovym aniontem (65, 69) nerépéhé
maximumvs(ClO,) s vrcholem §i 1089 cni* (65) a 1107 ci (69) a intenzivni maximum
vibrace v4(CIOy) pri 624 cmi* [121], zatimco v@ spektrech komplex (67, 71) jsme
nalezli intenzivni maximum vibracev(PR) pri 840 cm' prokazujici existenci
hexafluorofosforénanového aniontu [135]. \CI spektrech v3ech studovanych latek jsme
dale objevili maximum vibrace(N—H) v intervalu 3150-3265 c128], které souviselo
s koordinaci ligandu Cyclamu (Obr. 38, s. 58).

Pacatek termického rozkladu & v rozmezi teplot 59-125 °C. Od tohoto
okamziku probihal rozklad spagjitbez vzniku termicky stabilnich meziprodiaka byl
na TG Kivkach doprovazen zgaym hmotnostnim ubytkem. Na DTAfikce komplexu
(70) byl zaznamenan maly endoefekt $8 °C, ktery nebyl na TGrik/ce doprovazen
Zadnym hmotnostnim Gbytkem. Zrenim teploty tani na bodotavku:(¥ 59 °C) jsme
dosgli k ndzoru, Ze endoefekt souvisel s procesem tiipadc komplexu (66) jsme
také zachytili maly endoefekt s vrcholemi p40 °C, ale v tomto ifjpact jiz termicky
rozklad probihal. Teplota tani zbena na bodotavkdinila 139 °C, proto se fiteme
domnivat, Ze endoefekt souvisel s procesem taey kbwasré doprovazel jeho termicky
rozklad. Pro zrnu vyrazné exoefekty zachycené na DTAvkach v intervalu teplot
184-505 °C souvisely s totalni destrukci organitkgtoZek ve studovanych komplexech.
Chloristanové komplexy jsme z bezpestnich dvodi termicky nestudovali.
U komplexnich neelektrolyt (64, 68) jsme prokazali pomoci praskové rentgenove
difrake¢ni analyzy jako konay produkt termického rozkladu NiO (PDRe401-075-0269)
(Obr. 57). V pipad komplexd s (BPh) a (Pk) aniontem (66, 67, 70, 71) jsme zjistili
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jako koné&né produkty srési s vyraznou fevahou NiO. Celkové slozenichto produki
se nepoddlo ani za pouziti rentgenové difrakce jednaawegprokazat.
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Obr. 57 Zaznamy RTG praskové difrakce kon&ného produktu
termického rozkladNgO, PDF-4¢. 01-075-0269)
u kompldix(64, 68).

V ramci reakci nikelnatych dithiokarbamé&t ligandem Cyclamem jsméipravili
oktaedrické komplexy dvou strukturnich typ [Ni(R1Rxdtc)(Cyclam)]
a [Ni(RiR2dtc)(Cyclam)]Y, od kterych setfps veSkerou snahu nepditia ziskat kvalitni
monokrystal vhodny pro rentgenostrukturni  analyzw piipact  komplexi
[Ni(R1R2dtc)(Cyclam)] (64, 68) bychom mohli v souladu s pubtik§l102] navrhnout
strukturu (Obr. 58), kde je nikl koordinovétyimi dusiky Cyclamu a ddmadtc ligandy,
které se pravtpodobré vazi na centralni atom monodentati publikaci [61] byla vSak
vyieSena struktura podobného komplexu [NBe)(Cyclam)] (Obr. 59), ktera prokazala
oktaedrickou geometrii dvou centrosymetrickych poio Niy(Bzxdtc)(Cyclam),,
scésteéné deformovanym Cyclamem a bident&tkoordinovanymdtc ligandem. Nutno
poznamenat, Ze k¥gSeni naSeho problému by vyrazmpiispéla monokrystalova
rentgenostrukturni analyza, ktera by jednémdaprokazala naSeigdstavy o strukiie
komplexi typu [Ni(R;R-dtc)(Cyclam)].
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Obr. 58 Hypotetick& struktura komplexi [Ni(R 1R2dtc)(Cyclam)]
s monodent&tkoordinujicim se dtc ligandem.

Obr. 59 Molekulova struktura komplexu [Ni(Bz.dtc),(Cyclam)] (pievzato z [61]).
{P2/c; a=9,2729(3), b = 19,7667(5), ¢ = 10,8490(4p A 97,151(3), atomy vodiku
a gkteré atomy Cyclamu praghlednost vynechany, Bz benzyl}
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Komplexy o slozeni [Ni(RR.dtc)(Cyclam)]Y (65-67, 69-71) byly paramagnetické
a vroztocich se chovaly jako elektrolyty 1:1. Brobizeme pedpokladat, Ze v tomto
piipadt je nikl koordinovanétyfmi dusiky Cyclamu a dma atomy sirydtc ligandu,
piicemz anion (Y) je situovan mimo koordigai sféru niklu (Obr. 60). Ke stejnému
za&wru dospli i autori publikace [102], ktd rentgenograficky prokéazali u komplexu
[Ni(Bz'Prdtc)(Cyclam)BPhICHCI; nikl v deformovaném oktaedrickém ugpdani
koordinani sféry (chromofor Nig\g; Obr. 39, s. 58). Komplex (65) byl jiz syntetizova
v bakal@ské praci [129] jako modelova latka v raméippavy koordinanich slogenin

niklu s akcentem na metody jejich fyzik&lohemického studia.

Obr. 60 Predpokladana struktura komplexi [Ni(R ;R2dtc)(Cyclam)]Y.

113



Tab

. 35 Vysledky elementarni analyzy nikelnatych ithiokarbaméatovych komplexi s Cyclamem.

Komplex

Nalezeno / Vypdteno [%0]

C

H

64 | [Ni(CEtdtc)(Cyclam)] 663,75| 8,6/8,8 | 50,3/50,7] 9,1/8,5 | 12,6/12,7] -
65 | [Ni(CEtdtc)(Cyclam)]CIQ | 560,83| 10,0/10,5| 40,1/40,7| 7,4/7,2 | 12,9/12,5] 5,8/6,3
66 | [Ni(CEtdtc)(Cyclam)]BPG | 780,61 7,2/7,5 | 66,7/66,2] 8,3/7,8 | 9,0/9,0 -
67 | [Ni(CEtdtc)(Cyclam)]PE | 606,35| 10,1/9,7 | 37,9/37,6] 7,3/6,7 | 11,2/11,6] -
68 | [Ni(BzBudtcy(Cyclam)] | 735,81 7,7/8,0 | 54,9/555] 7,7/7,7 | 11,2/11,4] —
69 | [Ni(BzBudtc)(Cyclam)]CIQ | 596,87 9,3/9,8 | 44,3/44,3] 7,5/6,8 | 11,5/11,7| 5,2/5,9
70 | [Ni(BzBudtc)(Cyclam)]BPh | 816,66 7,5/7,2 | 67,1/67,7| 7,6/7,4 | 9,1/8,6 -
71| [Ni(BzBudtc)(Cyclam)]PE | 642,38 9,0/9,1 | 41,0/41,1] 7,0/6,3 | 11,2/10,9] —
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Tab. 36 Vysledky fyzikalné-chemického studia nikelnatych dithiokarbamatovychkomplexi s Cyclamem.

~ Komplex  Barva Wytézek g™/ Aw® | UVMVIS®  IC[emY® T. E, B T
[%] [S@m?mol] [[0° cm™] v(C-S) v(C-N) [°C] [°C] [°C]

64 | [Ni(CEtdtc)(Cyclam)] fialova 34 3,00 25,9 |11,3;18,1;24,9;30,4995% |1493% | 87 | — |184;308; 466 | 166
65 | [Ni(CEtdtc)(Cyclam)]CIQ |razova 38 2,93 75,0 |11,3;18,2; 33,7 990s |1480/is| * * * *
66 | [Ni(CEtdtc)(Cyclam)]BPhL |fialova 40 2,79 82,4° [11,2;18,0; 26,1; 30,{991w |1520/w| 80 | 140186; 255; 505 | 139"
67| [Ni(CEtdtc)(Cyclam)|PE  |riaZzova 42 2,89 79,0° [11,4;18,1;25,8;33,(992v [148% | 84 | — [218;310;475] 215'
68 | [Ni(BzBudtc)(Cyclam)] fialova 42 3,06 19,3 [11,2;18,0; 23,0; 31,(990s (1494 | 115| — |240;277;449| 95
69 | [Ni(BzBudtc)(Cyclam)]CIQ | rizova 35 2,92 78,2 |11,3;18,0; 30,7 990s |149% * * * *
70| [Ni(BzBudtc)(Cyclam)|BPh| rizova 41 2,97 81,3 |11,3;18,1; 29,7; 30,1010~ | 1494 | 125| 58 |242; 262; 452 | 59
71| [Ni(BzBudtc)(Cyclam)]Pk |Seda 32 3,06 78,8 11,2; 18,1; 25,4; 30,{997s |149% | 59 | — [256; 276; 464 | 89"

¢ mgteno v nitromethanu (¢ =0 mol/dnT); ® méteno v nitromethanu (¢ =B mol/dn?), © méteno vN,N-dimethylformamidu (c = 0 mol/dnT),
dmeieno v nujoluf KBr tablety, intenzita vibrace/w = velmi slabaw = slabas = silna,vs= velmi silnd; T, = pasatek termického rozkladu,,E vrchol

endoefektu, = vrchol exoefektu; (= teplota tani’ latka taje za saasného rozkladu; * nestudovano).
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3.7 Syntéza a charakteristika nikelnatych dithiokabamatovych komplexi

s aromatickymi S-ligandy

V ramci studia realhich moznosti nesymetrickych nikelnatych dithiolamiafi,
kterému se &nuje také tato disertai prace, jsme se za&iili na reakce s vybranymi
aromatickymi monothioly (benzenthiol, 4-methylbemnttéol nebo 2-naftalenthiol; Obr. 40,
s. 60). Reakce jsme prowgidv chloroformovém roztoku (10 cfj) ve kterém se za stalého
michani rozpously vychozi latky, tj. komplex [NiCl(RR.dtc)(PPh)] (3, 11) (1 mmol)

a pislusny aromaticky monothiol (1 mmol).fiBlizn¢ po pti minutach michéani
za standardni laboratorni teploty jsme tedéksnes Zzfiltrovali a gidali po kapkach
triethylamin (1 mmol). Roztok okam&itzmenil barvu na zelenou a byl ponechan volné
krystalizaci. Po &kolika dnech se vytiil pevny odparek, ktery jsme ékolikrat
dekantovali petroletherem. Zelené produkty jsmeiltooali, promyli petroletherem
a susili g 40 °C pod infralampou. Komplexy (74, 76) jsme maprecistili rekrystalizaci

v dichlormethanu.

Celkem jsme s izolovali pet tmaw zelenych latek (Tab. 37, 38 ), u kterych
magnetochemické &keni prokazalo jejich diamagnetismus a hodnoty métarvodivosti
(2,2-6,5 %nm’/mol) jednoznang potvrdily jejich neiontovou povahu v acetonovém
roztoku [115]. S vysledky magnetochemického a vostiniho ngieni, které pedpokladaji
tvercové uspiadani chromoforu Ni§ dolre koresponduji také hodnoty Ispekter
a elektronovych difuziireflexnich spekter. U vSech izolovanych komglaxyly v IC
spektrech nalezeny pro dithiokarbamaty charakiekist valegni vibrace v(C*S)

v rozsahu 1005-1010 ¢hav(CN) mezi 1514-1525 cth[29,116] a také valemi vibrace
v(C-S) v oblasti 730-742 ci souvisejici sfitomnosti aromatického monothiolu
v koordin&ni slowenire [130]. V elektronovych difuzireflexnich spektrech byla
objevena absoimi maxima vintervalu 15000-16000 ¢m 21300-25100 cfh
a 29200-35400 cihy kter& mohou v padi odpovidat elektronovym d-digzhodim
'A1g - 'Big A1y — 'Asg [51,117] a intraligandovymipchodim n— 77 a 77— 77 v ramci
dithiokarbamatové skupiny [29].

Patatky termického rozkladu byly zaznamenany éohto komplex v rozmezi
teplot 86-122 °C. Od této teploty probihal rozkkgmbjitt bez vzniku termicky stabilnich
meziprodukt a byl na TG kivkach doprovazen zdgaym hmotnostnim Gbytkem. Pouze

v pripadt komplexu [NiQ-SCH;)(BzBudtc)} (75) byl na DTA kivce zaznamenan maly
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endoefekt i 103 °C (Obr. 61), ktery pra¥godobr souvisel s procesem tani,
coz bylo uspokojiv potvrzeno na bodotavku (£ 101 °C). Na DTA kivkach vSech latek
byly také identifikovany exoefekty v teplotnim intalu 219-499 °C, které byly
pravdépodobré zpasobeny totalni destrukci organickych slozek ve tadych
komplexech. Termické rozklady byly ukiemy p@i teplotdch cca 750 °C (kotmeym

produktem termického rozkladu byl praskovou rentyen difrakini analyzou stanoven
NiO, Obr. 62).

T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 1000
Teplota [°C]

Obr. 61 TG/DTA k¥ivky komplexu [Ni(u-SC;H7)(BzBudtc)], (75).

Intenzita [a.u.]

ﬂ (79)
30 40 5% 60 70 80

20[°C] CoKot

Obr. 62 Zaznam RTG praskové difrakce kon&ého produktu
termického rozklad(NiO, PDF-4¢. 01-075-0269)
u komplexu (75).
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Nepoddilo se nam izolovat u Zadného zizolovanych komipleronokrystal
vhodny pro rentgenovou strukturni analyzu, kterd jégnoznan¢ potvrdila vSechny
experimentalni vysledky a také naSieg@stavu o strukie studovanych sl@enin.
Nicmére, na zaklad monokrystalové RTG analyzy podobného komplexu
[Ni(p-SMe)(HMedtc)} [106] (Obr. 41, s. 61) ipdpokladame, Zze jsmeftipravili
dvojjaderné nikelnaté koordityai sloweniny, ve kterych se monothioly koordinujfep
atom siry a vyt mastky mezi déma atomy niklu (existence dvodtvercow
uspdadanych chromofdrNiS,, Obr. 63).

Obr. 63 Predpokladana struktura komplexi [Ni(p-SR')(R1R2dtc)]2.
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Tab. 37 Vysledky elementarni analyzy dithiokarbaméovych komplexi o slozeni [Nif1-SR')(R1R2dtc)]>.

Komplex

Nalezeno / Vypdéteno [%]

H

N

72| [Ni(u-SGH7)(CEtdtc), | 768,51| 14,9/15,3| 50,7/50,0] 6,5/6,0 | 3,5/3,7 | 24,5/25,0 P.6
73| [Ni(u-SCioH;)(CEtdtc), | 840,58| 13,7/14,0] 4,9/54,3| 5,9/55 | 3,03,3 | 23,1/22,9 P.6
74 [Ni(u-SCHs)(BzBudtc)p, | 812,52| 14,1/14,5 52,8/53,2] 5,2/52 | 3,8/3,5 | 24,2/23,7] P.6
75| [Ni(u-SGH-)(BzBudtc), | 840,58| 14,1/14,0| 54,1/54,3] 6,0/55 | 3,3/3,3 | 23,2/22,9 P.6
76| [Ni(u-SCioH;)(BzBudtc)p | 912,64| 12,4/12,9 57,4/57,9 5,4/51 | 3,413,1 | 21,421,1] P.6

Tab. 38 Vysledky fyzikalre-chemického studia dithiokarbamatovych komplex o slozeni [Ni(1-SR')(R1R2dtc)]..

UV/VIS P 1€ [em™] P

v(C=S) v(C=N)

Komplex Barva Vytézek

Av @

Ta En Ex Ty

- [C] [°C] [°C] [°C]

72[[Ni(u-SCGH,)(CEtdtc)p | zelena | 15 45 |16,0; 21,6; 24,9; 35,4 1001w | 1514w | 86 | — |219; 310 104°
73| [Ni(u-SCoH-)(CEtdtc)p | zelena | 16 4,4 [15,0;21,3; 25,1; 29,7 100& | 1522m | 103 | — |312;490 84
74| [Ni(u-SGHs)(BzBudtc), |zelena | 23 6,5 |15,8;22,6; 24,8, 29,4 1005m | 15257 | 98 | — |242; 273; 340/ 192°
75| [Ni(u-SCH7)(BzBudtc), |zelena | 18 2,2 |15,7; 22,0; 24,9; 29,2 1005m | 152w | 122 | 103 [318; 477 101
76 | [Ni(u-SCioH-)(BzBudtc)p |zelena | 19 3,3 |15,2; 22,7, 24,8,30,0 1010n | 1522w | 115| — |306; 395; 499|241°

(® m&teno v acetonu (c =0° mol/dn?); ®meieno v nujolu, intenzita vibrace: = slabam = stedni,s = silna; T, = posatek termického rozkladu,

E, = vrchol endoefektu, = vrchol exoefektu; 1= teplota tanf; latka taje za saasného rozkladu).
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3.8 Syntéza a charakteristika nikelnatych dithiokabamatovych komplexi
s ligandy Asj a Sbk

V této kapitole bude danovana pozornost koordigr@im slokeninam, se kterymi se
piiliS casto nesetkavdme v chemii nikelnatych dithiokaridmdedna se o komplexy,
které krom¢ dithikarbamato ligandu obsahuji také koordinovam®lekuly jodidu
arsenitého nebo jodidu antimonitého. V litetatbyly nalezeny &aké informace oéchto
latkach, nicméatyto latky nepaily do kategorie nesymetrickych dithiokarbaf&Cilers
jsme se proto za#ili na pripravu novych komplaks €mito As- a Sb- ligandy ve snaze
piipravit komplexy s méhcéastym koordinénim ¢islem 5 nebo 6. BohuZel se nepiida
ziskat od &hto komplex s nesymetrickymi dithiokarbamaty monokrystal, &téy byl
vhodny pro monokrystalovy difrgki experiment. Vzhledem ktomu, Ze se gdda
aspesSne  vyreSit molekulova struktura u analogickych slemin se symetrickymi
dithiokarbamaty [107,131], mohli jsme tyto vysledkyorovnat s naSi fpdstavou
o struktde nami izolovanych koordigaich slodenin a navrhnout jejichipdpokladanou
strukturu.

Komplex [Ni(CEtdtc)(Asls);] (77) jsme ziskali z chloroformového roztoku
(15 cn?) vychoziho dithokarbamétu [Ni(CEtdit)1) (1 mmol) a AsJ (2 mmol). Reaéni
roztok jsme michali za laboratorni teplotytiodiny. Po této dabjsme roztok Zzfiltrovali
s karborafinem a ponechali volné krystalizaci. \¢yila se praskovita latka, kterou jsme
odfiltrovali, promylin-hexanem a vysusilitp40 °C pod infralampou.

Komplexy o slozeni [Ni(BzBudtg)Aslz)] (78) a [Ni(BzBudtc)(Sbk)]2CHCk (79)
jsme obdrzeli reakci [Ni(BzBudtg)(2) (1 mmol) s Agd resp. Sk (1 mmol) rozpu&nych
ve snisi rozpoudtdel chloroform/sirouhlik (20 cfp 1:1). Reakni snés jsme michali
za laboratorni teplotyfit hodiny, nasled# prefiltrovali s karborafinem a filtrat odpé
do sucha. Odparek jsme rozpustili v 103cahloroformu a kongy produkt vysrazeli
n-hexanem. Srazeniny obou latek jsme dale odfilfippeomyli n-hexanem, petroletherem
a vysusili gi 40 °C pod infralampou (komplexy stejného slozggihe ziskali také
reakci vychozich latek v molarnim péma 1:2).

Vysledky elementérni analyzy a zakladniho fyzik&hemického studia vSech
latek jsou uvedeny v Tab. 39 a 40. Hodnoty molé&rnieodivosti zmndtenych
v nitromethanovych a acetonovych roztocich ukazaky, vSechny izolované latky se
chovaly jako komplexni neelektrolyty [115]. Koordri dithiokarbamatového ligandu

s delokalizovanym systémem elektiom preparovanych latek potvrdilaC | spektra.
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U vSech byly nalezeny pro dithiokarbamaty charagtieké valewni vibracev(C-N)

v oblasti 1520-1524 cthav(C*S) v intervalu 935-992 cth[29].

U komplexu [Ni(CEtdtc)Asls),] (77) jsme @ekavali paramagnetické chovani
vzhledem k pitomnosti dvou nepéarovych elektiion Magnetochemické &teni vSak
ukazalo, Ze hodnota molarni magnetické suscepyidi pro tento komplex ipkvapiv
velmi nizka v = 2,310%.g.s.). Vypdtend korekce na diamagnetismugtgmnych
atomi ¢&inila -6,27110% c.g.s. [132]. Tato neéekavar nizka hodnotw pro oktaedricky
nikelnaty komplex byla jiz five pozorovana u podobného komplexu [Ni¢it)(Asl3);]
(tj. xm = 3,010% resp. -5,780%c.g.s.), jehoZ sloZeni a molekulova struktura ipgdpsana
v publikaci [107]. Jak jsem se jtAst&né zminil v literarnic¢asti disertani prace (kap. 2.7,
s. 62), pedpokladali auth v této publikaci u vySe uvedeného komplexu &iln
deformovanou oktaedrickou strukturu (Obr. 42), katem niklu vykazoval singletovy
zakladni elektronovy stav. Slaby paramagnetismlisdwiéZz pozorovan autory publikace
[133], kta&i vramci magnetochemického studia zaznamenali pkomplex
[Ni(Diars)s](ClOg), {Diars = o-fenylen-bis(dimethylarsan)} také nizkou hodnotulanoi
magnetické susceptibilityx(, = 1,4610* c.g.s.). V elektronovém difuzrreflexnim
spektru komplexu (77) byla zachycena abs&ofpnaxima v intervalu 15600-25100 ¢m
ktera Zejmé odpovidala elektronovym d-dgrhodim *A,y — *Tiga®Asg - *Tig (P) [134]
charakteristickym pro oktaedrickou symetrii. Absorp maximum nachazejici se
pii vinodtu 30600 crit pravdspodobré souviselo s intraligandovymigchodem 77— 77
v ramci dithiokarbamatové skupiny [29].

Komplexy (78, 79) byly diamagnetické, coz je v samlul s doposud znamymi
literarnimi Gdaji o nizkospinovych pentakoordinoyelm nikelnatych komplexects(= 0)
[135,136]. Také vysledky #&teni elektronovych difuzfireflexnich spekter prokazaly
piedpokladanou hodnotu koordimaho cisla @gt. Nalezena abso&pi maxima odpovidala
spiSe tetragonain pyramidalnimu usg@dani koordinéni sféry niklu (symetrieCy,).
Maxima nalezen& v oblasti 17000-188007c(@8, 79) a i 25000 cm (78) mohla byt
zpisobena elektronovymi d-digchody v peadi 'A; - Ay (O — Gheyo) a'A; - 'E;
(Oxy, 0z — Okoyo) [137,138]. Absorpni maximum, které souviselo sgehodentA; - 'B;
(d2 —» Oxo.y2) Nebylo ve spektrech nalezeno. Podobné spektrome jsalezli u nikelnaté
koordin&ni sloweniny [Ni(trang14]diene)(SCN)]CIQ (trand14]diene = 5,7,7,12,14,14-
-hexamethyl-1,4,8,11-tetraazacyklotetradeka-4,&mdi137]. Absorpni maxima kolem
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30000 crt ziejme souvisela s intraligandovymigrhodem 77— 77 v rdmci dtc skupiny
[29].

Termicky rozklad z&al u vSechif preparovanych latek (77-79, Tab.40) v teplotnim
intervalu 60-70 °C a probihal nigrzit bez tvorby termicky stabilnich meziprodiikt
az do teploty 440 °C (77), 400 °C (78) a 500 °C)(Maly endoefekt zaznamenany
na DTA Kivce pi 108 °C u komplexu (79) pattnsouvisel se ztratou dvou molekul
chloroformu. Nepod#la se vSak prokazat wipack této latky existence nesolvatovaného
komplexu, z dvodu chylgjiciho plata na TG ikvce, neb@ se desolvatacergkryvala
ziejm¢ s rozkladem organické slozky komplexu. Endoefekiipact komplexu (78)
svrcholem g 110 °C odpovidal tani sléeniny za jeho saiasného rozkladu. Tani
komplexu bylo o¢teno na bodotavku, na kterém bylaétena teplota taniip108 °C.
Vyrazné exoefekty zachycené v intervalu teplot 288- °C souvisely s termickym
rozkladem dithiokarbamatového ligandu (komg produkt termického rozkladu nebyl
blize charakterizovan).

Na zéklad vySe uvedenych vyslediyzikalné-chemického studia jsme si dovolili
u tohoto typu dithiokarbaméatovych stmnin sligandy Asl resp. Shi navrhnout
piedpokladané struktury (Obr. 64, 65), které jsowwadu s molekulovymi strukturami
analogickych latek (Obr. 42, s. 62; Obr. 66), kieyéy vyreSeny pomoci monokrystalove
rentgenove difrakni analyzy [107,131].

Obr. 64 Predpokladana struktura komplexu [Ni(CEtdtc),(Asl3z);] (77).
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Obr. 65 Predpokladana struktura komplexi [Ni(BzBudtc),(Ml 3)].
(M = As, Sh)

Obr. 66 Molekulova struktura komplexu [Ni(Bz,dtc),(Sbl3)][TS,.
{PZn; a=9,7112(4), b = 19,2818(9), ¢ = 20,2253(9B A 91,150(4)°;
atomy vodiku mpiehlednost odstra&ny, Bz = benzyl}
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Tab. 39 Vysledky elementarni analyzy nikelnatych ithiokarbamatovych komplexi s ligandy Ask a Sbk.

Komplex Nalezeno / Vypdteno [%]
H
77 | [Ni(CEtdtc)(Asl),] 1374,69| 4,8/4,3 | 15,9/15,7| 2,8/2,4 | 25/20| P.8
78 | [Ni(BzBudtc)(Asls)] 991,12 | 5,7/5,9 | 29,2/29,1| 3,0/3,3 | 2,7/28| P.8

79 | [Ni(BzBudtc)(Sbk)]2CHCk | 1276,71| 4,4/4,6 | 24,4124 5] 2,7/2,7 | 23122| P.8

Tab. 40 Vysledky fyzikalre-chemického studia dithiokarbamatovych komplex s ligandy Ask a Sbk.

[%] A B [0 cm™] v(C=S) v(C=N) [°C] [°C] [C] [°C]
77 | [Ni(CEtdtc)(Asls),] tmaw hreda | 31 12,7 | 85,3 |15,6;19,4;25,1; 30,§935m |1520m | 65 | — | 246|190°
78 | [Ni(BzBudtc)(Asl3)] cerna 46 6,5° | 51,3 |17,0; 25,0; 30,8 992m (1522w | 70 | 110 238| 108¢
79| [Ni(BzBudtc)(Sbk)][2CHCE | ¢erna 45 | 12,1° | 58,0 |18,8;30,6 99% (1524 | 60 | 108|264 |136°

(A m&eno v nitromethant € = 110° mol/dn? nebo®c = 510* mol/dn?), B m&ieno v acetont? ¢ = 110° mol/dn?); ¢ m&teno v nujolu,

intenzita vibracew = slabam = stedni,s = silna; T, = patatek termického rozkladu,,E vrchol endoefektu, &= vrchol exoefektu;
T, = teplota tan{® latka taje za saimsného rozkladu).
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3.9  Studium katalytického vlivu nékolika preparovanych komplexi na oxidaci
grafitu

V disert@&ni praci jsme se takéémovali studiu katalytického vlivu &kolika
preparovanych kompléxna oxidaci grafitu. Je znamo, Ze oxidace a axidgyrolyza
uhlikatych latek (nap uhli) v gitomnosti anorganickych sléenin je pfimyslow casto
vyuZivany proces. Z tohotoidodu ma vyzkum vlivu katalyzatbrna oxidaci uhli velky
vyznam, nebt zakladem chemického zpracovani a energetickéhaitvyuhli je jeho
Uplnd nebo ¢ast&éna oxidace, ktera @ie probihat efektiv)i prave v pritomnosti
katalyzato# [139].

Na oxidaci koksu a jeho interakci se sleninami kowi je zaloZzena &sSi ¢ast
hutnického pimyslu. Pochopeni mechanismu této interakce meziikatlym
a anorganickym materidlem ma vyznam nejérviastni vyrol kowi, ale i i zpracovani
hutnickych odpafl Rovrez saze a jiné formy uhliku vznikajici pyrolyzou képych nebo
plynnych organickych sld@enin maji rozsahlé pmyslové pouziti. Jejich odolnostidi
oxidaci je obvykle jedna zjejich vyznamnych chaeaistik. Naopak Vv &kterych
piipadech jsou saze nezadoucim faktorem a je nyinB gdstragni (nag. pfi regeneraci
katalyzato#). Oxidace s pouzitim katalyzatoje z tohoto pohledu roz&hou metodou
[140].

Ukazalo se, Ze vybornym technickym a &mre idealnim uhlikatym materialem je
grafit, u kterého studium oxidace ¥ifpmnosti anorganickych latek poskytuje relativn
dolre reprodukovatelné vysledky éasto umo#uje ¢init zawry aplikovatelné i na jiné
uhlikaté materialy [141]. Studiem oxidace grafityiitomnosti dithiokarbamatovych
komplexi niklu jsme se zabyvali také na naSem pracovist,d8,142,143]. U vSech
sledovanych komplekbyly v této souvislosti prokazany katalytick&nky.

K experimenim byly pouzity grafit (0), aceton a vybrané komplex
[Ni(BzBudtc)] (2), [Nil(BzBudtc)(PPh)] (13), [Ni(BzBudtc)(PPk),JCIO, (23),
[Ni(BzBudtc)(PBu),]PFs (28). Vzorky pro termickou analyzu bylyipraveny smichanim
0,6 g grafitu (velikostastic< 0,1 mm, popek 0,2%, ztrata suSenim 0,2%) a 2 ch
acetonového roztoku komplexni skeminy (c = 2,510° mol/dnT) nebo vytvéenim
suspenze ze stejného mnozstvi grafitiseeho acetonu (0). Vzorky byly homogenizovany
michanim a suSeny dvactyii hodin na vzduchuiplaboratorni teplat

Z DTG kivek oxidace vzork vyplynulo, Ze pitomnost jiz velmi malého mnoZstvi
testovanych komplex pomerné vyrazré ovliviuje piibeh oxidace grafitu (Obr. 67,
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Tab. 41). Ve vSechifpadech bylo pozorovano snizeni teplotydiku oxidace o 50-70 °C,
které vSak nebylo doprovazeno &asnym sniZzenim teploty uk&mi reakce. Cely
oxidatni proces tedy viftomnosti komplex probihal v SirSim teplotnim intervalu
(pti konstantni rychlosti dlevu). Z tvati ziskanych DTG kvek a z uéenych kinetickych
parametit vyplynulo, Ze v pitomnosti testovanych kompléxprobihala oxidace grafitu
minimalné dvoustupiovym procesem. Prvni stup@robihal pi nizSi teploé nez oxidace
samotného grafitu, kdezto druhy stiapmdpovidal svou polohou na teplotni osélEné
praw jeho oxidaci. Kinetické parametry byly vyteny metodou fimé nelinearni regrese
[144]. Vypaitené hodnoty aktivanich energii ) a frekvernich faktofi (A) ukazaly,
Ze oba pozorované stupoxidace grafitu v itomnosti sledovanych kompléxiklu se
jednoznéné lisi svou kinetikou. Pro prvni stupdyly typické hodnoty aktiwani energie
pod 200 kJ/mol a frekveniho faktoruradows 1¢° s*. Tyto hodnoty se vyrazmodliSovaly
od hodnot ufenych pro oxidactistého grafitu. €m spiSe odpovidaly kinetické parametry
druhého oxidéniho stupg v pritomnosti komplek. Tyto zawry plati bez ohledu
na pouzity komplex a je tedy prajgbdobné, Ze vliv vSecttyi pouzitych slogenin lze
vyswtlit existenci spoléné katalyticky dinné latky, na kterou se komplexy gahivani
preménuji. Rozdily v @inku komplexa pak mohou byt danyiznou kinetikou rozkladu
piislusného komplexu a dznym “fyzikalnim” stavem vznikajici dinné latky.

V piitomnosti komplex bylo zjiS€no vyrazwjSi zvySeni readniho fadu vzhledem

k samotnému grafitu. To ime sw¥déit o vlivu komplexu na mechanismus probihajici

oxidace. S podobnymi vysledky jsme se také setkagtiiklad v publikaci [88].

i @
DTG
'wm)

600 700 800 900
teplota (°C)

Obr. 67 DTG krivky oxidace ¢istého grafitu (0) a jeho smisi s komplexem
[Ni(BzBudtc) (2), [Nil(BzBudtc)(PPh3)] (13), [Ni(BzBudtc)(PPhg),]CIO 4
(23) a [Ni(BzBudtc)(PBus),]PFs (28).
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Tab. 41 Charakteristické teploty a kinetické paranetry oxidace grafitu (0)
a jeho sisi s testovanymi komplexy.

Vzorek T[°C] Tm[°C] Krok n A[sY E [k mol™] w[%]

0 751-838] 803 0,9 | 1,4010% 254

2 703-841] 796 | 1,0 | 43610 171 25,84
Il 1,0 1,6310° 238 74,16

13 677-861] 819 | 0,9 | 22310° 166 38,44
Il 0,9 1,2410° 216 61,56

23 686-863] 822 | 1,5 | 6,00ac 198 60,85
I 0,6 3,3110° 219 39,15

28 684-849] 803 | 1,3 | 2,01¢° 180 55,39
I 1,0 1,6710" 262 44,61

T = teplotni interval oxidace, J = teplota maxima oxidacen = fad reakce,

A = frekvergni faktor,E = aktivani energiew = hmotnostni podil oxidovaného vzorku)
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4 Shrnuti

V disert&ni praci jsem se zafil na slo&eniny niklu s nesymetrickymi
dithiokarbamaty. Vzhledem k tomu, Ze se jednalcelnv rozsahlé téma, pokusil jsem se
v literarni ¢asti zpracovat ighled o dosud znamych st@mninach tohoto typu s ohledem
na reakce s vybranymi ligandy, kterym se bliZzawe experimentalnéast této prace.
V experimentalni ¢asti jsem studoval re&ki moznosti dvou dithiokarbamatovych
koordin&nich slogenin, jako byl bid{-cyklohexylN-ethyldithiokarbamato)nikelnaty
a bis(N-benzylN-butyldithiokarbamato)nikelnaty komplex, s ligandpsahujicimi siru,
arsen, antimon, dusik, pgpad jedenci vice donorovych atotnfosforu.

Koordinani sloweniny jsme charakterizovali préstnictvim standardnich metod
studia latek, jako byla elementarni analyza, volmitiee stanoveni niklu a halogéin
magnetochemické a vodivostnitani, UV-VIS, € a *P{*H}-NMR spektroskopie,
termicka analyza. U fit slowenin jsme vyeSili molekulovou strukturu pomoci
monokrystalové rentgenoveé strukturni analyzy a&kolika produkti termického rozkladu
studovanych komplex stanovili chemické sloZeni prasSkovou rentgenovainaktni
analyzou. U vybranych kompléxsme také studovali vliv jejichffiomnosti na oxidaci
grafitu.

I. Prvni skupinu izolovanych latek tkity zakladni nikelnaté dithiokarbamaty
o slozeni [Ni(CEtdtg] a [Ni(BzBudtc)], u kterych jsme se snazili cilenmenit
homogenni koordir@ni sféru niklu za jiné ligandy a tin¥ipravovat komplexy tzného
sloZzeni a vlastnosti. Oba komplexy jsme ziskalkee@&thanolického roztoku sirouhliku
s pislusnym sekundarnim aminem a vodnym roztokem NoEO v molarnim poréru
2:2:1[P.9].

Il. Druhou pa@etngjSi skupinu tvaily dithiokarbamatové komplexy s fosfanovymi
ligandy. Nejprve jsme se¢movali reakcim s monodentatnimi RRgandy (PPh PBuw),
jejichz  vysledkem byly slateniny obecného sloZeni  [NiX{Rdtc)(PR3)]

a [Ni(R;R-dtc)(PR3)2]Y (R1 = cyklohexyl, benzyl; R= ethyl, butyl; X = Cl|, Br, I', NCS;

Y = CIO4, BPhy, PR). Z vysledki fyzikalné-chemického studia vyplynulo, Ze se jedna
o jednojaderné planarni komplexy, ve kterych jetrédmi atom v oxidénim stavu Il

s chromoforem NigPX, resp. NigP, [P.1, P.5, P.7, P.9]. NaSdepstavy o strukiie
potvrdila monokrystalova rentgenova strukturni gmalkomplex [NiCl(BzBudtc)(PPh)],
[Ni(CEtdtc)(PBuw)2]BPh, a [Ni(BzBudtc)(PPk),]PFs-0,5CHOH.
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Reakcemi zékladnich nikelnatych dithiokarbaimat [Ni(CEtdtc)]
[Ni(BzBudtc),] s bidentatnimi P,P-ligandy (Dppe, Dppb, Dpph, Dpjme obdrzeli
diamagnetické slaieniny s dvojim usp@danim koordingni sféry. V prvnim fipad to
byly jednojaderné komplexy obecného vzorce [NKRItc)(P,P)]Y (Y = Bf, CIO,, NCS),
ve kterych ma vazba aniontu JYiontovy charakter a ve druhén¥ipad to byly
dvojjaderné komplexy obecného sloZzeni[MP,P)(RR.dtc)X,] (X = CI', Br, I', NCS),
kde je anion (X ptfimo koordinovan na atom niklu [P.2]. U st@min obou strukturnich
typt lze tak usuzovat nétvercové uspiadani chromofdr NiS;P, resp. NiSPX. Bohuzel
se nam nepodio pripravit od rekteré z¥chto latek vhodny monokrystal a tak
jednoznéné potvrdit prostorové uspadani donorovych ataimv koording&ni sfée
centrélniho atomu niklu. NaSéequistava o stereochemii latek vzesla z vydlerékladni
fyz-chem. charakteristiky a také ze znalosti molekich struktur, zcela analogickych
slowenin s jinym typem dithiokarbamatového ligandudsitanych na naSem pracovisti
[94,126].

Jako velmi zajimavé se ukazaly reakce s tridemtatrfosfanovymi ligandy
(Triphosl, Triphosll). Reakcemi, které probihaly ehdy i desitky hodin, se poiila
ziskat diamagnetické nikelnaté komplexy o slozéh{GEtdtc)(P,P,P)]Y (Y = C| CIO,,
BPh,, PFK). Stereochemie éthto latek byla utrena pedevSim na zaklgd
magnetochemickych, vodivostnich a spektralnieiemi, kterd nam dovolilafpdpokladat
pentakoordinovany atom niklu s chromoforem NS Proto se mizeme domnivat, Ze se
P,P,P-ligand vaze vSemi fosforovymi atomy na cémitr@om niklu, picemz koordinani
¢islo pet dophuje grislusny dithiokarbamatovy ligand [P.3,P.4].

[ll. RovnéZ jsme se &novali studiu nikelnatych dithiokarbamatovych sienin
s tetradentatnim dusikatym ligandem Cyclamem. #odae izolovat paramagnetické
komplexy [Ni(RR:dtc)(Cyclam)] a [Ni(RRzdtc)(Cyclam)]Y (Y = CIQ, BPh, PR,

u kterych magnetochemické&ieni prokazalo existenci dvou neparovych elekiraspolu
se spektradlnimi metodami navrhlo oktaedrické wsgéni koordinéni sféry niklu
(chromofor NiSNy).

IV. V dalSi fazi giprav dithiokarbamatovych kompléjsme se zaxfili na reakce
[NICI(R1R2dtc)(PPR)] s aromatickymi monothioly (benzenthiol, 4-metbhghzenthiol,
2-naftalenthiol) v progedi chloroformu za #tomnosti triethylaminu. Izolovali jsme
diamagnetické slaieniny o slozeni [N|{-SR')(RiR:dtc)],, které se chovaly v acetonovém

roztoku jako komplexni neelektrolyty. eme se proto domnivat, Ze jsme preparovali
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dvojjaderné sloteniny, ve kterych se monothiol koordinujgep atom siry na oba atomy
niklu jako mistkujici ligand [P.6].

V. Porekud netradini koordin&ni ¢islo pit a Sest se nam také paitta prokazat
u nikelnatych komplek s dithiokarbamaty, v jejichz koorditrai sfée se vyskytuje Asl
nebo Shi Tyto latky, u kterych fedpokladame sloZzeni odpovidajici vZorc
[Ni(CEtdtc)h(Asls),] resp. [Ni(BzBudtcy(MlIs)] (M = As, Sb), byly pipraveny reakcemi
vychoziho nikelnatého dithokarbamatuissjusnym jodidem [P.8]. Vysledky fyz.-chem.
studia izolovanych slaenin byly v dobré shads vysledky studia identickych latek
se symetrickymi dithiokarbamaty, které se piddaziskat v krystalické poda@ba vyreSit
jejich  molekulovou strukturu pomoci monokrystalow@ntgenostrukturni analyzy
[107,131].

V ramci vyzkumu reatnich moznosti nesymetrickych dithiokarbamaterému se
vénuje tato disertani prace, jsme fipravili sedmdesat osm v liter& nepopsanych
koordin&nich slodenin, z nichz valnou &Sinu jsme jiz odpublikovali v chemickych
periodikach (viz. Kap. 8). Potllo se gipravit komplexy majici atom niklu v oxidaim
stavu Il v izném koordin&nim cisle (4, 5, 6) s rozmanitym sloZzenim koordimasféry
(chromofory NiQ, NiS;PX, NiSP,, NiS;P;, NiSAs, NiS;Sb, NiSAs,, NiS;N4). Bohuzel
se nepoddo u vybranych latek od vSech strukturnich ttypypéstovat monokrystal
vhodny pro monokrystalovou rentgenovou strukturnalyzu, na zaklad které by se
poddilo jednozn&n¢ potvrdit naSe experimentalni vysledky. U vybrankomplexi byly
rovreéZz us@sSné zkoumany katalytické dinky na oxidaci grafitu. Oxidace nastala
v prfitomnosti naSich latekiiplizné o 50-70 °C #éve, nez v pipac oxidacecistého grafitu
[P.9]. Ukazalo se, ze wipomnosti testovanych kompléxprobihala oxidace grafitu
dvoustumovym procesem. Prvni stupeprobihal pi nizSi teplo¥ neZz oxidacegisteho
grafitu, kdezto druhy stupieodpovidal pra¥ jeho oxidaci. Nejvice grafitu se oxidovalo

v pribéhu druhého stugins vysSSimi hodnotantt a A.
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6 Seznam symbai a zkratek

A .... frekvegni faktor

AAdtc’ .... nesymetricky dithiokarbamatovy derivat amipsddiny

4-aap .... 2,3-dimethyl-1-fenyl-3-pyrazolin-5-on-4-yl

Abu .... 1-karboxypropyl

Ace .... acetyl

Aet .... 2-aminoethyl

AIDS ... z angl. Acquired Immune Deficiency Synden(Syndrom ziskaného selhani
imunity)

Ala .... 1-karboxyethyl

Aly .... allyl

'Am ... isoamyl

PAnis .... p-methoxyfenyl

"Aph .... m-hydroxyfenyl

Apr .... 3-aminopropyl

Asp .... 1,2-dikarboxyethyl

Bpy .... 2,2"-bipyridin

Bu .... butyl

'Bu ... isobutyl

*Bu .... sekundarni butyl

'Bu .... terciarni butyl

Bz .... benzyl
Bzy .... benzoyl
C .... cyklohexyl

Caly .... chlorallyl

cca .... piblizne

Cph .... p-chlorfenyl

Cyclam .... 1,4,8,11-tetraazacyklotetradekan
CT .... charge-transfer

¢. ....Cislo

Dyyp. ... hustota (vypetena)

(d) .... dublet
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Detp .... diethylthiofosforyl

Diars ....o-fenylen-bis(dimethylarsan)
Dmae .... 2-(N,N-dimethyl)aminoethyl
Dmap .... 3-(N,N-dimethyl)aminopropyl
Dmg .... dimethylglyoxim

Dphk .... N,N-difenylkarbamoyl

Dppb .... 1,4-bis(difenylfosfan)butan
Dppe .... 1,2-bis(difenylfosfan)ethan
Dppf .... 1,1-bis(difenylfosfan)ferrocen
Dpph .... 1,6-bis(difenylfosfan)hexan
DTA .... diferertni termicka analyza
dtc .... dithiokarbamat

DTG ..... derivéni termogravimetrie

E .... aktiv@&ni energie

E" .... elektrofil

Ea .... 2-hydroxyethyl

EAS .... elektronové absami spektrum
E. .... vrchol endoefektu

En .... 1,2-ethylendiamin

Et .... ethyl

Eka .... ethoxykarbonyl

Ex .... vrchol exoefektu

fin. .... finalni

Glu .... 1,3-dikarboxypropyl

Gly .... karboxymethyl

He .... hexyl

'He .... isohexyl

Hfi .... 2-hydroxy-2-fenyl-isopropyl
HIV .... z angl. Human Immunodeficiency Virus (wrlidské imunitni nedostateosti)
Hmidtc .... hexamethylenimindithiokarbamato ligand
IF .... impaktni faktotasopisu (2009)
IC .... infratervené spektrum

Plph ... p-jodfenyl

Kap. .... kapitola
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kol. .... kolektiv

Leu .... 1-karboxyisopentyl

'Leu .... 1-karboxy-2-methylbutyl

Lit. .... literatura

m .... stedni (intenzita vibrace)

M .... centraIni atom

AM .... hmotnostni Ubytek (prakt./teoret.)
Mae .... 2-(N-methyl)aminoethyl

max. .... maximum

Me .... methyl

min. .... minimum

Mkac .... 1-(methoxykarbonyl)cyklohexyl
Morphdtc .... morfolindithiokarbamato ligand
"Mph .... m-methylfenyl

°Mph .... o-methylfenyl

PMph .... p-methylfenyl

PMephs .... p-methylfenylsulfonyl

Meth .... 3-(methylthio)-1-karboxypropyl
M, .... relativni molekulova hmotnost

n ....rfad reakce

n- 77.... intraligandovy fechod v rdmci dithiokarbamatové skupiny
°Nf .... a-naftyl

PNf ... B-naftyl

NMR .... nuklearni magnetick& resonance
Norleu .... 1-karboxypentyl

Norval .... 1-karboxybutyl

Obr. .... obrazek

P. .... piloha

p. ....Cista latka

P,P .... bidentatni fosfanovy ligand
P,P,P .... tridentétni fosfanovy ligand
p.a. .... pro analyzu

Pa .... palmityl

141



Pe .... pentyl

Ph .... fenyl

Phala .... karboxy-benzylmethyl
Phen .... 1,10-fenanthrolin

Phet .... 2-fenylethyl

Phgly .... karboxy-fenylmethyl

Phk .... N-fenylkarbamoyl

Pho .... 5-fenyl-1,3,4-oxadiazol-2-yl
Phs .... fenylsulfonyl

y-pic .... 4-methylpyridin

Pipdtc .... piperidindithiokarbamato ligand
Pm .... 2-pyrrolylmethyl

Pr .... propyl
'Pr ... isopropyl
R.... R-faktor

RTG .... rentgenovo #éni

R12.... uhlovodikovy zbytek

R’ .... alkyl, aryl
S. .... Strana
(S).... singlet

S.... silna (intenzita vibrace)

(sept.) .... septet

(t) .... triplet

Ta.... p&atek termického rozkladu

Tab. .... tabulka

THF .... tetrahydrofuran

TG .... termogravimetrie

Tm .... teplota maxima oxidace

Triphosl .... bis(2-difenylfosfanoethyl)fenylfosfan
Triphosilli .... 1,1,1-tris(difenylfosfanomethyl)etha
Try .... 2-(2-indolyl)-1-karboxyethyl

T; .... teplota tani

UV .... ultrafialova spektra

Val .... 1-karboxyisobutyl
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VIS .... viditelné spektrum

vs.... velmi silna (intenzita vibrace)

vw .... velmi slaba (intenzita vibrace)

W .... slaba (intenzita vibrace)

Z .... pa@et vzorcovych jednotekiftomnych v jednotkové hice

€ .... molarni absotmi koeficient

o ... efektivni magneticky moment s korekci na dianedigmus

Heff
Us .... Bohifiv magneton
Am .... molarni vodivost
Xwm -... molarni magnetick& susceptibilita

77— 77 ... intraligandovy fechod v ramci dithiokarbaméatové skupiny
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9 Udaje o disertani praci

Piijmeni a jméno autora: RNDr. Josef Husarek

Instituce: Katedra anorganické chemi#gHUP v Olomouci
Nazev prace: Nesymetrické dithiokarbamaty niklu

Skolitel: prof. RNDr. Richard Pastorek, CSc.

Anotace:

Cilem disertani prace byla fiprava a fyzikals-chemické studium novychN¢cyklohexyl-
-N-ethyldithiokarbamato)nikelnatych  a N-{penzylN-butyldithiokarbamato)nikelnatych
komplexi. U tchto koordingnich slodenin, které pdt do skupiny nesymetrickych
dithiokarbamat, jsme se snazili cilénmenit koordina&ni sféru niklu a tim fpravovat
komplexy fiznych vlastnosti. ipravili jsme celkem sedmdeséat osm novych koordhieh
slowenin majici atom niklu v oxidgaim stavu Il a vitzzném koordinénim cisle (4, 5, 6).
Skupinu nikelnatych kompléx s koordingnim ¢islem ¢tyii tvorily zakladni nikelnaté
dithiokarbamaty [Ni(RR.dtc)], komplexy s fosfanovymi ligandy [NiX(FR.dtc)(PRs)],
[Ni(R1R2dtc)(PR3)2]Y, [Ni(R1Rdtc)(P,P)]Y, [Nb(u-P,P)(RRdtchX,] a komplexy
s S-ligandy [Ni1-SR")(RR-dtc)> (R1 = cyklohexyl, benzyl; R= ethyl, butyl, R' = fenyl,
butyl; HSR' = benzenthiol, 4-methylbenzenthiol, &talenthiol; P,P = Dppe, Dppb, Dpph,
Dppf; X = CI, Br, I, NCS; Y = CIO,, BPhy, PR, Br, NCS). Koordinani ¢islo gt bylo
prokazano u nikelnatych kompi@x slozeni [Ni(CEtdtc)(P,P,P)]Y a [Ni(BzBudit)l 3)]
(P,P,P = Triphosl, Triphosll; M = As, Sb). Ra¥nbyly izolovany nikelnaté oktaedrické
komplexy [Ni(RR:dtc)(Cyclam)], [Ni(RiR.dtc)(Cyclam)]Y (Y = CIQ, BPh/, PK)

a [Ni(CEtdtcy(Asl3),]. V neposledniad jsme se také zaifili na studium katalytického
vlivu nekolika preparovanych kompléx na oxidaci grafitu. Oxidace probihala
dvoustugovym procesem a nastala kitpmnosti naSich latekiiplizn¢ o 50-70 °C #éve
nez v gipad oxidacecistého grafitu.
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Author: RNDr. Josef Huséarek
Institute: Department of Inorganic Chemistry, Faculty of &ce

Palacky University

Theme: Non-Symmetrical Nickel Dithiocarbamates
Supervisor: prof. RNDr. Richard Pastorek, CSc.
Annotation:

The thesis reports on the synthesis and physicovciaé study of new Ni(ll)
N-cyclohexylN-ethyldithiocarbamate and  Ni(ll) N-benzylN-butyldithiocarbamate
complexes. All isolated coordination compounds begt to the group
of non-symmetrical dithiocarbamates, in which wedemionally tried to alter the
coordination sphere of central nickel atom and tlpuspare complexes of various
properties. It was prepared a total of new severdt coordination compounds with atom
of nickel in the oxidation state Il and in the difént coordination number
(i.,e. 4, 5, 6). The nickel(ll) complexes with cowration number four formed basic
nickel(ll) dithiocarbamates of composition [NifRdtc)], complexes with phosphine
ligands [NiX(RRdtc)(PR3)], [Ni(R1R.dtc)(PR3),]Y, [Ni(R 1Rdtc)(P,P)]Y,
[Niy(p-P,P)(RRdtckX;] and coordination compounds with aromatic mondghio
[Ni(u-SR)(RR2dtc)l, (Ry = cyclohexyl, benzyl; R= ethyl, butyl, R' = phenyl, butyl;
HSR' = benzenethiol, 4-methylbenzenethiol, 2-nagletrethiol; P,P = Dppe, Dppb, Dpph,
Dppf; X = CI, Br, I', NCS; Y = CIO,, BPhy, PR, Br, NCS). The coordination number
five was demonstrated in the nickel complexes aihpasition [Ni(CEtdtc)(P,P,P)]Y
and [Ni(BzBudtc)(Ml3)] (P,P,P = Triphosl, Triphosll; M = As, Sb). Nidké) octahedral
complexes [Ni(RRxdtck(Cyclam)], [Ni(RiR-dtc)(Cyclam)]Y (Y = CIQ, BPh, PR)
and [Ni(CEtdtc)(Asl3),] were also isolated. Furthermore, the catalytidluence
of selected complexes on graphite oxidation wasdiatll The results of this study has
shown that presence of small amount of nickel(ithidcarbamate evidently affects the
course of graphite oxidation. The graphite oxidagpwoceeded in two steps and occurred
in a presence of our compounds approximately 50 @arlier than in the case of pure

graphite oxidation.
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Non-Symmetrical Nickel(IT)dithiocarbamates
with NiS,P,-Chromophore

by R. Pastorek’, J. Kamenitek'", J. Husdrek', M. Pavlidek’,
Z. Sindelif and Z. Z5Kk*

'Department of Inorganic and Physical Chemistry, Palacky University, 771 47 Olomoue, Czech Republic
Department of Inorganic Chemistry, Masaryk University, Kotlérskd 2, 611 37 Brno, Czech Republic
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Non-symmetrically substituted Ni(Il)dithiocarbamate complexes with NiS,P; chromo-
phore of composition [Ni(bz'prdtc)(PPhs),]X, [Ni(bz'prdtc}(PPhs),]BPhy-3H,0
(bz'prdtc™ = benzylisopropyldithiocarbamate, PPh, = triphenylphosphine, BPh; = tetra-
phenylborate, X = CIO;, PF;), [Ni(cetdtc}{PPh;),]X, [Ni{cetdtc)(PPh;),]PF,,
[Ni(cetdtc)(PBut;)2]1X (cetdtc™ = cyclohexylethyldithiocarbamate, PBut; =
tributylphosphine, X = ClO;, BPh;) have been isolated. These complexes have been
characterized by elemental analysis, IR and UV-VIS spectroscopy, thermal analysis, ma-
gnetochemical and conductivity measurements. X-ray structural analysis of
[Ni(bz'prdte)(PPhy),]ClO,-0.5H,0 confirms the NiS,P; chromophore with a slightly dis-
torted square arrangement around the central atom.

Key words: non-symmetrical dithiocarbamate nickel(I1) complexes, synthesis, physico-
chemical study, X-ray structural analysis

There is only little information about non-symmetrically substituted Ni(II)
dithiocarbamates with NiS,P, chromophore available. For instance, complexes with
a bidentate P-ligand 1,2-bis(diphenylphosphine)ethane (dppe) of the type
[Ni(R(RsNadtc)(dppe)]C1O, [1] have been described. Dithiocarbamates were de-
rived from glycine (R, = H, R, = C;H;03), methionine (R, = H, R; = CsH0,8"),
tryptophan (R, = H, R; = C|HgNO;) and sarcosine (R, = CHs, R, = C;H,03); dte™ =
8,CN". By X-ray structural analysis of [Ni{MeEadtc)(dppe)|BPhy-CH,Cl, [2] (Me =
methyl, Ea = 2-hydroxyethyl) it was confirmed a distorted square arrangement of
NiS,P, chromophore. As for monodentate ligands, only PPh; was used and com-
p]exes of the [Nl(RledtC)(PPhg)z]C]O4 type (Rl T H, CH], R.z = C2H302, C5HQOZS,
Cy11H | oNO;) [1] have been isolated and X-ray structural analysis of
[Ni(MeEadtc)(PPh;);]C10; [2] confirmed a distorted square coordination sphere as
well.

We focused on nickel(IT) benzylisopropyl- and cyclohexylethyldithiocarbamates
and their reaction with monodentate P-ligands with the aim to study the influence of
the dithiocarbamate, type of P-ligand and anion X on the structure and properties of
newly synthesized complexes.

* Author for correspondence.
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EXPERIMENTAL

Materials and methods: Triphenylphosphine (99%) and LiCl04-3H,O were from Aldrich Co.,
tributylphosphine (85%), NaClO,-H,0 and K[PF,] were from Fluka Co., the others from Lachema Co
(p.a. purity). The content of nickel was determined by chelatometric titration using murexide as an indica-
tor [3]; chlorine was determined by Schéniger method [4]. The elemental analyses (C, H, N, S} were per-
formed on an EA 1108 instrument (Fisons). The room temperature magnetic susceptibilities of all
compounds were measured using Faraday method with Co[Hg(NCS),] as a calibrant. Conductivities
were measured using a Conductivity Hand-Held Meter LF330 (WTW (GmbH) at 25°C. Diffuse-re-
flectance electronic absorption spectra (45000-11000 cm™') were carried out on a Specord M40 (Carl
Zeiss, Jena), IR spectra (4000-300 cm™*) were recorded on a Specord M&0 (Carl Zeiss, Jena) using nujol
technique. The thermal analysis was performed on a Exstar 6000, TG/DTA 6200 (Seiko, Japan; sample
weight 9.5-10.3 mg, temperature range 20-1150°C, gradient 2.5°C/min). Melting points were deter-
mined by Boétius Rapido melting point apparatus (Wigetechnik PHMK 79/2106).

Syntheses: [Ni(bz'prdtc)(PPh;).]X, (X =CIOj, BPh}, PE;): In the case of CIO; salt the suspensicn
of fine powdered initial complex [NiCl{bz'prdtc)(PPh;)] [5] (1 mmotf}), PPh; (2 mmot) and LiCl0,-3H,0
{2 mmol) in 25 cm® methanol was stirred under reflux for 3 h. The resulting orange-colored crystalline
substance was filtered, washed with n-hexane and dried at 40°C under an infra-tamp; yield 29%. In the
case of BPh; salt: [NiCl(bz'prdic)(PPhs)] (1 mmol), PPhs (2 mmol) in § cm® CHCl; and Na[BPhy] (1
mmol) in 5 cm® methanol were used; in the case of PF; salt— as above, but instead Na[BPh,] - K[PF,] (1
mmol) and PPh; in 5 cm’ acetone was used. After mixing appropriate solutions a slight dimness was ob-
served that disappeared by adding CHCl;. After reflux (4 h) red solutions were filtered and orange-brown
(X=BPh}), resp. red-violet (X =PF; } substances were obtained by free crystallization over two days. The
resulting compounds were washed with n-hexane and dried at 40°C, Yield: 28% and 26%, respectively.

[Ni(cetdtc)}(PPhy);])X, (X = CIO;, BPh;, PF; ): The complexes were synthesized by the reaction of a
suspension of fine powdered Na(cetdtc)-2H,O [6] (1 mmol), PPh, (2 mmot), NiCl,-6H,0 (I mmol) in 30
om’ methanol. The mixture was stirred under reflux for 1.5 h and NaClQ4-H,O, resp. Na[BPh,] or K{PF,]
(1 mmol) was added. After of 1 hreflux, red solutions (X = CIO7, PFy ) were filtered and crystals were ob-
tained by evaporation of solvent and decantation with n-hexane, filtration and washing with water and (af-
ter drying by air) with ether. In the case of X = BPh; an orange substance appeared during stirring under
reflux; it was filtered, washed with n-hexane, toluene and ether. All samples were dried at 40°C. Yield:
58%, 56% and 57%, respectively.

[Ni(cetdtc)(PBut;},]1X, (X = ClO;, BPh; ): The molar ratio of components is the same as above (PBut,
instead of PPh; was used). Dark-red solutions wete filtered; in the case X = CIO; an oily product was
formed and an addition of petroleum ether was necessary to obtain an orange powder. The final product
was obtained by re-crystallization from methanol. For X = BPh; orange colored crystals precipitated.
Both products were washed with methanol and dried at 40°C. Yield: 33% and 39%, respectively.

X-ray crystallography: X-ray measurements were performed on a KUMA KM-4 diffractometer
with graphite monochromated MoK, radiation (A = 0.71073 A) using an area sensitive detector. The
structures were solved by direct methods using the SHELXS-97 program [7]. The structures were refined
anisotropically by the full-matrix least-square procedure on 2 using a SHELXL-97 program [8]. Most
H-atoms were found from difference Fourier maps and they were refined isotropically. Additional calcu-
lations were made using PARST 95 program [9]. Important crystallographic parameters are summarized
in Table 2.

RESULTS AND DISCUSSION

Important results from physico-chemical measurements are given in Table 1. All
compounds are diamagnetic and electrolytes 1:1 in acetone [10], which is in line with
the assumption of the square coordination of NiS,P,. The complexes (1), (4) and (7)
exhibit non-split maxima due to icnic character of ClO; group: v; (in interval
10761090 cm™) and v, (620-622 cm™) [11]. The assumption of square polyhedron
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Figure 1. Thermal analysis of [Ni(cetdtc)(PBut;),]BPh.

is supported also by electronic spectra in nujol — all compounds exhibit d-d absorp-
tions (15400-23900 cm™) characteristic for lA,g—>1A2g transitions of low-spin
square Ni(Il) complexes [12]. The maxima over 30000 cm' can be assigned to
intra-ligand transitions in the §,CN™ group [13]. IR-vibrations v(C=N) (1508-1525
em™) and v(C=8) (970-1005 cm™") typical of dithiocarbamates [13] were also ob-
served in all complexes. Samples (3) and (6) exhibit very strong PF; vibrations near
832 ecm™ and 830 cm™, respectively [14].

Thermal analysis was studied only for (2), (3), (5), (6) and (8); complexes with
Cl0O; were not examined for safety reasons. [Ni(cetdtc)(PBut;);]BPhy (Fig. 1) exhibits
a small sharp endo-effect at 116°C (melting point is 117°C). TG-curve recorded a
slight mass increasing connected with a large exo-effect on DTA-curve (top at
123°C). This phenomenon was described for complexes containing Ni—P bonds [15]
and can be explained by incorporation of oxygen into these bonds. Mass increasing is
overlapped with decomposition of the organic part of the compound (exo-effect at
148°C). Complex [Ni(cetdtc)(PPhs;),]BPh, exhibits a sharp exo-effect at 115°C (in-
sertion of oxygen), followed by a melting point (endo-effect at 119°C; apparatus:
121°C). Decomposition of the organic part is connected with a mass decreasing and
two exo-effects (131°C and 167°C). Thermal behavior of [Ni(cetdtc)(PPhs),]PFs
complex is similar. Dehydration of [Ni(bz'prdic)(PPh;);|BPh,-3H,0 starts at 58°C
and is connected with two endo-effects (the smaller at 66°; the bigger at 79°); the
endo-effect at 109°C is due to the melting. A water-free complex is on TG-curve char-
acterized by a plateau in interval 96-111°C (AMiuarearca = 4.1/4.5%). A sharp
exo-effect (insertion of oxygen) at 133° was also recorded, but no mass increasing
appeared due to the fast thermal decomposition of the compound (exo-effects at
159°C and 254°C). [Ni(bz'prdtc)(PPh;);]PF¢ decomposes differently — neither
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exo-effect (incorporation of oxygen) nor endo-effect (melting of sample) were de-
tected, only exo-effects (241°C and 294°C, decomposition of organic part) were
found.

X-ray structural analysis of the {Ni(bziprdtc)(PPhg)Z]C104-0.5H20 (Fig. 2) con-
firms the above conelusions (basic crystallographic data are collected in Table 2). The
obtained results show that central atom of nickel possesses a distorted square coordi-
nation with nonequal Ni-S and Ni-P bond lengths and belonging angles. The devia-
tions of ideal NiS,P; plane (in A) are calculated [9] for Ni: 0.007, $1: 0.137, S2:
~0.139, P1: ~0.124, P2: 0.107. Existence of n-bonds system in dithiocarbamate is il-
lustrated by smaller bond distances of C1-N1 (1.304 A), C1-81(1.720 A) and C1-S2
(1.719 A) as compared to the literature values [16] for simple 6-bonds (C-N: 1.47 A
and C-S: 1.81 A) (Table 3). The distance between chlorine and nickel (10.51 A)
shows that CIO; is out of the nickel coordination sphere, which is in good agreement
with physice-chemical measurements. No significant possible hydrogen bonds [9]
were confirmed; one molecule of water has been found in the elemental cell.

Figure 2. Molecule of [Ni(bz'prdtc)(PPhs);]C104-0.5H,0 (solvent and H-atoms are omitted).

Thus, we can conclude that the type of dithiocarbamate, PR; and anion X~ exhibit
asignificant influence on the thermal behavior of complexes, but practically no influ-
ence on the shape of the coordination polyhedron.

Supplementary data: Material involving structure data has been deposited in the Cambridge Crys-
tallographic Data Centre, Registry No. CCDC 186674. These data can be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12,
Union Read, Cambridge CB2 1EZ, UK; fax: +44 1223 336033 or deposit@eccde.cam.ac.uk).
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Table 2. Basic crystallographic data for [Ni(bziprdtc)(PPhg)z]C104-O.SHZO.

Molecular formula
Formula weight
Temperature
Wavelength

Space group

Unit cell dimensions

Volume; Z; density
Absorption coefficient
F{000)

Crystal size

6 range for data collection
Index ranges

Reflections collected/unique
Completeness to 20 = 28.46°
Refinement method
Data/restraints/parameters
Goodness-of-fit on

Final R indices [/ > 2o(I)]

R indices (all data)

Largest diff. peak and hole

CarHysCINNiIOy sP1S,

916.06

1202) K

0.71073 A

PT

a=12.655(3) A a=92.80(3)°
5=12884(3) A B =107.01(3)
c=13.924(3) A y=94.6003)
2157.709) A%; 2; 1.410 Mg/m®
0.729 mm™*

954

0.35 % 0.25 x 0.05 mm
3.35t028.46°
-16<h<10,-165k=16,-17<1<18
16390 / 9399 [R{int) = 0.0413]
86.2%

Full-matrix least-squares on 7°
9399/0/576

0.967

R1=0.0387, wR2 = 0.0868
R1=0.0605, wR2 =0.0944
0.611 and 0.444 e A”°

Table 3. Important bond distances (A) and angles (°) for [Ni(bz'prdic)(PPh)]C10,-0.5H,0.

Bond distances
Ni(1)-S(2)
Ni{1)-P(2)
Ni(1)P(1)
Ni(1)}-8(1)
PIRCG3D
P(1)-C(21}
P(1}-C(41)
P(2}»-C(51)
P(2)-C(61)
P(2}-C(71)
S(1-C(1)
S@-C(1)
C(1)}-N(1)

2.1823(9)
2.1892(8)
2.2070(%)
2.2182(8)
1.813(2)
1.814(2)
1.818(2)
1.803(2)
1.812(2)
1.813(2)
1.720(2)
1.7192)
1.304(3)

Bond angles
S(2}-Ni(1}-P(2) 93.35(4)
S(2FNi(1)-P(1) 164.92(2)
P(2)-Ni(1)-P(1) 100.20(4)
S(2)-Ni(1}-S(1) 78.50(4)
P(2)}-Ni(1)-S(1) 169.53(3)
P(1)}-Ni(1)-S(1} 88.73(4)
C(1)-S(1-Ni(1) 85.75(8)
C{1}-8(2)-Ni(1) 86.93(8)
N(1)-C{1)-S(2) 124.97(18)
N{I)}-C(1)-5(1) 126.87(18)
S(2-C(1)-8(1) 108.13(12)

160



Non-symmetrical nickel(Il)dithiocarbamates... 1551

Acknowledgment

This work was supported by the grant project No. 203/02/0436 from the Grant Agency of the Czech
Republic.

REFERENCES

1. Thirumaran 8. and Ramalingam K., Trans. Met. Chem., 25, 60 (2000),
2.Manohar A., Venkatachalam V., Ramalingam K., Casellato U. and Graziani R., Polyhedron, 16, 1971
(1997).
3. Ptibil R., Komplexometrické titrace, SNTL Praha 1955, p. 22.
4. Juretek M., Organickd analyza I, CSAV Praha 1957, p. 140,
S. Pastorek R., Kameni&ek J., Travni¢ek Z., Husdrek J. and Duffy N., Polyhedron, 18, 2879 (1999).
6. Coucouvanis D., Progr Inorg. Chem., 11, 240 (1970).
7. Sheldrick G.M., SHELXS-97; enhanced vetsion of SHELX-S. Acta Crysi., Ad6, 467 (1990).
8, Sheldrick G.M., SHELXL-97; Program for crystal structure refinement. University of Gdttingen, 1997.
9. Nardelli M., PARST 95, J. Appl. Cryst., 28, 659 (1995).
10. Geary W.),, Coord. Chem. Rev, T, 81 (1971).
11. Scholer R.P. and Merbach A.E., Inorg. Chim. Acta, 15, 15 (1975).
12.Lever A.B.P., Inorganic Electronic Spectroscopy, Amsterdam, Elsevier 1984, p. 535,
13. Tsipis C.A., Kessissoglou D.P. and Katsoulos G.A., Chim. Chron., New Ser., 14, 195 (1985).
14. Ballester L., Gutierrez A., Perpinan M.F. and Ruiz-Valero C., Polyhedron, 15, 1103 (1996).
15. Bfezina F. and Benétskd E., J. Thermal Anal,, 22, 75 (1981).
16.Lide D.R., in: D.R. Lide (Ed.), Handbook of Chemistry and Physics, 73" ed., CRC Press, Boca Raton,
FL, 1992.

161



P.2
Pastorek R., Kametgk J., Husarek J., Pasék M., Sindela Z., Zak Z.:

Cyclohexylethyl-  and Hexamethyleneimine Nickel(lthibcarbamates  with
1,6-Bis(diphenylphosphino)hexariéolish J. Chem77, 805 (2003).

162



Polish J. Chem., 77, 805-812 (2003)
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Nickel(II)dithiocarbamates with
1,6-Bis(diphenylphosphino)hexane
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Z. SindelaF' and Z. Zak*
'Department of Inorganic and Physical Chemistry, Palacky University,
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A binuclear diamagnetic Ni(IT) dithiocarbamates with 1,6-bis(diphenylphosphino)hex-
ane (dpph) as a bidentate bridging P,P-ligand of composition [Niy(u-dpph)(hmidtc),X,]
(hmidtc = hexamethyleneiminedithiocarbamate, dtc = §,CN", X=C], Br, I, C10,, NCS);
[Niz(ze-dpph)(cetdtc), X5 ] (cetdte = cyclohexylethyldithiocarbamate, X = CI, Br, I, NCS)
and also the mononuclear diamagnetic complex [Ni(cetdtc)}{dpph)]Ci04-2H,0 have
been synthesized. The complexes have been studied by elemental analysis, IR and
UV-VIS spectroscopy, thermal analysis, magnetochemical and conductivity measure-
ments. X-ray structural analysis was solved for the [Niy(¢-dpph)(hmidtc),Br,]* 2CHCl;
and confirmed the presence of two NiS,PBr chromophores bonded by the P-doror atoms
of 1,6-bis{diphenylphesphine)hexane.

Key words: Ni(Il)dithiocarbamate, synthesis, X-ray structure, physico-chemical study,
X-ray structural analysis

Ni(II)-dithiocarbamates with 1,6-bis(diphenylphosphino}hexane as a bidentate
P,P-ligand were recently studied only in our department. The diamagnetic square
complexes with NiS,P, chromophore of the composition [Ni(Ldte)(dpph)]C104[1,2]
(Ldtc = thiazolidine- or piperidinedithiocarbamate) were prepared. In most cases,
dpph acts as a bidentate bridging P,P-ligand and the binuclear diamagnetic complexes
[Niz(e-dpph}Ldtc},X,] (Ldte = piperidine-, morpholine-, benzylisopropyl-, 4-ami-
noantipyrine- or pyrrolidinedithiocarbamate, X = Cl, Br, 1, C10,, NCS) [2-4] are formed.
We suppose, 1,6-bis(diphenylphosphino)hexane in these compounds is coordinated to
the nickel atoms by the P-donor atoms and the dpph puts two square NiS,PX chro-
mophore into one diamagnetic species together. Conclusions above are proposed on
the basis of the physico-chemical measurements. In this work there are confirmed
also by the X-ray structure analysis results for [Ni,(u-dpph)(hmidtc);Br,]-2CHCl;.

* Author for correspondence.
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EXPERIMENTAL

Materials and methods: 1,6-Bis(diphenylphosphino)hexane was supplied by Fluka Co.; all re-
maining reagents were obtained from Lachema Co. and were of p.a. purity. The content of nickel was de-
termined by chelatometric titration using murexid as an indicator [5]. Chlorine and bromine were
determined by the Schréniger method [6]. The C, H, N, § analyses were performed on an EA 1108 instru-
ment (Fisons). The room temperature magnetic susceptibilities were measured by Faraday method using
Co[Hg(NCS),] as a calibrant on a laboratory designed instrument with the Sartorius 4434 MP-8
microbalance. Conductivities were measured with a Conductivity Hand-Held Meter LF 330 (WTW
GmbH) at 25°C. Diffuse-reflectance electronic absorption spectra {45000~-11000 cm™") were carried out
on a Specord M 40 and IR spectra (4000-400 cm'l) were recorded on a Specord M 80 (Carl Zeiss, Jena)
using nujol mulls. The thermal analysis was performed on a Exstar 6000, TG/DTA 6200 device (Seiko, Ja-
pan) with gradient 2.5°C/min, sample weight 9.3-18.2 mg, temperature range 20-1150°C. Melting points
were determined by the Bdetius Rapido melting point apparatus (Wagetechnik PHMK 79/2106).

Syntheses: [Ni,(u-dpph)(Ldtc),X,] (Ldtc = hmidtc, cetdtc; X = CI, Br, I, C1O,, NCS).

The suspension of fine powdered [Ni(hmidtc),], resp. [Ni(cetdtc),] [7] (1 mmol) in 50 cm® absolute
ethanol was mixed with powdered NiX; -nH,O (1 mmeol) and },6-bis(diphenylphosphino)hexane (1
mmol) and stirred under reflux for 5 hours. The product was filtered, washed with ethanol and dried under
an infra-lamp at 40°C. Complexes (1-5) were recrystallized from CHCl,, compounds (6-9) from CHCl; +
CH,Cl, mixture (1:1). For [Niz(u-dpph)(hmidtc),Br,] - 2CHCl,, it was possible to obtain a single crystal
appropriate for X-ray analysis, Yields: 85% (1), 78% (2), 76% (3), 89% (4), 91% (5), 58% (6), 63% (7),
39% (8) and70% (9), respectively.

[Ni(cetdte)(dpph}]Cl0, - 2H,O: The appropriate reaction components were used in the 1:1:1 ratio.
During 5 h the solid substance appeared. The compound was filtered, washed by 96% ethanol and the cry-
stallization was performed from chloroform solution using petrolether. The final product was dried at
40°C. Yield: 52%. )

X-ray crystallography: X-ray data collection was performed on a KUMA KM-4 diffractometer
with graphite monochromatized MoK, radiation and area sensitive CCD-4 detector. The structure was
solved by the direct methods using SHELXS-97 program [8]. No absorption corrections were applied.
The structure was refined anisotropically by the full-matrix least-squares procedures using program
SHELXL-97 [9]. Additional calculations were made using PARST program [10]. The X-ray results are
given in Tables 2—4.

RESULTS AND DISCUSSION

Important physico-chemical results are summarized in Table 1. In accerdance
with the assumption of a square arrangement of the NiS,PX chremophore, all compo-
unds are diamagnetic. The mononuclear complex (10)is a 1:1 electrolyte in the aceto-
ne; the binuclear complexes (1-9) behave as non-electrolytes [11]. The compounds
(6-9) are insoluble in the nitromethane; the molar conductivity values obtained in the
dimethylformamide are slightly higher than it should be for non-electrolytes, but still
lower than the values for 1:1 electrolytes in the literature (65-90 S cm® mol™) [11].
This fact can be explained by the partial dissociation of complexes in the dimethylfor-
mamide solution.

IR-spectra exhibit the vibrations typical for dithiocarbamates [12]: #(C=N} at
1505-1528 cm™ and »{C=8) at 982-998 cm™', which were observed for all com-
plexes. For the complex [Niy(u-dpph)(hmidtc),(Cl0,);], the split maximum (v, at
1080 and 1093 cm™' ) was recorded, which indicates the coordination of CIO] groupto
the central atom, while for the [Ni(cetdtc)(dpph)]ClO,-2H,0 the maximum is
non-split due to the ionic character of this bond [13]. For complexes (5) and (9) with
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NCS™ were found the vibrations v(C=N) at 2080-2088 cm™ and ¥(C-S) at 830-840
em™ typical for coordination of the NCS™ group to nickel viz the nitrogen atom [14].
Al results above confirm the square arrangement of the coordination sphere.

Results above are in line with the electronic spectra results. The middle maxima
between 18500-24600 cm™ were found for all complexes, which can be assigned to
the d-d electron transitions for Ni(Il) complexes with square coordination [15]. The
maxima over 30000 ¢m™? can be assigned to intra-ligand transitions in the S,CN- group
[12].

Thermal analysis of complexes containing hmidtc shows that the decomposition
starts between 45.5-85°C with removing of chloroform (compounds 1-3) or water
(5), which is accompanied by small endo-effects at 138°C (1), 107°C(2), 70°C, 110°C
(3) and 88°C (5); the plateau on the TG-curve for complexes (1, 2, 5) are assigned to
the non-solvated species. The endo-effects at 152°C (2) and 174°C (5) are without a
mass loss on the TG-curve and could be connected with some structural changes. The
complexes with cetdtc are thermally more stable — the beginning of decomposition is
between185-225°C. The endo-effect at 202°C (9) was cbserved, due to the melting of
compound (confirmed by the Boetius apparatus). All complexes exhibit a sharp
exo-effect between 186-248°C connected with amass increasing {Fig. 1). This fact is
described in [17] and can be attributed to the oxygen insertion into Ni—P bond. The in-
sertion is combined with the decomposition of organic part of molecule without ther-
mal stable intermediates. Complexes with perchlorate were not studied for safety
reasons.
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Figure 1. Thermal analysis of [Nix(u-dpph)(cetdtc),1,].
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Cyclohexylethyl- and hexamethyleneimine. .. 809

The X-ray structure of the complex [Ni,(u-dpph)}hmidtc),Br;} - 2CHCI; has been
solved. The crystal is monoclinic and the basic crystallographic data are summarized
in Table 2. The obtained results (see Table 3, Fig. 2) confirmed a distorted square co-
ordination around central nickel atom. The Ni-S bond lengths are not equal and bond
angles in the chromophore significantly differ from 90°. The deviations of atoms
from an “ideal” LSQ plane NiS,PBr are calculated [10]:

Ni(1): -0.024(7), S(1}: 0.056(14), S(2): —0.008(15), P(1): 0.001¢13), Br(1): 0.009(6) A.

A significant shortening of bond lengths in the S,CN™ group typical for dithio-
carbamates (see Table 3) was found. The common bond distances for o-bond are [16]:
C-N (1.47 A); C-S (1.81 A). This fact can be explained by a significant contribution
of the m-interactions in these bonds. Two solvent molecules of CHCl, are not in the
coordination sphere of central atom (distance Ni-C is about 4.72 A). 1,6-Bis(di-
phenylphosphino)hexane is coordinated via two P-donor atoms to the nickel atoms
and provides the connection of both NiS,PBr chromophores into one species. The dis-
tance between both nickel atoms is so large (10.92 A) that no magnetic Ni-Ni ex-
change interaction was observed and the complex is diamagnetic. Four possible
hydrogen bonds were calculated [10] and they are given in Table 4.

Table 2. Basic crystallographic data for {Niy{u-dpph)(hmidtc),Bry] - 2CHCl;.

Empirical formula CagHexBraClsNoNisP4 S84
Formula weight 1319.06

Temperature 1202)K

Wavelength 0.71073 A

Crystal system, space group monoclinic, P2y/n

Unit cell dimensions a= 9.131(2)A a=90°

b=19.702() A §="90.84(3)°
c=15.096(3)A y=90°

Volume 2715.5(10) A’

Z, Calculated density 2; 1.613 Mg/m’

Absorption coefficient 2.707 mm™

F(000) 1340

Crystal size 0.35%0.35%0.25 mm

Theta range for data collection 3.34 10 28.45°

Index ranges -122h=11;-25sk=26-12<1520
Reflections collected/unique 21273/6281 [R{int) = 0.0494]
Completeness to 2@ = 28.45° 89.1%

Max. and min. transmission 0.5509 and 0.4508
Refinement method Full-matrix least-squares on F°
Data‘restraints/parameters 6281/0/317
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Table 2 {continuation}

Goodness-of-fit on F* 1.036

Final R indices [I> 20(])] R1=0.0558, wR2=0.1160
R indices (all data) R1 = 0.0686, wR2 =0.1216
Largest diff. peak and hole 3.808 and -3.362 e.A™

Table 3. Selected bond lengths and angles for [Niy{u-dpph)(hmidtc),Br;] - 2CHCl,.

Bond distances (A) Bond angles (°)
Ni(1}-8(1) 2.1707(12) S(I)-Ni(1)-P(1) 98.34(5}
Ni(1)-P(1} 2.1741(12) S{1)-Ni(1)-8(2) 78.97(4)
Ni(1}-5(2) 2.2032(12) P(1)-Ni(1)-8(2) 177.13(5)
Ni(1}-Br(1) 2.3020(7) S{1)-Ni(1)}-Br(1) 171.15(4)
S(1)-C(1) 1.726(4) P(1)-Ni(1)}-Br{1) 89.98(4)
S2y-C(1) 1.705(4) S(2)}-Ni(1)-Br{1) 92.65(4)
N(1)-C(1) 1.302(5) C(1)}-S(1}-Ni(1) 86.65(15)
C(1)-S(2)}-Ni(1) 86.04(14)

Figure 2. Molecule of [Niy(i-dpph)(hmidtc),Br;] - 2CHCI; (solvent and H-atoms are omitted).
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Table 4. Possible hydrogen bonds for [Ni,(u-dpph)(hmidtc),Br,] - 2CHCls.

Donor-H (A) Donor...Acceptor (A) H...Acceptor (A) ZDonor-H...Acceptor (%)
€2 -H2A C2 .82 (0) H2A .82 (0) C2-H2A .82 (0)
975(.169) 3.076(.007) 2.618(.042) 108.99¢ 22)

1.080 2585 10678 (*%)
C7 -H7A C7 .81 (0 H7A .81 (0) C7-HTA..51 (0)
.933(.106) 3.053(.010) 2.720(.027) 101.94( .22)

1.080 2.694 98.89 **)
C8 -HSA C8 ...Brl (0) HSA ..Brl (0) C8 -HSA...Brl (0)
1.017(.198) 3.416(.012) 2.847(.160) 115.93( .33)
1080 2.820 1478 (*%)
Cl12 -H12 C12...81 (0) HI12 .81 (0) Cl12-H12..81 { &)
995(111) 3.231(.008) 2.795(.149) 107.09( .25)

1.080 2771 105.41 **)

(**) Values normalized following G.A. Jeffrey & L. Lewis, Carbohydr. Res., (1978), 60, 179; R.Taylor,
O.Kennard, Acte Cryst., (1983), B39, 133.

Equivalent positions:

0) xv,z

(1) x-12,-y+1/2,—z+1/2.

Supplementary data: Material mvolving structure data has been deposited in the Cambridge Crystallo-
graphic Data Centre, Registry No. CCDC 201015. These data can be obtained free of charge via
www.cedc.cam.ac. uk/conts/retrieving. html (or from the Cambridge Crystaliographic Data Centre, 12
Union Road, Cambridge, CB2 1EZ, UK, fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).
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Abstract

A new coordination compounds of composition [Ni(cetdtc)(triphoslII)]X (cetdtc
= cyclohexylethyldithiocarbamate; dtc = §,CN7; triphosll = C,,H,,P, = 1,1,1-tris(di-
phenylphosphinomethyl)ethane; X = CI', PF,, BPh,, ClO,; Ph = phenyl) and
[Ni(pe,dtc)(triphosI)]X (pe.dtc = di(pentyl)dithiocarbamate; X = CI', ClO,") have
been synthesised. The isolated complexes have been characterised by elemental
analysis, IR and UV/VIS spectroscopy, thermal analysis, magnetochemical and con-
ductivity measurements. All complexes are diamagnetic, 1 : 1 electrolytes, with penta-
coordinated nickel in the NiS,P, chromophore.

Key words: Nickel(Il) dithiocarbamate complexes; tridentate P-ligand; synthesis; physico-
-chemical study.
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Introduction

Ni(II) dithiocarbamates with the tridentate P-ligands were recently studied by our
department only. The coordination compounds of composition [Ni(Ldtc)(triphosI)|X
(Ldtc = benzylisopropyl-, thiazolidine-, hexamethyleneiminedithiocarbamate; triphosl
= C,,H,,P; = bis(2-diphenylphosphinoethyl)phenylphosphine; X = CI', PF,, BPh,,
ClO,") and [Ni(hmidtc)(triphosIl)]X (hmidtc = hexamethyleneiminedithiocarbama-
te; X = CI', PE,) were synthesised'. The results of physico-chemical study shown that
all compounds are diamagnetic, 1 : 1 electrolytes, with pentacoordinated nickel in the
NiS,P, chromophore.

In this work we report on the synthesis and characterization of the novel nickel(II)
cyclohexylethyldithiocarbamate and di(pentyl)dithiocarbamate complexes with 1,1,1-
-tris(diphenylphosphinomethyl)ethane (triphosll) as a tridentate P-ligand.

Materials and methods

Di(pentyl)amine (97 %), 1,1,1-tris(diphenylphosphinomethyl)ethane, CS,, NaClO..
H,0, K|[PF,] were purchased from Fluka Co.; N-cyclohexylethylamine (98 %),
LiClO..3H,0 were products of Aldrich Co. All other chemicals were obtained from
Lachema Co. and were of p. a. purity.

The content of nickel was determined by chelatometric titration on murexide as an
indicator’. Chlorine was determined by the Schéniger’s method”. The elemental
analyses (C, H. N, S) were performed on an EA 1108 instrument (Fisons). The room
temperature magnetic susceptibilities of all compounds were measured using Fara-
day’'s method with Co[Hg(NCS),] as a calibrant on a laboratory designed instrument
with the Sartorius 4434 MP-8 microbalance. Conductivities were measured with
a Conductivity Hand-Held Meter LF 330 (WTW GmbH) at 25 °C. Diffuse-reflectance
electronic absorption spectra (45 000-11 000 em ') were carried out on a Specord
M 40 and IR spectra (4000-400 cm ™) were recorded on a Specord M 80 (Carl Zeiss,
Jena) using nujol mulls. The thermal analysis was performed on an Exstar 6000,
TG/DTA 6200 device (Seiko, Japan; sample weight 8.2-10.2 mg, temperature range
201100 °C, gradient 2.5 °C/min; it was made in an air atmosphere). The melting point
was determined on a Boétius instrument (VEB Wigetechnic Rapido, PHMK 79/2122).

Syntheses of complexes

[Ni(Ldte)(triphoslII)]CI (L = cet, pe,)

The coordination compounds were isolated by the reaction of a suspension of fine
pulverised parent complex [Ni(cetdtc),] (ref.*), [Ni(pe,dtc),] (ref.’), respectively
(1 mmol) with pulverised triphosII (1 mmol) in 20 cm® CH,Cl,. The reaction mixture
was stirred for 40 h at room temperature and filtered. The resulting brown I or dark
violet V solution was evaporated. In both cases an oily product was obtained, which
was treated with petroleum ether I or n-hexane V. The formed brown I and violet

V powder was filtered off, washed with petroleum ether I, diethyl ether V and dried
under an IR lamp at 40 °C. Yields: 86 % 1, 64 % V.
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[Ni(cetdte)(triphoslIl)|X (X = PF,, BPh,, CIO,)

A solution of complex [Ni(cetdtc)(triphoslII)|CLH,O (0.5 mmol) in 10 em’ CH,OH
was combined with a solution of appropriate salt (K[PF,] in 5 cm’ water; Na[BPh,] in
10 cm’ C,H.OH; NaClO,.H,0 in 25 cm’ C,H.OH) (0.5 mmol). Complexes IL I1I were
formed after stirring immediately, the IV after a short time. Light brown II, I1I and

yellow IV compounds were filtered off, washed with petroleum ether and dried under
an IR lamp at 40 °C. Yields: 48-62 %.

[Ni(pe,dte)(triphoslI)|CI1O,

A suspension of fine pulverised complex [Ni(pe.dtc),] (ref”) (1 mmol), triphosII
(1 mmol) and LiClO,.3H,0 (1 mmol) in 20 cm® acetone/CH,OH (1 : 1) mixture was
stirred for 40 h at room temperature. The brown solution was filtered and evaporated.

The obtained oily product was then decanted with diethyl ether. Brown powder was
filtered off and dried under an IR lamp at 40 °C. Yield: 41 %.

Resulis and discussion

The composition and analytical data for all complexes are given in Table 1; the
important results of physico-chemical studies are summarised in Table 2.

All compounds are diamagnetic; the values of molar conductivities (106.8-119.2
S.cm”.mol™) in acetone solution correspond to a 1 : 1 electrolytes’. IR spectra of all
complexes exhibit the v(C~8) and v(C~N) vibrations in the interval 990-1000 cm™ and
1502-1531 cm™ typical for the dithiocarbamate complexes’. The complexes IV and VI
containing CIO, exhibit in IR spectrum non-splitted v; and v, maxima, which are
typical of ionic bond in perchlorate” (IV: v, = 1076 em ™, v, = 610cm ™ VI: v, = 1080 cm ™,
v, = 620 cm ). For complex 1I with the ionic PF,, the very strong maximum vibration
v(PF,") at 830 cm™ was found".

Electronic diffuse-reflectance spectra of all compounds exhibit d-d transitions typical
of Ni(IT) complexes with coordination number five'” in the range 18 500-25 400 cm™;
maxima over 30 000 cm™ can be assigned to the intraligand transitions in the S,CN
group’. We suppose on the bases of X-ray analysis of similar complex [Ni(pe,dtc)
(triphosI)|PF; (triphosl = l:'ris(\2-1:[iphenylphosphinoreth).'l]p]1enj.rlpnht:-sphinej]l that tri-
phosll in our complexes I-VI is coordinated to the nickel atom by three P-donor
atoms (the pentacoordinated nickel in the NiS,P; chromophore). We were not able to
prepare single crystal suitable for X-ray analysis, which can confirm our experimental
results. However, the predicted structure for the coordination compounds of general
composition [Ni(R,R,dtc)(triphoslI)]X is depicted in Fig. 1.

The thermal analysis was studied for selected compounds only; complexes with
ClO,” were not examined for safety reasons. The thermal decomposition of the
complexes starts between 48-176 °C. Dehydration of [Ni(cetdtc)(triphosIl)]CLH,O
(Fig. 2) starts at 48 °C and it is connected with a small endo-effect at 81 °C on the
DTA-curve. A water-free complex is on the TG-curve characterised by a plateau in the
interval 124-167 °C (Am caled./found = 1.92/1.35 %). [Ni(pe.dtc)(triphoslII)]Cl shows
a small endo-effect at 202 °C, which is in good agreement with the result obtained by
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the melting point apparatus (203 °C). All compounds exhibit an exo-effects in the
range 252-475 °C, which are connected with a mass loss on the TG-curve. This fact can
be probably explain by total destruction of the complex. The thermal decomposition is
in all cases not complete till 1100 °C, therefore the composition of final products is
uncertain.

Table 1. Results of elemental analyses

Compound Found/Caled. (%)
Ni C H N S Cl

1 [Ni{cetdic)(triphosII)]CLH,0 6.4/6.3 63.9/63.9 6.5/6.1 2015 T4/eS8 31738
i [Ni{cetdic)(triphosIl)|PF, 3857 57.6/58.3 6.1/5.4 L3114 T1/e2 -
I [Ni{cetdic)(triphosIT)}|BPh..2H,O 4747 TLETLE f.6/6.4 1611 5.9/5. -
IV [Nifcetdic)(triphosIT)]C1O, 6.0/6.0 60.4/61.0 3.6/5.6 1.6/1.4  T3/65 3334
v [Ni{pe,dic)(triphosIT)]Cl 6.3/6.2 64.9/63.7 6.4/6.5 1.4/15  60/67T 3.3/3.7
VI [Ni{pedic)(triphosll)|Cl1O, 5.6/5.8 62.3/61.5 6.8/6.1 1414 54/63 2.8/35

Table 2. Results of physico-chemical study

Cmpd. Colour Ast IR [em™] UV/VIS® TA[*C]
[Sem’mol™] WC=8) w(C-N) w(CIO,) v,(CIO,) [.107 em™] T g

1 brown 119.2 900w 1502w - - 18.6: 32.1; 35.8 48 260); 324; 426

1l light brown 1116 1000w 1528w - - 18.5; 32.2; 36.1 176 252; 410; 475

1 light brown 108.4 990w 1531w - - 18.6: 23.1; 32.0 - -

v yellow 118.2 998 m 1520w 1076s 610w 21.2;32.1; 36.0 - -

v violet 106.8 095w 1520vs - 19.0; 25.4; 32.8 160 273; 441

VI brown 110.0 995m  1520m 1080 s 620m 18.6; 24.4; 315 - -

*  In acetone solution, [Ni**] = 10° mol.dm™
" In nujol

T  begin of thermal decomposition

E, exo-effect

CH C—CH—p—'N \ S 6—N
3 PH~" / \ o N X
CH—P S R
/ N\
Ph  Ph

Fig. 1. Predicted structure for the complexes of composition [Ni(R, R dtc)(triphosIT)|X (R, = cyclohexyl,
pentyl: R, = ethyl, pentyl: X = CI, PF_, BPh, ", ClO, Ph = phenyl)
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Fig. 2. Thermal analysis of [Ni(cetdic)(triphosIT)|CLH,O
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Nickel(IT) Dithiocarbamates with
Bis(2-diphenylphosphinoethyl)phenylphosphine
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A Ni(II) dithiocarbamates with the tridentate P,P,P-ligand of composition
[Ni(peadte)(triphosI)]X (triphosI = C34Hj;P; = bis(2-diphenyiphosphino-
ethyl)phenylphosphine, pe;dtc = dipentyldithiccarbamate, X = Cl, PFs, ClO4),
[Ni(bzsdtc)(triphos])]X (bzydtc = dibenzyldithiocarbamate, X = Cl, PF¢) and
[Ni(cetdtc)(triphosI)]X {cetdtc = cyclohexylethyldithiocarbamate, X = Cl, PFg, BPh,,
Cl0,) have been synthesized and studied by thermal analysis, IR and UV/VIS spectros-
copy, 'P{'H}-NMR spectroscopy, magnetochemical and conductivity measurements.
All complexes are diamagnetic, 1:1 electrolytes. X-ray structural analysis was solved for
the [Ni{pezdtc)(triphos)]PFs and [Ni(bzdtc)(triphosI)]PF,; the presence of NiS;P,
chromaphore with penta-coordinated central nickel atom was confirmed.

Keywords: Ni(Il) dithiocarbamate, synthesis, physico-chemical study, X-ray structural
analysis, *'P{'H}-NMR spectroscopy

The reactions of basic Ni(II) dithiocarbamates [Ni(dtc),] with polydentate P-li-
gands have been recently studied with the aim of replacement of the sulfur atoms in
the NiS, chromophore by the phosphorus and other atoms, including physico-chemi-
cal measurements. The diamagnetic square complexes of composition
[Ni(dtc)(P,P)IX [1-16] with NiS,P, chromophore (dtc = dithiocarbamate, P,P = bi-
dentate P,P-ligand, X = anion) have been isolated. In some cases, the square-pyrami-
dal diamagnetic compounds containing NiS,P,X chromophore of composition
[NiX(dtc)(P,P)] [1,17] have been also prepared. For 1,4-bis(diphenylphosphino)bu-
tane and 1,6-bis(diphenylphosphino)hexane as a bidentate ligands, the diamagnetic
binuclear complexes [Niz(u-P,P)(dtc),X,] with two square NiS,PX chromophores
and bridging P,P-ligand were synthesized [7,9,11,16,18].

The nickel dithiocarbamates with tridentate P,P,P-ligands in the coordination
sphere were studied by our team only. In our previous papers [19,20] we published
synthesis and physico-chemical study of the complexes [Ni(bz'prdtc)(triphosI}]X
(bz'prdtc =benzylisopropyldithiocarbamate, X = Cl, PFs, BPhy, C104), [Ni(tzdtc)(tri-
phosE)]X (tzdtc = thiazolidinedithiocarbamate, X = Cl, PF¢), [Ni(hmidtc)(triphosI)]X
(hmidtc = hexamethyleneiminedithiocarbamate, X = Cl, PF¢), [Ni(hmidtc)(triphosIT)]X

* Author for correspondence; E-mail: kamen@prinw.upol.cz
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(triphosIl = C4yHsoP3 = 1,1,1-tris(diphenylphosphinomethyl)ethane, X = Cl, PFy),
[Ni(cetdte)(triphosID)JX (X = Cl, PFs, BPhy, Cl0,) and [Ni(pe,dtc)(triphosIT)|X (X =

O O
@5)11) 0 %0

QO QO

triphosl triphosIl

All compounds are diamagnetic, 1:1 electrolytes with NiS,P; chromophore (co-
ordination number five for nickel atom).

The aim of this paper is to enlarge this study for other types of dithiocarbamates
with triphosl ligand, including physico-chemical study of newly synthesized com-
plexes and solving of X-ray structures of selected compounds to confirm the propo-
sed coordination around the central atom.

EXPERIMENTAL

Materials and methods: Dibenzylamine (97%), N-cyclohexylethylamine (98%), LiCl0,:3H,0
and CDCl; (99.8%D) were supplied by Aldrich Co.; dipentylamine (97%), bis(2-diphenylphosphino-
ethyl)phenylphosphine (97%), K[PFs], NaClO, - H,O and CS, were obtained from Fluka Co. and all re-
maining reagents were products of Lachema Co. of p.a. purity.

The content of nickel was determined by chelatometric titration, using murexide as an indicator [21].
Chlorine was determined by the Sch8niger method [22]. The C, H, N, § analyses were performed onan EA
1108 instrument (Fisons). The room temperature magnetic susceptibilities were measured by Faraday
method, using Co[Hg(NCS),] as a calibrant on a laboratory designed instrument with the Sartorius 4434
MP-8 microbalance. Conductivities were measured with a Conductivity Hand-Held Meter LF 330 (WTW
GmbH) at 25°C. Diffuse-reflectance clectronic absorption spectra (45000-11000 ¢m™) were carried out
on a Specord M 40 and IR spectra (4000400 cm™") were recorded on a Specord M 80 (Carl Zeiss, Jena),
using nujol mulls. The thermal analysis was performed on a Exstar 6000, TG/DTA 6200 device (Seiko, Ja-
pan) with gradient 2.5°C/min, sample weight 9.2-11.6 mg, between 20-1150°C. Melting points were de-
termined by the Bogtius Rapido melting point apparatus (Wigetechnik PHMK 79/2122).

SIpLIH)-NMR spectra were measured on a Bruker Avance 300 spectrometer, operating at frequency
of 121.44 MHz. Measurements were performed at 300 and 320 K. All samples were prepared by dis-
solving of compounds in CDCl;. 85% H,PO, was used as an external reference.

Syntheses: [Ni(Ldtc)(triphosI)]C1 {L = pea(1), bzy(4), cet(6)}: The suspension of fine powdered
[Ni(pedtc),] [23], [Ni(bzzdtc),] [24], [Ni(cetdtc),] [24], respectively {1 mmol) and triphosI (Lmmol) in
20 om’ dichlormethane was mixed at room temperature about 20 hours. The resulted viclet colored solu-
tion was combined with active carbon and the mixture was filtered. During solvent evaporation and addi-
tion of diethyl ether, a violet solid substance appeared; it was isolated and dried under an infra-lamp at
40°C. Yields: 44% (1); 40% (4) and 78% (6).

[Ni(Ldtc)(triphosI)]X (L =~ pe,, bzy; X = PF, C104): The suspension of fine powdered [Ni(pedic)]
[23] or [Ni(bzydtc);] [24] {1 mmol) with triphosI {1 mmol) was stirred in 20 ¢m® methanol/acetone mix-
ture (1:1). Resulted mixture was combined with fine powdered K[PF] (2), (5), LiClO, - 3H;0 (3), respec-
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tively {1 mmol). After 40 hours of stirring under reflux at room temperature, active carbon was added and
the mixture was filtered. For [Ni(pe,dtc}{triphosI)]PF; (2) and [Ni(bzadtc)(triphosI)]PF¢ (5) violet colored
crystals, suitable for X-ray analysis were obtained. In the case of the perchlorate complex (3), a viscose
substance resulted and the final violet product was obtained using ethanol. All compounds were washed
by diethyl ether and dried under an infra-lamp at 40°C. Yields: 25% (2), 25% (3), 30% (5).

[Ni{cetdtc)(triphosI)JPFs (7): The solution of [Ni(cetdtc)(triphosI}[Cl- H,O in 10 em’ methanol (0.5
mmol) was stirred with solution of K[PF4] (0.5 mmol} in 10 cm® H;O. A dark violet substance was formed;
it was washed by petroleum ether, filtered through active carbon, crystallized from methanol and dried
under an infra-lamp at 40°C. Yield: 78%.

[Ni(cetdte)(triphasI)]X {X = BPhy (8), Cl104 (9)}: The suspension of fine powdered [Ni(cetdtc);]
[24] (0.5 mmel) and triphosI (0.5 mmol) was mixed for 2 hours at room temperature in 10 cm® of dichlor-
methane (for X = C104) or in 20 cm’ of #-butanol/acetone (1:1) mixture (for X = BPhy). The resulted solu-
tion was combined with the 0.5 mmol of appropriate salt (NaCIO,  H,0 in 5 cm® methanol or Na[BPh,] in
5 ¢m’ n-butanol}. For X = BPh, (8), during one hour a blue-violet substance appeared; it was filtered,
washed by ethano! and petroleum ether. The violet perchlorate complex {(9) was obtained after evapora-
tion to a small volume and addition of petroleum ether. Both compounds were purified with active carbon,
filtered and re-crystallized, using chloroform (8) or methanol (%) and dried under an infra-lamp at 46°C.
Yields: 58% (8) and 52% (9).

X-ray crystallography: X-ray data collection of [Ni(pe.dtc)(triphosI}]PF¢ (2) was performed on a
KUMA KM-4 diffractometer with graphite monochromatized MoK, radiation and area sensitive CCD-4
detector. The structure was solved by the heavy atom methods, using SHELXS-97 program [25]. No ab-
sorption corrections were applied. The structure was refined anisotropically by the full-matrix least-squ-
ares procedures, using program SHELXL-97 [26].

X-ray data of [Ni{bzdtc)(triphosI)JPF(5) were collected by cmega-scan technique on a four-circle
k-axis Xcalibur™2 diffractometer (Oxford Diffraction), equipped with Sapphire2 CCD detector, mono-
chromator Enhance and Cryojet cooler system. Data collection for the complex was performed using
MoK, radiation at 100 K. CrysAlis program package (versicn 1.171.7, Oxford Diffraction) was used for
datareduction. The structure of (5) was solved using direct methods [25]. Atoms forming the NiS,P; chro-
mophore and PF¢ anions were refined anisotropically on F°, using full-matrix least-squares procedure
[26], while all the remaining atoms were refined isotropically. The structure was solved in the chiral space
group P2;, as aracemic twin. The final Rp,-factor is equat to 0.1874. An application of anisotropic refine-
ment of all non-hydrogen atoms did not lead to reduction of R-factors. Wetried to measure several crystals
of this complex, as well as to solve the structure in several different space groups and we always obtained
comparable results. This fact may probably relate with a twinning of the crystals, which car be also evi-
dent from the value of |E%-1| = 0.591 (expected values are 0.968 for centrosymmetric and 0.736 for
non-centrosymmetric space groups). The low quality of twinned data did not allow us to add hydrogen
atoms to the model. The largest peak and hole on the final difference map were 2.56 [0.628 A from Ni{1a)]
and -2.30 [0.57 A from Ni(1)] e.A™. Nevertheless, in spite of bad statistical results, we assume that a
manner of ligands coordination was unambiguously proved by X-ray analysis. Additional calculations
were made using PARST program [27]. The X-ray results are given in Tables 2-5.

RESULTS AND DISCUSSION

All complexes exhibit the same coordination sphere with the uncommon NiS,P;
chromophore and coordination number five. This fact was confirmed by the physi-
co-chemical measurements, namely by the X-ray structure analysis.

Composition and important physico-chemical results of complexes are summari-
zed in Table 1. All compounds are diamagnetic, which is in good accord with the lite-
rature about low-spin penta-coordinated Ni(Il) complexes [32,35]. The conductivity
measurements show that Ay values are in interval 104.7-146.3 S em?mol™'. This fact
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can be interpreted, according [30] as 1:1 electrolytes in acetone solution. Thus, we
can conclude that the inorganic X anion is in all compounds out of the coordination

sphere (see also IR spectroscopy).

Table 2. Crystallographic data for [Ni(pe,dtc)(triphosI)]PF,.

Molecular formula
Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume; Z; Calculated density
Absorption coefficient
F(000)

Crystal size

© range for data collection
Index ranges

Reflections collected/unique
Completeness to @ = 25°
Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F°

Final R indices [1> 20(J)]

R indices {all data)

Largest diff. peak and hole

CysHssFNNIP,S,

970.61

293(2)K

0.71073 A

Monoclinic, P2,/n
a=11797() A a=90°
b=21.685(4) A B=9431(3)°
c=19.04(H A y=90°
4858.0(16) A%; 4; 1.327 Mg/m®
0.67t mm!

2024

0.40 X 0.40 X 0.20 mm

2.55 to 28.59°
-14<hs14,25sk=20,-22<1=<22
34170/ 8541 [R(int) = 0.0785]
99.8%

0.8774 and 0.7750

Full-matrix least-squares on F
8541/0/418

1.114

R1=0.0933, wR2 = 0.2843
R1=10.1330, wR2 =0.3169
l.18and-1.5¢e-A”

Table 3. Crystallographic data for [Ni(bzydtc)(triphosI)]PFs,

Molecular formula
Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume; Z; Calculated density
Absorption coefficient
F(000)

Crystal size

8 range for data collection
Index ranges

Reflections collected/unique
Completeness to © = 25°
Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F

Final R indices {I> 20(D)]

R indices (all data)

Largest diff. peak and hole
Absolute structure parameter

CyoHyyFgNNiP,S;

1010.59

100(2) K

0.71073 A

Monoclinic, P2,
2=16.0394(5) A a=90°
b=17.7755(4) A B =90.086(3)
¢ = 16.0828(4 A y=90°
4885.3(2) A’; 4; 1.464 Mg/m®
0.715 mm™!

2088

0.40 X 0.40 X 0.30 mm

3.42 to 25.00°
-19<h<18,21 sk=<20,-l11<1=<19
31343 /16066 [R{int) = 0.0285]
99.6%

0.8141 and 07630

Full-matrix least-squares on F*
16066/1/432

1.172

R1=0,1874, wR2 = 0.4176
R1=0.1881, wR2 = 0.4179
2.55%and-2.296 ¢ A~
0.18(5)
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Table 4. Selected bond distances and angles for [Ni(pe,dtc)(triphosI}]PFe.

Bond distances (A) Bond angles (°)
Ni(1}-PQ2) 2.1534(18) P(2)-Ni(1}-P(1) 86.87(7)
Ni(1)}-P(1) 2.1948(18) P(2)-Ni(1}-S(1) 174.49(8)
Ni(1}-P(3) 2.254(2) P(1)-Ni(1)-8(1) 95.29(7)
Ni(1}-8(1) 2.2388(19) P2)}-Ni(1)-P(3) 88.28(7)
Ni(1)}-8(2) 2.3035(19) P(1)-Ni(1}-P(3) 121.82(7)
S(1)}-C() 1.723(8) S(=NI(13-P(3) 94.86(3)
S(2)»-C(1} 1.708(7) P(2)}-Ni(1}-S(2) 97.69(7)
C(I-N(1) 1.316(8) P(1)-Ni(1)}-8(2) 128.82(8)
S(1)-Ni(1)-5(2) 77.01(7)
P(3)-Ni(1)-5(2) 109.30(8)
C(1)-S(1)-Ni(1) 86.6(2)
C(1)-S(2)}-Ni(1) 84,9(2)
N()-C(1)-5(2) 126.3(6)
N(1)-C(1}-S(1) 122.6(6}
SFCO)S() 111.0(4)
Table 5. Selected bond distances and angles for [Ni(bzydtc)(triphosI}]PF;.
Bond distances (A) Bond angles (%)
Ni(1)}-P(2) 2.148(6) P(2}-Ni(1)-P(1) 86.3(2)
Ni(1}-P(1) 2.222(7) P(2}-Ni(1}-P(3) 89.7(2)
Ni(1)-P(3) 2.222(6) P(1)-Ni(1}-P(3) 118.2(2)
Ni(1}-8(1) 2.250(5) P(2}-Ni(1}-S(1) 175.%(3)
Ni(1)>-8(2) 2.324(6) P(1)-Ni(1)-8(1) 96.3(2)
S(1)-C(1) 1.752(18) P(3)-Ni(1)-8(1) 92.1(2)
S(2)-C(1) 1.634(18) P(2)-Ni(1)-8(2) 99.8(2)
Ni(1A)-P(2A) 2.165(6) P(1)-Ni(1}-8(2) 124.2(2)
Ni(1A)-P(3A) 2.185(6) P(3)-Ni(1}-8(2) 117.3(2)
Ni(1A)-P(1A) 2.200(6) S{1)-Ni(1)-5(2) 75.89(19)
Ni(1A)-S(1A) 2.248(5) P2A)}Ni(1A)}P(3A) 87.9(2)
Ni(1 A)-S(2A) 2321(7) P(ZA)-Ni(1A)-P(1A) 86.8(2)
S(1A)Y-C(14) 1.722(16) P(3A)-Ni(lA)»-P(1A) 124.0(3)
S(2A)}-C(1A) 1.735(16) P(2A}-Ni(1A)-S(14) 177.8(2)
C(1)-N(1) 1.33(2) P(3AX-NI(1A)S(1A) 92.2(2)
C(1A}N(1A) 1.26(2) P(LANi(1A)-5(14) 95.0(2)
P(2A}-Ni(1A}-S(2A) 101.6(2)
P(3A)-Ni(1A)-S(2A) 114.8(2)
P(1A)-Ni(1A)-S(24) 120.9(2)
S(1A)-Ni(1A}-S(2A) 6.46(19)

The X-ray structures of two complexes [Ni(pe;dtc)(triphosI)]PFs (2) and
[Ni(bzdtc){triphosI)]PF (5) have been solved. The final R-values for (2) are somewhat
higher, probably in connection with the bad quality of experimental data (Rint =
0.0785). The basic crystallographic data are summarized in Tables 2, 3. The results
obtained for both structures confirmed a five-coordinated central nickel atom in the
distorted triangular bipyramid polyhedron. From Fig. 1, 2 it is apparent, that the axial
positions are occupied by the 81 atom from dithiocarbamate ligand and by P2 atom
from triphosl. The Nil, S2, P1 and P3 atoms are nearly co-planar; the calculated {27]
deviations from ideal LSQ-Ni1S2P1P3 plane are smaller than 0.02{1) A (for 2}, resp.
0.05(1) A, (for 5). The assumption of the distorted triangular bipyramid coordination
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is in good agreement with calculations of angle structure parameter T = (8 —q)/60 =
0.76 (2), resp. 0.85 (5) (v =1 for triangular bipyramid; r = 0 for tetragonal pyramid co-
ordination) [28]. The Ni-S and Ni-P bond lengths are not equal (the axial bond
lengths are smaller than the remaining ones). A significant shortening of bond lengths
in the S;CN™ group, typical for dithiocarbamates {see Table 4, 5), was found. The
common bond distances for o-bond are [29]: C-N (1.47 A); C-8 (1.81 A). This fact
can be explained by a significant deal of the ;r-interactions in these bonds. The PF¢ ion
is placed out of the coordination sphere; Nil-P4 distance is about 6.68 A for (2), resp.
9.42 A and 7.35 for (5).

IR-spectra exhibit typical vibrations for dithiocarbamates: v(C=N) at 1490-1515
cm' and v(C=8) at 990-1000 cm™ {33]. For the complexes (3), (9) with CIO, the
non-split maximum ¥5(C10,) at 1075 and 1088 cm™; ¥,(C10,) at 620 and 625 cm™
were recorded, which indicates the ionic coordination of the C10; group [31]. For
complexes (2), (5) and (7) with hexafluorophosphate, the ¥(PF¢) vibrations in the
830--840 cm™ range were found [32].

The results of electronie diffuse-reflectance spectroscopy show absorption maxi-
ma near 14000, 18000 and 24000 ¢cm™". Similar data were obtained by Ballester et al.
[32] for low-spin penta-ccordinated dithiocarbonates and xanthates of nickel(I) with
triphosI of [Ni(S2COR)triphosI)]* and [Ni(S:COR)(triphosI)] types. These results
ar¢in good accord with [34]. The maxima over 30000 cm™ can be assigned to intra-li-
gand transitions in the S,CN~ group [33].

Figure 1. Molecule of [Ni(pe,dtc)(triphosI)]PFy.
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Figure 2. Molecule of [Ni(bz,dtc)(triphosI)]PFs.

31p {"H}-NMR spectra of the complexes, as well as the triphosI ligand, recorded
at 300 and 320 K, are listed in Table 6. The free triphosl is characterized by the triplet
at —15.85 ppm (central P atom) and by the doublet at —12.14 ppm (two terminal P
atoms) at 300 K. The coordinated triphosl is characterized by the triplet in the
108.12-111.44 ppm range and by the doublet in the 41.33—42.35 ppm range [32].
These significant changes in chemical shifts for both signals confirm the coordination
of all phosphorus atoms to nickel. Two overlapped doublets and two overlapped tri-
plets were observed for the complexes (6)—(9), containing asymmetrical dithiocarba-
mate ligand cetdtc, in spectra at 300 K. For this reason, we have measured
31p/'"H}-NMR spectraat 320 K. This temperature increasing caused, that only one tri-
plet and one doublet were observed. We suppose that this unusual behavior could be
connected with a slow rotation of dithiocarbamato group along C=N bond, bearing
particular multiple-character, which results in the formation of two isomers. At 320
K, the rotation is fast enough and only one form of the complex can be distinguished.
This conclusion could be supported by the fact, that spectra of the complexes with co-
ordinated symmetrical dithiocarbamates pe,dtc and bz,dtc, recorded at 300 and 320 X,
did not vary from each other. A presence ofthe PFg anion in the complexes (2), (5) and
(7) is evident from typical septet near —143 ppm ('Jp.; = 713 Hz).
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Table 6. 3'P{'H}-NMR" data.

Compound 300K 320K
. —15.85 (t, 1P, ’J,,P—zs 22 Hz) ~15.58 {t, 1P, %), = 28.51 Hz)
riphosl Z12.14 (d, 2P, ¥T5.p = 29.70 Hz) _11.84 (d, 2B, 3" = 2851 Hz)
o 42.07 (d, 2P, ’J”=33 69 Hz) 41.32 (4, 2B, I, = 33.69 Hz)
110.40 (t, 1P, *Jp.p = 33.69 Hz) 109.61 (t, 1P, 3JH,=33 69 Hz)
~143.64 (sept, 1P, Upy =712.82 Hz) ~143.76 (sept, 1P, Tpp=712.82 Hz)
@ 41.33 (d, 2P, J,.p-35641iz) 40.62 (d, 2P, 3pp=34.16 Hz)
10938 (t, 1P, *Jpp = 35.64 Hz) 108.52 (t, 1P, *Jp.p=34.16 Hz)
3) 4142 (d, 2P, ’J,,p 13.41 Hz) 40.69 (d, 2P, ’Jp. =33.41 Hz)
109.87 {t, 1P, *Jp.p=133.41 Hz) 108.95 (1, 1P, J,, = 33.41 Hz)
4 42.35 (d, 2P, *Ipp = 33.41 Hz) 41.79 (d, 2P, ’JH,—33 41 Hz)
111.44 (t, 1B, *Jp.p = 33.41 Hz) 110.77 (t, 1B, °1,, = 33.41 Hz)
~143.63 (sept, 1P, Jer=712.82 Hz) -143.74 (sept, 1P, Tpr=712.82 Hz)
) 4150 (d, 2P, *Tpp = 34.16 Hz) 40.96 (d, 2P, Jpp—3416Hz)
110.23 (t, 1P, *Tpp = 34.16 Hz) 109.49 (t, 1P, *Jp.p = 34.16 Hz)
41.97(d, 2P, ’J”—as 69 Hz) 41.41 (d, 2B, JJ,,,,—33 69 Hz)
) 4223 (d, 2P, 3Jpp =33.69 Hz) 109.03 (1, 1P, *Jo.p = 33.69 Hz)
109.74 (1, 1, *Jp.p = 33.69 I12)
110.00 (t, 1P, *Jpp = 33.69 Hz)
—143.64 (sept, lP Yprp =712.72 Hz) -143.77 (sept, lP Vpr=712.72 Hz)
41.42(d, 2P, 1”—35 64 Hz) 40,76 (d, 2P, JPP 33.69 Hz)
(M 41.50 (d, 2P, J”mss 64 Hz) 108.02 (1, LP, °Jpp = 33.69 Hz)
108.84 (1, 1P, 2Jpp = 35.64 Hz)
109.06 {t, 1P, *Jp.p = 35.64 Hz)
41.82(d, 2P’J”-3369Hz) 41.18 (4, 2P31pp—3369Hz)
®) 41.95 (d, 2P, "Jp.p = 33.69 Hz) 107.37 (, 1P, *Jp.p = 33.69 Hz)
108.12 {t, 1P, J”-33 69 Hz)
108.33 (¢, 1P, *Jp.p = 33.69 Hz)
41.50(d, 2P, 3J,,l,—34 16 Hz) 40.82(d, 27, ’J”—as 69 Hz)
©) 41,55 (d, 2P, Jrp=34.16 Hz) 108.47 (t, 1P, *Jp.p = 33.69 Hz)

109.24 (1, 1P, }Jpp = 34.16 Hz)
109.44 (t, 1P, *Jpp = 34.16 Hz)

In CDCl; solution (¢ in ppm); d - doublet; t — triplet; sept — septet.

Thermal analysis of complexes shows that very unstable are the [Ni(Ldtc)(triphos-

D]C1-H,0 compounds (1), (4) and (6) containing triphosI ligand. The decomposition
starts between 41.5-49,1°C. Dehydration is accompanied by small endo-effects be-
tween 61.8-81.2°C; the plateau on the TG-curve for complexes (1), (4) in interval
88.0-149.5°C and 96.9-158.6°C were recorded, and can be assigned to non-solvated
species. The complex {6) exhibits no plateau, due to continual decomposition, Ther-
mally more stable are complexes (2), (5) and (7) with PF ligand, which decomposed
between 234.6-251.8°C. The endo-effects in interval 210.6-270.3°C are connected
with melting (confirmed by estimation of melting points by Boétius apparatus). All
complexes exhibit exo-effects (between 121.1-279.2°C), which are connected with a
mass increase. This fact is described in [36] and can be attributed to the oxygen-inser-
tion into the Ni-P bond. The insertion is combined with the decomposition of the or-
ganic part of the molecule, without thermal stable intermediates [37] and this process
was not studied. Complexes (3) and (9) with perchlorate were not studied, due te safe-
ty reasons (danger of explosion).
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Supplementary data: Structure data has been deposited in the Cambridge Crystallographic Data Centre,
Registry No. CCDC 215298 (2) and 225409 (5). These data can be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge, CB2 1EZ, UK; fax: +44 1223 336033; or deposit@ccde.cam.ac.uk).
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Nickel(Il) cyclohexylethyldithiocarbamate complexes with
monodentate P-donor ligands in the coordination sphere
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Abstract: A series of new Ni(ll) dithiocarbamate compounds of the composition
[NiX{cetdic)(PR4)] (X = Cl, Br, I, NCS; cetdic = cyclohexylethyldithiocarbamate;
R = phenyl, n-butyl) has been synthesized. All the isolated complexes have been
characterized by elemental analysis, IR and UV/VIS spectroscopy, *'P{'H}-NMR
spectroscopy, thermal analysis, magnetochemical and conductivity measurements.
On the basis of the results of the physico-chemical study, all complexes are diamag-
netic, non-electrolytes, with a square-planar NiS,PX chromophore.

Keywonds - nickel(11) cyclohexylethyldithiocarbamate complexes, monodantate P-do-
nor ligands, synthesis, *'P{'H}-NMR spectroscopy.

INTRODUCTION

For several years considerable attention has been paid to dithiocarbamate
compounds. Firstly, their biological effects have been researched, including anti-
alkylation! anti-HIV properties® and antitumor activity against leucemic cells.”
Some dithiocarbamate complexes also have some practical applications. For ex-
ample, they are used in agriculture as fungicides and pesticides.?

Furthermore, dithiocarbamates have been studied on account of their interest-
ing coordination behaviour. In spite of the fact that many dithiocarbamate com-
pounds with different transition metals are described in the chemical literature, we
have only considered Ni(IT) coordination compounds with non-symmetrical dithi-
ocarbamates. We have principally searched for information on the synthesis and
physico-chemical studies of the coordination compounds, such as the basic Ni(II)
cyclohexylethyldithiocarbamate complex and Ni(II) dithiocarbamate complexes
with monodentate P-donor ligands. Two relevant articles concerning the synthe-
sis? and structural characterization® of [Ni(cetdtc)> ] (c = cyclohexyl; et = ethyl; dtc

» Author for correspondence.
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= §,CN = dithiocarbamate) have been found. X-Ray structural analysis of this
complex confirmed a four-coordinated nickel atom, which i1s bound by two
dithiocarbamate ligands. Square-planar Ni(Il) dithiocarbamate complexes of the
general formula [Ni(RR,dtc)(PR3):]Y (R = H, methyl, benzyl, cyclohexyl; R; =
2-hydroxyethyl, carboxymethyl, 3-(methylthio)-1-carboxypropyl, 2-(3-indolyl}-1ca-
rboxyethyl, isopropyl, ethyl; R = phenyl, n-butyl; Y = Cl0y, BPhy, PFg),” 1% in
which one of the dithiocarbamate ligand is replaced by two monodentate P-donor
ligands, have been extensively studied. X-Ray structural analysis of [Ni{meadtc)
(PPh; L]CIO4 (m = methyl; ea = 2-hydroxyethyl )8 and [Ni(bziprdte(PPhs)» ]C1040.5H50
(bz = benzyl; pr = isopropyl)!¥ confirmed a slightly distorted square-planar coor-
dination of the NiS;P5 chromophore. In addition to these compounds, complexes
containing the dithiocarbamate ligand, monodentate P-donor ligand and a simple
inorganic anion (C1, Br, [ or NCS) as an additional ligand in the Ni(1l) coordination
sphere have also been studied. Recently, square-planar coordination compounds of
the general composition [NiX(RR,dtc)(PR4)] (X =Cl, NO,, NO, Br, NCS, I; R =
H, benzyl: R> = 2-hydroxyethyl, methyl, ethyl, 1sopropyl, sec-butyl, n-butyl,
isobutyl, tert-butyl, phenyl, p-chlorophenyl, p-methoxyphenyl, p-methylphenyl.
1-phenyl-2,3-dimethyl-1,5-dihydro-5-oxo-pyrazol-4-yl; R =phenyl, n-butyl)’-11-16
have been prepared and characterized. In the case of [NiX [bziprdtc} (PPh;)] (X =
Cl, Br, I; bz =benzyl; 'pr=isopropyl)!3 X-ray structural analysis showed the exis-
tence of a nickel atom with a coordination number four in a square-planar arrange-
ment (N1S,PX chromophore). However, no information on complexes of this type
with the cyclohexylethyldithiocarbamate ligand were found in the literature.

In this paper, the synthesis and a physico-chemical study of several new Ni(11)
cyclohexylethyldithiocarbamate complexes of the formula [NiX(cetdtc){PR;)]
containing a monodentate P-donor ligand (PPh;, P"Bus) and a simple inorganic
ligand (Cl, Br, I, NCS) in the nickel coordination sphere are reported. This work
was also aimed at studying the influence of the cyclohexylethyldithiocarbamate
ligand, monodentate P-donor ligands and simple X-inorganic ligands on the struc-
ture and properties of the newly synthesized complexes.

EXPERIMENTAL

Materials

N-cyclohexylethylamine (98 %), triphenylphosphine (99 %) and CDCl, (99.8 Atom % Djwere
purchased from Aldrich Co. Tributylphosphine (85 %) was from Fluka Co. The other reagents were
supplied by Lachema Co. and were all of p.a. purity. The starting compounds [Ni{cetdtc)5],
[Nin{PPh}jla] and [NiX;(P"Bu; )] were synthesized according to the procedures described in he
literature.! ™+1#

Swnthesis of [INiXteetdic)(PPhy)] (X= CI, Br, I, NC5)

The complexes were synthesized by the reaction of a suspension of fine pulverized parent
complex [Ni{cetdic),] (1 mmol) with pulverized [NiX(PPhy);] (1 mmol} in chloroform (25 cm?),
The mixture was intensively stirred at room temperature until dissolution of all the reaction compo-
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nents. In all cases, the resulting solution was filtered and an excess of diethy1 ether was added to the
filtrate. The formed orange-violet precipitates were filtered off, washed with diethyl ether and dried
under an [R lamp at 40 °C.

Swnthesis of [NiXfcetdic)(P"Bu )] (X = CI, Br, [, NCS)
These complexes were prepared by the same procedure. To a suspension of finely pulverized

[Ni{cetdtc)s] (1 mmol) in chloroform (25 cm®), [Ni X2(P"Bus)2] (1 mmol) was added. The reaction
mixture was stirred at room temperature until all the components had dissolved. The solution was
filtered and left to crysiallize at room temperature. In all cases, an oily product was obtained, which
transformed into a powdered substance after addition of petroleum ether. The final orange-violet
product was then filtered off, washed with petroleum ether and dried under an IR lamp at 40 °C.

Analviical methods and physical measurements

The content of nickel was determined by chelatometric titration using murexide as the indicator.!?
CHorine and bromine were determined according to the Schéniger method 2? Elemental analyses (C, H, N,
5) were performed on an EA 1108 instrument (Fisons). The room temperanire magnetic suscepiibilities of
all compounds were measured using the Faraday method with Co[Hg(NCS),] as a calibrant on a laboratory
designed instrument with a Sarorius 4434 MP-8 microbalance. The molar conductivities of 107 M solu-
tions of all the complexes were measured with a Conductivity Hand-Held Meter LF 330 (WTW GmbH) at
25 °C. Diffuse-reflectance electronic absorption spectra (45000-11000 em™ ) were carried out using a
Specord M 40 instrument and [R. spectra (4000-400 cm™") were recorded on a Specord M 80 instrument
(Carl Zeiss, Jena) using myol mulls. Thenmnal analysis was performed on an Exstar 6000, TG/DTA 6200
device (Seiko, Japan; sample weight 6.8-17.9 mg, temperature range 201100 °C, heating rate 2.5 °C/min;
an air atmosphere). Melting points were determined by means of Boétius instrument (VEB Wiigetechnic
Rapido, PHMK 792122). *'P{'H}-NMR spectra were measured on a Bruker Avance 300 spectrometer
operating at a frequency of 121.49 MHz. The measurement were performed at 300 K. All samples were
prepared by dissolving the compounds in CDCl,. 85 % H, PO, was used as an external reference.

RESULTS AND DISCUSSION

The new coordination compounds were prepared by reaction between the par-
ent Ni(Il) dithiocarbamate, i.e., [Ni{cetdic);], and Ni(Il) complexes of the type

[NiX5(PR4)3] in a chloroform suspension according to the following general
scheme:

[Ni(cetdtc),] (s) + [NiXo(PR3 )] (s) = 2 [NiX(cetdtc)(PR3)]

where X =Cl, Br, I, NCS and R = phenyl, n-butyl.

The complexes having PPh;y ligand were obtained in form of orange-violet
solids while the complexes bearing a P"Bu; ligand separated from chloroform so-
lution as oils. On account of this, petroleum ether was used in order to transform
the oily products into orange-violet powdered substances. It is notable that the 1so-
lated coordination compounds were stable in air and soluble in most common or-
ganic solvents, such as chloroform, dichloromethane, nitromethane and acetone.
They were insoluble in petroleum ether, diethyl ether and water. The colours,
yields, analytical data and composition of all the complexes are given in Table L
The molar conductivities, spectral data, melting points (m.p.) and the results of the
thermal analysis are summarized in Table I1.
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Magnetochemical and conductivity measurements

All the isolated complexes are diamagnetic substances. The values of the molar
conductivities (1.5 — 11.8 S ecm? mol™!) in nitromethane solution comrespond to
non-clectrolytes2!. In view of this fact, it is supposed the that C1, Br, I and NCS an-
ions are coordinated to the Ni(Il), which was also confirmed by IR spectroscopy in
the case of the NCS anion. The slightly higher values of the molar conductivities ( Ta-
ble IT) can probably be explained by the partial dissociation of the complexes in the
employed solvent. An identical phenomenon was encountered in a previous work, !3
where the dissociation also increased in the order NCS < C1 < Br < L. The results of
the magnetochemical and conductivity measurements allow the assumption of a
square-planar arrangement of the NiS,PX chromophore.

Spectroscopic characterization of the complexes

The IR spectra of the prepared compounds were not studied in detail. Only the
bands characteristic for the dithiocarbamate ligand and NCS anion, which can co-
ordinate to nickel vig the nitrogen atom or vig the sulfur atom, were monitored. In
the IR spectrum of all of the complexes, maxima were found in the region
1505-1530 cm~! and 990-1000 cm~!. They are typical for dithiocarbamates and
can be attributed to ¥(C==N) and 1(C==8) vibrations, respectively.!3-22 In the case
of [Ni(NCS)(cetdtc)(PPh3)] (4) and [Ni(NCS)(cetdtc)(P"Buy)] (8) intensive bands
were observed at 2080-2090 cm! and 830-838 cm!, which correspond to
v(C=N), and v(C-5) vibrations, respectively. There is no doubt that the NCS anion
is coordinated to nickel vig the nitrogen atom.23

The diffuse-reflectance electronic specira of the complexes also support the
assumption of a square-planar arrangement of the donor atoms around the central
nickel atom. The absorption maxima in the region 18400-21500 cm™! may be as-
signed to the 'Aj, — IA.'Zg transition,24 which is characteristic for square-planar
Ni(Il) complexes. The maxima between 28400-37200 cm! are probably con-
nected with intraligand transitions in the S,CN- group.!3

The 3P {'H}-NMR spectra of the complexes were recorded in order to con-
firm the existence and coordination of the P-donor ligands (PPhy, P"Bus). In the
31P{IH}-NMR spectra of the free phosphorus ligands. only a single signal was
found at — 4.52 ppm (for PPhy) and —30.07 ppm (for P2-Bu;). The 3P {{H}-NMR
spectra of compounds (1-8) consisted of singlets with large chemical shifts (Table
IT). In fact the shifts of the singlet signals were observed downfield from these of
the corresponding free phosphorus ligands. This phenomenon is connected with
the coordination of the phosphorus ligands and it has already been described in
previous works.23.26

It was not possible to prepare a single crystal suitable for X-ray structural anal-
ysis, from which all the experimental results as well as our general idea about the
structure of the studied compounds could be tnambiguously confirmed. However, on
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Fig. 1. Predicted structure of the complexes [NiX(cetdic ¥PRy)] (1-8).

the basis of X-ray structural analysis of similar complexes [NiX(bz'prdtc)(PPhs)]
(X=Cl, Br, I; bz=benzyl, ipr = is-:}pmpj,rl'_ll5 it can be assumed that Ni(I1) coordi-
nation compounds of the composition [NiX(cetdtc)(PR,)] were synthesized (Fig.
1), in which the central nickel atom is coordinated by two sulfur atoms from one
cyclohexylethyldithiocarbamate ligand, one phosphorus atom from the monoden-
tate P-donor ligand and one atom from the X-inorganic ligand (X =Cl, Br, I, NCS)
(the tetra-coordinated Ni(II) in the NiS,PX chromophore).

TABLE IIL. *'P{'H}-NMR? data of the isolated complexes

No. Complex d/ppm
1 [NiCl(cetdte N PPh,)] 21.70 (s)
2 [NiBr{cetdte)(PPhy)] 2512 (s)
3 [Nil({cetdte )(PPhy)] 31.52(s)
4 [Ni(NCS }cetdic )(PPhy )] 23.13 (8)
5 [NiCl({cetdrc )(P"Bus)] 750 ()
6 [NiBr(cetdte)(P"Bu,)] 895 (s)
7 [Nil{cetdtc)(P"Bu,)] 13.04 (s)
bl [Ni(NCS){cetdic)(P*Bus)] 12.46 (5)

IMeasured in CDCly solution at 300 K; s-singlet

Thermal analysis

All the prepared complexes were examined by thermal analysis. Their thermal
decomposition starts in the temperature interval 140-179 °C. In general terms, the
course of the thermal decomposition of all the compounds is very similar; we de-
pict the thermal analysis of [Ni(NCS)(cetdtc)(P"Bus)] (8) for illustration in Fig. 2
as an example. In all cases, the decomposition is continuous without the formation
of thermally stable intermediates. Hence it is not possible to obtain any reliable in-
formation about the course of the degradation. The existence of a small sharp
endo-effect on the DTA-curves of the complexes (4 — 8) only 1s probably con-
nected with the melting process. This observation was confirmed by the melting
points determined on a Boétius instrument (Table IT).

The results of the physico-chemical study of the new Ni(II) cyclohexylethyl-
dithiocarbamate complexes are in good agreement with the experimental data re-
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Fig. 2. Thermal analysis of [Ni(NCS ){cetdtc)(P"Buy)] (8).
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ported in previous articles, !13-16.27 which were aimed at the synthesis and struc-
tural characterization of coordination compounds with the same general formula
[NiX{RRsdtc)(PR1)] containing different dithiocarbamate ligands, It can be con-
cluded that the cyclohexylethyldithiocarbamate ligand, monodentate P-donor lig-
ands and X-inorganic ligands have no significant influence on the shape of the co-
ordination polyhedron.

H3BOT

HHKAJ(II) HUKTOXEKCHIETHITHTHOKAPEAMATHH KOMOILTEKCH CA
MOHOJEHTATHHM P-JOHOPCKHAM JTUTAHIMMA ¥ KOOPIUHATHOJ
COPEPH
JOSEF HUSAREK, RICHARD PASTOREK, MICHAL MALON, ZDENEK SINDALAR a MAREK PAVLICEK

Department of Inorganic Chemistry, Palocky University, KiiZkovského I8, 77147 Olomonc, Crech Repubiic

CranreTHzoBad je Aos 3 Ni(ll) grrHokapSaMaTHHX jeibema cacTasa [NiX(cetdic) (PR ] (X
=CL Br, I, NCS; cetdic =uprnoxekcunengaTHokapbamat; B = diennn, n-0yTion ). Cer H307m0BaHA
KOMIIIEKCH KapakTEPHCall CY eNeMeRTandHoM adanmsom, [R n UV/VIS cnexTpockonm)oM,
STP('H)-NMR crieKTpOCKOmijos, TEPMHJCKOM aHATH3IOM, MATHETOXEMITjCKHM Meper:iMa it Mepe-
HAMa TPOBOITEABOCTH. Ha ocHOBY hH3IATKOXE MI|CKE aHATTH3E 3aKBYTYjE O2 1A CY CBH KOM-
TITE KCH ] aMaTHeTHIHH, He-eEKTPONIHTH | /1a EMajy KBalpaTHO-TaHapHe xpoModope.

(TIpsmreeno 12, janyapa, pesnpipano 12, maja 2004)
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Abstract

The work reports on the synthesis and physico-chemical study of binuclear
Ni(Il) dithiocarbamate compounds of the composition [Ni(u-SR"(Rdtc)]; (HSR' =
benzenethiol. 4-methylbenzenethiol. 2-naphthalenethiol: Rdtc = benzylisopropyl-.
benzylbutyl-. cyclohexylethyl-. dipentyl-. dibenzyldithiocarbamate). All the synthesized
coordination compounds have been characterized by means of elemental analysis.
complexometric titrations with chelatone 3. IR and UV/VIS spectroscopy. thermal
analysis. magnetochemical and conductivity measurements. These methods have shown
that coordination compounds are diamagnetic. non-electrolytes, with two square-planar
NiS, chromophores.

Key words: Nickel(Il) dithiocarbamate complexes; aromatic monothiols; synthesis;
physico-chemical study.

Introduction

The wide attention is paid to study of the dithiocarbamate compounds at
present. not only for their interesting coordination behaviour but also for their potential

* Author for correspondence
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use in applied investigation'~. For example. they are used in agriculture as fungicides
and pesticides. In view of this work we have searched for information on binuclear
Ni(Il) dithiocarbamate complexes with monothiols in the literature. where the
monothiols coordinate via sulfin atom and they create bridges between the two nickel
atoms. We have found several articles*®, in which the authors have focused on synthesis
and physico-chemical study Ni(II) coordination compounds of the general type [INi(p-
SR")(Rdtc)],. For example, McCleverty ef al.* and Darkwa et al.”® have studied Ni(IT)
compounds [Ni(u-SR')(Rdte)], (HSR' = methanethiol. 2-propanethiol. 2-methyl-2-
propanethiol. o-toluenethiol. benzenethiol. 4-methylbenzenethiol, ethanethiol. 4-
chlorobenzenethiol. 4-chlorobenzenemethanethiol: Rdtc = dibutyl-. dimethyl-.
diethyldithiocarbamate). Schulbert ef al.” has prepared and structurally characterized the
complex [Ni(p-Sme)(Hmedtc)]; (me = methyl). It is notable that similar compounds
have been also isolated and characterized in our department. In our previous works®® we
have systematically studied Ni(II) dithiocarbamate complexes of the composition
[Ni(L-SR")Rdte)]. (HSR' = benzenethiol. 4-methylbenzenethiol. 2-naphthalenethiol.
thiosalicylic acid. 1-hexanethiol. Il-butanethiol: Rdtc = morpholine-, piperidine-,
pyrrolidine-, 4-aminoantipyrine-, hexamethyleneiminedithiocarbamate). The results of
physico-chemical study have shown that all these coordination compounds are
diamagnetic. non-electrolytes. with binuclear arrangement of coordination sphere (two
square-planar NiS4 chromophores).

In this paper we are reporting on synthesis and physico-chemical study of new
Ni(Il) coordination compounds containing the symmefrical or non-symmetrical
dithiocarbamate ligand and aromatic monothiol (Fig. 1) in the coordination sphere of

two nickel atoms.
R SH
SH H,C SH |
- o
a) b)

¢)

Fig. 1. The wused aromatic monothiols and their structural formulae {a) benzenethiol
(CgH:SH). b) 4-methylbenzenethiol (C;H;5H). ¢) 2-naphthalenethiol (C,,H;5H)}

Materials and methods

All chemicals purchased from commercial sources were of high purity.
Benzenethiol (97 %). 4-methylbenzenethiol (98 %), 2-naphthalenethiol (97 %). N-
cyclohexylethylamine (98 %). N-benzylbutylamine (98 %). dibenzylamine (97 %) were
obtained from Aldrich Co.: dipentylamine (97 %) was product of Fluka Co.: N-
benzylisopropylamine (97 %) was procured from Lancaster Co. and friethylamine was
purchased from Downs Developmient Chemicals Limited. The other reagents were
supplied by Lachema Co. and all were of p.a. purity. The starting compounds
[NiX(Rdte)(PPh3)] (X = Cl or Br) were synthesized according to the procedures
described in the literature'*.
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The content of nickel was determined by chelatometric titration on murexide as
an indicator’ after dissolving of sample in HNOs. The elemental analyses (C. H. N.
5) were performed on an EA 1108 instrument (Fisons). The room temperature magnetic
susceptibilities of all compounds were measwred using Faraday’s method with
Co[Hg(NCS)4] as a calibrant on a laboratory designed instrument with a Sartorius 4434
MP-8 microbalance. The molar conductivities of 10° M acetone solutions of all
complexes were measured with a Conductivity Hand-Held Meter LF 330 (WTW GmbH)
at 25 °C, Diffuse-reflectance electronic absorption spectra (45000-11000 cm™) were
carried out on a Specord M 40 and IR spectra (4000—400 cm™) were recorded on a
Specord M 80 (Carl Zeiss. Jena) using nujol mulls. The thermal analysis was performed
on an Exstar 6000, TG/DTA 6200 device (Seiko, Japan: sample weight 5.9-11.3 mg.
temperature range 20—-1000 °C. gradient 5.0 °C/min: an air atmosphere). The melting
points were determined by means of Boétius apparatus (VEB Wigetechnic Rapido.
PHMK 79/2122).

Syvntheses of the complexes

[Ni{u-SR")(Rdtc)]; (I-VIIL see Table 1)

To a solution of [NiCl(Rdtc)(PPhs)] (Rdic = benzylisopropyl-. benzylbutyl- or
cyclohexylethyldithiocarbamate) (1 mmeol) in chloroform (10 c1113) aromatic monothiol
(1 mmol) was added. The reaction mixture was stirred at room temperature for ca. 5 min.
and filtered. Triethylamine (1 mmol) was then added. dropwise with stirring. to the
violet filtrate. The solution furned green immediately and it was left to evaporate at room
temperature. After a few days the solid evaporation residue was obtained. which was
several times decanted with ethanol for complexes I-IIL. petroleum ether for IV-VL
VIII or methanol for VII. The green product was filtered off. washed with n-hexane for
I-III. petroleum ether for TV-VIII and dried under an IR lamp at 40 °C. The complexes
I-IV and VI were moreover purified by recrystallization in dichloromethane.

[Ni(p-SR")(Rdte)]z (IX—XII. see Table 1)

These complexes were prepared by the same procedure. but starting compound
[NiBr{Rdtc)(PPh;)] (Rdtc = dipentyl- or dibenzyldithiocarbamate) (1 mmol) was used.
In all cases an oily product was obtained. which was transformed into a powdered
substance after the addition of methanol. The final green product was then filtered off.
washed with methanol and dried under an IR lamp at 40 °C.

Results and discussion

The green Ni(IT) complexes were synthesized in moderate yields by the reaction
[NiX(Rdic)(PPh;)] with aromatic monothiol and triethylamine in chloroform according
to the following general scheme:

[NIX(Rdtc)(PPh;)] + HSR® + Et,N

1/2 [Ni(u-SR")(Rdtc)], + PPh, + [Et,NH]X
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where X = Cl or Br. HSR' = benzenethiol. 4-methylbenzenethiol. 2-naphthalenethiol and
Rdtc =  benzylisopropyl-.  benzylbutyl-,  cyclohexylethyl-, dipentyl- or
dibenzyldithiocarbamate.

The isolated coordination compounds are stable on air: they are soluble in
chloroform. dichloromethane. acetone and insoluble in n-hexane. petrolenm ether.
ethanol, methanol and water. The composition and elemental analyses of the new Ni(IT)
complexes are given in Table 1: yields, molar conductivities. spectral data. melting
points (M.p.) and results of the thermal analysis are summarized in Table 2.

All compounds are diamagnetic. The values of the molar conductivities (0.1—
6.5 S.cm”.mol™?) clearly showed their non-ionic nature in acetone solution'®. The results
of the magnetochemical and conductivity measurements allow us to assume a square-
planar coordination around Ni(IT) atoms. IR and UV/VIS spectroscopy also supported
this conclusion. IR spectra of isolated compounds were not studied in detail. The bands
were monitored only. which appertain to vibrations characteristic for dithiocarbamate
ligand and aromatic monothiol. In TR spectrum of all complexes the maxima were
observed in the region 1500-1525 cm™ and 990-1010 cm™. These maxima are typical
for dithiocarbamates and can be attributed to v(C—=N) and v(C—=S) vibrations,
1'espectively”'18. The maximum of the v(C-S8) vibration'® was also found in the interval
730-742 cm. which suggestive of presence of the aromatic monothiol in our
coordination compounds. Diffuse-reflectance electronic spectra exhibited the absorption
maxima in the region 15000-16000 em™” and 21300-25600 em™. All these maxima are
characteristic for square-planar Ni(II) comglexes and may be assigned to 1A1g — lBlg
and lAlg — 1A3g transitions. re.@.pra::t1'1—*a.=.ljf"j 2! The intensive maxima between 28500
36200 cm™ are probably connected with the intraligand transitions in the S,CN° group”.

Thermal analysis was applied to all prepared compounds. The thermal
decomposition of the complexes I-VIII confaining non-symmetrical dithiocarbamate
ligands started in the femperature interval 86-160 °C while the beginning of the
decomposition for complexes IN-XIT with symmetrical dithiocarbamate ligands was
between 192-229 °C, It follows that the coordination compounds IX—XTI are thermally
more stable. In the case of complexes II. V. IX and X endo-effect was observed in the
interval 103—161 °C on the DTA-curves. which was not accompanied by a mass loss on
the TG-curves. The endo-effects are probably connected with the melting process. This
affirmation was satisfactorily confirmed by melting points determined on a Boéfius
apparatus (Table 2). The exo-effects were also identified in the temperature interval
219-561 °C on the DTA-curves. which are probably caused by a total destruction of the
organic parts in the studied complexes. The destruction influences course of the thermal
decomposition significantly and induces mass changes on the TG-curves. In general
terms. the course of the thermal decomposition of all compounds is very similar. We
depict thermal analysis of [Ni(u-SCzHs)(peadtc)]; (IX) for illustration in Fig. 2.

We were not able to prepare a single crystal suitable for X-ray structural
analysis, which could unambiguously confirm all experimental results as well as our
general idea about the structure of the studied compounds. However. on the basis of X-
ray structural analysis of the similar complex [Ni(p-Sme)(Hmedtc)], (me = meﬂlyl}? we
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Fig. 2. Thermal analysis of [N1{u-SCsH:)(peadic)]s (IX)

assume that we have synthesized binuclear Ni(II) coordination compounds. in which the
monothiols coordinate vig sulfur atom and they create bridges between the two nickel
atoms (two square-planar NiSy chromophores. Fig. 3).

=z
|
R, S S S R
Nnemed SN S S
{or Ry) R1/ \S/ s/ \S/ \Rx (or Ry}

Fig. 3. The predicted square-planar arrangement of the Ni5S4 chromophores for binuclear Ni(IT) complexes I
XII (R;R,dic = non-symmetrical dithiocarbamate ligand. dtc =5,CN)
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Table 1. Chemical composition. molecular weight and elemental analyses of the
complexes

Complex MW. Found/Caled. [%2]
Ni C H N s

I [Ni(u-SCHs) (b2 prdte)]2 784.47 14.9/150  51.7/521 4549  36/3.6 2417245
C34H3gN:NixS

I [Ni(u-5C :'H-J:l{:bziprdtc 1 81252 14.2/14 .3 52.8/532 5.5/52 3933 23.1/237
C3gHaNaN1aSg

I [Ni(u-SCH:)(bzprdic)]s 884.59 134/133  S66/570 5248 3332 210218
CaHyNaNia S

IV [Ni{u-5CsHs)(bzbudtc)]z 812.52 14.1/14 5 52.8/532 52/5.2 3833 24 21237
CagHnNaNiSs

v [MNi{u-SC:H7)(bzbudtc)]z 84058 14.1/14.0 54.1/543 6.0/5.5 13/33 232229
C3aHysN:Nis S

VI [Ni(p-SCyHy)(bzbudic)]a 912.64 124129  ST4/S79  S4/51 3431 214211
CagHysNaNia S

VII [MNi(u-SC7H7)(cetdtc)]a T68.51 14.9/15.3 50.7/50.0 6.5/6.0 3537 24.5/250
CaHaNaN1256

VIII [MNi(u-5C1cH7 ) cetdte )]z 84058 13.7114.0 54.9/54.3 5.9/5.5 3.0/3.3 23.1/229
C3gHasN:Nia8s

IX  [Ni(u-SCsHs)(pexdtcilz 800,60 149/147  S51.4/510  608/68 35335 23.1/240
C34HsNaN1 56

X [Ni(u-SC7H:)(peadte)]a 828.65 140142 522522 70/71 3434 230232
C3HeNNiz5g

XTI [Ni(u-SCiH)(peadtc) s 900 71 120/130 568560  63/65 29031 215214
CaHsgNaNiS

XII [Ni(u-5C7H7)(bzadte)]z 908.61 12.3/12.9 58.0/38.2 4.2/4.7 3.1/3.1 20.5/21.2
CuayHazNaN1185

bz'prdic = benzylisopropyldithiocarbamate, bzbudtc =  benzylbutyldithiocarbamate, cetdtc =

cyclohexylethyldithiocarbamate. pesdic = dipentyldithiocarbamate. bz.dtc = dibenzyldithiocarbamate.
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Table 2. The physico-chemical properties of the complexes

Complex Veeld g0 UV/VIS® IR [cm | TA[FC] Map.
6] [Sem’ [0 cm] we=s) weN) vic=s) T¢ Ta

mol] [°C]

I [Ni{ u-5CsHs) (bz'prdtc)] 26 0.5 15.8:21.8: 990w 1512w 740s 140 - 116
28.8;356

i [Ni(u-SC7H7)(bz'prdtc) ] 27 6.5 15.9;21.8; 002w 1512m 735w 160 124 124
28.5:353

I [Nifp-SC1cH7H bz prdte)]2 18 02 15.6; 21.5; 995w 1510w 738w 106 — 102
28.8;35.8

v [Ni{u-SC4Hs)(bzbudtc)]; 23 65 158:22.6; 1005m 1525w 742 98 —  162¢
24 8;79.4

v [N¥i( u-SC7H7) (bzbudte)]: 18 22 15.7;22.0; 1005m 1521w  740m 122 103 101
24.9:202

VI [Mi(u-SCyH ) (bzbudtc)]y 19 33 152:227; 1010m 1522w 730m 115 —  241°
24.8:30.0

VII  [Ni{u-SC-Hy)(cetdtc)] 13 45 16.0;21.6; 1001w 1514w 735 86 — 104
24.9:354

VIII  [Ni{u-SCyH7)(cetdic)] 16 44 15.0:21.3; 10085 1522m 732 103 — 84
251:297

X [N u-SCsHs) (pedtc)]a 36 13 15.6; 21.6; 008m  1500m  740m 197 161 160
25.0: 36.0

X [Ni(u-SCH7)(peadtc)]s 31 0.4 15.6:21.6; 1010m  1500s 730w 206 154 153
25.0;362

XI [Ni{u-SC1pH7)(pesdte) Ja 33 0.2 15.4;215; 905w 1500 738w 220 - 201
25.6;35.0

XIT  [Ni(u-SCH7)(bzadtc)]s 31 0.1 158:21.7; 998m 1510m  742m 192 - 187
24.2; 345

® Measured in acetone solution. [Ni° ] = 107 mol.dm™.

® Measured in nujol.

T;— begmning of the thermal decomposition.

Ten — endo-effect.

M p.— melting pont. © Complex melts with decomposition.
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Abstract

Some novel Ni(Il) dithiocarbamates with P ligands have been prepared.
Syntheses arose from [Ni(Bzadic);] and evenmuated in following complexes:
[NiX(Bz,dic)(PR;)] and [Ni(Bzydic)(PPh;)]Y: complex type [NiX(BzButdtc)(PBus)]
was synthesised too (Bz = benzyl: Bu = butyl: dtc = S;CN: X = CL Br. . NCS; R =
phenyl. butyl: Y = ClO4 and PFg). Obtained compounds have been characterised by
elemental analysis. IR and UV/VIS spectroscopy, magnetochemical and conductivity
measurements and also by melting points. The used methods have indicated that the
compounds are diamagnetic, non-electrolytes except (IX-X) (1:1 electrolytes) with
square planar NiS;PX or NiS;P> (IX-X) chromophores.

Key Words: Nickel(ll) dithiocarbamate complexes; P-ligcands; synthesis;, physico-
chemical study

Introduction

Within the framework of our quest for new Ni(II) dithiocarbamates with P
ligands in the coordination sphere. some new compounds have been prepared. This type
of compounds was studied not only by our department and also by authors." X-rag‘
structure analyses of [‘-_\TiC‘l(Etgdtc)(PPhj)]j'T. [Ni(NCS)(Buydte)(PEts)]".
[NiI(AﬂlgdtC)(PPth]n (Et = ethyl. Ph = phenyl. Bu = butyl. Am = amyl. dtc = S,CN)

+
Author for correspendence
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confirmed distorted square coordination of NiS;PX polyhedron (X = CL N. I).
Compounds with NiS;P; chomophore, such as [Ni(Etzdtc)(PPhg};]CIOf. [Ni(i-
Pradtc)(PPhs),]C104 CHCL® (i-Pr = isopropyl) and [Ni(Amsdtc)(PPhs),]C10,!! were also
studied by X-ray structure analyses that confirmed a distorted square arrangement
around nickel atom in these compounds. Similar data were obtained for non-symmetrical
dithiocarbamates (with RjRadtc. By # R_a}.ls'lf'

No data for  Ni(II) di(benzyl)dithiocarbamates and  Ni(IT)
benzylbutyldithiocarbamates with P-ligands have been reported. The main purpose of
this work was the synthesis and physico-chemical characterization of these compounds.

Materials and methods

Di(benzyljamine (97%). benzylbutylamine (98%). LiClOy3H;0, PPh; and
PBu; were purchased from Aldrich Co.. CS; and K[PFs] from Fluka Co. All other
chemicals were obtained from Lachema Co.

Nickel content was determined by chelatometric titration'’ and chlorine
(bromine) by the Schoniger method.'® C. H, N and S analyses were performed on an EA
1108 instrument (Fisons). Room temperature magnetic susceptibilities were measured by
the Faraday method using Co[Hg(NCS)s] as calibrant on a laboratory-designed
instrument employing a Sartorius 4434 MP-8 microbalance. Conductivities were
measured with a Conductivity Hand-Held Meter LF 330 (WTW GmbH) at 25°C.
Diffuse-reflectance electronic spectra (45000 — 11000 em™) were obtained by a Specord
M 40 and IR spectra (4000 — 400 cm™) by a Specord M 80 (Carl Zeiss. Jena) using nujol
mulls. The melting points were determined on a Boétius instrument (VEB Wigetechnik
Rapido. PHMEK 79/2122).

Syvntheses of compounds

[NiX(Bzydic)(PR3)] (X = Cl. Br. I. NCS; R = phenyl. butyl)

The compounds were obtained by the reaction of a suspension of finely
powdered complexes [I\Ii(Bz;d‘m);]l9 (1 mmol) and [Nng(PR;Jg]EO (I mmol). in
chloroform (10 ::1113). The mixture was properly stirred (2 hours) and after filtration the
solutions were left to crystallize at room temperature. For complex of the
[NiX(Bzodtc)(PPhs)] type. mixtures of green powder [Ni(Bzadtc),] and novel compound
formed: the mixtures were dissolved in CHCl; and after filtration left to crystallize at
room temperature. Resulted violet (red, orange) powders were dried at room
temperature. The same method was used for [NiCl(Bz,dtc)(PBuj)]. but complexes
[NiBr(Bz:dic)(PBus)] and [Ni(NCS)(Bz.dtc)(PBus)] were only washed with diethyl
ether and n-hexane. dried at room temperature and powdered.
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[NiX(BzButdtc)(PBus)] (X = Cl. Br, NCS)

A suspension [Ni(BzBudtc),]'® (1 mmol) and [NiX5(PBus),]*° (1 mmol) in
chloroform (25 c¢m’®) was thoroughly stirred (30 minutes). Reaction eventuated in
solutions. which were filtered and left to crystallize at room temperature. Products were
washed with petrol ether and dried by using an IR-lamp at 40°C.

[Ni(Bzadte)(PPha)»]Y (Y = ClO4 and PFg)

A suspension of powdered [Ni(Bz.dic);] (1 mmol). PPh; (2 mmeoel) and
NiCly'6H-0 (1 mmol) in methanol (25 cm3) was stirred under reflux. After 1 hour,
powdered LiClO43H>0 (1 mmol) or K[PFg] (1 nmunol) was added and the mixture was
refluxed for 1 hour. Resulted red powders were filtered. washed with CHC); and diethyl
ether and dried at room temperature.

Results and discussion

Chemical formulas and analytical data for all these compounds are given in
Table 1; results of physico-chemical studies are mentioned in Table 2.

It was found that all compounds are diamagnetic. [Ni(Bzadtc)].
[NiX(Bz,dtc)(PR3)] and [NiX(BzButdtc)(PBus)] are non-electrolytes:
[Ni(Bz2dtc)(PPh3)2]Y (Y = ClO4. PFg) are 1:1 ».ale:c'rrc-rlj,rte.fs.21 This is consistent with
assumption of a square planar arrangement of NiSy, NiS,PX and NiS,P». Ionic character
of Y in [Ni(Bzodte)(PPhs):]Y is indicated by IR spectroscopy: a singlet vz at 1090 em™
and vy at 620 cm™ for ClOy grou > and single vibration at 840 cm? for PF523 were
found. Complexes V. VIII and XIII with NCS anion exhibit coordination of this group
to the nickel atom via nitrogen”: v(C=N) is in the range 2100-2080 cm” and v(C-5) is
for all complexes discussed at 840 cm™.

IR spectra of all reported compounds exhibit v(C=N) and v(C=S) vibrations at
1520-1495 cm™ and 1010-990 em™ typical for dithiocarbamate s:+::-111pln=::~:v.=,s.25'26 Square
planar coordination is supported by electronic spectroscopy results: bands in the 15800-
25800 cm® region are ftypical of square planar Ni(IT) 4;2011113101111(!.3.27'28 Bands above
30000 cm™ are likely connected with infra-ligand transitions in the S;CN group.zg

Proposed structure formulas of prepared complexes based on literature data
listed above and our experimental results are given in figures 1 and 2.

PR,

Fig. 1. Predicted structural formula for the complexes of [NiX(Bzdtc)(PR;)] and [NiX(BzButdtc)(PBut;)]
types (X = CL Br. L. NC5; R = phenyl. butyl)
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Fig. 2. Predicted structural formula for the complexes of [Ni(Bz:dic)(PPhsL]Y tvpe (R = benzyl. Ph = phenvyl.
Y = ClOy or PF;)

Table 1. Elemental analyses

Compouvnd Found/Caled. (%)
Ni C H N s C1 (Br)
I [MNi(Bzydic)a] 10.3/9.7 59.3/59.7 46/4.7 4746 205213 8
I [NiCl(Bzadtc)(PPhs)] 9.4/9.3 62.3/63.0 4847 24122 9.4/102  6.1/56
I [NiBr(Bzadtc)(PPhs)] 9.0/8.7 58.6/589 4443 2221 90935 126119
AN [MNil(Bzydtc)(PPh3)] 8.6/82 54.6/55.0 4141 2019 7.5/89 =
v [Ni(NCS }(Bz)dic)(PPhs)]-CHCl; 8.0/7.6 55.3/545 3.5/39 3736 123125 12.9/138
VI [MNiCI(Bzydtc)(PButs)] 9.7/103 56.1/57.0 79/73 23725 8.8/113 5.5/62
VII  [NiBr(Bzydic)(PBuis)] 9.9/9.6 51.7/523 T.1/67 2323 7.2/82  13.5/130
VIII  [NiNCS)(Bzdtc)(PButs)] 10.3/9.9 55.7/569 7870 4847 157/163 -
IX [Ni(Bzadtc)(PPhs):]C104 6.4/6.2 63.4/64.1 44/46 14/15 6.216.7 4237
X [Ni(Bzydic)(PPhs):]PFs 5.8/5.9 60.3/612 41/44 14714 5.4/6.4 =
XI [NiCI(BzButdtc)(PBut3)] 10.6/11.0 542/539 82/81 26726 123120 59/66
XII  [NiBr(BzButdic)(PButs)] 10.3/10.1 403/498 7675 2624 110111 142/138
XIIT  [Ni(NCS)(BzButdic)(PBut;)] 10.6/10.5 53.6/53.9 7.8/78 5150 173/173 =
Table 2. Physico-chemical study
Compd. Celour Yield ' IR [em T UV/VISE [10° em™] T
(%)  [Sem'mol!] w(C=§) w(C=N) [c1
1 green 80 1.1 990 m 1495 = - 15.8:20.5; 24.4:25.8 241
i violet 38 2.1 995 m 1500 m - 19.2; 29.5 188
I violet 41 2.6 995 m 1500 m - 18.8;24.3:27.5 197
IV violet 40 2.5 995 m 1510 m - 18.4: 24.0: 30.0 204
v red 35 44 990 m 1510m  v(C-S) 8§40m 20.5;30.0 190
v(C=N): 2080 m
Vi red 54 11.3 1000m  1500m = 19.5: 25.0; 30.5 156
VII red 65 9.2 1000m  1500m = 19.4; 25.0; 300 160
Vi orange 32 104 1000m  1500m  (C-S); 840m  21.5:256;288 74
v(C=N): 20905
IX red 27 1324 995 m 1500m  v3(ClO4): 1090 s 19.5:312 2
v4{ClOg): 620 m
X red 16 98.0 995 m 1510m  v(PFs): 840s 20.0:304 720
X1 violet 63 1.8" 990 m 1520 w - 19.5:31.2:36.1 66
XTI pink 64 21" 1010 w 1510 m - 19.2:30.3:35.0 72
X1 orange 61 2.6 1000w  1510vs  v(CS) 840w 21.2:30.0: 36.9 83

V(C=N): 2100 ws

* In acetone solution. [Ni*] = 107 mol.dm™

® In nitromethane solution, |_'Ni:'*} = 10" mol dm
* In nujol

Ty Melting point
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Nickel(II) Dithiocarbamates with Asl; and SblI;
as Mixed Ligands

by R. Pastorek, J. Kamenicek, Z. Travnidek, M. Pavli¢ck, B. Cvek,
J. Husdrek and Z. Sindela#

Department of Inorganic Chemistry, Palacky University,
Krizkovského 10, CZ-771 47 Olomouc, Czech Republic
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Ni(Il) dithiocarbamates with Asl3 or Sbl; as ligands of the composition [Ni(hmidtc)2(Asl3)]
(1), [Ni(bzbutdic)a(AsI3)] (2), {Ni(bzbutdtc)z{Sbl1)]-2CHCl (3}, [Ni(bzadtc)z(Asl3)]
{4), [Ni(bzadte)a(Sbl)] - CSa (), [Ni(hmidtc)a(Aslz)z] - CHCI3(6), [Ni(hmidtc)z(Sbla)2] (7)
and [Ni(cetdtc)a(Asl3)] (8), (hmidtc =hexamethyleneiminedithiocarbamate, bzbutd:c =
benzylbutyldithiocarbamate, bzadtc = dibenzyldithiocarbamate, cetdtc = cyclohexyl-
ethyldithiocarbamate, dic = S2CN") have been synthesized. The complexes have been
characterized by elemental analyses, thermal analysis, IR and UV/VIS spectroscopies,
magnetochemical and conductivity measurements as square-pyramidal (1-5) and octa-
hedral (6-8) complexes. X-ray analysis of [Ni(bzadtc)a{ Asl3}] and [Ni(bzadtc)a(Sbl3)]- CSa
confirmed square-pyramidal arrangement around nickel in both complexes with the
NiS4As and NiS48b chromophore, respectively.

Key words: Nickel(II), dithiocarbamate, Asl;, Sbiy, synthesis, X-ray structures

Many square-planar Ni(Il) dithiocarbamates of the [Ni(dtc),] type were prepared
previously and extensively studied from several aspects. The study was focused on
practical role of these compounds in vulcanization, high-pressure lubricant agents
and fungicides {1]. Surprisingly, a few studies were performed on Ni(Il) dithiocar-
bamates of [Ni{dtc),(L)] and {Ni(dtc);(L),] compositions (L = PR3, AsR;3 or SbRj).
For example, the former types were investigated recently by Ali et al. [2]. Authors pre-
pared complexes of the composition [Ni(etydtc),(L.)], where L = PPh;, AsPh; orpy. The
latter type of complexes of compositions [Ni(R,dtc),(AsI;),] and [Nl(etzdtc)z(Sbh)z]
(R = et, but) was described by Willemse et al. [3].

In this work we describe preparation and characterization of square-pyramidal
and octahedral Ni(II)-hexamethyleneimine- and benzylbutyldithiocarbamate com-
plexes of the above mentioned types having the NiS,Y and NiS,Y; chromophores
(Y = As or Sb). The complexes were prepared by the reaction of the starting [Ni(dtc),]
complex with Asl; or Sbl; in a different molar ratio of reactants.

EXPERIMENTAL

Materials and methods: Dibenzylamine (97%), N-cyclohexylethylamine (98%), benzylbutylamine
(98%) and hexamethyleneimine (99%) were supplied by Aldrich Co.; CS; was obtained from Fluka Co. and
all remaining reagents were products of Lachema Co.; all of p.a. purity. Asl3 and Sbly were prepared
according to the literature method [4].
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The nicke! content was determined by complexometric titration using murexide as an indicator [5].
[odine was determined by the Schéniger method [6]. The C,H, N, S analyses were performedonan EA 1108
instrument (Fisons). The room temperature magnetic susceptibilitics were measured by the Faraday method
on a laboratory designed instrument with the Sartorius 4434 MP-8 microbalance using Co[Hg(NCS8)4] as
a calibrant. Conductivities were measured with a Conductivity Hand-Held Meter LF 330 (WTW GmbH)
at 25°C. Diffuse-reflectance electronic absorption spectra (40000-11000 em™') were carried out on a
Specord M40 spectrometer. IR spectra (4000400 cm™!) were recorded on a Specord M80 spectrometer
(Carl Zeiss, Jena) using nujol mulls. Thermal analyses were performed on an Exstar 6000, TG/DTA 6200
device (Seiko) with gradient 2.5°C/min, sample weight 9.5-12.0 mg, temperature ranges 20-1150°C
tfor 1, 3,5 and 8) and 20-400°C (for 2, 4, 6 and 7). Melting points were determined by the Boétius Rapido
apparatus (Wigetechnik PHMK 79/2122).

Syntheses: [Ni(hmidtc)(Asl3)] (1): The suspension of fine pulverized [Ni{hmidtc)s] [7] (f mmel) in
20 cm’ of CHCI; and Asl; (1 mmol) was stirred at room temperature for 3 hrs. The resulted solution was
filtered with the active carbon. After 3 days, the dark brown substance appeared after addition of
diethylether (5 cm’) to the filtrate. It was isolated, washed with ethanol and diethylether and driedunder an
infra-tamp at 40°C. Yield: 87%.

[Ni(bzbutdtc)(Asl3)] (2), [Ni(bzbutdrc)(Sbl3)] - 2CHCLs (3): [Ni(bzbutdtc)z] [8] (1 mmol) in 10 em®
of CHCl; was mixed with AsI3 (or Sbl} (1 mmol) in 10 em’ of C8; and the reaction mixture was stirred at
room temperature for 3 hrs. The resulted solution was filtered with the active carbon and the filtrate
evaporated to dryness. The product was redissolved in CHCI3 (10 em’) and a small amount of n-hexane was
added. The precipitate, which formed, was filtered off, washed with n-hexane and petroleun ether and dried
under an infra-lamp at 40 °C. Yields: 46% (2) and 45% (3). The same result was obtained when a 1:2 molar
ratio of the reactants was used.

[Ni(bzadte)a(Asl3)] (4), (Ni(bzzdic)2(8bls)]- CS2(5): The suspension of fine pulverized [Ni{bzadic)z2]
{1 mmol) [9] in 20 em? of CS; and Asl; (or Sbls) (1 mmol) was stirred at room temperature for 3 hrs. After
filtration with the active carbon, the filtrate was slowly evaporated at room temperature. The solid
substance, in the form of single crystals suitable for X-ray analysis, appeared during 2 days. [t was filtered
and dried under an infra-tamp at 40°C. Yields: 68% (4) and 38% (5).

[Nithmidtc)z(Asl3)2] - CHCY; (6) [Ni(hmidtc)2(Sbls)z] (7): The mixture of pulverized [Ni(hmidtc)a]
(1 mmol) in 20 cm? of CHCl; with Asly {or Sbls) (2 mmol) was stirred at room temperature. A micro-
crystalline product appeared while stirring for 3 hrs in the case of (7). In the case of (6), the reaction mixture
was filtered with the active carbon and the microcrystalline product was obtained by evaporation of the
solvent at room temperature. Both solids were filtered, washed with diethyletber and dried under an
infra-lamp at 40°C. Yields: 89% (6) and 85% (7).

[Ni(cetdte)z(Asl3):] (8): The mixture of [Ni(cetdte)z] (1 mmol) {7] in 15 cm® of CHCI3 with Asl; (2
mmol) was stirred at room temperature for 3 hrs. After this period, the solution was filtered with active
carbon. A solid product was obtained by free evaporation of the solvent at room temperature. The powdery
product was obtained. It was filtered, washed with n-hexane and dried under an infra-lamp at 40°C.
Yield: 31%.

X-ray crystallography: X-ray data collection for (4) and (5) was performed on a four-circle x-axis
Xealibur ™2 diffractometer (Oxford Diffraction) equipped with the Sapphire2 CCD detector, using MoKy
radiation at 100 K. CrysAlis program package (ver. 1.171.7, Oxford Diffraction) was used for data
collection and reduction. Both structures (4) and (5} were solved by the direct methods using SHELXS-97
program [10] and refined anisotropically by the full-matrix least-squares procedures using program
SHELXL-97 [11], except for the C1, C4 and C34 atoms of (4), which were refined isotropically. A cor-
rection for absorption, DIFABS [12], was applied in the case of {4). Rops value before/aficr application was
15.26/14.72 for (4). In the case of (5), an application of the correction did not lead to reduction of R-factors
and it was ncglected for that reason. Unfortunately, statistical data and refinement parameters relating to the
structure of {4) are low, although we tried to measure several crystals of (4). However, we always obtained
comparable results. The above-mentioned may be aseribed to poor quality of the crystal (Rj = 0.1203).
Hydrogen atoms belonging to both structures were positioned theoretically and refined using a “riding”
model. Additional calculations were made using the PARST program [ 13]. The fargest peak and hole on the
final difference map for (4) and (5) were 2.731 [1.18 A from 1{1}]and—2.119 [0.91 A from I(2}], and 1.766
[0.97 A from k(1)) and -1.051 [1.14 A fromI(2)]e.A 2, respectively, Compositions and important physical
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data for complexes (1-8) are sumnmarized in Table 1. Crystal data and structure refinement are given in
Table 2 while selected interatomic parameters are surmmatized in Table 3.

Table 1, Color, conductivity, IR, electronic and thermal data for the complexes.

Complex‘ Color  ,*(Scm’mol™) IR (cm ™) UV/VIS TA (°C)
A B #(C=5) ¥(C=N) (x10* em™) T E, B

[€))] dark brown I 82 982w 1530w 190 264 34.0 71 160 235
2 black 6.5 513 9%2m 1522w 17.0 25.0 30.8 70 110 238
3) biack 12.1° 58.0 992s 1524s 188 - 306 60 108 264
(4) brown I 564 1000w 1510w 182 26.5 35.7 0 - 24
(5) brown 1 35.0 990m  1520s 15.8 203 26,7 73 94 235
176 294

570 426

6) red-brown 1 7.9 994w 1530w 15.6 26.4 34.8 65 155 238
N red-brown 1 6.1 9%0w 1538w - 23,0 26.6 33.6 95 150 230
(8) dark brown 127 853  935m  1520m 15.6 194 251 306 65 - 246

Ap® Molar conductivity in nitromethane {A), acetone (B) solution ( {Niy] =107 mol dm™ or
b5.10 mol dm‘a);
[ - insoluble; T ~ beginning of thermal decomposition; E, — endo-effect; E, — exo-effect.
*(1) [Ni(hmidtc)x{Asl3)); (2) [Ni(bzbutdtc)(Asly)]; (3) [Ni(bzbutdtc);(Sbls)] - 2CHCl3;
(4) [Ni(bzadtc)a(AsT3)]; (5) [Ni(bzpdick(Sbls)]- CSy ; (6} [Nilhmidtc)y(Asls)a] - CHCLy;
(7) [Ni(hmidtc),(Sbl3);]; (8) [Ni(eetdic)y(Asls)].

Table 2. Crystal data and structure refinement for [Ni(bz,dtc)(Asl3)] and [Ni(bzydtc),(Sbls)] - CS,.

Empirical formula C3pHagAsIzNaNiS, C31HzsI3N;NiSsSb

Formula weight 1059.11 1182.07

Temperature 100(2)K 100(2) K

Wavelength 0.71073 A 0.71073 A

Crystal system monoclinic monoclinic

Space group P2(1)ec P2(1)n

Unit cell dimensions a=18.831(4) A, a = 90° a=9.7112(4) A, @ = 90°
b=14.446(3) A, B = 91.51(3)° b=192818(9) A, = 91.150(4)°
e=12.629(3) A, ¥ =90° c=202253(9 A,y =90°

Volume 34343(13) A3 3786.4(3) A°

Z, Density (calculated) 4,2.048 Mg/m’ 4,2.074 Mg/m>

Absorption coefficient 4.485 mm™" 4,013 mm™!

F(000) 2024 2248

Crystal size 0.2x0.2x0.1 mm 0.3%0.3%0.25 mm

Thetarange for datacollection 2.82 to 32.26° 3.20t0 25.00°

Index ranges -28=<h=27-21=<k=<2],-12<]<18 -T<h=<11,-22=<k=<22-23<]<24

Reflections collected 31371 25011

Independent reflections 11192 [R(int) = 0.1203] 66359 [R{int) = 0.0787]

Refinement method Full-matrix least-squares on F> Full-matrix least-squares on F2

Data/restraints/parameters 11192/0/360 6659/0/397

Goodness-of-fit on F2 1.073 1.064

Final R indices [I>20(I)] R1 =0.1280, wR2 = 0.2862 RI = 0.0454, wR2 =0.1172

R indices (all data) R1=0.1819, wR2 =0.3123 R1=0.0470, wR2=0.1183

Largest diff. peak and hole  2.731 and -2.119 e.A™ 1.766 and —1.051 e. A~
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Table 3. Selected bond lengths (A) and angles (°).

[Ni(bzadtc)(Asl3)] (4) [Ni(bzadtc)z(8bl3)} - CS2 (5)

NiCIS(1)  2210(5) S(-NI(1}S@)  100.33(17) [Ni(1)-S(1)  2.1996(18) S(1)-Ni(1)-8(3) 99.45(6)
Ni(1}S(2)  2216(5) S(I-Ni(1-S2) 7893017 [Ni(1)S(2) 22212(17) S(1)-Ni(1}-5(2) 79.02(6)
Ni(1)-S(3)  2220(5) SOMNI(IFS2)  173.52) [Ni(1}S() 22005(17) SG)Ni(1)}-8(2) 178.33(7)
Ni(I)}-S(@)  22295) S(O-NI(-S(@) 173.0(2) [Ni(1}-S(@) 22085(17) S(D-Ni(1)-8(4) 17261(7)
Ni(1)-As(1) 23565(3) SC)Ni(1}-S(4) 79.18017) {Sb(1}Ni(1) 2.9345(%) SG)I-Ni(1)-8(4) 79.17(6)
S(13-CE)  1.704(19) SQ)-NI(1-S(4)  LOD.76(18) [S(-C2)  1710(6)  S(2)-Ni(1)-8(4) 10243(6)
S0 L710018) S(1-Ni(1)-As(1) 98.73(15) [{S@)-C2) 1.730(6)  S(1)-Ni(1)-8b(1) 107.28(5)
SR 1763(17) S)Ni(1)-As(l) 89.06(14) |S()1-C(1) L7236} S(2)}-Ni(1)-Sb(1) 72.84(5)
SEARC()  1683(19) SCYNi(1)}As(l) 97.44(14) [S@A)C(1)  L735(6)  S(3}Ni(1)-Sb(1) 100.04(5)
A1) 2.594(2)  S(4)Ni(1)-As(1) 88.14(14) [Sb(L)}I(1) 2.7451(6) S(4)-Ni(1}-Sb(1) 80.11(5)
As(I)I(2)  2.604(2) CO)-SG)Ni(1) 843(6)  [SB(D-I2) 2.7986(6) C(1)-S(3)Ni(l) 86.3(2)
As(HI3)  2604(2) C()-S@MNi(1) 858(6)  |Sh(1)-K3) 2.7494(6) C(1)-S(#)-Ni(l) 85.8(2)
NG 135@2)  CR-SUMNi(l) 852(6)  |C(D-N(1}  1300(8)  C@)S(I-Ni(1) 86.2(2)
NR-C2)  1.34(2)  C2}SOINi(l) 849(6) [CQNE@ 1327(8)  C(2}-S(2)Ni(1) 85.1(2)

RESULTS AND DISCUSSION

Based on magnetochemical and spectral data, we assume a square-pyramidal
geometry around the nickel atom in the complexes (1) — (5) with the NiS4As (1, 2,
and 4) and NiS,Sb (3 and 5) chromophores. On the other hand, the coordination
geometry is probably octahedral in the complexes (6-8). The conclusion relating
to the square-pyramidal arrangement in the vicinity of the central atom was con-
firmed by results of single crystal X-ray analyses of [Ni(bz,dtc),(Asl3)] (4) and
[Ni(bzydtc);(Sbls)] - CS, (5). The coordination polyhedron can be described as a
slightly distorted square-pyramid for both complexes (see Figs. 1 and 2 and Table 3).
This conclusion can be supported by a value of the structural parameter T = (§ —a) / 60.
The value is 0.007 for (4) and 0.096 for (5) {r = ! for triangular bipyramid, T = 0 for
tetragonal pyramid, @ and 8 — the two greatest angles in the vicinity of the central
atom [14]). The distortion from an ideal square-pyramidal geometry is greater for (5)
then for (4). The NiS, chromophore differs significantly from planarity in (4} as well
as in (5). The deviations from the least-square plane formed by the Ni(1), $(1}, 5(2),
S(3), S(4) atoms are: —0.1036(1), 0.0298(1), 0.0221(1), 0.0220(1), 0.0297(1) for (4)
and —0.0322(8), 0.1078(16), —0.0418(16), 0.1067(16) A for (5). The dihedral angles
between two phenyl rings of the bz,dte group are 12.97(2) and 17.73(2)° for (4), and
6.1(2) and 5.4(2)° for {5). A significant shortening of the C-S and C~N bond lengths
was found in the S;CN™ moiety. The typical distances for single C-S and C-N
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o-bonds are 1.81 A (C-S)and 1.47 A (C-N), respectively [15]. This bond shortening
is typical for dithiocarbamates and can be explained by a significant share of
z-electron density in these bonds. The solvent molecule of CS; in (5) is situated in an
outer coordination sphere of the central atom. The Ni(1)...C(99) and Ni(1)...S(98)
interatomic distances are equal to 6.557(9) and 5.784(3) A, respectively.

Ci35} 4
=y

Figure 1. ORTEP drawing of [Ni(bzdtc)s(Asl:}] with the atom labeling scheme. Non-hydrogen atoms

are drawn as ellipsoids at the 50% probability level, except for the C1, C4 and C34 atoms which
are depicted as circles.

2 o

Ciggr

S99

Figure 2. ORTEP drawing of [Ni(bz,dtc):(Sbl;)]- CS, with the atom labeling scheme. Non-hydrogen
atoms are drawn as ellipsoids at the 50% probability level.
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Conductivity measurements performed in nitromethane and acetone solutions
(see Table 1) indicate that all prepared complexes behave as non-electrolytes [18].
Somewhat higher values of Ay for complexes (25 and 8) in acetone can be explain-
ed by partial dissociation of the complex in this solvent.

The complexes (1) — (5) are diamagnetic, which is consistent with literature data
about low-spin penta-coordinated Ni(II) complexes ($ = 0) [16, 17]. Surprisingly,
molar magnetic susceptibility values, y\;, of the complexes (6) — (8) are very low:
3.2-107*(6), 2.5-107* (7) and 2.3- 107* (8), (in c.g.s. units). The calculated diamag-
netic corrections for discussed complexes are as follows: —6.49- 107" (6), —6.86- 1074
(7) and —6.27-107* (8) [20]. These unacceptable low values of yy for octahedral
Ni(Il} complexes are comparable to those recently found for [Ni(etydtc)>(AsI;),],
ie. 3.0-107" and —5.79-107%, respectively, as published by Willemse er al. [3].
Despite the low values of y found for the complexes, the X-ray analysis confirmed
distorted octahedral coordination in the latter complex [3] {Ni-8 =2.216-2.226(3) A;
Ni-As = 2.736(3) A; angle between AsNiAs line and nickel dithiocarbamato plane
is about 82.6°}. Slightly paramagnetic behaviour was also reported for octahedral
compiexes of the [Ni(diars);]** type. As an example, the yp value determined for
[Ni(diars);](Cl04),, (diars = o-phenylene-bis(dimethylarsine)), is equal to 1. 46- 10~
(c.g.s) [21] although the geometry around nickel is nearly octahedral.

All compounds (1) — (8) exhibit maxima above 30600 cm™' which are probably
due to intra-ligand transitions in the S;CN™ group [22]. Assuming the C, symmetry
of the complexes (1) — (5) and following the electron energy level for square-pyra-
midai Ni(lI} complexes [f.e. dyydy, (), dyy (by),d 2 (a1),d y? (by)], the ground state
can be described as '4; (e*b2a,?). Thus, two bands observed in the electronic spectra
of the complexes (1) — (5) at 15800-19000 and 20300-26500 cm™' can be probably
attributed to the 4, = 145 (xy = x>y and '4| - 'E| (xz, yz = x*-y?) transition,
respectively [23]. The bands belonging to the '4, = 'B, (z* = x*y?) transition were
not observed. In general, the maxima observed in diffuse-reflectance spectra of the
discussed complexes are similar to those found for low-spin square-pyramidal Ni(II)
complexes as reported earlier in the literature for [Ni(trans{14]diene)(SCN)]CIOy,
where trans[14]diene = 5,7,7,12,14,14-hexamethyl-1,4,8,11-tetraazacyclotetradeca-
4,11-diene [23,19]. Provided that the coordination geometry is a distorted octahedron,
the bands observed in spectra of the complexes (6) — (8) at 15600 and 2510026600 cm ™
may beassigned to the *4,, 37, and *4,, = 3T (P) transitions, respectively [ 19].

Although IR spectra of the complexes were not studied in detail, the presence of
dithiocarbamate anion in the complexes was confirmed by means of IR spectroscopy.
The peaks at 1510~1538 cm™! and 982—1000 cm™ were observed in IR spectra of all
complexes. These maxima can be connected with ¥(C+=N) and »(C==8) vibrations,
respectively [22].

Thermal behaviour of the complexes was studied in the 20--1150°C (for 1, 3, 5 and 8)
and 20-400°C (for 2, 4, 6 and 7) temperature ranges. The most interesting is the
thermal decomposition of [Ni(bz,dtc),(Sbl3)]- CS; (5). As follows from Fig. 3, the
elimination of CS, begins at 73°C (endo-effect at 94°C). The activation energy
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(Wiyvia

[ 1 PR RN T4
0O 100 200 300 400 500 600 700 800 900 1000 1100

Temperature (°C)

Figure 3. TG and DTA curves for [Ni(bz,dtc)2(Sbl;)]- CS; (5).

associated with the elimination was determined by Pilojan-Novikova method from
TG (£4 = 321 kI mol™") as well as from DTA curve (Ex = 289 kJ mol™!) [24].
The plateau observed on the TG curve in the interval of 105-134°C can be connected
with the existence of non-solvated complex, i.e. [Ni(bzydtc),{(Sbl;)] (a weight loss
calcd./found: 6.4/6.1%). The next endo-effect observed on the DTA curve at 176°C
can be associated with the melting of the non-solvated complex or more specifically
with elimination and melting of Sbl;. Main weight loss appears between 134 and
315°C and is accompanied by two exo-efects on the DTA curve with maxima at 2335
and 294°C. These exo-cffects probably relate to decomposition of dithiocarbamate
ligands. The next weight loss (ca. 4%) is observed in the 320—480°C temperature
interval and is accompanied by a small exo-efect on the DTA curve with the maximum
at 426°C. Consequently, a weight of the sample is decreased about 1% in the interval
0f 480-650°C. The sample weight decrease is accompanied by endo-effect at 570°C,
The thermal decay was finished at cq. 700°C. The product of the decomposition was
determined using the Bede ZDS program package [25] and PDF-2 database [26]
as a mixture of NiSb,O4 and NiO (PDF-2 card numbers: 38-1083 and 47-1049,
respectively).

Thermal decompositions of the remaining complexes are very similar and begin
between 60-95°C. A course of thermal decay of (2), (4) — (7) was studied for
comparative study in the 20-400°C temperature interval only and is not finished at
400°C. In all cases, the decays proceed in several steps without formation of
thermally stable intermediates up to 400°C (for 2, 4-7), 500°C (for 3) and 440°C
(for 8). Endo-effects observed on each of DTA curves with maxima at 94—160°C
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can be assigned o the melting points of the complexes (it was verified by Boétius
apparatus), whilst endo-effects with maxima at 230-264°C relate to decompositions
of intermediate products, in this case to the decay of dithiocarbamate ligands.

Supplementary data: Matcrial involving structure data has been deposited in the Cambridge Crystal-
lographic Data Centre, Registry Nos. CCDC 241982 for (4) and 241983 (for 5). These data can be obtained
free of charge via (or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge, CB2
1EZ, UK; fax: +44 1223 336033; or c-mail: deposit@ccdc.cam.ac.uk).
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Ni(Il) benzylbutyldithiocarbamate complexes containing monodentate phosphines of com-
position [Ni(BzBudtc)o], [NiX(BzBudtc)}(PPhs)]. [Ni{BzBudtc)(PPhs).]Y and [Ni(BzBudtc)
(PBus)-]Y {X=CL Br, I. NCS; Y =ClO,, PF,. BPh;; BzBudic = benzylbutyldithiocarbamate.
PPh; = triphenylphosphine, PBus; =tributylphosphine} have been synthesized. They were
characterized by elemental and thermal analysis, IR, electronic and *'P{"H} NMR spectros-
copy. magnetochemical and conductivity measurements. Single crystal X-ray amalyses of
[NiCl{BzBudtc){(PPhs)] and [NiyBzBudtc)(PPh;),]PF,-0.5CH-.OH confirmed coordination
number four for nmickel with distorted square coordination spheres for NiS;PCl and NiS;P-
chromophores. For selected samples. their catalytic influence on graphite oxidation was studied.

Keywords: Nickel(1l); Dithiocarbamate:; X-ray structure; Graphite oxidation

1. Introduction

In the past literature, there are only two references describing unsymmetrical Ni(II)
dithiocarbamates of the [Ni(R;R.dtc),] type containing monodentate phosphines,
[Ni(MeEadtc)(PPh;):]Cl104 (MeEadtc = methyl-2-hydroxyethyldithiocarbamate) [1] and
[Ni(MeGlydtc)(PPh3),|ClOy (MeGlydtc = methylcarboxymethyldithiocarbamate) [2].
Recently, we reported the complexes [NiX(Bz'Prdtc)(PPhs)], (X=Cl, Br, I, NCS;
Bz'Prdtc = benzylisopropyldithiocarbamate) [3], [Ni(Bz'Prdtc)(PPhs).]Y (Y =ClOs,
PFg, BPhy) [4], [Ni(CyEtdtc)(PPh;s);]Y (Y =ClOy4, PF4, BPhy; CyEtdtc = cyclohexyl-
ethyldithiocarbamate) [4]; [Ni(CyEtdtc)(PBu,s),]Y (Y =ClO,, BPhy) [4], [NiX(BzBudtc)
(PBus)] (X=Cl, Br, NCS; BzBudtc=benzylbutyldithiocarbamate) [5] and [NiX
(CyEtdtc)(PR;)] (X=Cl, Br, I, NCS; R=Ph, Bu) [6]. Single crystal X-ray analysis of
[Ni(MeEadtc)(PPh3),]CIO, [1], [NiX(BzPrdtc)(PPh;)] (X=Br, 1) [3]. [NiCl(Bz'Prdtc)
(PPh;)] - CHCl; [3] and [Ni(Bz'Prdtc)(PPh3),]C104- 0.5H,0 [4] confirmed that NiS,PX

*Corresponding author. Email: kamenda prinw.upol.cz
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and NiS,P, chromophores are approximately square planar. As for Ni(ll) benzyl-
butyldithiocarbamates, no literature data are available.

Here, the syntheses of of [NiX(BzBudtc)(PPh;)] and [Ni(BzBudtc)(PR;).]Y
complexes (BzBudtc=benzylbutyldithiocarbamate; R =Ph, Bu) are described. For
selected samples, we used thermal analysis to study their catalytic influence on graphite
oxidation. Application possibilities of these results have been discussed elsewhere [7, 8].

2. Experimental

All chemicals used were commercially available, of analytical quality and used as
supplied.

2.1. Svatheses

2.1.1. INi(BzBudtc),| (I). The complex was obtained by reaction of CS, (100 mmol)
with benzylbutylamine (100 mmol) in ethanol (96%., 50 cm®). After addition of a warm
solution of NiCly-6H,O (50 mmol in 100 cm’ water) during 1h, the dark green
precipitate of [Ni(BzBudtc),] was separated by filtration, washed with warm water to
remove C1™, and dried at 40°C under an infrared lamp (Yield: 43%).

2.1.2. [NiX(BzBudtc)(PPh3)] {X = CI(1I), Br(1LI), I(IV), NCS(V)}. A suspension of
finely powdered [Ni(BzBudtc)] (1 mmol) and [NiX2(PPh;z):] (1 mmol) [9] in chloroform
(10cm?) was stirred at room temperature until all components dissolved. The red-violet
solutions were filtered and addition of excess amount of diethylether lead to the
formation of solid phases during 2 days. They were separated by filtration, washed with
diethylether, and dried under an infrared lamp at 40°C. Yields: 68% (II); 62% (III);
55% (IV); 69% (V). Crystals of complex 1l suitable for X-ray analysis were obtained by
recrystallization from dicthylether.

2.1.3. INi(BzBudtc)(PR3);]Y {Y = ClO4 VL IX): PF4(VIL, X): BPhy(VIIL, XI); R = Ph,
Bu}. A suspension of finely powdered [Ni(BzBudtc),] (1 mmol), PR3 (2mmol) and
NiCl, - 6H-0 (0.5mmol) in 30 em® of methanol was stirred under reflux for 2 h. Finely
powdered NaClO,- H,O (alternatively KPF, or NaBPh,; | mmol) was then added and
the mixture stirred under reflux for 1 h. For VIII, an orange solid was recrystallized
from methanol and washed with water and petroleum ether. For VI and VI1I, filtration
through active carbon was necessary and during two days, red crystals formed (for VII,
a crystal suitable for X-ray analysis was selected). The final products were washed with
water and petroleum ether. For IX, X, X1, evaporation to near dryness gave solids that
were redissolved in water and precipitated by addition of petroleum ether. All samples
were dried under an infrared lamp at 40°C. Yields: 35% (VI); 32% (VII); 36% (VLII);
35% (IX); 28% (X); 31% (XI).

2.2, Physical measurements

Nickel contents were determined by chelatometric titration using murexide
as indicator [10]. Chlorine, bromine and iodine were determined by the
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Schéniger method [11]. CHNS analyses were performed on an Fisons EA 1108
instrument. Satisfactory analyses for all complexes were obtained. Room temperature
magnetic susceptibilities were measured by the Faraday method using Co[Hg(INCS),] as
calibrant on a laboratory-designed instrument using a Sartorius 4434 MP-8 balance.
Conductivities were measured with an LF 330 meter (WTW GmbH) at 25°C. Diffuse
reflectance electronic spectra (40.000-11,000 cm™ ") were recorded on a Specord M 40
spectrophotometer and IR spectra (4000-400cm ') on a Specord M 80 instrument
using nujol mulls. *'P{'"H} NMR spectra were measured on a Bruker Avance 300
spectrometer, operating at frequency of 121.44 MHz. All samples were prepared
by dissolving the compounds in CDCl; and measurements were performed at 300 K;
85% H;PO4 was used as external standard. Thermal analysis was performed on a
Seiko 6200 TG/DTA instrument; heating rate 2.5°C min~', sample weight 9-11 mg,
temperature range 20-1000°C.

Catalytic graphite oxidation studies were carried out on a Netzsch STA 449C device
with a standardless ¢-Al,O; crucible and with a heating rate of 10°Cmin~!, a sample
weight of 5.0-5.2mg and in dynamic atmosphere (air, 100 cm® min~'). Samples were
obtained by mixing graphite (0.6 g, diameter of particles less than 0.1 mm, ash residue
max. 0.2%, mass drying loss max. 0.2%) and an acetone solution (2cm?) of the
appropriate complexes I, IV, VI, and X; [Ni]=2.5x 10> moldm™> and pure acetone
(sample 0; see below). All samples were homogenized by stirring and dried at room
temperature for 24h. Kinetic parameters were calculated by a direct non-linear
regression method [12].

2.3. Crystal structure

X-ray data collection for Il and VII was performed on an Oxford Diffraction
Xcalibur ™2 four circle k-axis diffractometer equipped with a Sapphire2 CCD detector,
monochromator Enhance and a Cryojet cooler system, using Mo-Kao radiation
at 100K. The CrysAlis program package (V 1.171.7, Oxford Diffraction) was used
for data reduction. Both structures were solved by heavy atom methods using
SHELXS-97 [13] and refined anisotropically for all non-hydrogen atoms by full-matrix
least-squares procedures using SHELXL-97 [14]. For VII, a DIFABS absorption
correction [15] was applied. All hydrogen atoms and disordered C and O atoms of VII
were refined isotropically. Additional calculations were performed using the PARST
program [16]. X-ray data are summarized in tables 1-3.

3. Results and discussion

Important physical data for all complexes are summarized in table 4. All complexes
are diamagnetic. Compounds [Ni(BzBudtc),] and [NiX(BzBudtc)(PPhs)] are non-
electrolytes and complexes [Ni( BzZBudtc)(PR3),]Y are 1: 1 electrolytes. This is in accord
with the assumption of a square planar arrangement of the coordination sphere
(NiS;, NiS,PX and NiS,P, chromophores). The ionic nature of the Y~ anion in
[Ni(BzBudtc)(PR3),]Y was supported by IR spectra. For VI and IX with Y=CIO,
non-split peaks (v3) appeared at 1089 and 1065cm ™', vy at 615 and 620cm™ "' [17]; for
Y =PF, (VIL, X) bands at 835 and 830 em~! were found [18]. For V, the coordination
of NCS to the central nickel atom via nitrogen atom {v(C=N) at 2090 cm " and w(C-S)
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Table 1.
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Crystal data and structure refinement details for [NiCl{BzBudtc)(PPh3)]
and [Ni(BzBudtc){PPhz)-]PF,- 0.5CH;0H.

Empirical formula
Formula weight
Temperature (K)
Wavelength {A)
Crystal system. space group
Unit cell dimensions (A. °)
a
b
c
o

B

¥ s
Volume (A%
Z; Caleulated density (Mgm ™)
F(000); Absorption coelTicient (mm
Crystal size (mm”)
Theta range for data collection (%)
Index ranges

Reflections collected /unique
Refinement method

Data restraints/parameters
Goodness-of-fit on F*

Final R indices [/ =2a(0)]

R indices (all data) )
Largest diff. peak and hole (e A

CsoH5, CINNIPS, Cag sH35FNNiOg sP3S,

594 .81 9R0.60

100(2) 100(2)

0.71069 0.71069

P Fi

1L.O06(5) 13.063(3)

11.396(5) 13.176(3)

12.533(5) 14.981(3)

73.830(5) 95.83(3)

88.390(5) 111.49(3)

TL370(5) 92.63(3)

1427.4(11) 2377.2(9)

2:1.384 2 1.370

620; 0.996 1014; 0.656

04=03x03 0.4%x03x0.3

2.94-32.07 3.15-32.20

—1l6<h=<15 -16=<k=<16, —19<h=<19, —18<k=17,
—-14=<7=18 =22<]<21

14249/8735 (Rin =0.0390)
Full-matrix least-squares on £
8735/0/325

1.019

R, =0.0442, wR, =0.1087

R, =0.0564, wR,=0.1178

0.97 and —0.57

23696/14650 (Rin, = 01L0555)
Full-matrix least-squares on £2
14630/0/558

1.105

Ry =10.1030, wR,=0.2811
Ry=0.1363, wR,=0.3184

2.50 and —1.42

Table 2.

Selected bond lengths ( A) and angles (*) for [NiCl{ BzBudtc)(PPh;)]

and [Ni(BzBudtc)(PPh,),]PF,-0.5CH,OH.

[NiCl(BzBudtc)(PPhs)]
Ni(1)-5(1)

Ni(1)-P(1)
Ni(1)-CI(1)

Ni(1)-5(2)

S(1)-C(1)

S(2)-C(1)

C(1)}-N(1)

[Ni( BzBudtc)(PPh,),]PF, - 0.5CH,OH
Ni(1)-5(1)

Ni(1)-P(1)

Ni(1)-P(2)

Ni(1)-8(2)

S(1)-C(1)

S(2)-C(1)

C(1)-N(1)

2.1745(10)
2.1849(11)
2.1952(10)
2.2224(11)
1.737(2)
1.723(2)
1.309(3)

2.1890(14)
2.1989(14)
2.2188(14)
2.2468(15)
1.760(6)
1.710(5)
1.295(7)

S(1)-Ni(1)-P(1) 94.23(2)
S(1)-Ni(1)-CI(1) 171.20(2)
P(1)-Ni(1)-Cl(1) 92.49(3)
S(1)-Ni(1)-S(2) 79.02(3)
P(1)-Ni(1)-S(2) 172.62(2)
Cl(1)-Ni(1)-5(2) 94.53(3)
C(1)-S(1)-Ni(1) 87.12(7)
C(1)-S(2)-Ni(1) 85.93(7)

S5(2»-C(1)-5(1)

107.93(11)

S(1)-Ni(1)-P(1) 94.52(6)
S(1)-Ni(1)-P(2) 163.65(6)
P(1)-Ni(1)-P(2) 99.77(5)
S(1)-Ni(1)-8(2) 78.60(6)
P(1)-Ni(1)-S(2) 170.15(5)
P(2)-Ni(1)-5(2) 88.10(6)
C(1)-S(1}-Ni(1) 86.79(17)
C(1)-S(2)-Ni(1) 86.2(2)
S(2)-C(1)-5(1) 108.2(3)

at 840cm™'} was indicated [19]. IR spectra of all complexes exhibit typical
dithiocarbamate w(C-S) vibrations at 992-1011cm™" and WC-N) vibrations at
1500-1520ecm™" [20, 21]. Square planar coordination of the nickel is supported
also by eclectronic reflectance spectroscopy in nujol; the strong bands in the
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Table 3. Possible hydrogen bonds for [NiCl{BzBudtc)(PPh3)].

Donor-H Donor- - - Acceplor H--- Acceptor Donor-H - - Acceptor
C2-H2A Cc2...81 H2A . .-S1 (0) C2-H2A ---S1
0.975(4) 3.108(5) 2.565(2) 115.2(2)

1.080* 2.:520% 113.1*

C4-H4B C4...N1 H4B---N1 C4-H4B--- N1
0.927(3) 3.095(38) 2.723(26) 104.9(3)

1.080*® 2.688* 101.8*

C6-HG6B C6---52 H6B---S82 C6-H6B--- 82
0.943(6) 3.105(4) 2.530(1) 119.5(1)

1.080* 2.466* 1167

C21-H21 Cc21---Cl H21-..CI C21-H21---Cl1
0.923(2) 3.431(2) 2.761(6) 130.3(2)

1.080* 2.663* 127.7*

C6-Ho6A C6---CI1 (1) HeA ---ClI(D)* C6-H6A ---ClI(1)*
0.968(21) 3.818(27) 2.926(6) 153.7(2)

1.080* 2826* 152.65*

*Values normalized following G.A. Jeffrey, L. Lewis. Carbofivdr. Rev., 60, 179 (1978); R. Taylor, O. Kennard. Acta Cryst.,
B39, 133 (1983). "Equivalent position (1) s at —x+ 1, —y+2, —z.

15,800-25,000 cm ™! region can be assigned to d-d transitions typical of square planar
nickel(IT) [22, 23]. Bands over 28.000cm ™" are probably intraligand transitions of the
S,CN™ group [24].

P NMR spectra (table 5) of free PPh; and PBus ligands exhibit a singlet with
chemical shifts —4.5 and —30.07 ppm, respectively. These singlets were also recorded
for most complexes (only VI, VII and XI exhibit doublets), but with larger values
of chemical shift due to the electron density changes around P probably with
coordination of PR;. This effect was recently described in the literature [25, 26].
The spectra of VII and X exhibit a septet near — 144 ppm, typical of PF,. Comparison
of § values of II-V shows that changes of the anion (electronegativity, volume)
cause significant diferences in chemical shift, increasing as & (Cl)<éd (NCS )<
S(Br)<é ().

The X-ray structures of II {[NiCl{BzBudtc)(PPh;s)], figure 1} and VII
{[Ni(BzBudtc)(PPh;),|PFs - 0.5CH;0OH, figure 2} confirm previous conclusions about
the slightly distorted square planar coordination of nickel in this type of compound.
This is apparent from values of Ni-S, Ni-P and Ni—Cl bond lengths and angles in the
NiS,PCl and NiS,P, chromophores (table 2). Deviations of the chromophore atoms
from ideal LSQ planes are II: Ni(l) 0.000(4); S(1) 0.000(8); S(2) 0.000(8) P(l)
—0.115(8); CI(1) 0.231(8) A; VIE: Ni(1) 0.00(1); S(1) 0.00(2); S(2) 0.01(3); P(1) 0.27(2);
P(2) —0.3?(2);5;. A significant m-bond component in C(1)}-N(1), C(1)-S8(1) and
C(1)-S(2) for both structures was found (table 2); bond lengths are shorter then the
published values of simple o(C-N) and o(C-S) bonds (1.47 and 1.81A) [27]. For VII,
PF, is positioned out of the coordination sphere with Ni(1)}-P(3) =8.43 A. The quality
of diffraction data for VII was not high, but all attempts to obtain a better single crystal
were unsuccessful. Significant disorder of the butyl group C(4), C(5) and CH;OH
solvate and high residual electron density values situated near sulphur atoms in the final
electron density map were observed. The best convergence was reached by using
0.5 occupancy factors for disordered atoms and the methanol molecule. Therefore, only
for 11 were possible hydrogen bonds calculated (table 3).

228



R. Pastorek et al.

490

Juod Funpaw =y ‘uuaopua jo yead = "7 ‘waagons jo yead =27 ‘uonsodosap [Euusy] 0 1y =¢ oMo u Bunxep,

f=

wp jow (] =[, IN] ‘wonnos suryiawoniu uj, AUy uf,

TLES 8760
Fll SEFL ST ¢T1l SOLl I"EE ‘961 MOLE1 MOTOT ¥ 9T1 aqurI) IX
8 6 1P€ TSLT '67E8 9°F8 6'8E ] 1'TE 'S4 1961 SAQER (U dd wens| MTIO1 #8801 umorq I X
wpzy ('O
0L 94T L6l 55901 « Foln)E WOOS T WTH6 +9 C11 umorq Y3y XI
L €°LES 1E8ET 19°911 t's6 T1E 0°ST 881 MO0s 1 MCH6 +£ 501 Py 1A
[ TS S B of o S
0T ST e | 9691 ig ‘el sAGEg 2 STISH wiinl o9 8L 120N 1A
sc19 (Foi)m
'€ ‘oal seR01 ( FOID)n SAGLSI SAR00L o | RIOIA 1A
TeEs ey
MOER (S
181 |F0E -6°TTT Fi8l FiLl (°SE €708 80T wOa0z (AN=Dn WROS [ MO66 q8'C P A\
6l 194y '6EPT (L7081 G TLl I'1€ ‘981 SOLS Wooo | qC £ 1PIOIA Al
0'E9F (1°LEP SPIT
A b F1TT LLOT 901t rFoc I'8T ‘1’61 s7Is1 ME66 gt € 1BIOTA 11
TSLY W'8TF ‘CRIE
80T 6'8FT 08T £°90T S¥LI L8 tol WHos T MRO6 al'C 1BIOLA 11
SLOS e ['EE 0" 1€ *9°¢T
£l 61EE S0EIE 91l 6'9EC 9PC TOT 861 wgist MB00L «0'0 B2y |
' % Uy g MR LY ) B (N-D) 0 (§-0)n h_l_cE mEumu oo
XBUL Sy sy
(D.) Sl 3) ]

saxapdios ay) 10) vEp uonRZLI)D

U b A4RL

229



Ni( ) dithiocarbamates with phosphines 491

Table 5. *'"P{"H}-NMR data for the complexes.

Complex 8 (ppm, 300 K) 5 (ppm, 320K)

| [Ni{BzBudtc)-]

I [NiCl{BzBudtc)(PPhs)] 20.88(s)

i} [MN1Br{BzBudic){PPh;)] 24.48(s)

v [MNil{ BzBudic ) PPh;)] 31.08(s)

v [MNI(NCS)(BzBudtc)(PPhs)] 22.53(s)

A [N1({BzBudte)(PPh;),]Cl10, 31.46(d) 31.20(s)
Vil [MNi(BzBudtc)(PPhs)-]PF; 3l44(d) — 14398 (septet) 31.21(s)
Vil [Ni(BzBudtc}(PPh;).]BPh, 29.25(s) 29.25(s)
X [Ni(BzBudtc)(PBu;}-]ClO4 23.76(s) 23.74(s)
X [N1{BzBudtc (P Bus)-]PF; 11.81(s) —144.07(septet) 11.80(s)
Xl [Ni(BzBudtc)(PBus).]BPh, 11.63(d) 11.67(s)

Figure 1. ORTEP drawing of [NiCl(BzBudic)(PPhs)] with the atom labelling scheme. Thermal ellipsoids

are drawn at the 40% probability level and hydrogen atoms are omitted for clanty.

Thermal analyses (table 4) show that the most stable complex is L. Its melting point is
connected with a small sharp endotherm at 132°C. Decomposition starts at 237°C and
is accompanied by three small exotherms. The exotherm at 508°C is caused by the
formation of NiS, (thermally stable in the range 640-668.3°C). The following reaction
gives NiS (mass loss Caled/found: 83.0/82.9%, endotherm at 733°C), which is thermally
stable to 1050°C (max. temperature of instrument). These results are comparable
with data for similar complexes [28]. Compounds I1-V, VII, VIII, X and XI decompose
in the range 95-204°C without thermally stable intermediates. Endotherms at 85
to 211°C are connected with melting with decomposition. The most interesting is the
last compound, XI. In this case, a small mass increase in TG at 120°C and an exotherm
at 122°C were recorded. This is known for Ni(lI) dithiocarbamates with phosphines
[4, 30] and is explained by insertion of oxygen into the Ni-P bond [29]. This reac-
tion can be probably assumed (see sharp exotherms, table 4) for remaining
complexes but mass increase was not observed due to simultancous decomposition.
Compounds VI and IX containing perchlorate were not studied for safety reasons.
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Figure 2. ORTEP drawing of [Ni{BzBudtc)(PPh;):]JPFs-0.5CH;OH with the atom labelling scheme.
Thermal ellipsoids are drawn at the 40% probability level and hydrogen atoms and included solvent
molecules are omitted for clarity.

Table 6. Characteristic temperatures (°C) and kinetic parameters
for graphite oxidation using selected complexes.

Complex T, ¢ 20 T, -7,
0 751 803 838 87
1 703 796 241 138
v 677 819 861 184
Vi 636 §22 363 177
X 684 203 249 165
Complex Step " A l{s_') E (k) mul_') w (%)
0 0.9 1.40-10" 254
1 I 1.0 436-10° 171 25.8
11 1.0 1.63-10° 238 74.1
v | 09 223-10° 166 384
11 09 1.24.10° 216 61.6
vl | 1.5 6.00-10° 198 60.8
11 0.6 331-10° 219 391
X | 1.3 205-10° 180 554
11 1.0 1.67-10™ 262 4.6

T,=start of oxidation, T, =oxidation speed maximum, Ty =end of oxidation,
n=reaction order, 4 =frequency factor, £=activation energy, w=mass of sample
oxidized.

The influence on graphite oxidation was studied. From DTG curves and
characteristic temperatures on TG curves (table 6) it is apparent that the presence of
small amounts of Ni(Il) complexes exerts a significant influence on graphite oxidation.
All complexes cause a significant decrease (50 to 70°C) in oxidation start (but not end)
temperature in comparison to pure graphite (0). Graphite oxidation proceeds with
complexes in two continuous steps. In the first, the maximum reaction speed is at lower
temperature. In the second, the maximum rate corresponds to that of pure graphite
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(see Ty, values), but Ty values for samples with complexes are a little higher than
for pure graphite and the oxidation process is characterized by a larger temperature
interval (T — T7,). The ratio of the first/second step for I is lower than for IV, VI and X.
Kinetic parameters (table 6) were calculated for one-step oxidation (sample 0, pure
graphite) and two-step oxidation (samples with complexes I, IV, VI, V and X). For all
complexes, the results show that the mechanism of oxidation for the first and second
step is different. The first is characterized by E values less than 200kJmol™"' and
A about 10°s™ !, which are quite different to the pure graphite parameters (these values
correspond rather to the parameters of the second step). The catalytic influence can be
probably explained by formation of common species with all complexes. Different
catalytic effects are connected with kinetic factors. The increase of reaction order of the
first step in the presence of complexes VI and X shows that the presence (even of a trace
amount) of complex exhibits a remarkable catalytic influence on the mechanism
of graphite oxidation. This is in accord with previous results for unsymmetrical Ni(I1I)
dithiocarbamates [8].

Supplementary data

Crystallographic data are deposited at the Cambridge Crystallographic Data Centre,
No. CCDC 298862 (II) and 299795 (VII). Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax:
+441223/336033; E-mail: deposit(@ccde.cam.ac.uk or http://www.ccde.cam.ac.uk).
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