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Abstract: In this structural study, structural data are classified and analyzed for almost seventy
complexes of the general formula Ptm3-PIX1P2)(Y) (X! = O, N, C, S, Si) and (Y = various monodentate
ligands), in which the respective n3~P'X'P? ligand forms a pair of five-membered metallocyclic rings
with a common X! atom of the P!C,X!C,P? type. The present complexes crystallize in five crystal
systems: trigonal (1 x), tetragonal (1), orthorhombic (11 x), triclinic (18 x), and monoclinic (39 x).
In 69 complexes, a n® ligand with monodentate Y constructs a distorted square planar geometry
around each Pt(II) atom. There is only one complex in which Pt(n3-P1SilP2)(P3Phs) constructs a
trigonal-pyramidal geometry around a Pt(I) atom. The three P atoms construct a trigonal plane,
and the Si atom occupies a pyramid. The structural data are discussed from various points of view,
including the covalent radii of the atoms, the degree of distortion, and trans-influence. The trans-effect
on the Pt-L bond distance also affects the L-PT-L bond angles, as well as the distortion of square
planar geometry around Pt(II) atoms.

Keywords: structure; heterotridentate; Pt(n3—PLCy X CyP2)(Y); trans-influence; review

1. Introduction

The chemistry of platinum coordination complexes has been intensively studied and
developed for more than five decades, focusing on the relationship between structure
and reactivity. The chemistry of platinum is important in the fields of biochemistry [1],
catalysis [2], spectroscopy [3,4], and coordination theory. Very recently, Horiuchi and
Umakoshi published a review that focused on the importance of and advances in the
synthetic, structural, thermodynamic, electronic, and photophysical properties of Pt-based
heteropolynuclear complexes [5].

Significant attention has been paid to organomonophosphines, representing soft
donor ligands in the chemistry of platinum. There are a large number of published struc-
tural studies on such complexes that have been classified and analyzed [6]. Another
group of related structural studies is devoted to Pt(II) complexes with organodiphos-
phines [7,8]. Recently, we analyzed and classified structural data for the following compo-

sitions: Pt(n*~P4L), Pt(n*-P;3 SiL), Pt(*-P,N,L), Pt(n*-P,S,L), Pt(n*~P,C,L), Pt(n*-PN3L),
and Pt(*-PN,OL) [9]. As can be seen, P-donor ligands prevail by far. n4—ligands form 10-,
11-, 12-, 14-, and 16-membered metallocycles. A distorted square planar geometry around
Pt(II) atoms with cis-configuration prevails by far.

From an application point of view, multifunctional ligands responsible for secondary
catalyst-substrate interactions over the course of a catalytic transformation play increas-
ingly important roles in contemporary catalysis, as has been demonstrated also within
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these groups of platinum complexes with P-donor ligands. Pincer-type complexes con-
stitute a family of compounds that have recently attracted significant interest. They play
important roles in organometallic reactions and mechanisms, catalysis, and the design of
new materials (see, e.g., reviews [10-16]). The high thermal stability of such complexes,
particularly those based on an aromatic backbone, permits their use as catalysts at elevated
temperatures in various catalytic applications. Bulky bis-chelating pincer-type ligands are
effective in the stabilization of highly unsaturated cationic complexes and the stabilization
of reactive species [10-17].

As a continuation of the investigation of platinum complexes with P-donor ligands,
this structural study aims to classify and analyze the structural parameters of heterotri-
dentate organodiphosphines in monomeric four-coordinated platinum complexes of the
Ptm3-PIX'P2)(Y), (X! = O'L, N'L, C!L, S'L, or Si'L) type, in which each tridentate ligand
creates a pair of “equal” five-membered rings with a common X! atom of the P!C,X!C,P?
type. The application potentialities of these ligands and their complexes are reviewed, as
well, to demonstrate the prevailing areas of their practical use.

2. Ptm3-P1CX1C,P2)(Y), (X! = O1,N1, C1, S, or Sil)

There are 69 complexes in which heterotridentate organodiphosphines create a pair
of “equal” five-membered metallocyclic rings with a common X! atom. These tridentate
ligands with monodentate Y ligands construct a square planar geometry with various
degrees of distortion around Pt(II) atoms. These complexes are centrosymmetric. Groups
of X1 =01, N1, or C! structures, which were mentioned for several representatives in our
previous work devoted to any type of n-member metallocycle rings (n = 5,6,7) but different
types of atoms between P! and X! [18], are analyzed in detail in this work, along with a
new group of X! = S!, Si! structures, highlighting structural aspects related to distortion.
The complexes are described in detail via the relevant structural data gathered in Tables 1-3
for Pt{n3-PIXIP2)(Y), (X! = O!, N), (Y = C%L, N?L, Cl, P3L); Pt{n3>-P'C'P2}(Y), (Y = O°L,
N2L, CL, Cl, Br); and Ptm3-P'XIP?)(Y), (X! = S! or Sil), (Y = C°L, CI, P3L, I, H, O%L)
structural subgroups, respectively. The chemical structures of particular complexes in these
subgroups are gathered in Supplementary Materials and Tables S1-S3 therein. The majority
of the cited works describe the synthesis and structural characterization of various ligands
and their Pt(II) complexes (just one example of a square planar Pt(0) complex). Pincer
ligands and their Pt(II) complexes dominate in the presented application examples; they
are all focused on various aspects of synthesis and catalysis performance, as can be seen
from brief summaries in Tables 51-S3.
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Table 1. Crystallographic and structural data for Pt{n3-PIX1P2}(Y), (X! = O, N1), (Y = C2L, N2L, Cl, P3L) complexes .

Cryst. cl. a(A) o (%) Chromophore PiL L-Pt-L €
Complex Space gr. b (A) B C©) (Chelate Rings) @A) - (O; Ref.
z c(A) v ) T, P
12 1 _md
[Pt{n3-PhyP(C;5H;,0) PPhy) m 42.762(0) PtP,OP P! P2 2302(-,11) P I;?Pgll-gg '27)
n1-P3(C5H4N) (Ph),}].2CF3505.0.5H,0 C2/c 12.161(0) 121.60(0) (P1C,01C,P2) 031 2.189 P12 P53 o8 5 (; 17) [19]
t150 K 4 23.995(0 . . ’ DA
P12.294 P12 N! 83.3(-,7) 4
15.114(0) PtP,NN ’ ’
[Pt{n3-PhyP (C1,HgN). m . P2 2.273 P!,P2 166.6
P2 17.695(0 105. P 1c,p? ’
PPhy-P!,N!,P2}(py)]. CF350;.toluene Z/n 16 90150)) 0>:980) ( Célfzgzp ) N 2.024 P12 N2 96.1(-,3.0) [20]
: ' py, N? 2.056 N',N? 175.6
Pl 2.274 P12 N 8234
3 _ or 9961(0) PtPZNC v) 1/ Y]
[Pt{n 1Ph21P(§2H8N)PPh2 Fdd2 18.601(0) (PIC,NIC,P?) Pl 2274 Pl,f 164.6 [20]
P! N! P2}(CH3)] f 32.725(0) 0110 N 2.093 pl2Co7.7
‘ : C2.110 N1,C 180.0
P! 2.286 P12 N1 84,04
[Pt{n3-But,P(C;H;N) PBu',-P! N1,P2} 1t>ri }g'iigggg 19194'1723(8) (Plléﬂ;\zfl\écpz) P2 2.301 Pl P2 164.4 1]
(CH;3)]CLCHCl; (at 100 K) ) 1 6:237(0) 96.40 ) (2).128 2 N 2.108 P12,C96.1(-1)
C2.057 N,C 1775
P! 2.295 P12 N1 83.2(-4) 4
m 10.976(2 PtP,NC ’ ’
[Pt{n3-But, P(C;H;N)PBut,-P1 N1, P2} P2, /c 15, 4798 90.71(3) @ C21\211 C,P?) P22.282 P1P2 164.6 1]
(CH3)]CLCHCI; (at 100 K) s 30.094(3) 0.120 N1 2.089 N1,N2 96.6(-,5)
' ' C2.105 N',C 1783
3_ 1 1,2 ngl _ d
PP P N2 Ce0) m 18173(0) PPN e Tess
o P2 9.960(1 114.94(0 P P ' ’ :
Et}].BF,.0.5CH,Cl, jl/ n 21.092(( 4)) © ( C(ﬁggz ) N!2.131 P12,C 98.1(-1.8) (22]
(at 100 K) ' C2.001 N1,C 178.0
P! 2.269 P12 N 83.0(-,2) 4
tr 9.198(1 99.77(0 PtP,NC ’ ’
[Pt{n3-PhyP(C;H;N) PPh,-P! N1, P2} P 10. 688((1)) 100.0 4((0)) @ C21\211 C,P?) P2 2.303 P1,P2165.9 [22]
(CH,CHO)].BF, (at 110 K) 5 16.421(1) 97.95(0) 0112 NI 2.112 P2 .C97.0(-1.7)
C2132 N1, C178.1
P! 2.289 P12 N1 82.3(-,6) 4
[Pt{n3-PhyP(C;H,N)PPh,-P! NP2} (CH tr 12.534(8) 70.04(0) PtPaNC P2 2309 P!,P2 164.3
7 CHPRYLBE P1 17.101(8) 82.64(0) (P1C,NIC,P2) 1 15/ [23]
- )1-BF, 2 17.919(8) 78.66(0) 0.135 N* 2125 PmC97.6(-1.2)
C 2.005 N',C 176.6
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Table 1. Cont.

Cryst. cl.

a(Ad)

(%)

Chromophore

- C - - C
Complex Space gr. b (A) B C©) (Chelate Rings) P(t AL) L l::)L Ref.
z c(A) Y ©) TP
Pl 2286 P12 N1 83.0(-,1.2)
. , m 15.495(2) PtP,NC ) NP
[Pt(n3-Pr, P(C1,HyF,N)PPri,-P! N1, P2) L 1 52 P2 2272 Pl,P? 163.4
(CeH4F)1.B(C4Fy)4 (at 110 K) PZ}/ ¢ ;ijﬁg 125.95(0) (P C(?)I;I;Zp ) N! 2.126 P12,C 96.5(-,2.0) [24]
: : C2.015 N,C1723
Pl 2.288 P12,N 83.9(-,8)
: : m 15.655(1) PtP,NC ) T, ’
[Pt{n3-Pri, P(C1,H,F,N)PPri,-PL N1 P2} T 1 52 P2 2.270 Pl P2 161.4
(p-tol)].B(C¢Fs)4 (at 110 K) Pzi/ n }2'22;38; 98.76(0) (P Célgzgzp ) N!2.183 P12,C 97.4(-,3.5) [24]
: : C2.070 N1,C 166.8
Pl 2263 P12 N1 83.0(-,9)
3 o1l P2 m 18.286(2) PtP,NC ) T ’
[Pt{n3-Phy P(C;H;N)PPh,-P! N P2} P2, /e 11.617(3) 114.68(1) (PICNIC,PY) P12.282 1123 P2 1649 5]
(C11H3503)].BE, 1 20.683(1) 0.130 N1 2.097 P12,C 97.1(-,1.6)
: : C2.157 N',C 176.6
1,2 _ 1,2 ng1 _
m 17.378(0) P{P,NCI P N12'%72(4'7) N i36;(31)
[Pt{r3-Phy P(C1,HgN)PPh, }(C1)].5C¢Hg P2;/n 12.705(0) 104.58(0) (P1C,NIC,P?) C12.318 P12 (1963 (_' 19) [20]
4 25.555(0) 0.107 : St
N1,C1177.5
P12 2.296(-,15) P12,N! 84.6(-,3)
3t ) or 22.499(0) PtP,NCl1 1 ’ T, ’
[Pt{n3-Bu', P(C;HgN)PBut, }(C1)] Pra2, $.107(0) (PIC,NIC,P?) N1 2.021 1PZ P2 169.2 1]
(at 120 K) 4 14.161(0) 2102 C12.333 P12,C195.3(-,4)
: : N1,Cl1176.5
trg 18.631(3) PtP,NCI P12 2302(- 1) Pl';f\; %6’5(2"3)
[Pt{n3-But, P(C;H,N)PBut, }(C)]Cl P3 (P1C,NIC,P?) N 2.030 P12 (1 95 8&_ 5 [21]
6 14.821(3) 0.092 C12.307 N Cl1178.9
Pl 2.285 P12,N! 84.2(-,6)
[Ptin®-Pr'sP(C1oHeFaN)PPr's} P2, /c 15.820(18) 107.78(1) (PLC,N1C,P2) P’ 2.304 PP 1667 [24]
(CD)].CHB;1Cly; (at 110 K) 1 15.256(15) 0151 N1 1.987 P12,C195.8(-,1.9)
' ' Cl12.297 N',C1171.9
1,2 nyl _ d
[Ptin?- m 9.702(0) PtP,NCI P12 2.278(- 5) P Ilj 15323.126(4,3.2)
PhyP(C14H12N)PPr,}(C1)].0.5C¢Hg P2;/c 11.526(0) 100.73(0) (P1C,NC,P?) N1 2.028 P12 (1967 (' 12) [26]
(at 183 K) 4 28.499(1) 0.120 Cl12.321 ’ L\

N!,C1179.2




Crystals 2023, 13, 1340 5of 21
Table 1. Cont.
Cryst. cl. a (1:&) (%) Chromophore PtL ¢ L-Pt-L ©
Complex Space gr. b (A) B C©) (Chelate Rings) @A) ©) Ref.
Z c(A) v () T4 P
P12,N' 82.9(-,1)
3 tr 11.322(0) 93.81(0) PtP,NCl1 P12 2.282(-,9) oo ’
[Pt{Tl thP(C14(I:t1211g2 Ilz()cy)2} (Cl)]C6H6 P1 11735(0) 11018(0) (P1C2N1C2P2) Nl 2.047 Pl,féi)g;gé(l_% 0) [26]
2 15.501(0) 93.00(0) 0.135 Cl12.322 NLCl 1764
P12 N 84.6(2,4) 4
3 i m 15.915(5) PtP,NCl P12 2.285(3,1) e ’
[Ptin®-Pha P(CH,)(C5HyN)(CH)PhoP P2, /n 19.337(8) 98.94(2) (P1C,N'C,P?) N 2.2008(7) PP 169.02) [27]
PENEPAHED] 4 8.861(6) 0.089 C12.312(3) P~ C195.5(1,9)
: : ‘ N1,C1178.5(2)
31 1 12 P12 N1 80.9(-,6) 4
[Pt{n3-(n'-CpsHyg)P(CyHEN)P(n - tr 13.341(2) 93.86(0) PtP,NP P12 2.317(-,8) PLp2 1587
Co4Hy4)}(PPh3)].2CH,Cl, (at P1 18.981(4) 90.89(0) (P1C,NIC,P?) N 2.082(3) PL2 3 933 (_' 2.0) [28]
103 K) 2 30.668(6) 98.03 (0) 0.199 P3 2.270 NP3 173.0
1 1,2 ngl _ d
[Pt{n?-(n2-Cy5Has)P(C; HgN)P(n - m 17.281(2) PtP,NP p2 oot e o)
Ci1gHao)}(Pcy3)] (at P2, /c 11.881(1) 104.32(0) (P1C,NIC,P?) N1 2073 pl 1;198.0(_ '5.8) [29]
103 K) 4 28.514(4) 0.209 P; 2,284 N1 P3 1675

Footnotes: a—Where more than one chemically equivalent distance or angle is present, the mean value is tabulated. The first number in parentheses is e.s.d., and the second is the
maximum deviation from the mean. b—The parameters, Ty, were calculated: Ty = 360 — (v + 3)/141, where 3 and « are the two largest angles and assume the values of 0 and 1 for the
perfect square planar and perfect tetrahedral geometries, respectively. c—The chemical identity of the coordinated atom or ligand is specified in these columns. d—The five-membered

metallocyclic ring.
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Table 2. Crystallographic and structural data for Pt{n3-P1CP2}(Y), (Y = O%L, N2L, CL, Cl, Br) complexes °.
Cryst. cl. a (1:&) a (°) Chromophore PLL © L-Pt-L €
Complex Space gr. b (A) B C©) (Chelate Rings) @A) ©) Ref.
z c(A) v ©) TP
12 P12,Cl 81.7(-,2) 4
[Pt{n3-(CF3),P(CsH7)P(CFs)s). m 41.924(0) PP,CO P+ 2.245 PLP2 163.3
(H20)]SbFg C2/c 10.457(0) 110.54(0) (P1C,CIC,P?) C!1.995 P12 ) 98.3(.5.9) [30]
(at 150 K) 4 22.512(0) : 0.143 H,0 2.156 C’1 0176 3 '
P12 ,Cl 82.0(-,6) 4
3 tr 9.644(1) 119.08(1) PtP,CO P12 2.295(-,3) 1 oo
[Ptin Ph2P(C8HZ)116° g%}(HZO”CFﬁ% P1 13.885(1) 93.43(1) (P1C,CC,P2) C! 1.995 ois 6P981$(3-.72 ) [31]
(a 2 14.012(3) 104.59(1) 0.146 H,0 2.156 CLO176.6
12 1 oy d
tr 8.824(2) 91.94(1) PtP,CO P12 2.266(-,4) P I;?P§?I67é ’67)
[Pt{n3-PhyP(CsH;)PPh,} (OMe)].0.5C¢Hg P1 12.517(1) 104.96(1) (P1C,CIC,P?) C12.053 ’ ‘ [31]
P12,0 98.8(-,6.8)
2 14.712(2) 104.20(1) 0.120 MeO 2.086 ClO1765
pl2 Ci 85.8(-,1) ¢
. . 1,2 - 4 g
[PE{(nPriz)P(Ca0H11) P(Priz)l(OOCCE)] o gl A T Pz PLP2 157.0
T K Fdd2 39.275(2) (P'C,C'CoP?) C! 2.045 P12, 942(-2.5) [32]
4 11.361(0) 0.181 02.139 ClO177.4
1,2 1 _ d
[Pt{n®-(CF3),P(CsHy)P m 13.932(1) PtP,CN P12 2.242(-2) ’ élcng %2& '31)
(CF3),}(NC5F5)]B(CgF5)4 P2;/c 17.137(2) 96.29(0) (P1C,CIC,P?) C!2.030 P12 N 993 ( 5 [30]
(at 150 K) 4 19.213(0) 0138 N2173 ClN179.2
12 ~1 ~ d
[Pt{n3-PhyP(CyoH;304)PPh, ). or 21.587(3) PtP,CN P12 2.303(-,1) P 1(3:1 1?25 '195(6’ 2'9)
(N=CCH3)|BF, Pca2l 8.904(1) (P'C,C'CoP?) C'1.892 PL2 N 93.5 [32]
(at 173 K) 6 21.327(3) 0.191 N 2.088 ClN 1768
P2 clgrod
3 m 12.892(6) PtP,CN P12 2.275(-,2) 15
[Pt{&glgp)(]%f&éoglzp ha}. P2, /c 15.613(8) 101.48(1) (P1C,C1C,P?) Cl2.021 fﬂf ngg'g [33]
5115 . 5115)3 ~, .
4 26.900(10) 0.138 N2.111 Cl,N 1785
12 1 _ d
[Ptn?-PhyP(CyoHy1O5)PPhy . m 14711(1) PP,CN P12 2.293(- 5) )
(N=CCHj3)]BF,.CH,Cl, P2, /c 15.920(1) 92.15(0) (P1C,CIC,P?) Cl2.062 PL2N 97 3 ( 3) [33]
(at 173 K) 4 17.987(1) 0.202 N 2.056 AN

CI N 174.0
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Table 2. Cont.
Cryst. cl. a (1:&) (%) Chromophore PtL ¢ L-Pt-L ©
Complex Space gr. b (A) B () (Chelate Rings) o 5 Ref.
P paceg / 8 (A) ©)
Z c(A) v () T4 P
pl2,Clgp1d
3 tg 9.492(0) PtP,Cy P12 2.286 1752
[Ptin thp(zzt‘*l}(l)l;%)PPhZ}(CN)] P2,2,2; 9.492 (0) (P1C,C1C,P2) C12.029 fﬂf C196§'21 [34]
4 13.030(1) 0.140 NC 2.062 1 C1800
P12,C1 81.6(-3) 4
1,2 ’ y
[Ptin’-(CF3),P(CsHy)P. ; };g;gq) 190163811((2 plgﬂéz% p2 o togh P, P? 1634 35
(CF3),}(CO)]SbFs ! :950(1) 81(0) (F1CC CP7) ¢ 1.969 PL2,C 98.3(-3) [35]
2 14.529(1) 91.90(0) 0.125 0OC 2.053 i c179.0
m P2 Cl 81.0(-5) d
14.732(0) PtP,C, P12 2.203(-,2) ’ ’
3_ 1 p2
[Pt{“( C;Cﬁ)(glc;‘]HﬂR P/ 16.189(0) 113.42(3) (PIC,CIC,P2) 12089 P2 935691('0 N [35]
3)2 3 ~/ A
17.737(0) 0.153 H;C 2.148 cl e
. . 12 1 _ d
[Pt{n3-Pri, P(CgH,)PPri,}(CO)]. m 13.430(3) PtP,C, P12 2.305(-2) P Plcplegé '25)
CF35030.5C¢Hj P2, /c 15.667(3) 112.73(3) (P1C,CIC,P?) C12.048 PL2'C 973 ('_ 9 [36]
(at 120 K) 4 15.472(3) 0.117 C2.053 i c1782
12 1 _ayd
[Pt{n3-But,P(CgHy)PButy}(n'- m 15.824(0) PtP,C, P12 2.302(-,1) P Iglcpfll'zé '53)
CHOMe)].CF3S0;.thf P2;/c 11.375(0) 97.46(0) (P1C,C1C,P?) C12.081 P12 C 980 (_' 11) [34]
(at 120 K) 4 20.093(0) 0.123 C 1.986 L1799
12 ~1 _1\d
[Pt{n-But,P(CyoHo)PBut,) or 12.097(2) PtP,C, P12 2 311(- 4) EE S
(CO)IBE, Pna2, 13.150(3) (P1C,C1C,P?) Cl2.074 ’ : [37]
P12,C 96.8(-,2)
(at 120 K) 8 38.514(8) 0.102 OC 1.903 ciciros
P12,Cl 81.0(-,2) 4
3 1 m 17.576(3) PtP,C, P12 2.269(-,2) o]
4 18.593(5) 0.146 C2.091 A c1rs
PL2,Cl 81.4(-2) @
3 1 m 10.192(3) PtP,C, P12 2.279(-,2) o
[Ptin thp((cilgégpgz}(n CaF7)l P2, /c 18.106(8) 91.01(1) (P1C,C1C,P2) Cl2.072 Pf ) g 9§642'85 [39]
a 4 17.018(3) 0.143 C2.186 C 98.4(-5)

CclLC177.0
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Table 2. Cont.

Cryst. cl.

a(Ad)

(%)

Chromophore

Iy T ¢ Pt €
Complex Space gr. b (A) B C©) (Chelate Rings) P(t AL) L l::)L Ref.
Z c(A) v (©) T4 P
1,2 1 d
[Pt{n3-Ph, P(CgHy)PPh,) m 12.887(0) PtP,C, P12 2275 PP1 /1(;2 18601’62
(n'-C12H21N,)]12BE, C2 15.901(0) 121.54(0) (P1C,C1C,P?) C12.084 P12 C 994 [40]
at 150 K 2 12.177(0 0.133 ) PAtes
( ) © C2.0% C1,C180.0
12 1 _ayd
[Pt(n3-PhyP (CooH;10p)Phy)Cl]. tr 12.485(1) 118.03(0) PtP,CCl P12 2265 P P’f Pﬁi‘éé'j’)
(CH5CN)y4 P1 14.669(2) 106.22 (0) (P1C,CIC,P2) C12.086 P21 96 2(' 6 [33]
at 150 K 2 15.038(2 90.30(0 . . / o\
( ) ) ©) 0.232 C12.394 Cl,C1172.0
P2 Cl 82.7(-,1.0) 4
11.798(3) PtP,CCl P12 2.276(-,1) ’ !
Pt{n3-PhyP(Coy H m 2 ’ 1 p2
[Ptin"-PhyP(Ca4H190,)PPhy JC] P2, 26.540(2) 96.64(0) (P1C,C1C,P2) C12.022 P/ P*163.9 34
(at103 K) 4 12.725(1) 0138 C12.388 P2 CL97.4(-4) -
: : : Cl,Cl1176.4
12 1 _ d
[Pt{n3~(CF3),P(CsH,)P m 10.111(0) PtP,CCl P12 2.233(-5) P P’1C Pﬁol'z(l’g)
(CF3),)Cl1]1.5(C¢Hg) P2, /c 19.270(0) 102.86(0) (P1C,CIC,P?) Cl2.037 P12 C1 99 2(' 5 [35]
(at 173 K) 4 13.082(0) 0.156 C12.370 o I
Cl1,C1176.9
pl2,Cl 83.7(-1) @
12.965(3) PtP,CCl P12 2.288(-,3) ! ’
Pt{n3-But,P(CgH;)PBut,)Cl o 2 ’ 1 p2
[Pt{n (2at(1280 K7)) uby)Cl] P2,2,2, 13.853(3) (P1C,C1C,P2) cla017 Pl}; 61139 612?36 N [36]
8 14.642(3) 0.094 Cl2.407 ’ A
Cl,C1179.2
P12,C1 83.9(-4) 4
16.195(3) PtP,CCl P12 2.287(-,6) ’ ’
Pt{n3-But-P t m 2 / 1 p2
[Ptn"-Bu’5P(C1oHo)PBu’, }Cl] P2, /n 10.440(2) 109.21(3) (P1C,C1C,P?) C12.016 PP 167.7 37
(at 120 K) 4 17.588(4) 00972 C12.431 P12 C196.1(-6) 7
: : ‘ Cl,C1178.7
P12 ,Cl 83.8(-5) d
12.018(0) PtP,CCl P12 2.305(-,3) ’ ’
Pt{n3-But, P(CgH;)PBut,]Cl m 2 ’ 1 p2
[Ptin”-Bu', P(CsH7)PBu2|Cl] P2, /n 14.803(0) 100.79(0) (P1C,C1C,P2) C12.065 sz'g 916617('31) [41]
4 15.728(0) 0.120 Cl12.434 / Y
Cl,C1175.6
PL2,Cl 83.6(-,2) 4
3 ; tr 11.148(2) 78.16(3) PtP,CCl P12 2.279(-,4) o2
Ptin"-PriyP(CsHz)PPri}Cl] Pr 13.935(3) 82.35(3) (P1C,C1C,P2) C12.006 P P 1674 0
(at 120 K) 2= =2 P12,C196.1(-,1) [42]
2 14.683(3) 89.33(3) 0.105 C12.436 / B

clcl177.7
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Table 2. Cont.

Cryst. cl. a(d) o (°) Chromophore PLL © L-Pt-L €
Complex Space gr. b (A) B C©) (Chelate Rings) @A) ©) Ref.
Z c(A) v (©) T4 P
12 1 ey d
m 10.290(2) PtP,CCl P12 2277(-2) P prfllgé '16)
[Pt{n3-Ph,P(CgH7)PPh,}Cl] P2;/n 16.117(3) 105.47(3) (P1C,C1C,P?) C12.002 P12 (198.4(- 11 [43]
4 15.173(3) 0.130 Cl12.383 e 1'72(3"5' )
1,2 1 _ d
[Pt{n3-Ph,P(C14H;)PPh,}Cl]. m 12.773(0) PtP,CCl P12 2.268(-,2) F P‘fpfﬁgé ’31)
CH;CN P2;/c 17.780(0) 96.54(0) (P1C,CIC,P2) Cl1.991 P12 (1962 (_' 17) [44]
(at 223 K) 4 14.72448(0) 0.107 C12.391 1775
P12, C1 84.6(-,7) 4
3 or 18.768(0) PtP,CCl P12 2.266(-,1) o
8 21.649(0) 0.138 Cl12.397 i A
Cl,C1174.3
P12,Cl 81.0(-1) @
1,2 _ ’ ’
[Pt{n3-PhyP(C15H;90g) PPhy}ClICH,Cl, or 10432(1) PPpCCl P 2.277¢,5) P!,P2 162.0
(2t 103 K) P21212; 17.092(2) (P1C,C1C,P?) C 2.006 P12,C199.0(5) [45]
8 24.423(3) 0.163 Cl12.385 1 S
Cl,C1174.7
P12,Cl 86.0(-,2) 4
3 : m 14.622(0) PtP,CCl P12 2.284(-,1) o5 s
Ptin"-Pr Z(Ié(flz%};})l)wr 2}Cll- P2,/n 15.048(1) 96.24(0) (P1C,C1C,P?) C1 2.064 Plr; (11)1 914585 » [46]
32 4 15.642(1) 0.171 Cl12.392 1 C1179.53
pl2 él 82.4(-,1) 4
3 m 10.127(2) PtP,CBr P12 2.272(-,14) SR
[Ptin”-Phy P(CgH7)PPhy}Br] P2, /n 14.776(2) 91.01(1) (P1C,C1C,P2) C12.023 sz g) 9176;15_3 o [47]
4 19.023(3) 0.138 Br 2.468 yor 2e
C!,Br175.8
pl2,Clgrs5d
3nt ) m 15.517(0) PtP,CBr P! 2.290 o
[Pt{n"-Bu 213((21(;6115{5%)1)3“ 2}(Br)] 2 13.055(0) 118.78(0) (P1C,C1C,P?) P2 2,030 II;,'ZP Brlg;g [40]
4 15.383(0) 0.140 Br 2.466 C! Br175.2

Footnotes: a—Where more than one chemically equivalent distance or angle is present, the mean value is tabulated. The first number in parentheses is e.s.d., and the second is the
maximum deviation from the mean. b—The parameters, T4, were calculated T4 = 360 — (x + 3)/141, where 3 and o are the two largest angles and assume the values of 0 and 1 for the
perfect square planar and perfect tetrahedral geometries, respectively. c—The chemical identity of the coordinated atom or ligand is specified in these columns. d—Five-membered

metallocyclic ring.
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Table 3. Crystallographic and structural data for Pt(n3-PIX1P2)(Y), (X! = S! or Sil), (Y = C2L,C1,P3L,1,H,0%L) complexes .
Cryst. cl. a (1:&) o () Chromophore c
Complex Space gr. b (A) B ) (Chelate Rings) Pt-L L-Pt-L€ Ref
V4 A o b (A) ©) ef.
c(d) Y (©) T4
1,2 ql d
[Ptin®PhyP(CsHy) S(=0)(CoHy)PPhy P2, 670218 Ay PY 2273(3) TP 160
(CH3)]PF.CH5CN (at 100 K) 1/n 16.722(4) 95.72(1) (P1C,S'C,P2) s12.268 , ~ 48
12 [48]
4 25.078(6) 0.102 H,C 2.093 P 1,C 93.2(-,3)
sl,C178.2
1,2
[Pt{n3- m 13.360(0) PtP,SCl PL2 2307 11:1 P,251864.6
PhyP(C4Hy)S(=0)(CeHy)PPho} (CD.PF. CHsCN L 21/¢ 15.308(0) 106.11(0) (P1C,S'CoP?) s'2.192 L1627 48
3 12 [48]
4 18.787(0) 0.140 C12.316 P12,Cl948
S1.Cl1177.6
1,2 ql
(Pt-PhyP(CEL), tr 9.460(2) 93.53(2) PtP,SCl P 2.319(2,0) gl I;f 122'2
5(=0)(CHa),PPh, }(CI)|.CIO, P1 12.079(3) 103.85(2) (P1C,S'C,P2) s12.182(2) 1 : [49]
2 13.834(3) 104.22(2) 0.135 C12.318(1) I;'C’(fi???
[Ptin3-PhyP(CsHy) tr 11.295(5) 86.45(1) PtP,SP 12 PL25! 86.0(-3) 4
T : : P12 2.273(-, : '
5(=0)(CHy)PPhy ) (PPh3)].0.5(CH,Cly)(at 100 PT 11.469(1) 88.54(1) (PIC,S1C,P?) st 2.31é ) PP 1624 [48]
K) 2 17.269(1) 77.08(1) 0.143 PhyP3 2.281 2115313;1;
[Pt{n3-Ph,P(CH,),S or 15.698(3) PP-SP 12 pl2gl 8134
: P12 2.309(-,1 ’
(CHy),)PPh,}(PPh3)].2.C104 Me,CO Pnma 15.337(3) (P1C2521C2p2) gl 2.342 ) P!1,P2161.6 [50]
(at120K) 1 19.957(4) 0.143 PhsP3 2.289 D o8 ‘
. 12 61 g4 . 2y d
[Pt{n3-PhyP(Co3HsS)PPhy ) (](1).1.74 o 9-845(0) 84.94(0) PtP,Si P12 2311(-,1) P Iﬁc’ Pg’%gé 3)
CH,Cly(at 173 K) 15.277(0) 84.03(0) (P1CyS1C,P?) s12.252 [P 1654 (51]
2 17.264(0) 89.18(0) 0.120 12510 pr196.7
S, 1177.7
. 1,2 q;1 _ d
[Pt{n3-cyhoP(CsHa)Si(Me). Crn 24.426(0) PtP,SiH P12 2254(- 4) P Iﬁ‘f’lpgi'gé ,0)
(C¢Hy)Pcyhy}(H)].0.5 pentane (at 150 K) 2/c 16.300(0) 105.39(0) (P1C,SilC,P2) sil 2.326 15 5 (52]
4 39.968(3) 0.179 H 1.486 P H94.7047)
si!, H175.3
. 12 qil ~md
E. s, vioen TEBLD
(Me)(CgHy)Pcyh,}(H)].1.25 pentane (at 93 K ¢ : (PICoSiCoP?) si! 2.336 ’ :
yhal(tDH 25 pentane (55 4 33.970(2) 2640 0.158 H 1527 P H946(7) w7

Sil, H175.6
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Table 3. Cont.

Cryst. cl.

a(Ad)

(%)

Chromophore

1 ¢ Pt €
Complex Space gr. b (A) B () (Chelate Rings) P(t AL) L l::)L Ref.
z c(A) Y ) TP
. P12 gil 83.9(-,1.0) 4
. tr 14.718(1 100.40(0 PtP,SiO P12 2.299(-,6 ’ ’
[Pt{n*-PhyP(CsHy)Si(Me) PT 14 9578 103 42§0§ (PIC,SIC,P) sil 2 27(6 ) P, P*165.5 53]
(CeHy)PPhy }(OEt)]{B(CgFs5)3 (CHoPh)}LOEt, ' ' ' P12,096.1(-,2.3)
2 15.402(1) 99.60(0) 0.115 02282 ST 01784
1,2 A _ d
[Pt{n®-cyhyP(CsHL)Si tr 13.506(5) 116.38(0) PtP,SIC P12 2279(-2) P Iflpg?’l'z(z';)
(Me)(CgHy)Pcyh,}(Ph)].OEt, P1 14.057(5) 93.48(0) (P1C,SilC,P2) Sil 2.324 P12 C o8 ('_ 2 [53]
(at 173 K) 2 14.950(0) 112.52(0) 0.156 C2.139 Gt c1751
. P12, sl 82.6(-,3) 4
1,2 ’ y
[Pt{n3-PhyP(CoHy)Si(Me)(CsHy)PPhy ) tr 13.586(1) 89.73(0) PHPSIC P 2260 P!, P2 163.0
(CHaPhY]. CH,Cly(at 193 K) P 16.908(1) 76.03(0) (P1C,SilC,P?) Sil 2.356 P12’ C 97.0(-1) [53]
2 . 212 "~y U,
2 19.771(2) 67.88(0) 0.151 C2.201 o
Sil, C1175.7
. 1,2 g;l _ d
[Pt{n?-PriyP(CoH,)Si(OH) tr 13.658(0) 112.54(0) PtP,SIC P12 2325(-,3) P I;IS‘P§21'611( '22)
(CgH4)PPri5 }(CO)].B(C4F5)4 P1 15.098(0) 94.60(0) (P1C,SilC,P?) Sil 2.365 P2 Cog3 (_' 1.1) [54]
(at 120 K) 2 15.201(0) 116.83(0) 0.179 OC 1.994 Sl C1734
. P12 sil 83.4(-2) 4
3 b : i or 8.186(0) PtP,SiC P12 2.286(-,2) o2 a o
[Pt{n>-Pr zP(C6Hgtsll(E))§g6H4)PPr 2}(mes)] P2,2:2, 17.908(0) (P1C,SilC,yP?) Sil 2.312 Pl/l; 'Cp%li(g_'(i 1 [55]
6 21.795(1) 0.171 C2.154 S c1770
. P12, sil 84.9(-,6) 4
3 . m 9.911(1) PtP,SiCl P12 2261 ‘o2 ’
[Ptin"-P th(C6H(4;t51l(;‘g%C6H4)PP ho} (CD] P4/c 13.656(1) 97.90(0) (P1C,SilC,P2) sil 2278 P}; (11)1 9175831) (53]
4 23.845(3) 0.250 Cl2.437 Sl Cl1169.3
. P12 sil 84.7(-,1) d
. or 16.111(1 PtP,SiCl P12 2.289(-,0 ’ ’
[Pt{n3-PhyP(C¢Hy)Si(Me)(CgHy4)PPhy) P2.9:2 16 989(1) pic 5’1 Cop? 15 -0) P!, P2 164.2 53
(AIC13)].2(C¢HsF) (at 193 K) 1141 989(1) (PTCRSH CoPT) Si' 2285 P12, C196.8(2,3) [53]
31206275 4 17.437(1) 0.181 Cl12.438 ¢ A

Sil, C1170.2
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Table 3. Cont.
Cryst. cl. a(Ad) (%) Chromophore PtL ¢ L-Pt-L ©
Complex Space gr. b (A) B () (Chelate Rings) @A) ©) Ref.
V4 c(A) v (©) Ty P
m 8.465(0) PtP,SiCl P12 2.292(-3) P12 Si! 84.2(1)
3_p : i - 72 1 p2
[Pt{ﬂ Pr ZP(C6HéitS{l(ZOOI_II<))(C6H4)PPr 2}(Cl)] P2, /c 18246(0) 9498(0) (P1C25i1C2P2) Sil 2277 Pl,féfgggi_z 2) [54]
4 16.810(0) 0.163 Cl12.469 Sil C11751
. P12, sil 84.2(-2) d
3 pui . m 12.420(8) PtP,SiCl P12 2.296 D216 4
[Pt{n3-Pr zP(C6H4)511§I(‘)I§§6H4)Pcyh2}(Cl)] (at P2, /n 13.735(8) 99.74(0) (P1C,SilC,P2) sil 2.076 PLE ggggf_'"‘z 5 [55]
4 15.539(10) 0.146 Cl2.452 i 11771
. P12, sil 84.7(-,1) d
3 . m 13.104(3) PtP,SiCl P12 2.293 SIS
a 4 17.770(4) 0.140 Cl12.460 S’il l 1'72;’0'

Footnotes: a—Where more than one chemically equivalent distance or angle is present, the mean value is tabulated. The first number in parentheses is the e.s.d., and the second is the
maximum deviation from the mean. b—The parameters, T4, were calculated 14 = 360 — (« + 3)/141, where 3 and o are the two largest angles and assume the values of 0 and 1 for the
perfect square planar and perfect tetrahedral geometries, respectively. c—The chemical identity of the coordinated atom or ligand is specified in these columns. d—Five-membered

metallocyclic ring.



Crystals 2023, 13, 1340

13 of 21

2.1. Pt(p3-P1O'P2)(P3)

Monoclinic [Pt{n3-PhyP(C15H;20)PPhy }{n!-P3(CsH4N)(Ph),}](CF3503),#0.5H,0 [19]
(at 150 K) is the only example of the P!1C,O!C,P? metallocycle type. The structural data
are summarized in Table 1. The chemical structure and practical application of this par-
ticular complex are presented in Table S1. The heterotridentate n°>-P'O!P? ligand with
monodentate P?L creates a distorted square planar geometry around a Pt(IT) atom.

The total mean Pt-L bond distance elongates in the following sequences:

Pt 3-P'O'P?)(Y), Y = P3L (1 example): Pt-L: 2.189 (3) A (O, trans to P?) < 2.239 (2) A
(P%) <2.302 (2,11) A (P2, mutually trans)

2.2. PHp3-PIN'P?)(Y), (Y = N’ L, (x1), CL(x9), Cl(x7), P3L(x2))

There are nineteen examples of the P!CoN'C,P? metallocyclic type with a common N'
atom, and their structural data are summarized in Table 1. The chemical structures and prac-
tical applications of these particular complexes are presented in Table S1. Monoclinic [Pt{n3-
Ph,P(C1,HgN)PPh, }(N?C5Hj5)]CF3S05.toluene [20] is the only example in which a N2
donor ligand completed a square planar geometry around a Pt(I) atom (PtP'N'P?2N?). The
structure of [Pt{n3-PhyP(C1,HgN)PPh, }(N2CsHs)]* [20] is shown in Figure 1 as an example.

Figure 1. Structure of [Pt{n3—Ph2P(C12H8N)PPh2}(py)] [20].

In the following eight complexes, triclinic [Pt{n3-But,P(C;H;N)PBut,}(CH;)]CI (at 100 K),
monoclinic  [Pt{n3-But,P(C;HgN)PBu',(CH3)] [21] (at 100 K), monoclinic [Pt{n°-
PhyP(C;H;N)PPh, {C(=O)Et)|BE,.(CH,Cly)s  [22]  (at 100 K), triclinic  [Pt{n3-
Ph,P(C;H;N)PPh, }(CH,CHO)|BF, [22], triclinic [Pt{n3-Phy P(C;H;N)PPh, }(CH=CHPh)|BF, [23],
monoclinic [Pt{n3-Pri?P(C1,H;F;N)PPri2}(CsH4F)]|B(C¢Hs)s (at 110 K) and monoclinic
[Pt{n3-Pri?P(C1,H;F,N)PPri2}. (p-toluene)|B(CgHs)4 [24] (at 110 K), and monoclinic [Pt{n3-
PhyP(C;H;N)PPri2}(n'-C11H15NO;3)]BF, [25] and a n*-P!N'P? ligand with a monodentate
CL create a distorted square planar geometry around a Pt(IT) atom (PtP'N'P?C).

There are seven complexes, monoclinic [Pt{n>-PhyP(C1,HgN)PPhy }(C1)[(CsHg)s [20], trigonal
[Pt{n3-But,P(C;H;N)PBut,}(CD)]CI [21], orthorhombic [Pt{n3-Bu', P(C;HgN)PBut, }(C1)] [21]
(at 120 K), monoclinic [Pt{n3-Priy P(C1,HgFaN)PPri, }(C1)J[CHB;; Cly; [24] (at 110 K), mono-
clinic [Pt{n3-Ph,P(C14H12N)PPri,}(C1)]CeHg [26] (at 183 K) and triclinic [Pt{n3-
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thP(C14H12N)PCy2}(Cl)]C6H6 [26] (at 183 K), and monoclinic [Pt{T]S-thp(C7H8N)PPh2}(Cl)] [27]
in which C1~ anions complete inner coordinate spheres (PtP'N'P2Cl).

In the remaining two complexes, triclinic [Pt{n3-(2-(Cp4Hys)P(C7HgN)P(CogHyy )}
(PPh3)].2CH,Cl, [28] (at 103 K) and monoclinic [Pt{n3-(n?-C1gHg)P(C7HN)P(12-
C18Ha9)}(P3cy3)] [29] (at 103 K), a monodentate P3L is involved (PtP'N'P?P3).

The total mean Pt-L bond distance elongates in the following sequences:

Pt (3-PIN'P?)(Y), Y = N2L, CL, Cl, P?L (19 examples): Pt-N": (trans to Y): 2.024 (3) A
(N2) <2.077 (2,5) A (P?) <2.128 (2,70) A (C) < 2.201 (3,26) A (C); Pt-Y: (trans to N'): 2.056 (3)
A (N?) <2.072 (2,85) A (C) <2.277 (2,5) A (P%) <2316 (2,17) A (Cl); Pt-P'2: (mutually trans)
is 2.287 (2,17) A

2.3. PHip3-P1C'P?)(Y), (Y = OL (x4), NL(x4), C’L (x9), Cl (x12), Br (x2))

There are over thirty examples of the P'C,C!C,P? metallocycle type, and their struc-
tural data are summarized in Table 2. The chemical structures and practical applications of
these particular complexes are presented in Table S2. In four complexes, monoclinic [Pt{n3-
(CF3),P(CgH7)P(CF3),}(H,0)].SbF [30], triclinic [Pt{1’]3-Ph2P(C8H7)Ph2P}(HZO)]CngO:J, [31],
triclinic [Pt{n3-Ph,P(CgH;)PPh,}(OMe)]0.5C¢Hy [31], and orthorhombic [Pt{n?-
Pri,P(CyoH;11)PPri, }(OOCCF;)] [32] (Figure 2), a monodentate OL ligand completed a
square planar geometry (PtP'C!P20).

Figure 2. Structure of [Pt{n3-Pri, P(CooH11)PPr', }(OOCCF3)] [32].

In four complexes, monoclinic [Pt{n3-(CF3),P(CgH;)P(CF3),} (NC5Hs)]B(CsHs)4 [30],
orthorhombic [Pt{n3-Ph,P(Co9H;304)PPh,}(N=CCH3)]BF,; [32], monoclinic [Pt{n3-
thP(Conlloz)Pth}(NC5H5)]C1}](NC5H5) [33], and monoclinic [Pt{]‘]3-thP(C20H1104)PPh2}
(N=CCH3;)]BF,. CH,Cl; [33], monodentate NL ligands completed the inner coordination
sphere PtP'N'P2N2.

There are nine complexes, tetragonal [Pt{n3-PhyP(Cp4H190,)PPhy, }(CN)] [34], triclinic [Pt{n3-
(CF3),P(CsHy)P(CF3),}(CO)]SbF¢ [35], monoclinic [Pt{n®(CF3),P(CsH7)P(CF3),}(CHa)] [35],
monoclinic [Pt{n3-Pri,P(CgH;)PPri,}(CO)]CF5S0s 0.5C¢Hg [36], monoclinic [Pt{n?-
Bu',P(CgH;)PBut,}(n'-CHOMe)|CF3S05.thf [36], orthorhombic [Pt{n3-But,P(C1,Hg)PBut, J(CO)IBF, [37],
monoclinic [Pt{T]3-Ph2P(C8H7)PPh2}(n1-C12H19N2)] [38], monoclinic [Pt{T]3-Ph2P(C6H7N2)PPh2}(T]l—
C3F,)] [39], and monoclinic [Pt{n3-PhyP(CgH;)PPh,}(n'-C12H,1N,)]2(BF,) [40], in which a
monodentate C?L ligands are involved (PtPICP2C?).
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In twelve complexes, triclinic [Pt{n3-PhyP(CyoH110,)PPh,}(C1)(CH3CN),4 [33], monoclinic
[Pt{n®-PhyP(C24H1902)PPhy}(CI)] [34], monoclinic [Pt{n3-(CF3), P(CsHz)P(CF3)2}(C)]1.5CsH4 [35],
orthorhombic [Pt{n3-But,P(CgH;)PBu', }(C1)] [36], monoclinic [Pt{n3-But, P(C1,Hg)PBub, J(C)] [37],
monoclinic [Pt{n3-Bu',P(CsHy)PBu',}(C1)] [41], triclinic [Pt{n3-Pri,P(CgH;)PPri, }(CD)] [42],
monodlinic [Pt{n3-PhyP(C14H;)PPhy }(C1)] [43], monoclinic [Pt{n3-Ph,P(CgH;)PPh, }(Cl)]CH3CN [44],
orthorhombic [Pt{n3-PhyP(C1gH;;05)PPhy}(C1)JCH3;CN [44], orthorhombic [Pt{n3-
thP(ClgHHOg)PPhZ}(Cl)]CH2C]2 [45] B and monoclinic [Pt{T]B-PIizp(Conn )PP fz}(Cl)](CHgCN)Z [46] n
a Cl™ anion completed inner coordination spheres around each Pt(II) atom (PtP1CIP2Q)).

A Br~ anionis involved in two monoclinic complexes, [Pt{n3-Ph,P(CgH;)PPh, }(Br)] [57]
and [Pt{n3-But,P(CgH;)PBu',}(Br)] [47].

The total mean PL-L bond distance elongates in the following sequences:

Pt (n3-P'C'P?)(Y), Y = OL, NL, CL Cl, Br (31 examples): Pt-C1: (trans to Y): 2.001 (3,8)
A (N) <2.027 (2,8) A (O) ~ 2.027 (2,6) A (Br) < 2.031 (2,12) A (Cl) < 2.049 (2) A (C2); Pt-Y:
(trans to C1): 2.065 (7,12) A (C?) < 2.085 (2,12) A (N) < 2.132 (2,9) A (O) < 2.400 (2,16) A (C1)
<2.467 (1,10) A (Br); Pt-P'2: (mutually trans) is 2.75 (2,12) A.

2.4. PH(y3-P1S'P?)(Y), (Y = CHj3 (x1), Cl (x2), P3Ph3 (x2), I (x1))

There are six complexes in which each heterotridentate ligand creates a P1C,S'C,P?
metallocycle. Monoclinic [Pt{n3-Ph,P(CsH4)S(=0)(CsHy)PPh,}(CH;3)]PFs.CH3CN [48]
(at 100 K; Figure 3) is the only example with a (PtP!S'P2C) chromophore. In
monoclinic [Pt{n3-PhyP(C¢H4)S(=0)(CeHy)PPh, }(C1)[PFs.CH3CN [48] and triclinic [Pt{nS-
Phy P(CH3),S(=0)(CHjy),PPhy }(CD)]CIO4 [49], the C1™ anion completed a square planar
geometry (PtP'S'P2Cl). The structural data are summarized in Table 3. The chemical struc-
tures and practical applications of these particular complexes are presented in Table S3.

Figure 3. Structure of [Pt{n3-Ph,y P(CgH4)S(=0)(CgH4)PPhy }(CH3)] [49].

In triclinic [Pt{n3-PhyP(C4H4)S(=0)(CgHy)PPh, }(P3Ph3)]0.5.CH,Cl [48] (at 100 K) and
orthorhombic [Pt{n3-PhyP(CH;)2S(CH,),PPh, }(P3Ph3)]C104 [50] (at 100 K), the P3Ph; are
involved (PtP!S!P2P3).

In another triclinic [Pt{n3-PhyP(Cp3H5S)PPh,}(1)].1.74 CH,Cl, [51] (at 150 K), the I~
anion is involved (PtP'S!'PI).

The total mean PL-L bond distance elongates in the sequences:

Pt n3-PIS'P2)(Y), Y = CL, Cl, P?L, I (6 examples): Pt-S': (trans to Y): 2.187 (2,5)
A (C1) <2256 (2) A (I) < 2.268 (2) A (C) < 2.328 (2,15) A (P3); Pt=Y: (trans to S'): 2.093 (2) A
(C) <2.285(23) A (P%) <2317 (2,5) A (Cl) < 2.510 (1) A (I); Pt=P'2: (mutually trans) is 2.300
(4,30) A.

2.5. PH(yy3-PISi'P?)(Y), (Y = H (x2), OL (x1), NL (x1), CL (x1), Cl (x5), P3L (x1))

There are fourteen complexes in which each heterotridentate ligand creates a pair of
“equal” five-membered metallocyclic rings with a common Si! atom of the P1C,Si'C,P?
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type. The structural data are summarized in Table 3. The chemical structures and prac-
tical applications of these particular complexes are presented in Table S3. In two mon-
oclinic [Pt{n3—cy2P(C6H4)Si(Me)(C6H4)Pcyz}(H)].0.5 pentane [52] (at 150 K) and [Pt{n3-
cy2P(CeHy)Si(Me)(CgHa)Pcy, }(H)].1.25 pentane [52] (at 93 K), hydride completed a square
planar geometry (PtP!Si'P2H).

Triclinic [Pt{T]3-Ph2P(C6H4)Sl(Me)(C6H4)PPh2}(OEtz)]{B(C6F5)3 (CHzph)}OEtz [53]
(Figure 4) is the only example with a monodentate OFEt, ligand (PtP!Si!P20).

Figure 4. Structure of [Pt{n3-Ph,P(C¢Hy)Si(Me)(CHy)PPh, }(OEt,)] [53].

In another triclinic [Pt{n3-Pri, P} (C4Hy)Si! (CoH4PPriy)(CoHy)P?Priy }(NCsHs ) |B(CsH3Fe)4 [58]
(at 100 K), a monodentate NC5Hs is involved (PtP'Si!P?N).

In the following four complexes: triclinic [Pt{n3—Cy2P(C6H4)Si(Me)(C6H4)Pcyz}(Ph)]OEtz [53]
(at 173 K), triclinic [Pt{n3-Ph,yP(C¢Hy)Si(Me)(CsHy)PPh, }(CH,Ph)[CH,Cl, [53] (at 193 K),
triclinic [Pt{n3-Pri,P)(CeHy)Si(OH)(CgH,)PPr5)}(CO)IB(CeFs)s [54] (at 120 K), and or-
thorhombic [Pt{n3-Pri,P(CeHy)Si(H)(CsH4)PPris ) (mes)] [55] (at 110 K), monodentate CL
ligands are involved (PtP1SilP2C).

In the following five complexes: monoclinic [Pt{n3-PhyP(CsHy)Si(Me)(CgHy)PPho}(CD)] [53]
(at173 K), orthorhombic [Pt{n3-Ph,P(CsHy)Si(Me)(CH4)PPh, }(CIAICI3)](CeHsF), [53] (at
193 K), monoclinic [Pt{n3-Pr', P(C4H,)Si(OH)(CsH,)PPrl, }(C1)] [54] (at 120 K), monoclinic
[Pt{n3-PriyP(CeHy)Si(H)(CeHy)Pcy2}(CD)] [55] (at 110 K), and monoclinic [Pt{n3-
cy2P(CsHy)Si(Me)(CsHy)Pey, H(CD)] [56] (at 110 K), tridentate P'Si'P? with C1~ anions
construct inner coordination spheres around each Pt(I) atom (PtP!Si!P2Cl).

The total mean PL-L bond distance elongates in the following sequences:

Pt m3-PISi'P?)(Y), Y = H, OL, NL, CL, Cl, P’L (19 examples): Pt-Si': (trans to Y):
2276 (2) A (0) <2279 (2,6) A (Cl) < 2.315 (2) A (N) < 2.331 (2,5) A (H) < 2.339 (2,17)
A (C) <2.369 (2) A (P3); Pt-Y: 1.51 (1,2) A (H) <2.122 (2,6) A (C) <2.222 (2) A (N) < 2.282 (2)
A (0) <2.316 (2) A (P?) < 2.451 (2,13) A (Cl); Pt-P"2: (mutually trans) is 2.289 (2,32) A.

The structure of monoclinic [Pt{n3-Ph,P!(CcH,4)Si! (Me)(CgH4)P2Ph,}(P3Phs)] [59] (at
123 K) is shown in Figure 5. In a distorted trigonal-pyramidal geometry, three P atoms
construct a trigonal plane, and the Si! atom occupies a pyramid. The heterotridentate
P!Si'P? ligand forms a pair of “equal” five-membered metallocyclic rings with a com-
mon Si! atom of the P'C,Si'C,P? type, with the mean P'-Pt-Si' /Si!-Pt-P? bite angles of
83.3 (1,8)°. The values for the remaining angles are 120.7 (2)° (P'-Pt-P?), 119.6 (2,2.4)°
(P1-Pt-P3 /P3-Pt-P?), and 108.9 (2)° (Si!-Pt—P3). The Pt-L bond distance elongates in the
following order: 2.290 (2.11) A (Pt-P!, Pt-P?) < 2.318 (2) A (Pt-P%) < 2.369 (2) A (Pt-Si').
This is the only example of such geometries.
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Figure 5. Structure of [Pt{n3-PhyP(CgHy)Si(Me)(C¢Hy4)PPhy }(PPhg)] [59].

3. Conclusions

This review evaluates seventy Pt(II) complexes in which inner coordination spheres
are constructed by heterotridentate organodiphosphines M3 =PIXIP?) (Y), (X! =OL, NL,
CL, SL or SiL) with variable monodentate donor ligands. These complexes crystallized in
five crystal systems: trigonal (1), tetragonal (x 1), orthorhombic (x11), triclinic (x18), and
monoclinic (x39).

The structures of the complexes are similar. Each heterotridentate organodiphosphine
ligand creates a pair of “equal” five-membered metallocyclic rings with a common X! atom
of the P1C,X!C,P2 type.

The sum of four (Pt-P(x2) + Pt-X! + Pt-Y) bond distances grows with the covalent
radius of the Y atom in the following sequences:

PtPIN'P2Y: 8.65 A (Y =N) < 8.76 A (C) <8.91 A (Cl) <9.00 A (P3);

PtPLCIP2Y: 8.64 A (Y = N) < 8.66 A (C2) <8.98 A (Cl) <9.05 A (Br);

PtP1S!IP2Y: 8.91 A (Y =C) <9.13 A (Cl) <9.20 A (P%) <9.39 A (I);

PtP1Si'P2Y: 8.35 A (Y = H) <9.15 A (0) <9.17 A (N) < 9.30 A (Cl).

The total mean values of the L-Pt-L bond angles are 83.1 (2,2.7)° (P'-Pt-X! /X!-Pt-P?),
163.2 (2,3.5)° (P'-Pt-P?), 96.2 (2,2.5) ° (P'-Pt-Y/Y-Pt-P?), and 175.7° (2,3.9) (X'-Pt-Y).

There are two exceptions—PtP'C!P20 and PtP!Si! P2C—with the sums of 8.71 and
9.03 A that do not follow the covalent radius of the Y atom. There are two reasons for this
discrepancy: trans-influence of C! vs. O and Si! vs. C, and the types of ligand H,O and
OMe in the former and CO and CN in the latter.

It is well known that in four-coordinated Pt(II) atoms, there is a preference for square
planar geometry with different degrees of distortion. A simple metric to assess the molecu-
lar shape and degree of distortion is the parameter T4 for square planar geometry according
to the following equation: T4 = 360 — (x + (3)/141 [60]. The value of T for a perfect square
planar geometry is zero. The degree of distortion for a square planar geometry around
Pt(II) atoms grows in the following sequences (according to Y):

Pt(®—P'S'P?)(Y):0.105 (Y = C2) < 0.120(I) < 0.138 (Cl) < 0.143 (P%);

The total mean value of T4 is 0.125;

Pt(m>—PICP2)(Y):0.130(C") < 0.133(C?) < 0.138 (Br) < 0.146 (O?) < 0.166 (N2);

The total mean value of T4 is 0.143;

Pt(n®—PIN1P2)(Y):0.115(Cl) < 0.125(N?) < 0.140 (C2) < 0.204 (P3);
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The total mean value of T4 is 0.146;

Pt(n®—P1C'P?)(Y):0.163 (P3);

Pt(m3—P'SilP?)(Y):0.115(0?%) < 0.169(H) < 0.171 (N?) < 0.176 (Cl) < 0.186 (C?);

The total mean value of 14 is 0.163.

The trans-a-X!-Pt-Y and B-P'-Pt-P? bond angles are responsible for distortion of
square planar geometry around Pt(I) atoms. While the donor atoms of o-X!'-Pt-Y angles
exhibit a wide variety of soft (H, C, S, P, Si, I), borderline (Br), and hard (O, N, Cl), the donor
atoms of B-P!-Pt-P? angles are only soft. The soft atom ligand has a larger trans-effect than
the borderline or hard ones. The trans-effect on a Pt bond distance also affects the L-Pt-L
bond angles.

If we take trans-effect into account, the respective trans-o-X!-Pt-Y and B-P!-Pt-P?
angles open, and the distortion (14) diminishes in the order (means values) (Table 4).

Table 4. Total mean values of angles and 4 of the respective complexes according to the plasticity

of atoms.
Donor Atoms a-X1-Pt-Y (°) B-P1-Pt-P2 (°) Tq
X1(S)-Pt-(H)Y 162.2 175.6 0.151
X1(S)-Pt-(B)Y 164.9 1755 0.138
X1(S)-Pt-(S)Y 164.3 175.5 0.128
X1 (H)-Pt-(H)Y 166.8 176.2 0.054

S—soft; H—hard; B—borderline; P!, P2—soft.

Structural information about platinum complexes is a prerequisite to properly un-
derstanding their roles in chemistry, biology, medicine, etc. Hence, this structural study
provides relevant and rationally classified data on the evaluated group of Pt(I) complexes
(Pt(n3-P1C,X C,oP?)(Y)), which is helpful for the proper interpretation of results from the
areas where such complexes were applied (here, mainly toward their catalytic activity).

Supplementary Materials: The following are available at https://www.mdpi.com/article/10.3
390/cryst13091340/s1, Table S1: Structures and applications of Ptn3-PIX1P2)(Y), (X! = OI,N1),
(Y = C2L,N2L,CLP3L) complexes; Table S2: Structures and applications of Pt{n3-P1C1PZ)(Y),
(Y = O?L,N2L,CL,Cl,Br) complexes; Table S3: Structures and applications of Pt(n?-P1X1P2)(Y),
(X! =St or Sil) (Y = C?L,C1,P3L,I,H,0°L) complexes.

Author Contributions: Conceptualization, M.M. and PM.; methodology M.M. and PM.; writing—
original draft preparation, M.M. and P.M.; data curation, M.M.; writing—review and editing, V.M.;
supervision, M.M. and PM.; funding acquisition, PM. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the following projects: VEGA 1/0514/22 and VEGA 1/0146/23.

Data Availability Statement: The data supporting the reported results can be requested from au-
thor M.M.

Acknowledgments: This work was supported by the Faculty of Pharmacy, Comenius University Bratislava.

Conflicts of Interest: The authors declare no conflict of interest.
Abbreviations

¢ ¢ (N,N’-3,3,5 triethylpyridine-2,6-(1H,2H)-diylidene)bis(di-
BuaP(CraHieNy)PBu’, t-butyl(phosphinusamidato)
Bu',P(C1,Hg)PBu', (1,3-bis(di-t-butylphosphinomethyl)-2-naphtyl
( (6-((di-t-butylphosphino)methyl-2-((di-t-butyl
phosphino)methylene)-1,2-dihydropyridine-1-yl)
But,P(C7H;N)PBut, (2,6-bis(di-t-butylphosphino)methyl)pyridine
(CF3),P(CgH7)P(CF3), (2,6-bis(bis(trifluoromethyl)phosphinomethyl) phenyl)

Bu‘,P(C;HgN)PBut,


https://www.mdpi.com/article/10.3390/cryst13091340/s1
https://www.mdpi.com/article/10.3390/cryst13091340/s1

Crystals 2023, 13, 1340

19 of 21

(n?~Cy8Ha8)P(C7HgN)P(n'-Cy5Hos)

cy2P(CeHy)Si(Me)(CsHy)Pey:

(2-((5,7-di-t-butyl-3,3-dimethyl-2,3-dihydro-14-phosphindol-
1-yl)methylene)-6-(((2,4,6-tri-t-butylphenylphosphino)methyl)-
1,2-dihydro pyridinyl) undecachloro-carba-undecaborane
((methylsilanediyl)di-2,1-
phenylene)bis(dicyclohexylphosphine))

Pcys tricyclohexylphosphino
Phy P(C1,HgN)PPh, (2,2’-bis (diphenylphosphino)diphenylamido)
Ph,P(C14H7)PPhy (1,8-bis(diphenylphosphino)-9-anthryl)
(1,8-bis(diphenylphosphino)-9-hydroxy-10-oxo-9,
PhoP(Crat;0:)PPhy 10-dihydroanthracen-9-yl)
((9,9-dimethyl-9H-xanthene-4,5-diyl)bis
PhoP(C15H1,0)PPh, (diphenylphosphine)-diphenyl(2-pyridyl) phosphine
(2,6-bis(1-(diphenylphosphino)-3-methoxy-2-
PhyP(C1sH1905)PPhy (methoxycarbonyl)-3-oxopropylphenyl)
(13,16-bis(diphenylphosphino)-3,6-dihydroxypentacyclo
PhaP(C20H1102)PPhy [6.6.6.0%7.0°14, 01 icosa-2,4,6,9,11,13,15,17,19-nonaen-1-yl)
(3,13-bis(diphenylphosphino)-15,16-bis(methoxy-
PhaP(C20H1304)PPhy carbonyl)tetracyclo [6.6.6.2 0%7 091 ]hexadeca-
2,4,6,9,11,13,15-heptaen-1-yl)
((9,9-dimethyl-2,7-bis(t-butyl)-9H-thioxantene-4,5-
PhoP(CsHygS)PPhy diyl)bis(diphenylphosphine)
Ph,P(C¢Hy)S(=0)(CgHy)PPhy ((sulfinydi-2,1-phenylene)bis(diphenylphosphine)
Ph,P(CgHy)PPh, (2,6-bis((diphenylphosphino)methyl)phenyl)
Ph,P(CH;),S(CH;),PPhy (bis(2-(diphenylphosphino)ethyl)sulfide)
PPh3 triphenylphosphine

Pri,P (CyoHyq)PPrly

(3,13-bis(diisopropylphosphino)-pentacyclo
[6.6.6.0%7.0%14.0152]icosa-2,4,6,9,11,13,15,17,19-heptaen-1-yl)
(2-(diisopropylphosphino)-N-(2-(diisopropyl-phosphino)-

i i

PriaP(CoaHeF2N)PPr 4-fluorophenyl)-4-fluoroanilinato)
; ; (2-(diisopropylphosphino)-N-(2-(diisopropyl-phosphino)-
1 1

ProP(CiaH7EN)PPr 4-fluorophenyl)-4-fluoroaniline)

Pri,P(C14H1oN)PPhy (bis(2-(di-isopropylphosphino)-4-methyl-phenyl)(2-

PriyP(CeHy)Si(C12Hy6P)(CoHy)PPr,
PriyP(CgH,)Si(H)(CgHy)PPr,

((diphenylphosphino)-4-methyl-phenyl)amide)
(tris(2-(diisopropylphosphino)phenyl)silyl)
((silanediyldi-2,1-phenylene)bis(diiso-propyl phosphine))
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