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Abstract:



This manuscript summarizes and analyzes X-ray data of monomeric cis-PtP2CCl derivatives. These complexes crystallize in the following crystal systems: tetragonal, P42/n (3), triclinic, Pī (10), orthorhombic, P212121 (prevails)(16), and monoclinic, P21/c (prevails) (36) examples. There are three sub-groups of the respective complexes: Pt(η1-PL)2(η1-CL)(η1-Cl); Pt(η2-P2L)(η1-CL)(η1-Cl) and Pt(η1-PL)(η2-P,CL)(η1-Cl). The chelating P,P-donor ligands form: four-(POP, PCP), five-(PC2P), six-(PC3P, PCNCP), seven-(PC4P) and even ten-(PCNCNCNCP) membered rings. The chelating P.C-donor ligands create three-(PC), four-(PCC) and five-(PC2C) membered rings. The mean Pt-L bond distance elongates in the sequence: 2.10 Å (C, trans to P) < 2.222 Å (P, trans to Cl) < 2.312 Å (P, trans to C) < 2.360 Å (Cl, trans to P). There are examples which exist in two isomeric forms, of the distortion isomer type.
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1. Introduction


Organophosphines ligands are very attractive and useful in the chemistry of platinum [1]. There are several hundred organoplatinum complexes which were studied by the X-ray method. Struct5ural data of organoplatinum complexes of the types cis-PtP2C2 [2], PtPC3 and PtP2CX (X = H, F or OL) [3], and PtP2CX (X = N/L or BL) [4] we reviewed.



The aim of this manuscript is to classify and analyze structural data of cis-PtP2CCl derivatives. The structures are arranged in the sequence of increasing number of atoms in the respective metallocyclic rings.




2. Cis-PtP2CCl Derivatives


There are over sixty examples of this coordination sphere for which structural parameters are available. These complexes from a coordination mode of the respective ligands viewpoint are divided into the three sub-groups: Pt(η1-PL)2(η1-CL)(η1-Cl), Pt(η2-P2L)(η1-CL)(η1-Cl) and Pt(η1-PL)(η2-P,CL)(η1-Cl).



2.1. Cis-Pt(η1-PL)2(η1-CL)(η1-Cl)


In seventeen examples, only monodentate ligands form cis-configurations with an inner coordination sphere of PtP2CCl type. These are mostly colorless or yellow, and crystallize in three crystal systems: triclinic (3), orthorhombic (5) and monoclinic (9) examples. Such complexes are: [Pt(PMe3)2{η1-C8H5BN(SiMe3)2}(Cl)] [5], [Pt(PEt3)2{η1-C5H2Ph2}(Cl)] [6], [Pt(PEt3)2(Et)(Cl)] [7], [Pt(PEt3)2(C6F5)(Cl)] [8], [Pt(PEt3)2{η1-C(SMe)=CHPh}(Cl)] [9], [Pt(PPh3)2{η1-F2C=CC(Cl)(F2)}(Cl)] [10], [Pt(PPh3)2(CH2PPh3)(Cl)]CH2Cl2 [11,12], [Pt(PPh3)2{CH2C(O)CH2Cl}(Cl)] [13], [Pt(PPh3)2{η1-C6H4OPh}(Cl)] [14], [Pt(PPh3)2{η1-C8H15N2}(Cl)]BF4.CH2Cl2 [15], [Pt(PPh3)2{η1-C11H19N2}(Cl)]BF4.CH2Cl2 [15], [Pt(PPh3)2{η1-C10H11ClN2SSi}(Cl)]C4H8O [16], [Pt(PPh3)2{η1-C8H12N2}(Cl)]BF4 [17], [Pt{P(H)Mes2}2(Me)(Cl)] [18], [Pt(Ph2PC≡CPh)2(Me)(Cl)].0.5CH2Cl2 [19], [Pt{P(NC5H4OS)Ph2}2(Me)(Cl)]CHCl3 [20], and [Pt{P(η2-C7H5NO)Ph}2(Me)(Cl)]PriOH [21]. The structure of [Pt(PPh3)2{η1-C8H12N2}(Cl)]+ [17] is shown in Figure 1 as an example.


Figure 1. Structure of [Pt(PPh3)2{η1-C8H12N2}(Cl)]+ [17].
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The mean Pt-L bond distance elongates in the order: 2.086 Å (C, trans to P) < 2.234 Å (P, trans to Cl) < 2.340 Å (P, trans to C) < 2.370 Å (Cl, trans to P). The cis-L-Pt-L bond angles (mean values) open in the sequence: 85.5° (C-Pt-Cl), (Cl-Pt-P) < 90.3° (C-Pt-P) < 98.9° (P-Pt-P). The mean values of trans-L-Pt-L bond angles are 169.5° (C-Pt-P) and 174.5° (Cl-Pt-P). The sum of all four bond distances (Pt-P(x2) + Pt-C + Pt-Cl) is 9.03 Å.




2.2. Cis-Pt(η2-P2L)(η1-CL)(η1-Cl)


There are over forty such complexes which crystallize in four crystal systems: tetragonal (3), triclinic (6), orthorhombic (9) and monoclinic (24) examples. The structures are arranged in the order of increasing number of atoms in the respective metallocycle. In three complexes: [Pt(η2-POPL){η1-C(Cl)=CCl2}(Cl)] [22], [Pt{η2-Ph2PCH2PPh2}(C6F5)(Cl)] [23] and [Pt{η2-But2PCH2PBut2}(η1-C8H3F6)(Cl)] [24] each chelating-P,P donor ligand forms a four-membered metallocyclic ring with values of the P-Pt-P bite angles of 70.6° (POP) [22] and 73.8° (PCP) (mean) [23,24].



In another twenty five complexes: [Pt{η2Ph2PCH=CHPPh2}(CF3)(Cl)] [25], [Pt{η2-Ph2PCH=CHPPh2}(η1-allyl)(Cl)] [26], [Pt{η2-Me2P(CH2)2PMe2}(C6F5)(Cl)]CH2Cl2 [27], [Pt{η2-Pri2P(CH2)2PPri2}(Ph)(Cl)] [28], [Pt{η2-Ph2P(CH2)2PPh2}(C6F5)(Cl)]pyridine [29], [Pt{η2-Ph2P(CH2)2PPh2}(η1-COC3F7)(Cl)] [30], [Pt{η2-Ph2P(CH2)2PPh2}(η1-COCOPh)(Cl)] [31], [Pt{η2-Ph2P(CH2)2PPh2}{η1-C7H13O2}(Cl)]CH2Cl2 [32], [Pt{η2-cy2P(CH2)2Pcy2}{η1-C3H4PPh2}(Cl)] [33], [Pt{η2-Ph2PCH2(Me)CH2(Me)PPh2}(Ph)(Cl)] [34], [Ph{η2-Ph2PCH2(Me)CH2(Me)PPh2}{η1-C2H6ClO2}(Cl)] [35], [Pt{η2-Ph2P(CH2(Me)CH2(Me)PPh2}{η1-CHClSiMe3}(Cl)]Et2O [36], [Pt{η2-cppc)(η1-neopentyl)(Cl)]Me2CO [37], [Pt{η2-(CH2)4C(CH2O)2P(CH2)2P(OCH2)2C(CH2)4}(η1-neopentyl)(Cl)]CH2Cl2 [38], [Pt{η2-Ph2P(η2-C5H8)PPh2}(η1-neopentyl)(Cl)] [39], [Pt{η2-(C5H10N)2P(η2-C5H8)P(NC5H10)2}(Me)(Cl)] [39], [Pt{η2-C5H10N)2P(η2-C5H8)P(NC5H10)2}{η1-neopentyl}(Cl)] [39], [Pt{η2-(PhO)2P(η2-C5H8)P(OPh)2}{η1-neopentyl}(Cl)] [39], [Pt{η2-(η2-C6H12)P(CH2)2P(η2-C6H12)}(Ph)(Cl)] [40], [Pt{η2-(η2-C6H12)P(CH2)2P(η2-C6H12)}(Me)(Cl)] [40], [Pt{η2-(η2-C10H20)P(η2-C6H4)P(η2-C10H20)}(Me)(Cl)]CH2Cl2 [40], [Pt{η2-(η2-C16H16)P(CH2)2P(η2-C16H16)}(Ph)(Cl)]CHCl3 [40], [Pt{η2-(η2-C6H12)P(η2-C6H4)P(η2-C6H12)}(Me)(Cl)] (Figure 2) [41], and [Pt{η2-C6H12)P(η2-C6H4)P(η2-C6H12)}(Ph)(Cl)] [42], each chelating-P,P ligand creates a five-membered metallocyclic ring with a mean P-Pt-P bite angle of 86.2° (PC2P).


Figure 2. Structure of [Pt{η2-(η2-C6H12)P(η2-C6H4)P(η2-C6H12)}(Me)(Cl)] [40].
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In nine complexes: [Pt{η2-Ph2P(CH2)3PPh2}(C6F5)(Cl)] [29], [Pt{η2-Ph2P(CH2)3PPh2}{η1-C(H)(Cl)SiMe3})Cl)] [43,44], [Pt{η2-C12H4F13)2P(CH2)3P(C12H4F13)2}(Me)(Cl)] [45], [Pt{η2-But2P(η2-C7H6)PBut2}(Me)(Cl)] [46], [Pt{η2-But2P(η2-C7H6)PPh2}(Me)(Cl)] [46], [Pt{η2-But2P(η2-C7H6)P(o-tolyl)2}(Me)(Cl] [46], [Pt{η2-But2P(η2-C7H6)P(η2-C10H16O3)}(Me)(Cl)] [46], [Pt{η2-(η2-C10H16O3)P(η2-C7H6)P(η2-C10H16O3)}(Me)(Cl)]CH2Cl2 [46], and [Pt{η2-Ph2P(η2-C10H14N6)PPh2}(Me)(Cl)]hexane [47] each chelating-P,P ligand creates a six-membered metallocyclic ring with values of the P-Pt-P bite angles of 94° (PC3P) [29,43,44,45,46] and 91.5° (PCNCP) [47].



There are four complexes: [Pt{η2-Ph2P(η2-C4H8)PPh2}(C6F5)(Cl)]Me2CO (2 isomers) [29], [Pt{η2-diop}{η1-C(H)(Cl)CO2Et}(Cl)] [48,49] and [Pt{η2-diop}{η1-C(H)(Me)CO2Et}(Cl)] [50,51] in which each chelating-P,P ligand creates a seven-membered metallocyclic ring with mean P-Pt-P bite angle of 98.2° (PC4P).



In orthorhombic [Pt{η2-Ph2P(η2-C21H21N3)PPh2}(Me)(Cl)] [52] the chelating-P,P ligand forms a ten-membered metallocyclic ring, 99° (PCNCNCNCP).



The size of the respective metallocyclic rings influences the Pt-L bond distances. The Pt-L bond distances (mean values) elongates in the sequences:

	
four-membered: 1.98 Å (C, trans to P) < 2.227 Å (P, trans to Cl) < 2.295 Å (P, trans to C) < 2.365 Å (Cl, trans to P);



	
five-membered: 2.11 Å (C, trans to P) < 2.207 Å (P, trans to Cl) < 2.295 Å (P. trans to C) < 2.360 Å (Cl, trans to P);



	
six-membered: 2.105 Å (C, trans to P) < 2.232 Å (P, trans to Cl) < 2.318 Å (P, trans to C) < 2.360 Å (Cl, trans to P);



	
seven-membered: 2.14 Å (C, trans to P) < 2.230 Å (P, trans to Cl) < 2.326 Å (P, trans to C) < 2.362 Å (Cl, trans to P).








There is a cooperative effect between structural parameters, For example, P-Pt-P bite angles, sum of all four (Pt-P(x2) + Pt-C + Pt-Cl) bond distances, remaining cis-L-Pt-L bond angles and trans-L-Pt-L bond angles. When the P-Pt-P bite angle opens, the sum of Pt-L bond distance increases, and the remaining cis-L-Pt-L as well as trans-L-Pt-L bond angles closes: as can be seen from the respective mean values (Table 1).


Table 1. Selected structural parameters of Cis-Pt(η2-P2L)(η1-CL)(η1-Cl).


	Ring (Size)
	Pt-L(x4) (Å)
	P-Pt-P (°)
	Cis-L-Pt-L (°)
	Trans-L-Pt-L (°)





	four
	8.87
	72.2
	95.8
	178



	five
	8.98
	86.1
	91.3
	175.8



	six
	9.01
	94.0
	88.4
	173.5



	seven
	9.03
	98.2
	87.3
	171.8










2.3. Cis-Pt(η1-PL)(η2-P,CL)(η1-Cl)


There are three of these complexes: monoclinic [Pt(PPh3){η2-C24H32PSi2}(Cl)] [53], triclinic [Pt{P(p-tolyl)Ph2}{η2-C19H16P}](Cl)]benzene (Figure 3) [54] and orthorhombic [Pt(PMe3){η2-tbtpb}(Cl)] [55]. Each chelating-P,C ligand forms a metallocyclic ring: in the [53] first example a three-membered 41° (PC) ring. In the second [54] a four-membered 69.8° (PCC) ring, and in the third [55] a five-membered, 82.6° (PC2C) ring. The mean Pt-L bond distances elongate in the order: 2.225 Å (trans to Cl) < 2.25 Å (C, trans to P) < 2.27 Å (P, trans to P) < 2.41 (Cl, trans to P).


Figure 3. Structure of [Pt{P(p-tolyl)Ph2}{η2-C19H16P](Cl)] [54].
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3. Conclusions


This manuscript covers over sixty complexes with cis-PtP2CCl inner coordination sphere. These complexes, from the viewpoint of the coordination mode of the ligands, are divided into the three groups:

	-

	
Pt(η1-PL)2(η1-CL)(η1-Cl) (17 examples);




	-

	
Pt(η2-P2L)(η1-CL)(η1-Cl) (43 examples);




	-

	
Pt(η1-PL)(η2-P,CL)(η1-Cl) (3 examples).









The chelating ligands cover a wide variety of metallocyclic rings and the effect of both electronic and steric factors can be seen from the values of the L-Pt-L bite angles. The L-Pt-L bite angles open in the sequence (mean values): 41° (PC) < 69.8° (PCC) < 70.6° (POP) < 73.8° (PCP) < 82.6° (PC2P) < 91.5° (PCNCP) < 94° (PC3P) < 98.2° (PC4P) < 99° (PCNCNCNCP).



The mean Pt-L bond distances elongate in the order: 2.100 Å (C trans to P) < 2.222 Å (P, trans to Cl) < 2.312 Å (P, trans to C) < 2.366 Å (Cl, trans to P).



There are two monoclinic, cis-[Pt{η2-Ph2P(η2-C4H8)PPh2}{C6F5}(Cl)]Me2CO complexes [29] which exist in two isomeric forms. These isomers differ mostly by degree of distortion and are classical examples of distortion isomerism [56,57,58].



This manuscript together with its precursors [3,4] which classified and analyzed structural data of PtP2CX (X = H, F or O) [3] and PtP2CX (X = N or Br) [4], the predominant square planar configuration about the platinum atom is cis rather than trans. The total mean values of Pt-L bond distances in the series of cis-PtP2CX (X = H, F, O, N or Cl) complexes elongate in the order:

	-

	
Pt-P (trans to X): 2.214 Å (O) < 2.220 Å (F) < 2.222 Å (Cl) < 2.240 Å (N) < 2.300 Å (C) < 2.323 Å (H);




	-

	
Pt-X (trans to P): 1.65 Å (H) < 2.02 Å (F) < 2.07 Å (N) < 2.075 Å (O) < 2.222 Å (Cl)









As can be seen, the Pt-L bond distances reflect the trans-influence of the respective donor atom. In these series of complexes with cis-configuration, the sum of all four (Pt-P(x2) + Pt-C + Pt-X) bond distances increase with the covalent radius of X atom in the sequence: 8.28 Å (H, 0.30 Å) < 8.54 Å (F, 0.58 Å) < 8.68 Å (O, 0.66 Å) < 8.70 Å (N, 0.70 Å) < 9.00 Å (Cl, 1.00 Å), as would be expected.



Noticeably, the sum of all four Pt-L bond distances, cis- and trans-PtP2CCl of 9.00 Å versus 8.95 Å, indicates that the complexes with cis-configuration are somewhat less crowded and more distorted than their trans-partners. In the complexes with cis-configuration the Pt-L bonds are more polar and presumably weaker than those in the complexes with trans-configuration, in which the Pt-L bonds are less polar and presumably stronger.
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Abbreviations




	But2P(η2-C7H6)PBut2
	di-t-butyl(2-di-t-butylphosphino)benzyl)phosphine



	C2H6ClO2
	chloro(methoxycarbonyl)methyl



	C3H4PPh2
	1-(diphenylphosphino)propenyl



	C4H8O
	tetrahydrofuran



	C5H2Ph2
	2-(2,3-diphenylcycloprop-2-en-1-yl)vinyl



	(C5H10N)2P(η2-C5H8)P(NC5H10)2
	1,2-bis(bis(piperidin-1-yl)phosphorino)cyclopentane



	(η2-C6H12)P(CH2)2P(η2-C6H12)
	1,1′-ethane-1,2-diylbis(2,5-dimethylphospholane)



	(η2-C6H12)P(η2-C6H4)P(η2-C6H12)
	1,2-bis((hexa-2,5-diyl)phosphino)benzene



	C7H13O2
	1-(tert-butoxycarbinol)ethyl



	C8H12N2
	1-methylbenzimidazol-2-ylidene



	C8H15N2
	3-((dimethylamino)methylene)-1-methylpyrrolidin-2-ylidene



	C8H3F6
	2,5-bis(trifluoromethyl)phenyl



	C8H5BN(SiMe3)2
	1-(bis(trimethylsilyl)amino)-3-phenyl-1H-borizen-2-yl



	(η2-C10H16O3)P(η2-C7H6)P(η2-C10H16O3)
	bis(1,3,5,7-tetramethyl-2,4,6-trioxa-8-phosphatricyclo[3.3.1.13,7]dec-8-yl)benzyl



	(η2-C10H20)P(η2-C6H4)P(η2-C10H20)
	1,1′-(1,2-phenylene)bis(2,5-diisopropylphospholane)



	C10H11ClN2SSi
	1-(chloro(phenyl)sulfidosilyl)-3-methylimidazolin-2-ylidene



	C11H19N2
	2,5-bis((dimethylamino)methylene)cyclopentylidene



	(C12H4F13)2P(CH2)3P(C12H4F13)2
	propane-1,3-diyl(bis(4-tridecafluorohexyl)phenyl



	(η2-C16H16)P(CH2)2(η2-C16H16)
	1,1′-ethane-1,2-diylbis(2,5-diphenylphospholane)



	η2-C19H16P
	2-(diphenylphosphino)-5-methylphenyl



	η2-C24H32PSi2
	1-methyl-2,6-bis(trimethylsilyl)-3,5-diphenylphosphinine



	cppc
	1-[chloro(piperidin-1-yl)phosphino]-2-[bis(piperidin-1-yl) phosphino]cyclopentane



	diop
	Ph2PCH2CHOC(H2)COCHCH2PPh2



	P(NC5H4OS)Ph2
	2-(diphenylphosphino)-2-thienylcarboxamide



	P(η2-C7H5NO)Ph
	3-phenyl-1,3-dihydro-2H-1,3-benzaphosphol-2-one



	Ph2P(η2-C10H14N2)PPh2
	(3-(adenin-9-yl)propyl)bi(diphenylphosphinomethyl) amine



	Ph2P(η2-C21H21N3)PPh2
	N,N′-dibenzyl-N,N′-bis((diphenylphosphino)methyl)pyridine-2,6-diamine



	Ph2P(η2-C5H8)PPh2
	1,2-bis(diphenylphosphino)cyclopentane



	Ph2PCH2(Me)CH2(Me)PPh2
	2,3-bis(diphenylphosphino)butane



	POP
	N,N′,N″,N‴-tetra-tert-butyl-N,N″-bis(trimethylsilyl) tetraamidodiphosphit



	tbtpb
	2,4,6-Tri-t-butyl-2,4-dihydro-5-hydroxy-1,3-di-oxo-1,3,5-triphosphabenzene-P,C
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