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Abstract: Density functional theory computation indicates
that bridge splitting of [Pt'R,(u-SEt,)], proceeds by partial
dissociation to form R,Pt*(u-SEt,)Pt°R,(SEt,), followed by
coordination of N-donor bromoarenes (L-Br) at Pt* leading to
release of Pt°R,(SEt,), which reacts with a second molecule of
L-Br, providing two molecules of PtR,(SEt,)(L-Br-N). For R=4-
tolyl (Tol), L-Br=2,6-(pzCH,),C¢H;Br (pz=pyrazol-1-yl) and
2,6-(Me,NCH,),C,H;Br, subsequent oxidative addition assisted
by intramolecular N-donor coordination via Pt'Tol,(L-N,Br) and
reductive elimination from Pt" intermediates gives mer-Pt"(L-

~

N,C,N)Br and Tol,. The strong o-donor influence of Tol groups
results in subtle differences in oxidative addition mechanisms
when compared with related aryl halide oxidative addition to
palladium(ll) centres. For R=Me and L-Br = 2,6-(pzCH,),CsH;Br,
a stable PtV product, fac-Pt“Me,{2,6-(pzCH,),CsHs-N,CN)Br is
predicted, as reported experimentally, acting as a model for
undetected and unstable Pt“Tol,{L-N,C,N}Br undergoing facile
Tol, reductive elimination. The mechanisms reported herein
enable the synthesis of Pt" pincer reagents with applications
in materials and bio-organometallic chemistry. )

Introduction

Organometallic complexes containing a meridionally oriented
tridentate ligand in the fragment M(E,E’,E”), where at least one
of the donor atoms (E, E', E”) is carbon, constitute a significant
class of “pincer” systems widely studied for their applications in
metal-mediated synthesis, catalysis, materials chemistry and
applications in biological chemistry.™ The synthesis of platinum
(I) complexes | (Scheme 1a)? plays a key role in the develop-
ment of Pt(N,CN) chemistry. The synthetic method, using
[PtTol,(SEt,)1, (Tol =4-tolyl; 1),® illustrated in Scheme 1b for the
model bromoarene 2,6-(Me,NCH,),C;H,Br, is applicable for a
wide range of Z. lodoarenes react similarly, but have been less
utilised.”” High isolated yields are obtained from reactions in
refluxing benzene or toluene (78-96%)%* except for Z=
CH,NHCH(iso-Pr)(CO,Me) (59 %)."

This procedure enables the synthesis and subsequent
chemical transformations of complexes obtained from bromoar-
enes containing groups Z that are not appropriate for other
methods, for example, by lithiation of halogenoarenes. Re-
agents | and derivatives have been utilised for studies of
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(a) Examples of bromo(4-Z-2 6-(dimethylaminomethyl)phenyl)platinum(ll} complexes

prepared directly from 4-Z-2,6-(Me;NCH;)CgH,Br and [PtTol,(SEL)];
Br
Fl't“
Me,N—" "=—NMe,

Z = CHO 18l CO,H 8! NH,;12 NO, 2T 1,141 sve )

z CH2NHCH(iso-Pr)(C0O,Me),*2! (CH,);P(O)(OEt)(NMez), "
| CN,#e] CH=NOH,B1 c(0)Eti44]

(b) 2,6-(Dimethylaminomethyl)phenyl- model system for DFT studies herein
Br
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(c) 2,6-(Pyrazol-1-ylmethyl)phenyl- model system for DFT studies herein
Ety i Et; ‘
Tol~ /S~ LTol Me ~ oS~ - Me
Pt Pt P
R e Me” TS Me Br
Et; A y Et, i
tl 1 {N o N _J 8 MorSpr 0%
2pz~ | TTpz «— %N N~ ———— 2 Mg~ 7pz
\©/ via Pt (6) ?
-2 (Tol),
7 5 9
(d) Summary of reactivity anticipated for (b) and (c)
oxidative reductive
Pt'R; + pincer-Br ——— Pt"Ry(pincer)Br ———= Pt'(pincer)Br + Tol-Tol
18 2,5 addition 3.6,9 elimination 47

Scheme 1. a) Platinum(ll) reagents of wide applicability in studies of pincer
chemistry, b) model system for computational study of mechanism reported
herein, c) model system for a related pyrazol-1-yl- pincer system, and d)
summary of reactivity for (b) and (c).

fundamental chemistry and applications,**® for example, syn-
thesis of coordination polymers;“*” studies of multimetal
systems**#e¥ including nanosize complexes (in which Z are
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groups on a dendrimer surface) retained on nanofiltration
membranes in a reactor;"? electrochemical studies;**94
studies of electronic structure including computational studies
of Nonlinear optical (NLO) and luminescent properties of
stilbenoid complexes with application in an OLED device,""?
electronic properties of organometallic benzylidene anilines,
and orbital examination of m-delocalisation involving the Pt"

;™ bio-organometallic chemistry®*496-49i including

(6l

centre;
peptide labels containing covalently bonded Pt' centres as
diagnostic biomarkers and reversible biosensors for SO,
attachment of pincer complexes to carbohydrates,”” polypep-
tides and the protein cutinase;**® and post-modification of
Tamoxifen to provide candidates for anticancer screening;"*?

Although the synthetic method continues to be of signifi-
cant value®® the mechanism has not been established.
Oxidative addition of the bromarene to give a Pt" intermediate
followed by reductive elimination is considered to be feasible,
in view of related oxidative addition of N-donor bromoarenes
to Pt" to form isolated fac-Pt"(N,C,N) complexes,” for example,
9 formed in benzene at reflux (Scheme 1¢).”@ Complex 9 has
been characterised by X-ray crystallography,”™ together with
the 3,5-dimethylpyrazol-1-yl- analogue of the Pt' complex 7
obtained when [PtTol,(SEt,)], (1) is used as the Pt" reagent.”™
The similarity of the reaction of Scheme 1b (1+2—4) and c (1
+5—7) yielding mer-Pt"(N,C,N) moieties, together with isolation
of the fac-Pt(N,C,N) complex 9, provide support for the
possibility of an oxidative addition-reductive elimination se-
quence for the synthesis of reagents I. Isolated yields signifi-
cantly >50% for syntheses of I, Pt" complex 7 (73%) and PtV
complex 9 (74%) indicate that both Pt" centres in the reagents
undergo reaction. We anticipated that reactivity can be
summarised as in Scheme 1d.

We have undertaken a computational study of the reactivity
shown in Schemes 1b and ¢, where Scheme 1c is considered as
the “benchmark” in view of the experimental dependence on
[PtR,(SEt,)1, (R=Me, Tol), involving the formation of isolated Pt"
(R=Me) and Pt" (R=Tol) products. In addition, there are few
reports of oxidative addition of aryl-halogen bonds to Pt", all
involving presence of a donor capable of providing intra-
molecular assistance.” These two systems also provide oppor-
tunities for examination of mechanism for bridge splitting of
dimers, in particular for widely used [PtR,(SR’,)], reagents.

Whitehurst and Gaunt reported in 2020 the first oxidative
addition of halogenoarenes at palladium(ll) centres.” This
procedure gives isolable mer-Pd"(0,C,0) complexes, where the
pincer group is [2,6-(0,C),CHs1.® Our computational study of
this system indicates that, after deprotonation of one carboxylic
acid substituent of an iodoarene, the precursor for oxidative
addition has square-planar geometry formed by a [C,N]™ chelate
and an [Ol] chelate, Pd(C~N)(O~1)."" This report, and a
similar study of a related Gaunt system,"" provided guidance
for the present investigation, leading to the interesting
discovery of subtle configuration differences in concerted
oxidative addition processes, see below (Scheme 2).
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Experimental Section

Gaussian 16""? was used at the B3LYP level of density functional

theory (DFT) for geometry optimisation The Stuttgart/Dresden
ECP (SDD) was used to describe Pt,™ and the 6-31G(d) basis set
was used for other atoms to form basis set BS1. Computation was
carried out for the experimentally employed solvent benzene
utilising the IEFPCM (SCRF) model. To further refine energies
obtained from the B3LYP/BS1 calculations, we carried out single-
point energy calculations for all structures at the M062-X level™!
incorporating Grimme’s D3 computation to account more com-
pletely for dispersion."® These calculations employed a larger basis
set (BS2) utilising the quadrupole-E valence polarised def2-QzVP"”
basis set on Pt along with the corresponding ECP and the 6-311+
G(2d,p) basis set on other atoms. All thermodynamic data were
calculated at the standard state (298.15 K and 1 atm). To estimate
the corresponding Gibbs free energies in benzene, entropy
corrections were calculated at the M06/BS1 level and added to the
single point potential energies, together with additional corrections
for compression of 1 mol of an ideal gas from 1 atm to the 1M
solution phase standard state (1.89 kcalmol™")."® Natural bond
orbital (NBO) computation utilised NBO7.'”

Transition structures contained one imaginary frequency, exhibiting
atom displacements consistent with the anticipated reaction path-
way. The nature of transition structures was confirmed from
potential energy surface scans. Intrinsic reaction coordinate (IRC)
calculations confirm all transition structures for the key steps of
oxidative addition and reductive elimination. For the key step of
reductive elimination from Pt", calculation of AG™ for reaction at
the temperature used experimentally for the reaction (80.1°C for
benzene) show minimal change from that computed at 298.15 K,
for example 41.2 kcalmol™ for Me—Me coupling in Figure 1b
becomes 39.5 kcalmol ™' at 80.1°. We examined the effect of M06 in
place of B3LYP for structure determination on the energies of the
three key reductive elimination barriers, finding minor changes: TS-
19/22 AG™ 41.2 (Figure 1b) to 39.7 kcalmol™', TS-3/37 24.9 (Fig-
ure 2b, below) to 25.0 kcalmol™', and TS-6/F 29.2 (Figure S1 in the
Supporting Information) to 27.8 kcal mol™".

Results and Discussion

We anticipated that formation of a mononuclear square-planar
precursor from [PtR,(SEt,)], (1,8) would require a bridge-
splitting reaction. Consistent with this expectation, we found
that potential energy scans for direct interaction of a nitrogen
donor of the reagents with dimers 1 or 8 did not support
formation of an associative transition state. However, scans do
indicate that partial opening of the dimers followed by
interaction with 2 or 5 can lead to formation of a complex, and
a subsequent pathway to completion of bridge splitting.
Computational studies of the reactivity of 2,6-(pzCH,),CsH;Br are
presented first in view of the experimental characterisation of
both Pt" and PtV products (Scheme 1c).

Reaction of [Pt"Me,(SEt,)], (8) with 2,6-(pzCH,),C¢H;Br (5)

Potential energy scans, including a Pt--Pt scan linking 11 and
12, and a dihedral angle scan for (Pt-(u-5)-Pt-Cye prigqer) from 12
back to 8, led to detection of transition state TS-8/11 and the

reaction profile 8—12 for partial bridge splitting (Figure 1a).
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(a) Bridge-splitting (8 — 14), dissociation of SEt, (14 — 15), and rearrangement to give 17
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Figure 1. Energy profile for the reaction of [PtMe,(SEt,)], (8) with 2,6-(pzCH,),CsH;Br (5) to give the isolated Pt" complex 9. a) initial steps to give intermediate
17 and b) oxidative addition to give experimentally obtained facial 9 (in box). The unfavourable reactivity for reductive elimination to give experimentally
unobserved 7 (in dotted box) is also shown. Selected interatomic distances [A] and energies AG (AH) [kcal mol™'] referenced to 8 are shown.

Structure 11 exhibits a Pt*-Pt® distance (3.017 A) that is shorter  the Pt—N distance, did not reveal a transition state for formation
than the sum of van der Waals radii (3.44 A).2? A weak Pt*-Pt>  of 13 from 12 and 5, but did result in separated 5 and 12.
interaction is indicated by a Wiberg bond index value of 0.108, The bridge-splitting process is completed on dissociation of
in contrast to 0.013 for 8 and 0.011 for 12 (NBO calculation).  PtMe,(SEt,) (10) from complex 13, giving 14, followed by
The interaction may be viewed as donation from the four-  reaction of 10 with reagent 5 to give a second molecule of 14.
coordinate Pt® centre to the three-coordinate Pt® centre, A transition state for dissociation of 10 from 13 could not be
consistent with computation of 21.05 kcalmol™ for the second-  found, although scans for Pt-S bond cleavage indicate a very
order perturbation energy (F?) for interaction between the Pd®d  late transition state. Scans exhibit a maximum energy at
,» orbital and the Pt>-C® o* orbital. Structure 11 undergoes a  approximately 3.5 A in the scan, compared with the sum of van
facile rearrangement to give 12. Complex 12 exhibits C—H  der Waals radii (3.27 A).*” Following the protocol developed by
agostic interactions. Complex 12 interacts with reagent 5 to  Hartwig and Hall, AG* approximated as AH,?" we estimate the
give complex 13. A scan for removal of 5 from 13, by increasing  Gibbs barrier as about 19.0 kcalmol™', placing the transition
state stationary point at about 25.8 kcalmol™' relative to
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[PtMe,(SEt,)], (8). A scan for the loss of SEt, from 14 to give 15
is also sigmoidal, so that the transition state stationary point is
estimated to be at approximately 26.5 kcalmol™. The same
procedure applied to direct cleavage of [PtMe,(SEt,)], (8) to give
PtMe,(SEt,) (10; Figure 1a) provides an estimate for an inter-
mediate stationary point as at about 32 kcalmol™". This
indicates that a direct fragmentation of 8 to two equivalents of
10 is unlikely.

Structure 15 is able to undergo conformational rearrange-
ment to provide 17, exhibiting the bromoarene as an [N,Br]
bidentate ligand with Pt—Br 2.745 A, significantly shorter than
the sum of van der Waals radii (3.57 A).*® Oxidative addition
proceeds as shown in Figure 1b, for which the overall reaction
rate-limiting transition state (TS-17/18) for formation of the Pt"
product 9 from dimer 8 computes as AG* 31.2 kcalmol™'. The
immediate product of oxidative addition (18) undergoes facile
isomerisation (TS-18/19) to form 19, for which the dangling
—CH,pz arm coordinates to give 9. Species formed on
coordination of SEt, (20, 21) are disfavoured relative to 9.

Potential pathways for reductive elimination from 9 and
from 18-21 were explored, and the lowest energy transition
states for Me—Me (TS-19/22) and Me-pincer coupling (TS-23/24,
in red) are illustrated in Figure 1b. The lowest barrier, AG™
41.2 kcalmol™' for Me—Me coupling (TS-19/17), is greater than
that for the oxidative addition step (TS-17/18, AG*
31.2 kcalmol™', accounting for the isolation of 9. Me-pincer

coupling is even less favourable (TS-23/24, AG”
47 4 kcalmol™).
Analogous computation for oxidative addition to

[PtTol,(SEt,)], (1; Scheme 1c) reveals a similar reaction profile,
resulting in a Pt"Tol, analogue of 9, but in this case reductive
elimination of Tol, (AG™ 17.1 kcalmol™) is less than that for the
oxidative addition step (AG® 28.5 kcalmol™), consistent with
experimentally observed formation of the Pt" product 7 (details
in the Supporting Information).

Additional aspects of oxidative addition, the structure of
isolated product 9, and reductive elimination are discussed in
later sections.

Reaction of [Pt"Tol,(SEt,)], (1) with 2,6-(Me,NCH,),C¢H;Br (2)

Confidence in the computational procedure obtained from
agreement between computation and experimental results for
the 2,6-(pzCH,),C¢H;Br system encouraged us to proceed with
examination of the 2,6-(Me,NCH,),C¢H;Br system, for which PtV
species have not been detected experimentally. The reaction
profile obtained is shown as Figure 2.

In contrast to the [PtMe,(SEt,)],/2,6-(pzCH,),CcH3Br system
(Figure 1a), the partial opening of dimer 1 occurs via a single
transition state (TS-1/26; Figure 2a). A precursor adduct (27)
and transition state (TS-27/28) were identified for the coordina-
tion of 2,6-(Me,NCH,),CcHsBr to give 28. Completion of bridge
splitting and departure of SEt, to give 30 is followed by
conformational changes resulting in formation of 32, the
analogue of 17 in Figure 1a.

Chem. Eur. J. 2021, 27, 15426 - 15433 www.chemeurj.org
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Oxidative addition via transition state TS-32/33 is followed
by isomerisation to give 3 (Figure 2b). Reductive elimination of
Tol, occurs directly from 3 via transition state TS-3/37, for which
AG™ 24.9 kcalmol™ is essentially identical to that for oxidative
addition (TS-32/33, 24.3 kcalmol ™), ensuring progression to the
very low energy product (4) consistent with experimental
observation that the Pt" complex 4 is the product of reaction.
The barrier computed for reductive elimination of Tol-pincer is
G 1.7 kcalmol ™' higher than that for Tol, reductive elimination.

Barriers higher than TS-3/37 (Tol, elimination) were also
found for five- and six-coordinate transition states potentially
originating from SEt, structures 35 and 36, where the five-
coordinate structures contain two dangling —CH,NMe, groups.
A high energy four-coordinate structure with two dangling
—CH,NMe, groups was also obtained when a transition state
from 33 was modelled (details in the Supporting Information).

In view of the extensive chemistry of the mer-Pt"(N,C,N)
moiety, exemplified in Scheme 1a, we explored intramolecular
isomerisation of 33 to generate the mer-PtY(N,C,N) configura-
tion. We found a very high energy transition state, AG™
37.6 kcal mol ™' relative to resting state 3, leading to endergonic
formation of Pt"Tol,(mer-N,C,N)Br, AG 17.2 kcalmol™' relative to
[PtTol,(SEt,)], (1; details in the Supporting Information). Thus,
the presence of mer-Pt"(N,C,N) species is discounted.

Aryl halide oxidative addition to palladium(ll) and platinum

(In

The results reported here provide an opportunity to compare
aryl halide oxidative addition at Pd" and Pt" centres, for which
isolation of Pd¥ and Pt" products is currently limited to systems
where intramolecular assistance is present.”® Scheme 2a illus-
trates precursors, transition states and immediately formed
products identified by computation for Pd,"” together with
subsequent processes to give isolable IV.®) Scheme 2b shows
analogous computation leading to isolable PtV complex 9.

Precursor 17 has Pt—Br computed as 2.745 A, similar to Pt"-
Br in product 9 (2.619 A (computation), 2.5764(5) A (X-ray)),””’
indicating presence of a significant interaction in 17, although
C—Br is decreased by only about 0.01A from the value
computed for the free ligand (5).*? The Pt-Br interaction is
viewed as a Br—Pt donor interaction rather than a halogen-
bond interaction, in view of the minor change in C—Br bond
length and the markedly nonlinear C—Br—Pt moiety (118.4°),
and a typical d® square-planar geometry with four donor
groups.

The concerted oxidative addition steps, from directly
analogous precursors (ll, 17) to immediate products (lll, 18),
exhibit a subtle difference for Il and 17. Oxidative addition for
Pd provides a square-pyramidal product with the aryl group in
the equatorial position (lll), but for Pt provides distorted square-
pyramidal geometry with the aryl group in the axial position
(18). Although there are differences in the donor sets, we
attribute this difference in geometry for 18 to the strong o-
donor influence of methyl groups in 18 disfavouring a trans-
C—Pt—C configuration required for the aryl group to be in the

© 2021 Wiley-VCH GmbH
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(2) Bridge-splitting (1 — 29), dissociation of SEt, (29 — 30), and rearrangement to give 32
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Figure 2. Energy profile for the reaction of [PtTol,(SEt,)], (1) with 2,6-(Me,NCH,),C¢H;Br (2) to give undetected Pt" intermediates with Pt"(C ~N) moieties (33-

36), followed by reductive elimination from pseudofacial 3 (in dotted box) to give experimentally obtained 4 (in box).

a) Initial steps to give intermediate 32

and b) oxidative addition to give 3, together with reductive elimination pathways. Selected interatomic distances [A] and energies AG (AH) [kcal mol™"]

referenced to 1 are shown.
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Scheme 2. Computation for precursors, transition states, and initial products for intramolecular assisted oxidative addition for a) palladium(ll) to give e
followed by subsequent reaction to give IV.”) b) Platinum(ll) illustrated for 2,6-(pzCH,),C¢H;Br to give 18, followed by intramolecular isomerisation to give 9
(Figure 1b).”” AG* and AG [kcalmol '] are referenced to Il and 17.
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equatorial position. The sequences demonstrate flexibility in
concerted aryl halide oxidative addition mechanisms at d® M"
centres.

Structures of platinum(lV) complexes of terdentate-N,C,N
ligands, and reductive elimination

The ligand [2,6-(Me,NCH,),C¢H5]™ has to date not demonstrated
an ability to act in a fac-Pt"(N,C,N) manner with angles close to
90°, a result of the steric restraint requiring two five-membered
chelate rings, rather than two six-membered chelate rings for
[2,6-(pzCH,),CH5-N,C,N]™ in complex 9. However, pseudofacial-
N,C,N geometries have been documented, with the smallest
N—M-N angle reported to date being 109.35(6)° for Ru"(2,6-
(Me,NCH,),C¢H3-N,C,N)(n*-norbornadiene)(0,SCF;-0),**” in con-
trast with complex 9 (92.4(2)° (X-ray structure),”™ 93.8°
(computation)). Figure 3 shows computed structures for 3 and 9
with bond angles and distances that characterise the facial- and
pseudofacial-Pt"(N,C,N) geometries, together with structures of
transition states TS-3/37 for experimentally observed reductive
elimination of Tol, from 3 and TS-19/22 for unobserved
reductive elimination of Me, from 9.

TS-19/22
facial-[Pt'V(N,C,N)J [PYC,N)}
C-PtBr1735 C-Pt-Br 173.2
C-Pt-N 85.2 C-Pt-N 85.0
N-Pt-N 93.8 Pt...C 2.251,2.280; C...C 1.964
Pt-N 2.234 Pt-N 2.059
Pt-C 2.065 Pt-C 2.069
Br
priN
N
3 T8-3/37
pseudofacial-[PtV(N,C,N)I pseudofacial-[Pt{N,C,N)]
C-Pt-Br 155.0 C-PtBr157.7
C-PEN 748 C-Pt-N 756, 75.7
N-Pt-N 108.3 N-Pt-N 115.2
Pt-N 2.457, 2.461 Pt-N 2.423, 2.437
Pt-C 2.023 Pt-C 2.006

Pt..C 2.182; C..C 1.895

Figure 3. Computed structures for isolated 9, and the PtV resting state 3,
illustrating facial- and pseudofacial-Pt"(N,C,N) geometries, respectively,
together with structures of transition states for reductive elimination.
Hydrogen atoms are omitted for clarity; angles are in degrees and distances
in A.
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With regard to structures 9 and 3, angles at Pt formed by
the [N,C,N]~ groups differ by ~5° from 90° in 9, but differ by
~15° and ~18° in 3. For both structures, Pt—C and Pt—N bond
lengths are very similar to those computed for their related six-
coordinate intermediates containing the aryl groups as [C,N]~
donors (20 and 21 in Figure 1b, 35 and 36 in Figure 2b). The
aryl ring in 3 shows some distortion, where C,,, is displaced
from the plane of the ring towards the position trans to
bromide, reflected in a Pt—Cj,;,C,q4q angle of 172.4°, compared
with 178.4° for 9. In both systems, the methylene groups of the
donor arms are removed from the plane of the arene rings to
assist [N,C,N]~ coordination, following a similar trend to Pt-
Cipso Cparar With C—Co o Crera @ngles across the rings 165.4° for
3 and 171.9° for the pyrazol-1-yl system in 9.

The direct analogue of 3 for the pyrazol-1-yl- ligand, fac-
Pt“Tol,{2-6-(pzCH,),CsHs-N,C,NIBr (6), exhibiting an absence of
distortion as for 9, is formed in a more exergonic manner than
3, AAG 6.2 kcalmol™' (details in the Supporting Information).
Although additional considerations apply, this trend is consis-
tent with the proposal that distortion to form the pseudofacial
configuration is a destabilising factor.

Further insight into the role of distortion is obtained on
examination of the structures of key transition states, TS-19/22
(Figure 3) and the analogous di(tolyl) analogue for the 2,6-
(pzCH,),C¢H;Br system (Figure S1), and TS-3/37 for the 2,6-
(pzCH,),C¢H;Br system (Figure 1b). The 2,6-(pzCH,),C¢HsBr sys-
tem forms a five-coordinate transition state, but the 2,6-
(Me,NCH,),C¢H3Br retains six-coordination with the N—Pt—N
angle opposite the reductively eliminating groups increased
from that in the precursor complexes, for example from 108.3°
in 3 to 115.2° in TS-3/37 (Figure 3). The increase in this angle is
as expected,® and also illustrates release of strain present in 3.
Comparing the two ditolyl systems, transformation 3—TS-3/37
in Figure 3 and the analogous change for reductive elimination
in the 2,6-(pzCH,),C4H;Br system (6—TS-6/F, Figure S1), we note
that the Gibbs change for this process is 4.3 kcal mol™" lower for
3, implying that due to the release of distortion for 3 in forming
the transition state, this intermediate is more reactive than 6 for
reductive elimination.

Carbon-carbon reductive elimination at PtV centres gener-
ally proceeds from five-coordinate intermediates,™ although
computation indicates a six-coordinate intermediate for vinyl-
vinyl coupling®” and experimental evidence indicates absence
of monodentate ligand dissociation as a preliminary step for
some six-coordinate platina(IV)cyclic complexes.”™ For the 2,6-
(pzCH,),C¢H;Br system studied herein, sharing a common
coordination geometry for fac-[Pt"R,{2,6-(Me,NCH,),CsH;-N,C,N}
Br (R=Me (9), R=Tol (6, details in the Supporting Information)),
Tol-Tol coupling is computed to occur more readily than
Me—Me coupling by approximately 6 kcalmol™. Interestingly,
the present systems also illustrate the flexibility in preference
for coordination geometry in reductive elimination noted
above.[25“]

The difference in mechanism for reductive elimination, five-
coordination for C(sp®-C(sp®) coupling and six-coordination for
C(sp?)-C(sp?) coupling, is closely related to computational results
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reported for PtYR,(PMe;),: five-coordination for C(sp®-C(sp’)
(R=Me) and six-coordination for C(sp?)-C(sp?) (R=vinyl).>*"

For the pseudofacial-Pt¥ intermediate, Pt"“Tol,{2,6-
(Me,NCH,),C,Hs-N,GNIBr (3), we find a preference for direct
elimination from the six-coordinate structure via TS-3/37 (Fig-
ure 2b), as found for the analogous complex Pt"“Tol,{2,6-
(pzCH,),CeH5-N,CN}Br (6, details in the Supporting Information).

Conclusions

The reaction of [Pt"Tol,(SEt,)], (1) with 4-Z-2,6-(Me,NCH,),C¢H;Br
to form Pt' complexes such as those illustrated in Scheme 1a
proceeds as shown in Scheme 3. Bridge splitting to form 29
[Eq. (1)] is followed by dissociation of SEt, from 29 to form 32
[Eq. (2)], oxidative addition to form 3 [Eq. (3)], and reductive
elimination from 3 to form 4 [Eq. (4)]. This sequence of reactions
utilising [PtTol,(SEt,)], as a reagent allows the introduction of
platinum into complex structures in the late stage of synthesis
of Pt(N,C,N) pincer complexes.

The formation of the useful reagents | containing the mer-
Pt"(N,C,N) kernel (Scheme 1a), rather than Pt complexes related
to that obtained from 2,6-(pzCH,),CsHsBr (9, Scheme 1¢), is
attributed to two factors. Firstly, there is a lower barrier for Tol-
Tol coupling than for Me—Me coupling in Pt" intermediates: the
factor that selects for Pt'" (7) versus PtV (9) in the 2,6-
(pzCH,),C¢H;Br  system  (Scheme 1c). Secondly, [4-Z-2,6-
(Me,NCH,),CH;]™ ligands, forming five-membered chelate rings
and adopting a pseudofacial-Pt"(N,C,N) configuration, provide
Pt" geometries removed from regular octahedral geometry, and
thus less stable. Although both factors are influential, the
dominant factor is the ease of Tol-Tol coupling, as this factor
alone accounts for selectivity in the 2,6-(pzCH,),C¢H;Br system.
In addition, coordination of SEt, to form regular octahedral fac-

N
Et, Me,N BT NMe, .
TOlw g = S =y —T0l Tol g~ 1
To|’Pt‘%’Pt‘To| * \é) 2 1o-Ptggy, Br (D
q == 2 29
N
Tolw ;=N Tol—g,~N
7 Pt + SEt 2
Tol” “SEL BT T to- Br)\"N 2 @
29 32
Br
Tol—pg,~N Tol~ | N
Pt — Pt- 3
Tol = “‘BrLN Tol” \l\y )
c
32 3
Br Eir
|
Tol~p~N
Tol-Tv Me,N—"1—Nme, * Tob =l
C '\ﬁj/
3 4

Scheme 3. Sequence of reactions summarising the reaction profile in
Scheme 1b, Figure 2a [Eqgs (1) and (2)], and Figure 2b [Egs (3) and (4)].
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PtV(C,N)(SEt,) (35, 36; Figure 2b), as alternatives to pseudofacial-
PtY(N,C,N), does not provide additional stability to counter the
low barrier for Tol-Tol coupling.

Computation obtained in exploring the synthetic route to
pincer reagents has elucidated interesting insights into mecha-
nisms in organometallic chemistry, in particular:

i) Provided a mechanism for the bridge splitting of widely
used dimeric reagents in organoplatinum chemistry,
[PtR,(SEt,)l, (1, 8), in which partial cleavage of dimers to
form Pt°R,(u-SEt,)Pt°R,(SEt,) (12 in Figure 1a, 26 in Fig-
ure 1b) allows coordination by a ligand at Pt* and subse-
quent bridge splitting by cleavage of the Pt*-(u-S) bond.

ii) Extended the applicability of the neutral square-planar
motif Pd"(C~N-C,N)(O~I-O,l), for intramolecular coordina-
tion assisted oxidative addition at Pd""*'" to a related motif
for platinum, Pt'"R,(N~Br-N,Br) (R=Me, Tol), and elucidated
the effect of o-donor influence of ligands opposite the Ar-X
oxidative addition site in governing the geometry of
transition states and products (Scheme 2); and

i) Allowed a comparison of C(sp?)-C(sp®) coupling with C(sp?)-
C(sp®) coupling in Pt" complexes of identical configuration,
fac-[PtR,(N,C,N)Br], for which Tol-Tol coupling is easier than
Me—Me by about 6 kcalmol™, and exhibiting five- (R=Tol)
and six-coordinate (R=Me) transition states.
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