Journal of Organometallic Chemistry 879 (2019) 47—59

journal homepage: www.elsevier.com/locate/jorganchem

Contents lists available at ScienceDirect

Organo
metallic
Chemistry

Journal of Organometallic Chemistry

N-Acyclic carbene complexes supported by meso-Ph,PCH,P(Ph) R
CH,P(Ph)CH,PPhy (meso-dpmppm) as an asymmetric pincer ligand e

Tomoaki Tanase’, Mari Urabe, Natsumi Mori, Satoko Hatada, Sayo Noda, Hiroe Takenaka,
Kanako Nakamae, Takayuki Nakajima

Department of Chemistry, Faculty of Science, Nara Women's University, Kitauoya-nishi-machi, Nara, 630-8506, Japan

ARTICLE INFO

ABSTRACT

Article history:

Received 26 September 2018
Received in revised form

10 October 2018

Accepted 11 October 2018
Available online 13 October 2018

Dedicated to Professor Richard ]. Pudde-
phatt on the occasion of 75th birthday.

Keywords:

N-Acyclic carbene complex
Platinum

Iridium

PPP pincer
Tetraphosphine

Reaction of [PtCly(cod)] with a tetraphosphine meso-bis[(diphenylphosphinomethyl)phenylphosphino]
methane (meso-dpmppm), afforded mononuclear Pt complexes, [PtCl(meso-dpmppm—«>)]X (X =Cl
(1a), PFg (1b)); the meso-dpmppm ligand coordinates to the Pt' ion tightly with two outer and one inner
phosphorus atoms to form fused six- and four-membered chelate rings which is regarded as an asym-
metric PPP pincer ligand bearing an uncoordinate inner phosphine unit. Complex 1 readily reacted with
RNC in the presence of NH4PFg to afford [Pt(meso-dpmppm—«>)(RNC)](PFs)» (R = Xyl (2a), Cy (2b), ‘Bu
(2c)). When 2a and 2b were reacted with excess of benzylamine (BnNH,), N-acyclic carbene
complexes, [Pt(meso-dpmppm—«>){C(NHR)(NHBn)}](PFs)> (R =Xyl (3a), Cy (3c)), were obtained, and a
similar treatment of 2a with n-octylamine (CgHi7NH,) afforded [Pt(meso-dpmppm—k°)-
{C(NHXyl)(NHCgH17)}](PFs)2 (3b). In contrast, complex 2c was transformed into a cyanide complex,
[Pt(CN)(meso—dpmppm—K3)]PF6 (4), through N—C(*Bu) bond cleavage when heated at 80 °C with BnNH;
or PhNH,. Complexes 1—4 were characterized by 'H and 3'P NMR and ESI-MS spectroscopies and X-ray
diffraction analyses. The uncoordinate inner phosphine of 1b is readily reacted with [Cp*MCl,], to give
heterodimetallic complexes, [PtCl(n’-Cp*MCly)(n—meso-dpmppm—«>k')]PFs (M=Ir (5a), Rh (5b);
Cp* = 1,2,3,4,5-pentamethylcyclopentadienyl). Complex 2a also reacted with [Cp*IrCly]; to yield [Pt(n°-
Cp*IrCly)(n—meso-dpmppm—k>,k ' )(XyINC)]PFs (6a) together with 5a, and however, 6a would not react
with BnNHjy, just releasing XyINC to result in 5a. Attachment of the metal fragment of {Cp*IrCl,} to the
uncoordinated phosphine caused a crucial conformational change of the six-membered chelate ring from
a stable chair conformation to a twist-boat structure, which concomitantly reduced reactivity of the
isocyanide ligand toward nucleophilic attack of the amine by steric hindrance of meso-dpmppm pincer
ligand. These results could be recognized as on/off switching of the asymmetric {Pt"(meso-dpmppm—«>)}
pincer complex.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Synergistic effects of multinuclear metal centers are of growing

[20—23]), to organize structurally constrained multinuclear metal
centers, and in particular, demonstrated that meso/rac-dpmppm
effectively  stabilized versatile molecular metal chains,

interest in developing multimetallic catalytic systems, electronic,
optical, and magnetic devices, and biomimetic functional mole-
cules [1—7]. In this regard, design of multidentate ligands is crucial
to construct the desired multinuclear systems. Recently, we have
systematically synthesized a series of methylene-bridged linear
tetraphosphine ligands, meso or rac-Ph,PCH,P(Ph)(CH;),P(Ph)-
CHaPPh; (n=1 (dpmppm) [8—19], 2 (dpmppe) [20], 3 (dpmppp)
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[Pdg(1.—meso/rac-dpmppm)4L,]** (L=none, acetonitrile, dmso,
isocyanides) [17—19], [Aus(p—meso/rac-dpmppm)y]**  [8,14],
[Ag4(n—meso-dpmppm),L,]*T (n=2, 4; L=acetonitrile, iso-
cyanides) [11], and [Cug(p—X)3(p—meso-dpmppm)L]" and
[Cug(p—X)g(n—meso-dpmppm),L,| (X =Cl, Br, I; L=dmf. dmso, py,
isocyanides) [10]. In addition, meso-dpmppm ligand has proven
very flexible to support AuAgCu octanuclear rings, {[AuyM-
CuCly(p—meso-dpmppm),]o}** (M = Au, Ag, Cu) [11], and di and
tetranuclear copper hydride complexes, [Cuy(u—H)(pn—meso-
dpmppm);]™ and [Cus(ps—H)(p—H)z(n—meso-dpmppm)]* [15].
Furthermore, it nests a Pd!" mononuclear center in a pincer-type
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fashion to form [PdCl(meso-dpmppm—«>)]* (A), in which six- and
four-membered chelate rings are fused with an uncoordinated
phosphine unit involved in the six-membered ring (Scheme 1) [12].
An addition of {Cp*MCl,} fragment (M = Rh, Ir, Cp* = pentamethyl
cyclopentadienyl) to the uncoordinated phosphine, forming dinu-
clear species of [PdCI(n°—Cp*MCly)(p—meso-dpmppm—i>,k!)]*
(B), brought about conformational change of the six-membered
ring from a stable chair to a twist-boat structure, which further
destabilized the strained four-membered chelate ring and pro-
moted a capture of the third metal ions via its ring-opening to
construct  heterotrimetallic complexes, [PdCly(n’—Cp*M'Cl,)
(n°—Cp*MCL)(—meso-dpmppm—«2,k!k!)] (€C) and [PdCl(p—Cl)
(n°—Cp*M'Cl)(n°—Cp*MCly)(n—meso-dpmppm—«2,k,k!)]PFs (D)
(M, M’ =Ir, Rh), in stepwise ways (Scheme 1).

In the present study, we have tried to prepare the Pt!' mono-
nuclear complex, [PtCl(meso-dpmppm—«3)]*™ (1), analogous to A
and found that the meridional meso-dpmppm tightly binds to Pt!
center as an asymmetric PPP pincer ligand, which is contrasted to
the labile behavior of the Pd counterpart A as mentioned above.
Since asymmetric pincer ligands are relatively difficult to synthe-
size in comparison with symmetric ones [24—28], and in addition,
pincer ligands with all phosphorous donor sets have still been
limited to few examples [29—31], we have been interested in the
{Pt"(meso-dpmppm—«3)} asymmetric pincer unit to explore new
functional systems [28,32]. Complex 1 was converted by treating
with isocyanide to [Pt(meso-dpmppm—i«>)(RNC)]>* (R = 2,6-xylyl
(Xyl, 2a), cyclohexyl (Cy, 2b), tert-butyl (‘Bu, 2c)) and their re-
actions with amines were examined. Complexes 2a and 2b readily
reacted with benzylamine (BnNH;) at room temperature to afford
N-acyclic diamino carbene complexes, [Pt(meso-dpmppm—&«>)
{C(NHR)(NHBn)}J?>* (3), and in contrast, 2c was not reacted with
BnNH; at rt. and transformed into a cyanide complex,
[Pt(CN)(meso-dpmppm—«>)]PFs (4) through N—C(‘Bu) bond cleav-
age when treated with BnNH; or PhNH, at 80 °C. The present re-
sults demonstrated that the reactivity of 2 depended on the
substituent group of isocyanides, and the stereo-structures of the

NAC pincer complexes also varied depending on the substituents of
isocyanide and amine. Further, addition of {Cp*IrCl,} to the unco-
ordinated phosphine of 2a caused a conformational change of the
six-membered chelate ring from a stable chair conformation to a
twist-boat structure, which dramatically reduced its reactivity to-
ward BnNH, by steric hindrance of meso-dpmppm pincer ligand.
These phenomena could be considered as on/off switching of the
asymmetric {Pt"(meso-dpmppm—«>)} pincer complex. We wish to
report herein synthesis, characterization, and reactivity of the
pincer Pt complexes.

2. Results and discussion

2.1. Mononuclear Pt complexes with meso-dpmppm, [PtCl(meso-
dpmppm—«>)]X (X =Cl (1a), PFs (1b) and [Pt(meso-
dpmppm—«)(RNC)](PFs)2 (R =Xyl (2a), Cy (2b), 'Bu (2c))

By treatment of [PtCly(cod)] with 1 equiv. of meso-dpmppm in
dichloromethane, colorless crystals of [PtCl(meso-dpmppm—«>)]Cl
(1a) were obtained in 51% yield. Complex 1a was further converted
with excess of NH4PFg into [PtCl(meso-dpmppm—«>)]PFs (1b) in
76% yield (Scheme 2). Complexes 1a and 1b were characterized by
elemental analysis, 'H and 3'P{'H} NMR and ESI-MS spectra, and
X-ray crystallography to have an almost identical structure except
the counter anion. Perspective views for the complex cations of 1a
and 1b are shown in Fig. S1 (Supplementary Data (SD)) and the
representative structural parameters are listed in Table S5 (SD). The
structures of complex cations 1a and 1b involve a square planar Pt"
center coordinated by a meso-dpmppm ligand and a chloride anion.
The meso-dpmppm ligand coordinates to the Pt atom with two
outer (P1, P4) and one inner (P3) phosphorus atoms to form an
asymmetric i>PPP pincer structure, where six- and four-membered
chelate rings are fused, and the remaining inner P atom (P2) is
uncoordinated. The six-membered ring takes a stable chair
conformation and the phenyl group on P2 atom occupies an
equatorial position. The P1—Pt1—P3 bite angles for six-membered
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Scheme 1. Transformation of [PdCl(meso—dpmppm-k3)]X (A) to

[PACI(n>—Cp*MCl,)(n—meso-dpmppm—k>,k')]X  (B),

[PACly(n>—Cp*M’Cly)(n>—Cp*MCly)(u—meso-

dpmppm-—«?,k'k")] (C), and [PACI(p—Cl)(n>~Cp*M'Cl)(n°—Cp*MCl,)(u—meso-dpmppm—k?,k' k') ]PFs (D) (X =Cl, PFg; M, M’ =Ir, Rh).
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Scheme 2. Preparations of [PtCl(meso-dpmppm—«>)]X (X=Cl (1a), PFs (1b)) and
[Pt(meso-dpmppm—k>)(RNC)](PFs), (R = Xyl (2a), Cy (2b), ‘Bu (2c)).

ring are 96.83(3)° (1a) and 98.90(2)° (1b), and the P3—Pt1-P4
angles for four-membered ring are 71.86(2)° (1a) and 71.88(2)°
(1b). The bicyclic chelate ring system constrains three phenyl
groups of P1, P3, and P4 atoms to axial direction (ax) with respect to
the Pt square plane (Closed side in Fig. S2 (right)), and the other
three phenyl groups are in equatorial orientation (eq) on the other
side of the plane (Open side in Fig. S2 (left)), onto which the counter
anion CI~ or PFg is loosely incorporated. These structural features
are closely similar to those of the Pd! counterparts, [PdCl(meso-
dpmppm-«3)]X (X =Cl, PFg) [12].

The asymmetric PPP pincer structure of {Pt(meso-dpmppm—i>)}
of 1a,b confirmed by the X-ray analyses is very stable in the solution
states, which was evident in 'H and 3'P NMR spectra (see Figs. S7a,b
and Table 1). The 3'P{'H} NMR spectrum of 1a in CDCl; showed four
resonances with Pt  satellite peaks at & —36.7
(Ypwpa=1992Hz), —47.7 (Jppp=2831Hz), —39.6, and 3.9
(1]PtPD = 2503 Hz) (Table 1), which are assignable to Pa, Pg, Pc, and
Pp atoms in the light of PP’ coupling constants (Jpp') and 2D NMR
('H-"H and 3'P-3'p COSY and 'H—>'P HMBC) techniques (the la-
bels of phosphorus atoms are indicated in Table 1). The large trans
PP’ coupling (%Jpapp) of 419 Hz clearly demonstrated the asym-
metric K>PPP pincer structure retained in the solution. The ESI-MS
spectra of 1a and 1b showed the complex cation peak of
[PtCl(dpmppm)]™ at m/z=859.185 and 859.202 (z=1), respec-
tively (Figs. S11a,b).

When [PtCl,(cod)] was reacted with 1 equiv. of meso-dpmppm
and isocyanide (RNC) in the presence of excess NH4PFg, a series of
isocyanide complexes, [Pt(meso-dpmppm—«>)(RNC)](PFs)2 (R = Xyl
(2a), Cy (2b), ‘Bu (2c)), were obtained in moderate yields (47—68%).
Complexes 2a—c were also prepared from 1b by treatment with
RNC and NH4PFg. The structures of 2a—c were determined by X-ray
diffraction analyses to possess an almost identical structure
(Figs. S3a,b), where the chloride anion of 1 was replaced by a ter-
minal isocyanide and the meso-dpmppm ligand tightly binds to Pt
center in asymmetric k>PPP meridional mode (Pt1—C1=2.011(13)
A (2a), 1.996(3) A (2b), 2.010(4) A (2¢); C1-N1=1.130(18) A (2a),
1.136(5) A (2b), 1.131(6) A (2¢)). The {Pt(meso-dpmppm—i>)} pincer
structure is not altered from 1a,b (Table S6), in which the three axial
phenyl groups protected Closed side of Pt coordination plane, and
the equatorial phenyl groups surrounded Open side (Fig. S4). The IR
spectra showed a peak of C=N stretching vibration at 2200 cm™!
(2a), 2238 cm™~! (2b), and 2234 cm™~! (2¢), which are usual values

for terminal isocyanide ligated to Pt center [33]. The 3'P{'H} NMR
spectra of 2a—c also exhibited identical spectral patterns, while
ijApD of 316—322 Hz significantly decreased from that of 1b
(419 Hz), and the !Jpp coupling constants are all appreciably smaller
than those of 1b (Table 1). For example, in the 3'P{'H} NMR spec-
trum of 2a, four resonances appeared at Jps —36.2
(VJpepa = 1774 Hz), dpg —50.0 (Ypwpp=2308 Hz), dpc —42.0, and
3pp —1.0 (Ypepp = 2248 Hz) with ZJpApD =322 Hz. These propensities
may be attributable to larger trans influence and steric bulkiness of
the isocyanide ligand than those of chloride.

2.2. N-Acyclic carbene Pt complexes with meso-dpmppm, [Pt(meso-
dpmppm—«3){C(NHR)(NHR' )} |(PFs)2 (R = Xyl, R’=Bn (3a), CgH;7
(3b); R=Cy, R’=Bn (3c)), and [Pt(CN)(meso-dpmppm—«>)]PFg (4)

Since Pd" and Pt" complexes of N-acyclic diamino carbene li-
gands have been well known to be derived from their parent iso-
cyanide complexes [30], complexes 2a—c were treated with various
amines to examine their reactivity. Reaction of 2a with an excess
amount of benzylamine (BnNH;) at room temperature afforded a
N-acyclic carbene Pt" complex formulated as [Pt(meso-
dpmppm-—«3){C(NHXyl)(NHBn)}](PFg), (3a) in 54% yield (Scheme
3). A similar reaction with n-octylamine (CgH{7NH;) also gave
birth to [Pt(meso-dpmppm—«>){C(NHXyl)(NHCgH17)}](PFe)2 (3b) in
49% yield. Notably, aromatic amines such as aniline (PhNH;), 4-
toluidine (p-TolNH>), and 2,6-xylidine (XyINH2) no longer reacted
with 2a at all. In the IR spectra of 3a,b, the C=N stretching band
found in 2a disappeared and instead, N—H and C=N stretching
bands were observed at 3386—3314cm~! and 1561-1546cm™},
respectively. The ESI-MS spectra of 3a and 3b in acetone showed
the complex cation peaks of [Pt(meso-dpmppm—ik>)
{C(NHXyI)(NHR")}]** at m/z=530.648 (z=2) (3a) and 541.684
(z=2) (3b), and {[Pt(meso-dpmppm—«>){C(NHXyl)(NHR")}]PFg}*
at m/z=1206.305 (z=1) (3a) and 1228471 (z=1) (3b)
(Figs. S13a,b).

The structures of 3a,b were determined by X-ray crystallography
to reveal that the terminal XyINC ligand was converted to a N-
acyclic diamino carbene ligand (NAC) of {C(NHXyl)(NHR’)} (R’ = Bn,
CgH17) on the {Pt"(meso-dpmppm—«>)} asymmetric pincer scaffold
(Figs.1 and 2, Fig. S5, and Table S7). In the structure of 3a (Fig. 1), the
NAC of {C(NHXyl)(NHBn)} coordinates to the Pt center with
Pt1—C1=2.091(6) A, Pt1—P3 =2.310(2) A, and
P3—Pt1—-C1 =170.2(2)°. The Pt"—Cyac bond length fall within the
normal range [34—38], and the Pt1—P3 distance appreciably
increased from 2a (2.287(3) A) due to stronger trans influence of
the NAC ligand than XyINC. The C1-N1 and C1—N2 bond distances
of 1.314(8) A and 1.325(8) A are suggestive of large contribution of
C=N double bond character into the resonance structure of NAC
ligand, and the N1-C1—N2 angle of 118.9(6)° also indicates sp?
character of the carbene C atom. The dihedral angle between the Pt
coordination plane [Pt1P1P3P4C1] and the NAC plane [CIN1N2] is
83.1°, nearly perpendicular arrangements as usually observed in Pt"
and Pd" complexes with NHC and NAC ligands [34—41].

In the perpendicular conformation, two stereoisomers with
respect to the asymmetric {Pt(meso-dpmppm—«>)} plane are
postulated as rotamers A and B (Scheme 4), and however, the
present reaction afforded only one isomer of rotamer B, which did
not exhibit any dynamic behaviors for the rotation around Pt—Cnac
bond and resulted from higher stability of rotamer B than A as
estimated with steric factors (vide infra). In the structure of 3a, the
Xyl group is constrained to Closed side and the Bn group is directed
to Open side (Fig. 1b). Furthermore, it is well known that NAC
ligand adopts two different diastereomeric structures, denoted as
syn and anti, with respect to Pt—C—N—R geometrical arrangement
(Scheme 5), and the NAC ligand in 3a takes anti-Xyl/syn-Bn
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Table 1

31p('H} NMR spectral data of 1a,b, 2a-c, 3a-c, 4, 5a,b, and 6a showing chemical shifts 3, and Jpep and Jpp coupling constants (Hz).?

PB/\ Re
( I
Py—Pt—FPp
Comp. OPp dPg dPc dPp
(Yptpa) (Yeers) (Ypewc) (Yeeep) Jears Jeapp Jeerc JesPD Jecep
12" —-36.7 —47.7 -39.6 39 68 419 69 15 46
(1992) (2831) (2503)
1b° —40.2 -515 —40.0 6.0 67 419 70 14 45
(1956) (2721) (2466)
2a -36.2 -50.0 —42.0 -1.0 69 322 73 19 36
(1774) (2308) (2248)
2b -36.0 ~-50.6 —41.7 -15 63 316 109 18 61
(1774) (2296) (2260)
2c -36.2 -50.4 —-41.7 -17 69 322 85 18 49
(1749) (2272) (2260)
3a —-36.2 —47.3 —46.9 22 55 340 85 19 61
(2017) (1664) (2515)
3b -35.9 471 —46.0 -1.0 60 340 85 19 61
(2138) (1689) (2527)
3c major: minor =1.2: 1
(major) -293 -48.6 -42.8 32 59 337 85 23 66
(2017) (1582) (2478)
(minor) —-30.2 —48.8 -43.8 2.3 59 337 83 23 66
(2017) (1582) (2478)
4 -37.8 ~54.0 -394 0.3 62 352 85 19 49
(1907) (2005) (2369)
5a 526 —60.4 -19 -95 62 401 26 11 21
(1907) (2770) (2381)
5b 525 —60.0 302 -87 61 413 32 10 27
(1944) (2770) (149)¢ (2381)
6a -515 -64.8 -05 —4.7 61 308 29 16 26
(1749) (2260) (2174)
2 Measured in CD,Cl, at room temperature (except 1a and 1b).
b Measured in CDCls.
¢ Measured in acetone-dg.
4 Vnp (Hz).
_' (PF) structure, tentatively ascribable to steric interactions between Xyl,
Ph ,Ph 672 Bn, and phenyl groups of meso-dpmppm. Based on the space-filling
E,/\ R diagrams in Fig. 1b, the Xyl group should be directed to anti-posi-
R'NH, | tion from repulsive interaction with axial phenyl groups, and the Bn
2a2p —————»  PhyP—Pt—PPh, group might be directed to syn-orientation owing to w—m stacking
r.t. | interaction with the equatorial phenyl group on P4 atom (dist.
/C\ ~3.4A). It should be noted that 3a did not undergo any intercon-
HN™ “IIIH version between the syn and anti-isomers on the basis of VT NMR
FI{ R' study up to 50 °C.
In the structure of 3b (Fig. 2a), the NAC ligand
R = Xyl, R'_= Bn (ga), CgH17 (3b) {C(NHXyl)(NHCgH17)} attaches to the {Pt(meso-dpmppm-—«>)}>*
R =Cy.R'=En{se) pincer unit with Pt1—C1=2.073(6) A, Pt1—P3 =2.306(2) A, and
P3—Pt1—-C1 =168.4(2)". The C1—-N1 and C1—N2 bond distances are
1.336(7) A and 1.330(9) A, and the N1-C1—-N2 angle is 121.7(6)°,
BnNH K .
rt BE which are mostly same as those found in 3a. The NAC plane
Ph ,Ph_| 6 [CININ2] is nearly perpendicular to the Pt" coordination plane
80 °C F—,/\P [PtP1P3P4C1] with a dihedral angel of 80.4°, where the Xyl group is
Y S — | > located in anti-position of Closed side, and n-octyl group is oriented
BnNH, or Ph,P—Pt—PPh, in anti-position of Open side (Fig. 2b), both resulting from avoiding
p-TolNH, l repulsive interactions between the substituents of NAC and phenyl
c groups of meso-dpmppm.
I When 2b with CyNC was treated with BnNH, under the same
N conditions for 3a, an analogous NAC complex, [Pt(meso-
4 dpmppm—«3){C(NHCy)(NHBn)}](PFs), (3c) was obtained in 45%

Scheme 3. Preparations of [Pt(meso-dpmppm—i>)}{C(NHR)(NHR')}](PFs). (R=Xyl,
R’ =Bn (3a), CgH17 (3b); R=Cy, R’ =Bn (3c)), and [Pt(CN)(meso-dpmppm—«>)]PFs (4).

yield. The IR spectrum showed N—H and C=N stretching bands at
3395/3341 cm~! and 1570 cm™!, respectively, and the ESI-MS
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Open side

Closed side

Open side

Closed side

Fig. 1. (a) Perspective view for the complex cation of [Pt(meso-dpmppm—k>){C(NHXyl)(NHBn)}](PFs), (3a), and (b) space-filling views for the complex cation of 3a from Open side
(left) and Closed side (right). eq indicates equatorially oriented phenyl groups of meso-dpmppm and ax indicates axially oriented ones.

spectrum exhibited the cation peak of {[Pt(meso-dpmppm—«>)
{C(NHCy)(NHBn)}|PFg}" at m/z=1184.290 (z=1) (Fig. S13c). The
crystal structure of the complex cation of 3c is illustrated in Fig. 3
and S5, and the selected structural parameters are listed in
Table S7. The NAC ligand {C(NHCy)(NHBn)} is bound to the
{Pt(meso-dpmppm—«>)}>* unit with Pt1—C1=2.079(10) A,
Pt1-P3 =2.305(2) A, P3—Pt1-C1 =163.8(2)°, C1-N1 =1.285(13) A,
C1-N2 =1.341(12) A, N1-C1—N2 = 119.3(9)°. The dihedral angle of
[CINTN2] vs. [PtP1P3P4C1] is 87.6°. While these structural features
are essentially similar to those observed in 3a and 3b, the syn/anti
conformation of {C(NHCy)(NHBn)} is different from those of 3a,b;
the Cy group is in syn-position of Closed side, and the Bn group is
oriented in anti-position of Open side (Fig. 3b).

In comparison with the anti-Xyl/syn-Bn arrangement of 3a, the
observed syn-Cy/anti-Bn dispositions of 3c is entirely different
although the reasons are not clear, and may imply a probability of
anti-Cy/syn-Bn isomer existing in the solution, which may be
evident in the 3'P{'"H} NMR spectrum of 3c (vide infra). In the NAC
complexes 3a—c, the isocyanide substituent is always directed in

Closed side of the {Pt(meso-dpmppm—«>)}** pincer plane, and in
turn, the amine substituent is oriented in Open side, which implied
that a nucleophilic attack of amine onto the isocyanide C=N carbon
occurred from Open side so as to avoid steric repulsive interactions
with phenyl groups of the pincer ligand.

In the 3'P{'H} NMR spectrum of 3a in CD,Cl,, four resonances
were observed at dpy —362 (Yppa=2017Hz), Opg —47.3
(Ypipp = 1664 Hz), dpc —46.9, and dpp —2.2 (Ypwpp = 2515Hz)
(Table 1, Fig. S9a). The trans PP’ coupling (*Jpapp) of 340 Hz is close to
2a (322 Hz). These spectral features are essentially similar to those
of 2a, demonstrating that the {Pt(meso-dpmppm-—«>)}>* pincer
units is firmly retained in the solution state, although the 1°Pt—Pg
coupling constant (1664 Hz) is considerably reduced from 2248 Hz
in 2a, due to stronger o—donating ability of the NAC ligand. While
the 3'P{'H} NMR spectrum of 3b showed the spectral patterns
similar to those of 3a (Table 1, Fig. S9b), that of 3¢ demonstrated
the presence of two isomers with two sets of four characteristic
peaks as major species at & —29.3 (!ppa=2017Hz), —48.6
(Yppg = 1582 Hz), —42.8, and 3.2 (Yppp = 2478 Hz) and as minor
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Open side

Open side

Closed side

Fig. 2. (a) Perspective view for the complex cation of [Pt(meso-dpmppm—x>){C(NHXyl)(NHCsH17)}](PFs), (3b), and (b) space-filling views for the complex cation of 3b from Open
side (left) and Closed side (right). eq indicates equatorially oriented phenyl groups of meso-dpmppm and ax indicates axially oriented ones.

Ph,P—Pt—FPPh,

\‘C\
le o NH
R R R R'
rotamer A rotamer B

Scheme 4. Stereoisomers, rotamers A and B, for [Pt(meso-dpmppm-—«>)
{C(NHR)(NHR)}]>* (R is isocyanide substituent, R’ is amine substituent).

species at 3 —30.2 (Ypepa = 2017 Hz), —48.8 (Jppg = 1582 Hz), —43.8,
and 2.3 (ppp = 2478 Hz) for Pa, P, Pc, and Pp atoms, respectively
(Fig. S9c). The major and minor ratio is ca. 1.2: 1, and the chemical
shifts and Jpp coupling constants are very close to each other,
suggesting that these isomers are proposed to have syn-Cy/anti-Bn
and anti-Cy/syn-Bn structures on the basis of steric consideration

with the crystal structure of 3c as mentioned above. The spectral
patterns and their intensity ratios were not altered in variable
temperature 3'P{'H} NMR spectra from r.t to 50 °C.

When 2¢ with ‘BuNC was treated with excess BnNH; at room
temperature, the corresponding NAC complex was not formed at all
and the isocyanide complex 2c¢ was recovered quantitatively.
Whereas 2c¢ was inert for other amines at room temperature,
assumingly due to steric bulkiness of ‘BuNC, when heated at 80 °C
with BnNH; or p-TolNHj;, 2c¢ was readily converted to a cyanide
complex, [Pt(CN)(meso-dpmppm—«>)]PFg (4) through N—C(‘Bu)
bond cleavage in 67% isolated yield. The IR spectrum showed a
C=N stretching band at 2147 cm ™, and in the ESI-MS spectrum, the
complex cation peak of [Pt(CN)(meso-dpmppm)]™ was observed
at m/z 849.204 (z=1) (Fig. S11c). The *'P{'H} NMR spectrum
showed four resonances at 3 —37.8 (!ppa=1907Hz), —54.0
(Uppp = 2005Hz), -394, and 03 (Yppp=2369Hz) with
2Jpapp = 352Hz (Table 1 and Fig. S7c). The structure of 4 was
determined by X-ray crystallography (Fig. S1c in SD) to possess a
similar structure to 1b, in which CI~ was replaced by CN~ with
Pt1—C1 =2.080(7) A, C1-N1 =1.053(10) A, P3—Pt1—C1 =170.4(2)°,
and Pt1—C1—N1=175.3(7)° (Table S5). Because the 3P NMR
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[Pt] [Pt]
(|3 H H 2O /R‘
™Y —— \,lq,/ \h‘,

I|? |lq R H
anti-R/anti-R' anti-R/syn-R'
[Plt] [Plt]

RO A RO A
l R' H H
syn-R/anti-R' syn-R/syn-R'

Scheme 5. Possible syn and anti-arrangements of R (isocyanide substituent) and R’
(amine substituent) groups. [Pt] = {Pt(meso-dpmppm—«>)}>*.

Open side

Closed side

(b)

Open side

spectra of the reaction mixture did not exhibit any intermediate
species including the corresponding NAC complex, the N—C(‘Bu)
bond cleavage mechanism may involve a dissociation of ‘Bu* car-
bocation promoted by amine as base, tentatively leading to its
ammonium and halide adducts as well as isobutene which were
monitored by 'H NMR spectrum. The similar N—C(‘Bu) bond
cleavage reaction of ‘BuNC was reported in {Ni'(PNP)} and
{Au"(CNC)} pincer complexes [42,43] and in {(n°—CsHsMe)Fe)s
cluster chemistry [44].

2.3. PtM heterobimetallic complexes of
[PtCl(n° —Cp*MCly)(u—dpmppm—«> «!)JPFs (M = Ir (5a), Rh (5b))

In order to incorporate a {Cp*MCl,} fragment (M = Ir, Rh) onto
the uncoordinated phosphine unite of the asymmetric pincer
complex {Pt'(meso-dpmppm—«3)}, 1b was reacted with 0.5
equiv of [Cp*MCl], to afford [PtCl(n’—Cp*MCly)(p—meso-
dpmppm—«>,k!)]PFs (M =Ir (5a), Rh (5b)) in 66 and 36% yields,
respectively (Scheme 6). Complexes 5a,b were quite stable in the
solution state, and did not react with another 0.5 equiv. of
[Cp*MCly], which interestingly contrasted to the labile Pd"
analogue  [PdCI(n>—Cp*MCly)(p—meso-dpmppm—i,k))]*  (B),
leading to the PdMM’' heterotrimetallic  complexes,

Closed side

Fig. 3. (a) Perspective view for the complex cation of [Pt(meso-dpmppm—k>){C(NHCy)(NHBn)}](PFs), (3¢), and (b) space-filling views for the complex cation of 3¢ from Open side
(left) and Closed side (right). eq indicates equatorially oriented phenyl groups of meso-dpmppm and ax indicates axially oriented ones.
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0.5[Cp*MCl,}, FL F>
i —————  Ph,P—Pt—FPh,

I
M = Ir (5a), Rh (5b)

BnNH,
in CH,Cl,
Cp* *
Ph |p . Ph ?p_I(PFG)Z
Ph \ Jr— (PFG)Z Ph
B = Cl B \
&R NG - \ICI
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Scheme 6. Preparations of [PtCl(1>—Cp*MCl,)(u—meso-dpmppm—«>,k!)|PFs (M = Ir (5a), Rh (5b)), and reaction of 2a with [Cp*IrCl,],, and then, BnNH, to give 5a.

[PACly(1n°—Cp*M'CLy)(n°—Cp*MCl,)(n—meso-dpmppm—i? k',k1)]
and [PACI(n—Cl) (n°—Cp*M'Cl)(n°—Cp*MCly)(u—meso-
dpmppm—«2,kLk")]* (M, M’ =Ir, Rh) (Scheme 1) [12], and hence,
revealed that the asymmetric {Pt'(meso-dpmppm—>)} pincer unit
is considerably robust compared to the Pd" counterpart.

In the 3'P{'H} NMR spectra (Fig. S10 and Table 1), large trans PP’
couplings were observed for the peaks of Py and Pp (szApD =401
(5a), 413 (5b) Hz), which are comparable to the value of 1b
(420 Hz). The peaks for Pa, Pg, and Pp shifted to lower frequency
side from those of 1b, and the peaks for Pc were significantly higher
energy shifted at 8 —1.8 (5a) and 30.3 (5b); the latter was observed
as a doublet of multiplets with 'Jgnp = 149 Hz. The ESI-MS spectra
of 5a,b in acetone showed the parent peaks at m/z = 1257.235 and
1167.128, which were assigned to [PtCl(Cp*MCl,)(dpmppm)]* (m/
z=1257127 (M =1Ir), 1167.070 (M = Rh)) (Fig. S14).

The structures of 5a and 5b were determined by X-ray crystal-
lography (Fig. S6) to be isomorphous to each other; a perspective
view for the complex cation of 5ais given in Fig. 4 and the structural
parameters are listed in Table S6. The complex cation of 5a contains
a square planar Pt center with meso-dpmppm—«> asymmetric
pincer ligand, which further bind to a {Cp*MCl;} fragment through
the uncoordinated inner phosphine unit (P2). The [PtPCPCP] six-
membered ring adopts a twist-boat conformation as observed in
the Pd" analogue B (Scheme 1) [12]. In relation to the conforma-
tional change, the {Cp*IrCl,} and Ph groups bound to P2 atom
occupy the equatorial and axial sites, respectively, and the Pt1---P2
distance (3.881A (5a), 3.880 A (5b)) is appreciably reduced from
that of 1b (3.986 A). As a result of the conformational change
induced by the addition of {Cp*IrCl,} on P2 atom, Open side of the
Pt! coordination plane (in 1b) is sterically protected by the axial
phenyl group on P2 atom in 5a (Fig. 4b (left) and Fig. S2b (left)).

In order to elucidate effects of the conformational change on
reactivity of the isocyanide ligand bound to the {Pt(meso-
dpmppm)} pincer unit, 2a was reacted with 0.5 equiv. of
[Cp*IrCly]; at low temperature (0—2°C) to afford a mixture of
[Pt(XyINC)(1°-Cp*IrCly)(n—meso-dpmppm—i>,k!)](PFs), (6a) and
5a in ca. 3:1 ratio, which was monitored by 'H and 3'P{'H} NMR
spectroscopy (Fig. S15a). Then, the mixture was treated with excess
BnNH; at room temperature, and resulted in the formation of 5a as
a sole complex of meso-dpmppm (Fig. S15b); the NAC complex was
not observed in the 'H and 3'P{'H} spectra. Complex 6a was barely

assigned by 3'P{'H} spectroscopic techniques (Table 1 and
Fig. S15a) with 3 —51.5 (Pa: 'Jppa—=1749Hz), —64.8 (P:
Upwpp =2260Hz), —0.5 (Pc), and —4.7 (Pp: YJpwp = 2174 Hz) and
ijApD — 308 Hz, in which ! Jpeps and szApD values are definitely close
to those of 2a, and the chemical shifts are alternatively similar to
those of 5a. Attachment of the {Cp*IrCl,} fragment to the uncoor-
dinated phosphine in 2a caused a similar conformational change of
the six-membered chelate ring from a stable chair conformation to
a twist-boat structure in 6a, which concomitantly reduced reac-
tivity of the isocyanide ligand toward nucleophilic attack of the
amine by steric hindrance of meso-dpmppm pincer ligand. These
results could be interestingly recognized as on/off switching of the
asymmetric {Pt"(meso-dpmppm—«3)} pincer complex induced by
corporation of an additional Ir' ligation (Fig. 5).

3. Conclusion

In the present study, the tetraphosphine meso-dpmppm (meso-
bis[(diphenylphosphinomethyl)phenylphosphino]methane)
proved to act as an asymmetric pincer ligand to Pt center in k>PPP-
fashion, providing stable mononuclear Pt complexes, [PtCl(meso-
dpmppm—«3)]X (X=Cl (1a), PFs (1b)) and [Pt(RNC)(meso-
dpmppm—«>)](PFs); (R = Xyl (2a), Cy (2b), ‘Bu (2c)). The isocyanide
complexes 2a and 2b were treated with R'NH; (R =Bn, CgHj,) and
transformed to N-acyclic carbene complexes, [Pt(meso-
dpmppm—«3){C(NHR)(NHR')}](PFs), (R=Xyl, R =Bn (3a), CgHy7
(3b); R=Cy, R"=Bn (3c)), while 2¢ underwent N—C(‘Bu) bond
cleavage upon heated with R'NH; (R'=Bn, p-Tol) to give
[Pt(C=N)(meso-dpmppm—«>)|PFs (4). The stereo-structures of 3
are influenced by the asymmetric structure of {Pt"(meso-
dpmppm-—«>)} unit, and the substituent groups of RNC and RNH,.
Interestingly, the reactivity of 2a was entirely depressed by ligation
of a {Cp*IrCl,} fragment onto the uncoordinate phosphine of the
pincer unit, through the conformational change of the six-
membered [PtPCPCP] chelate ring from a stable chair form to a
twist-boat form. In the latter structure, the axial site of Pt center is
well protected sterically by phenyl groups of meso-dpmppm ligand,
leading to on/off switching of the Pt pincer module. The present
results provide useful information in relation to multifunctional
asymmetric pincer-type ligand systems.
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Closed side

Open side

Closed side

Fig. 4. (a) Perspective view for the complex cation of [PtCI(n°—Cp*IrCl,)(u—meso-dpmppm—k> k)]PFs (5a), and (b) space-filling views for the complex cation of 5a from Open side
(left) and Closed side (right). eq indicates equatorially oriented phenyl groups of meso-dpmppm and ax indicates axially oriented ones.
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Fig. 5. Conformational change of {Pt'(meso-dpmppm—«>)} asymmetric pincer unit induced by ligation of {Cp*IrCl,} fragment onto the uncoordinate P atom. [Ir] = 0.5[Cp*IrCly]s.

4. Experimental
4.1. General

All preparative procedures were carried out under nitrogen at-
mosphere using standard Schlenk techniques. All chemicals
(highest purity available) were purchased from Wako Pure Chem-
ical Industries, Ltd. Reagent grade solvents were dried by the
standard procedures and were freshly distilled prior to their use.

Compounds meso-dpmppm [8], [PtCly(cod)] [45], and [Cp*MCl;]»
(M =1r, Rh) [46] were prepared by the methods described in the
literature. 'H and "H{*'P} NMR spectra were recorded on a Bruker
AV-300N instrument (300 MHz) and the frequencies were refer-
enced to the residual resonances of the deuterated solvent. 3'P{'H}
NMR spectra were recorded on the same instrument at 121 MHz
with chemical shifts being calibrated to 85% H3PO4 as an external
reference. The assignments of 31p NMR, Pa, Pg, Pc, and Pp are shown
in Table 1. Electronic absorption spectra were recorded on a JASCO



56 T. Tanase et al. / Journal of Organometallic Chemistry 879 (2019) 47—59

UV600 spectrophotometer at room temperatures. IR spectra of
solid samples as KBr disks were recorded on a JASCO FT/IR-410
spectrophotometer at ambient temperature. ESI-TOF mass spectra
were recorded on a JEOL JMS-T100LC in a positive detection mode
in the range of m/z 100—3000, equipped with an ion spray interface.
The sprayer was held at a potential of +2.0 kV, and the compressed
N> was employed to assist liquid nebulization.

4.2. Preparation of [PtCl(meso-dpmppm—«>)]Cl (1a)

To a solution of meso-dpmppm (45mg, 0.072 mmol) in
dichloromethane (5mL) was added [PtCly(cod)] (27 mg,
0.072 mmol), and the reaction mixture was stirred at room tem-
perature for 3 h. The solvent was removed under reduced pressure
to dryness and the residue was washed with diethyl ether (5 mL)
and crystallized from a dichloromethane (3 mL)/diethyl ether (3 mL)
mixed solvent, with allowing to stand in a refrigerator, to give
colorless crystals of 1a-3.5CH,Cl,, which were collected by filtration,
washed with diethyl ether, and dried under vacuum (44 mg, 51%).
Anal. Calc. for C425H43P4CloPt (1a-3.5CH,Cl, (1191.846)): C, 42.83; H,
3.64. Found: C, 42.47; H, 3.57. IR (KBr): » 1483 (m), 1436 (s), 1100 (s),
1048 (m), 1027 (m), 745 (s), 712 (m), 692 (s), 490 (s)cm . 'H{3'P}
NMR (CDCls): 3 2.61 (d, 1H, CH), 2.77 (d, 1H, CH3), 3.89 (d, 1H, CH>),
4.76 (d, 1H, CH3), 4.99 (d, 1H, CH>), 5.48 (d, 1H, CH>), 6.95—7.98 (m,
30H, ArH). 3'P{'H} NMR (CDCl3): 3 —47.7 (ddd, 1P (Pg), Jpp = 69, 68,
15Hz, Ypp = 2831 Hz), —39.6 (dd, 1P (P¢), Jop = 69, 46 Hz), —36.7
(dd, 1P (Pa), Jop =419, 68 Hz, Jprp = 1992 Hz), 3.9 (ddd, 1P (Pp),
Jpp =419, 46, 15 Hz, Jpp = 2503 Hz). ESI-MS (CHCl3): m/z 859.185
(21, [PtCl(dpmppm)]* (859.111)).

4.3. Preparation of [PtCl(meso-dpmppm-«>)]PFs (1b)

To a dichloromethane solution (10 mL) containing dpmppm
(105 mg, 0.167 mmol) was added [PtCl(cod)] (63 mg, 0.167 mmol)
and NH4PFg (138 mg, 0.843 mmol). The mixture was stirred at room
temperature overnight. The solution was concentrated under
reduced pressure to dryness and the residue was washed with
diethyl ether (5 mL) and extracted with 5 mL of CH,Cl,. The solution
was passed through a membrane filter and concentrated to ca. 3 mL
to which diethyl ether (ca. 0.5 mL) was added carefully. The solution
was allowed to stand in refrigerator to afford colorless crystals of 1b
(127 mg, 76%). Anal. Calc. for C3gH36P5ClFgPt (1b (1004.093)): C,
46.65; H, 3.61. Found: C, 46.21; H, 3.48. IR (KBr): » 1484 (m), 1438 (s),
1379 (w), 1309 (w), 1107 (s), 1041 (m), 1025 (m), 999 (m), 836 (s), 741
(s), 712 (m), 690 (s), 557 (s), 515 (m), 492 (s)cm~". 'H{3'P} NMR
(acetone-dg): 8 3.26—3.50 (m, 3H, CH>), 3.73 (d, 1H, CH;), 4.74 (d, 1H,
CH,), 5.38 (d, 1H, CHp), 7.21-8.28 (m, 30H, ArH). 3'P{'H} NMR
(acetone-dg): & —144.1 (sep, 1P, PFs, Ypr =708 Hz), —51.5 (ddd, 1P
(PB),]pp' =70,67,14Hz, lJl’tP =2721 HZ), —-40.0 (dd, 1P (Pc),]pp' =70,
45Hz), —40.2 (dd, 1P (Pa), Jpp = 419, 67 Hz, |Jprp = 1956 Hz), 6.0 (ddd,
1P (Pp), Jpp = 419, 45, 14 Hz, Jpp = 2466 Hz). ESI-MS (acetone): m/z
859.202 (z1, [PtCl(dpmppm)]* (859.111)).

44. Preparation of [Pt(dpmppm—«>)(XyINC)](PFs)2 (2a)

To a CH;Cl; solution (5 mL) containing meso-dpmppm (49 mg,
0.078 mmol) were added [PtCly(cod)] (30 mg, 0.079 mmol), XyINC
(13 mg, 0.096 mmol), and NH4PFg (64 mg, 0.40 mmol) with 5 mL of
acetone. The mixture was stirred at room temperature for 12 h, and
then, the solvent was evaporated under reduced pressure to dry-
ness. The residue was washed with Et,O (5 mL x 4) and extracted
with CH,Cl; (10 mL). The extract was passed through a glass filter
and concentrated to ca. 3 mL. After careful addition of Et;0 (2.5 mL),
the solution was allowed to stand in refrigerator to afford colorless
crystals of 2a-0.5CH,Cl,-0.5Et;0, which were separated by

filtration, washed with Et,0, and dried under vacuum (49 mg, yield
47%). Anal. Calc. for Cs95H51005NPgCIF15Pt (2a-0.5CH;Cl,-0.5Et,0
(1324.306)): C, 45.80; H, 3.88; N, 1.06. Found: C, 45.78; H, 3.91; N,
1.15. IR (KBr): » 2200 (s, N=C), 1484 (m), 1438 (s, P—C), 1106 (s), 999
(m), 840 (s, PFg), 779 (m), 744 (m), 711 (m), 691 (m), 558 (s)cm ™.
TH{3'P} NMR (CD,Cly): & 1.52 (s, 6H, 0-CHs), 2.68 (d, 1H, CHy), 2.91
(d, 1H, CH>), 3.63 (d, 1H, CH3), 3.70 (d, 1H, CH>), 4.74 (d, 1H, CH;),
5.09 (d, 1H, CH3), 6.87—7.99 (m, 36H, ArH). 3'P{'H} NMR (CD,Cl,):
5 —144.4 (sep, 2P, PFs, Jpr = 714 Hz), —50.0 (ddd, 1P, Pg, Jpp = 73,
69,19 Hz, Jpep = 2308 Hz), —42.0 (dd, 1P, P, Jpp = 73, 36 Hz), —36.2
(dd, 1P, P, Jpp =322, 69 Hz, ‘Jppp = 1774Hz), —1.0 (ddd, 1P, Pp,
Jep =322, 36, 19Hz, 'Jpp=2248Hz). ESI-MS (acetone): mj/z
953.291 (z1, {Pt(dpmppm)(XyINC)—H}" (953.208)), 1099.275
(21, {[Pt(dpmppm)(XyINC)]PFs}" (1099.180)).

4.5. Preparation of [Pt(dpmppm—«> )(CyNC)](PFs)> (2b)

By a procedure similar to 2a, colorless crystals of 2b-0.25CH,Cl,
were obtained in 68% yield (66 mg) from meso-dpmppm (50 mg,
0.079 mmol), [PtCly(cod)] (29mg, 0.078 mmol), CyNC (11 pL,
0.094 mmol), and NH4PFg (65mg, 0.40 mmol). Anal. Calc. for
Ca6.25H475NPsClosF12Pt (2b-0.25CH,Cl, (1244.007)): C, 44.65; H,
3.85; N,1.13.Found: C,44.61; H,3.61; N,1.30. IR (KBr): » 2238 (s, N=C),
1485 (m), 1438 (s, P—C), 1106 (m), 838 (s, PFg), 743 (m), 712 (m), 691
(m), 558 (s), 490 (m)cm~ L 'H{?'P} NMR (CD»Cl»): & 1.06—1.38 (m,
11H, Cy), 2.69 (d, 1H, CH>), 2.96 (d, 3H, CH>), 3.70 (d, 1H, CH>), 3.75 (d,
1H, CH>), 4.78 (d, 1H, CH>), 5.08 (d, 1H, CH>), 7.12—8.00 (m, 30H, ArH).
31p{TH} NMR (CDoCly): & —144.4 (sep, 2P, PFs, Jpr = 714 Hz), —50.6
(ddd, 1P, Pg, Jop = 109, 63, 18 Hz, Jpp = 2296 Hz), —41.7 (dd, 1P, P,
Jerp=109, 61Hz), -360 (dd, 1P, Ps Jop=316, 63Hz
Upp = 1774 Hz), —1.5 (ddd, 1P, Pp, Jpp = 316, 61,18 Hz, |Jpp = 2260 Hz).
ESI-MS (acetone): m/z 931.332 (z1, {Pt(dpmppm)(CyNC)— H}*
(931.223)),1077.325 (z1, {[Pt(dpmppm)(CyNC)|PFg} " (1077.195)).

4.6. Preparation of [Pt(dpmppm—«>)("BuNC)](PFs)s (2c)

By a procedure similar to 2a, colorless crystals of 2c-0.25CH,Cl,
were obtained in 59% yield (58 mg) from meso-dpmppm (51 mg,
0.081 mmol), [PtCly(cod)] (30mg, 0.081 mmol), ‘BuNC (11 pL,
0.097 mmol), and NH4PFg (65mg, 0.40 mmol). Anal. Calc. for
C44_25H45_5NP5C10_5F12Pt (ZC- 0.25CH2C12 (1217.969))2 C,43.64;H,3.77;
N, 1.15.Found: C,43.57; H, 3.84; N, 1.22. IR (KBr): » 2234 (s, N=C), 1485
(m), 1438 (s, P—C), 1106 (m), 841 (s, PFg), 744 (m), 713 (m), 691 (m),
558 (s), 491 (m) cm™ L 'H{?'P} NMR (CD,Cl,): 5 0.94 (s, 9H, ‘Bu), 2.69
(d, 1H, CH>), 2.96 (d, 3H, CH>), 3.73 (d, 1H, CHz), 3.75 (d, 1H, CH3), 4.79
(d, 1H, CHy), 5.03 (d, 1H, CH,), 7.16—8.00 (m, 30H, ArH). 3'P{'H} NMR
(CDyCly): & —144.3 (sep, 2P, PFs, Ypr =714 Hz), —50.4 (ddd, 1P, Pg,
]pp‘:85, 69, 18 Hz, 1_]ptp:2272 HZ), —41.7 (dd, 1P, Pc, _]pp':85,
49 Hz), —36.2 (dd, 1P, Pa, Jpp = 322, 69 Hz, pip = 1749 Hz), —1.7 (ddd,
1P, Pp, Jpp = 322, 49, 18 Hz, 'Jpip = 2260 Hz). ESI-MS (acetone): m/z
905.305 (z1, {Pt(dpmppm)(‘BuNC) — H}* (905.208)), 1051.282 (z1,
{[Pt(dpmppm)(‘BuNC)]PFs}* (1051.180)).

4.7. Preparation of [Pt(dpmppm—«>){C(NHXyl)(NHBn)}|(PFs)2 (3a)

To a dichloromethane solution (5mL) containing
2a-0.5CH,(Cl,-0.5Et,0 (21 mg, 0.016 mmol) was added excess of
BnNH; (7.3 pL, 0.067 mmol), and the solution was stirred at room
temperature for 12 h. The solvent was evaporated under reduced
pressure to dryness, and the residue was washed with Et;0 (5 mL x
4) and extracted with CH;Cl, (10 mL). The extract was passed
through a glass filter and concentrated to 3 mL. After careful
addition of Et;O (2.5mL), the solution was allowed to stand in
refrigerator to afford colorless crystals of 3a-0.25CH,Cl;, which
were separated by filtration, washed with Et;0, and dried under
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vacuum (12 mg, yield 54%). Anal. Calc. for Cs525H545N2PgClg sF12Pt
(3a-0.25CH,Cl; (1373.165)): C, 48.33; H, 4.00; N, 2.04. Found: C,
48.30; H, 3.86; N, 2.07. IR (KBr): » 3386, 3314 (m, NH), 1546 (s, N=
(), 1485 (m), 1438 (s, P—C), 1101 (s), 999 (m), 843 (s, PFg), 776 (m),
742 (m), 712 (m), 692 (m), 558 (s)cm™ L. TH{>'P} NMR (CD,Cl,):
3 1.81 (s, 3H, 0-CHs), 1.86 (s, 3H, 0-CH3), 2.52 (d, 1H, CH,), 2.85 (d,
1H, CHy), 3.63 (d, 1H, CH>), 3.82 (d, 1H, CH>), 3.97 (d, 1H, CH>), 4.09
(d, 1H, CHy), 4.79 (d, 1H, NCH;Ph), 5.85 (s, 1H, NHCH,Ph), 6.08 (d,
1H, NCH,Ph), 6.90—8.11 (m, 38H, ArH), 8.69 (s, TH, NHXyl). 3'P{'H}
NMR (CD,Cly): 3 —144.3 (sep, 2P, PFg, |Jpr = 714 Hz), —47.3 (ddd, 1P,
Pg, Jpp = 85, 55, 19 Hz, pp = 1664 Hz), —46.9 (dd, 1P, Pc, Jpp = 85,
61Hz), —36.2 (dd, 1P, P, Jpp =340, 55Hz, 'Jpp = 2017 Hz), —2.2
(ddd, 1P, Pp, Jpp' = 340, 61,19 Hz, 1]Ptl’ = 2515 Hz). ESI-MS (acetone):
m/z 530.648 (z2, [Pt(dpmppm){C(NHXyl)(NHBn)}]** (530.645)),
1060.324 (z1, {Pt(dpmppm){C(NHXyl)(NHBn)} — H}*" (1060.281)),
1206.305 (21, {[Pt(dpmppm){C(NHXyl)(NHBn)}]PFs}" (1206.253)).

4.8. Preparation of [Pt(dpmppm—«>){C(NHXyl)(NHCsH17)}](PFs)2
(3b)

To a dichloromethane solution (5mL) containing
2a-0.5CH,Cl,-0.5Et;0 (18 mg, 0.014 mmol) was added excess of n-
octylamine (CgH17NH>) (9.5 pL, 0.057 mmol), and the solution was
stirred at room temperature for 12 h. The solvent was evaporated
under reduced pressure to dryness, and the residue was washed with
Et,0 (5mL x 2) and extracted with CH,Cl, (5 mL). The extract was
passed through a glass filter and concentrated to 3 mL. After careful
addition of Et,0 (2.5mL), the solution was allowed to stand in
refrigerator to afford colorless crystals of 3b, which were separated
by filtration, washed with Et;0, and dried under vacuum (9.1 mg,
yield 49%). Anal. Calc. for C56HgaN2PgF12Pt (3b (1374.022)): C, 48.95;
H, 4.69; N, 2.04. Found: C, 48.68; H, 4.29; N, 2.02. IR (KBr): » 3386,
3298 (m, NH), 1561 (s, N=C), 1485 (m), 1438 (s, P—C), 1099 (s), 1000
(m), 845 (s, PFg), 777 (m), 744 (m), 712 (m), 693 (m), 558 (s)cm ™. 'H
{3'P} NMR (CDxCl,): & 0.04—1.26 (m, 17H, CgHy7), 1.82 (s, 3H, 0-CH3),
1.89 (s, 3H, 0-CH3), 2.60 (d, 1H, CHy), 2.90 (d, 1H, CH>), 3.71 (d, 1H,
CH,),4.05 (d, 1H, CH,), 4.82 (d, 1H, CH,), 4.94 (d, 1H, CH;), 5.57 (s, 1H,
NHCgHy7), 7.01-8.15 (m, 33H, ArH), 8.58 (s, 1H, NHXyl). >'P{'H} NMR
(CD,Cly): & —143.9 (sep, 2P, PFg, 'Jpr= 714 Hz), —47.1 (ddd, 1P, Pg,
Jer =85, 60, 19Hz, 'Jppp=1689Hz), —46.0 (dd, 1P, Pc, Jpp =85,
61 Hz), —35.9 (dd, 1P, Pa, Jpp = 340, 60 Hz, 'Jprp = 2138 Hz), —1.0 (ddd,
1P, Pp, Jpp = 340, 61, 19 Hz, 1]ptp: 2527 Hz). ESI-MS (acetone): m/z
541302 (22, [Pt(dpmppm){C(NHXyl)(NHCgH7)}>t (541.684)),
1228.471 (z1, {[Pt(dpmppm ){C(NHXyl)(NHCgH17)}]PFg} ™ (1228.331)).

4.9. Preparation of [Pt(dpmppm—«>){C(NHCy)(NHBn)}|(PFs)2 (3c)

To a dichloromethane solution (5 mL) containing 2b-0.25CH,Cl,
(19mg, 0.015mmol) was added excess of BnNH, (6.7 puL,
0.061 mmol), and the solution was stirred at room temperature for
12 h. The work-up similar to that of 3a afford colorless crystals of
3c-0.25CHCl; (91 mg, vyield 45%). Anal. Calc. for
Cs3.25H565N2P6Clo sF12Pt (3¢-0.25CH,Cl, (1351.160)): C, 47.33; H,
4.21; N, 2.07. Found: C, 47.46; H, 3.96; N, 2.17. IR (KBr): » 3395, 3341
(m, NH), 1570 (s, N=C), 1485 (m), 1438 (s, P—C), 1102 (s), 999 (w), 845
(s, PFg), 774 (w), 743 (m), 713 (m), 692 (m), 558 (s) cm ™~ . 'H{*'P} NMR
(CD4Cly): & 0.95—1.65 (m, 11H, Cy), 2.80—3.98 (m, 4H, CH>), 4.62 (d,
1H, CHa), 6.20 (br s, 2H, NHBn/NHCy), 6.40 (d, 1H, NCH»Ph), 7.17 (d,
1H, NCH,Ph), 7.21-8.01 (m, 35H, ArH). >'P{'H} NMR (CD,Cl,): major:
minor = 1.2: 1, 3(major) —144.1 (sep, 2P, PFg, Jpp=715Hz), —48.6
(ddd, 1P, P, Jpp = 82, 59, 23 Hz, 'Jpp = 1582 Hz), —42.8 (dd, 1P, P,
Jop =83, 66 Hz), —29.3 (dd, 1P, Pa, Jpp = 337, 59 Hz, Jpp = 2017 Hz),
3.2(ddd, 1P, Pp, Jep = 337,66, 23 Hz, !Jpp = 2478 Hz); §(minor) —144.1
(sep, 2P, PFs, Ypr=715Hz), —48.8 (ddd, 1P, P, Jpp = 83, 59, 23 Hz,
]]ptp =1582 HZ), —43.8 (dd, 1P, Pc,]pp' =83, 66 HZ), -30.2 (dd, 1P, Pa,

Jep =337, 59 Hz, Ypp = 2017 Hz), 2.3 (ddd, 1P, Pp, Jpp = 337, 66, 23 Hz,
Upp = 2478 Hz). ESI-MS (acetone): m/z 519.656 (z2, [Pt(dpmppm)
{C(NHCy)(NHBn)}J>*  (519.652)), 1038.318 (z1, {Pt(dpmppm)
{C(NHCy)(NHBn)}-H}* (1038.297)), 1184.290 (z1, {[Pt(dpmppm)
{C(NHCy)(NHBn)}]PFg}" (1184.269)).  Single  crystals  of
3c-Ety;0-(CH3),CO suitable for X-ray crystallography were obtained
by recrystallization from an acetone/diethyl ether mixed solvent.

4.10. Preparation of [Pt(CN)(dpmppm—«>)]PFs (4)

To a dichloromethane solution (5 mL) containing 2c-0.25CH;Cl;
(9.4 mg, 0.0077 mmol) was added p-toluidine (p-TolNH;) (3.4 mg,
0.032 mmol), and the solution was stirred at 80 °C for 12 h. The sol-
vent was evaporated under reduced pressure to dryness, and the
residue was washed with Et;0 (5 mL x 4) and extracted with CH,Cl,
(5 mL). The extract was passed through a glass filter and concentrated
to 3 mL. After careful addition of Et;0 (2.5mL), the solution was
allowed to stand in refrigerator to afford pale yellow crystals of 4
(5.1 mg, yield 67%). Anal. Calc. for C4oH36NPsFgPt (4 (994.658)): C,
48.30; H, 3.65; N, 1.41. Found: C,47.98; H, 3.57; N, 1.52. IR (KBr): » 2147
(s,NC), 1485 (m), 1438 (s, P—C), 1106 (s), 999 (m), 838 (s, PFs), 778 (m),
743 (m), 713 (m), 692 (m), 558 (s) cm~ . "H{3'P} NMR (CD,Cl,): 8 2.76
(d, 1H, CH3), 2.86 (d, 1H, CH3), 3.13 (d, 1H, CH>), 3.27 (d, 1H, CH>), 4.57
(d, 1H, CHy), 5.11 (d, 1H, CHy), 7.03—8.00 (m, 30H, ArH). >'P{'"H} NMR
(CDCly): & —144.1 (sep, 2P, PFg, Jpr =713 Hz), —54.0 (ddd, 1P, P,
Jop =85, 62, 19Hz, Ypp=2005Hz), —39.4 (dd, 1P, P, Jpp =85,
49 Hz), —37.8 (dd, 1P, Pa, Jpp = 352, 62 Hz, Jpp = 1907 Hz), 0.3 (ddd,
1P, Pp, Jpp = 352, 49, 19 Hz, Jpp = 2369 Hz). ESI-MS (acetone): myz
849.204 (z1, [Pt(CN)(dpmppm)]* (849.145)).

4.11. Preparation of [PtCl(n°—Cp*MCl,)(u—meso-dpmppm—i>«')]
PFs (M =1Ir (5a), Rh (5b))

Compound 1b (39 mg, 0.039 mmol) was treated with [Cp*IrCl,],
(16 mg, 0.020 mmol) in dichloromethane (5 mL) and the solution was
stirred at room temperature overnight. The solvent was removed
under reduced pressure and the residue was extracted with 10 mL of
dichloromethane which was passed through a membrane filter. The
extract was concentrated to ca. 2 mL and diethyl ether (ca. 3.5 mL)
was added to the solution slowly. The solution was allowed to stand
in refrigerator to afford orange crystals of 5a, which were collected
and dried under vacuum (42mg, 77%). Anal. Calc. for
C49H51FgP5ClsPtIr (5a (1402.442)): C, 41.96; H, 3.67. Found: C, 41.65;
H, 3.64. IR (KBr): » 1436 (s, P—C), 1100 (m), 840 (s, PFg), 795 (m), 741
(m), 690 (m), 557 (m), 530 (m)cm~", UV—vis (CH2Cly): Amax (log &)
361°1(3.45), 438 (2.74) nm. TH{>'P} NMR (CDCl,): & 1.40 (s, 15H, Cp*),
2.96 (d, 1H, CH>), 3.56 (d, 1H, CH3), 3.93 (d, 1H, CH>), 4.83 (d, 1H, CH>),
494 (d, 1H, CH), 5.36 (d, 1H, CH>), 6.87—8.22 (m, 30H, ArH). >'P{'H}
NMR (CD,Cly): & —144.2 (sep, 'Jpr = 713 Hz, 1P, PFg), —60.4 (ddd, 1P
(Pg), Jpp = 62, 26, 11 Hz, pp = 2770 Hz), —52.6 (dd, 1P (Pa), Jpp = 401,
62Hz, 'Jpp=1907Hz), —9.5 (ddd, 1P (Pp), Jpp =401, 21, 11 Hz,
pp = 2381 Hz), —1.9(dd, 1P (P), Jpp = 26, 21 Hz). ESI-MS (acetone):
m/z 1257.235 (z1, [PtCl(dpmppm)(Cp*IrCly)[+ (1257.127)).

Portions of 1b (41 mg, 0.041 mmol) and [Cp*RhCl,]; (12.5 mg,
0.020 mmol) were dissolved in dichloromethane (5mL) and the
solution was stirred at room temperature overnight. The solvent
was removed under reduced pressure and the residue was
extracted with 5 mL of dichloromethane which was passed through
a membrane filter. The extract was concentrated to ca. 3 mL and
diethyl ether (ca. 2 mL) was added to the solution slowly. The so-
lution was allowed to stand in refrigerator to afford orange crystals
of 5b, which were collected and dried under vacuum (33 mg, 62%).
Anal. Calc. for C49H51FgP5Cl3PtRh (5b (1313.131)): C, 44.82; H, 3.91%.
Found: C, 44.67; H, 3.66%. IR (KBr): v 1436 (s, P—C), 1099 (m), 1048
(m), 839 (s, PFg), 740 (m), 690 (m), 557 (m), 528 (m), 502 (m), 474
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Table 2

Crystallographic data of 1a,b, 2a-c, 3a-c, 4, and 5a,b.
Compound 1a-2CH,Cl, 1b 2a-3CH,(Cl, 2b-2CH,Cl, 2¢-2CH,Cl,
formula C41HaoClgP4Pt C39H36CIFPsPt Cs1Hs1ClgF1oN PgPt C4gHs1Cl4F{5NPGPt C46Ha9Cl4F 2N PgPt
formula wt 1064.47 1004.12 1499.60 1392.66 1366.63
cryst. syst monoclinic orthorhombic triclinic monoclinic monoclinic
space group P24/c P21224 P1- P2¢/n P2¢/n
a A 11.1569(4) 13.676(5) 10.850(3) 11.9653(8) 11.732(3)
b, A 29.7495(11) 16.086(5) 12.899(3) 20.2897(11) 20.366(5)
¢ A 13.232(5) 18.253(6) 22.667(6) 23.6238(19) 23.416(6)
o, deg 90 90 82.911(8) 90 90
8, deg 96.8543(16) 90 83.647(9) 104.425(3) 101.751(3)
v, deg 90 90 60.092(7) 90 90
v, A3 4360.5(3) 4015(2) 2933.2(12) 5554.4(7) 5578(2)
V4 4 4 2 4 4
R1? 0.033 0.034 0.086 0.032 0.038
wR2" 0.074 0.068 0.218 0.077 0.091
GOF 1.158 0.969 1.107 1.023 1.072
Compound 3a-0.5CHCl, 3b 3c-Et,0-(CH3),CO 4 5a-3CH,Cl, 5b-3CH,Cl,
formula Css.5Hs5CIF12N,PgPt Cs6HgaF12NoPgPt CeoH72F12N20,P6Pt C4oH36FsNP5Pt Cs2Hs7ClgFgPsPtIr Cs2Hs7ClgFgPsPtRh
formula wt 1394.43 1374.05 1462.15 994.68 1657.27 1567.95
cryst. syst triclinic monoclinic triclinic orthorhombic triclinic triclinic
space group P1- C2fc P1- P2:2124 P1- P1-
a A 13.163(2) 27.060(5) 12.276(4) 13.615(5) 12.410(3) 12.385(6)
b, A 16.043(2) 21.296(3) 14.099(4) 16.306(6) 14.535(4) 14.534(8)
c, A 17.732(3) 23.171(4) 18.642(6) 18.407(7) 17.799(5) 17.832(9)
o, deg 72.490(7) 90 85.778(6) 90 80.907(8) 80.894(12)
8, deg 80.626(8) 94.781(2) 82.731(6) 90 75.596(9) 75.583(13)
Y, deg 71.786(7) 90 85.222(6) 90 79.429(7) 79.588(13)
v, A3 3382.3(9) 13306(4) 3183.0(16 4086(3) 3035.6(14) 3036(3)
V4 2 8 2 4 2 2
R1¢ 0.061 0.058 0.088 0.044 0.036 0.034
wR2P 0.188 0.164 0.249 0.106 0.093 0.082
GOF 1.085 1.079 1.072 1.100 1.067 0.976

3 R1=3|IF,| — IFc||[ZIF,| (for obsd. refs with I > 2a(I)).
> WR2 = [Sw(FZ — F2?[sw(F2)?]'? (for all refs).

(m)cm™~. UV—vis (CH,Cl,): Amax (log €) 399 (3.65) nm. TH{3'P} NMR
(CD,Cly): 3 1.39 (s, 15H, Cp*), 2.96 (d, 1H, CHa), 3.56 (d, 1H, CHa), 3.93
(d, 1H, CHy), 4.83 (d, 1H, CHy), 4.94 (d, 1H, CH>), 5.38 (d, 1H, CH>),
6.88—8.22 (m, 30H, ArH). 3'P{'"H} NMR (CD,Cl,): & —144.2 (sep,
Upp=713Hz, 1P, PFg), —60.0 (ddd, 1P (Pg), Jpp =61, 32, 10Hz,
Ypep = 2770 Hz, 3Jgnp =5 Hz), —52.5 (dd, 1P (Pa), Jpp = 413, 61 Hz,
Upp=1944Hz), -89 (ddd, 1P (Pp), Jpp=413, 27, 10Hz,
Upep = 2381 Hz, 3Jgnp=4Hz), 30.2 (ddd, 1P (P¢), Jpp = 32, 27 Hz,
Upnp=149Hz). ESI-MS  (acetone): m/z 1167128 (z1,
[PtCl(dpmppm)(Cp*RhCl,)]* (1167.070)).

4.12. X-ray crystallographic analysis

The crystals of 1a-2CH)Cl,, 1b, 2a-3CH;Cl;, 2b-2CHyCl,,
2c¢-2CH,Cl,, 3a-0.5CH,Cly, 3b, 3c-Et;0-(CH3),CO, 4, 5a-3CHCly,
and 5b-3CH,Cl, were quickly coated with Paratone N oil and
mounted on top of a loop fiber at room temperature. Crystal and
experimental data are summarized in Table 2 and Tables S1—S4. All
data were collected at —120°C on a Rigaku AFC8R/Mercury CCD
diffractometer equipped with graphite-monochromated Mo Ko
radiation using a rotating-anode X-ray generator (50 kV, 180 mA)
and a Rigaku VariMax Mo/Saturn CCD diffractometer equipped
with graphite-monochromated Mo K radiation using a rotating-
anode X-ray generator RA-Micro 7 (50kV, 24 mA). A total of
720—2160 oscillation images, covering a whole sphere of 6° <
20 < 55° were corrected by the w—scan method (—70° < w < 110°
(1b and 3a,b), —62° < w < 118° (1a, 2a-c, 3¢, 4, and 5a,b)) with Aw
of 0.25° or 0.50°. The crystal-to-detector (70 x 70 mm) distance
was set at 45 or 60 mm. The data were processed using the
Crystal Clear 1.3.5 program (Rigaku/MSC) [47] and corrected for
Lorentz—polarization and absorption effects [48] The structures of

complexes were solved by direct methods with SHELXLS-97 [49]
(5a) and SIR-97 [50] (1a,b, 2a-c, 3a-c, 4, and 5b), and were refined
on P with full-matrix least-squares techniques with SHELXL-97
[49] using Crystal Structure 4.0 package [51]. All non-hydrogen
atoms were refined with anisotropic thermal parameters, and the
C—H hydrogen atoms were calculated at ideal positions and refined
with riding models. All calculations were carried out on a Windows
PC with Crystal Structure 4.0 package [51]. In the refinement of 3a,
the N—H hydrogen atoms were determined from difference Fourier
maps and refined with riding models. The final residual electron
densities in a void indicated disorder of solvent molecules (ca.
1.3CH,Cly) in the unit cell, and were squeezed with PLATON pro-
gram package [52]. In the refinement of 3b, the N—H hydrogen
atoms were calculated at ideal positions and were refined with
riding models. The final residual electron densities (ca. 2.9CH,Cl,)
in a void were also squeezed [52]. In the refinement of 3¢, the N—H
hydrogen atoms were calculated at ideal positions and were refined
with riding models.
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