Inorg. Chem. 2006, 45, 11060—11068

Inorganic:Chemistry

* Article

Thermodynamics of Pyridine Coordination in 1,4-Phenylene Bridged
Bimetallic (Pd, Pt) Complexes Containing Two  N,C,N" Motifs,
1,4-M2-[C6(CH2NR>)4-2,3,5,6]

Sung Lan Jeon, David M. Loveless, Wayne C. Yount, and Stephen L. Craig*

Department of Chemistry and Center for Biologically Inspired Materials and Material Systems,
Duke Unbersity, Durham, North Carolina 27708-0346

Received June 29, 2006

The thermodynamics of pyridine coordination in 1,4-phenylene-bridged binuclear palladium and platinum organometallic
complexes [1,4-(MOTf),-{ Cs(CH:NR2)4-2,3,5,6}] (11, M = Pd, Pt; R = CHs, C;Hs, R, = —(CH,)s—) are measured
by H NMR in DMSO-ds. The coordination of substituted pyridines by bimetallic complexes 11 or 12 in DMSO is
found to proceed via two effectively independent metalligand binding events, and the association constants for
pyridine coordination and rate constants for pyridine exchange are nearly identical to those measured previously
on monometallic analogs. A linear free energy relationship between the association constant for pyridine coordination
and the inductive Hammett constant of the pyridine substituent is observed, and the sensitivity (o = —=1.7 to —2.1)
in DMSO depends only slightly on metal (Pd vs Pt) and spectator ligand (pincer dialkylamine vs triarylphosphine).
The association constant for a particular pyridine ligand, however, varies by roughly 3 orders of magnitude across
the series of metal complexes. The effective independence of the two coordination sites and the range of available
thermodynamic and kinetic behaviors of the coordination guide the use of these versatile building blocks in

metallosupramolecular applications.

Background and Introduction

Pincer-type organometallic complexes are excellent func-

tional units in macroscopic applications, e.g., in catalysis,
the stabilization of unstable cationic compleXesensing
molecular switche$,® and the preparation of organometallic
supramolecular structures and matertal8 Among the more
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commonly used ligands within the bifunctional pincer-type
organometallic complexes are theC,N'-terdentate coordi-
nating aryl ligands [H2-2,6-(CHNMe,),]~ (NCN)* 12 and
related bis(pincer) ligands such as the 1,4-phenylene-bridged
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Figure 1. Schematic representation of the bifunctional pincer-type
organometallic complexes containing one or two NCN motifs.

ligand [Gs(CH2NRy)4-2,3,5,6F (CoN4)® and the 4,4biphen-
ylene bridged bis-NCN ligand (bis-NCN) (Figure &115

platform. Furthermore, the rigidity and directionality of the
linker ensure that the persistence length of RPs is not limited
by the bimetallic component. The concise synthesis of
bimetallic complexes8 and 5, reported previously by van
Koten, established that their preparation could be realized
on a gram scale (Scheme %§:1415

To take full advantage of the attractive characteristics of
the 1,4-phenylene-bridged complexes in the study of bulk
materials, the thermodynamics and kinetics of reversible
ligand coordination, particularly those of pyridine derivatives,
must be quantified. Although coordination complexes be-
tween substituted pyridines and Pd(ll)- and Pt(Il)-containing
organometallic species have a considerable presence in a
range of thermodynamicaf§and kinetically® 24 controlled

The synthesis and many functional properties of these pincerassembly processes, we are unaware of more than a few

motifs have been studied extensively by van K&téat17
and otherg8
Our specific interest in these compounds arises from their

use as mechanistic probes of the dynamic molecular pro-

published thermodynamic datafor these associations in
pincer motifs. Most notably, van Manen et al. have reported
a linear free energy relationship for the effect of pyridine
substituent on complexation to SEBd(II) pincer system&<

cesses underlying the mechanical properties of mainchain we report here the thermodynamics of metalpyridine

reversible polymers (RPS)and supramolecular network.
We recently reported that steric effects in the alkylamine
substituents of pincer Pd(Il) and Pt(Il) complexes allow for
pseudo-independent control of ligand exchange kinetics
relative to the thermodynamics of association vs competing
DMSO coordinatiort? The combined Pd and Pt series of

coordination in DMSO to the metal coordination sites of 1,4-
phenylene-bridged bimetallic (Pd, Pt) complexes. The relative
independence of the two sites is demonstrated, as is the
similarity in the thermodynamics and kinetics of coordination
vs those of a monofunctional model system. The effect of
the metal (Pd vs Pt) and spectator ligands (pincer NCN vs

compounds span dissociation timescales from millisecondstriarylphosphine) on the relative binding affinities of sub-
to tens of minutes, so that a wide range of dynamic materialsstituted pyridine ligands is examined and compared to
behaviors might be addressed. In addition to the ease of stericomplexation to SCSPd(Il) pincer complexes reported

manipulation within the spectator ligands, the pincer com-
plexes have the added advantage of increased stabikty,

particularly attractive feature given the moderate stability of
many aryl Pd(Il) organometallic complexes. The pincer

previously by van Manen. Notably, thelative affinity of

substituted pyridine ligands depends on the solvent. These
studies extend the foundation underlying the use of these
pincer complexes in a range of metallosupramolecular

SyStemS are also amenable to numerous structural mOdiﬁca'ChemistrieS’ inc|uding inves’[igations of Supramo]ecu|ar po]y_

tions through the organometallic aryl group, metal, pincer

ligands, counterion, and associating ligand. These modifica-

tions allow the motif to be tailored to numerous desired
polymeric endpoints (e.g., solubility, variations in persistence
length, and cohesive energy density).

The 1,4-phenylene-bridged complek&$ contain the
shortest possible aromatic spacer between pincer function
alities, and the motif therefore creates the minimal inherent
structural perturbation to the remainder of a polymeric
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mer mechanics and mechanisms.

Results and Discussion

Synthesis and Characterization.The synthesis of 1,4-
phenylene-bridged bimetallic complex8s-10 proceeded
through the appropriate 1,4-dibromo derivativesgG(CH,-

NR2)s-2,3,5,6] B8) (Scheme 2). The use of the 1,4-dibromo
intermediates was necessitated by poor yields in the prepara-
tion of 1 and its octa(ethyl) congeners, prepared by the
amination of 1,2,4,5-tetrakis(bromomethyl)benzene. While
the amination with dimethylamine provided the desired
tetrakis(dimethylamino) derivativd in 38% yield!* the
amination with diethylamine produced only a small, unisol-

able fraction of the desired compound within a multicom-

(22) (a) Lowry, T. H.; Richardson, K. $4echanism and Theory in Organic
Chemistry, Harper International EditigrHarper Collins Publishers:
New York, 1987. (b) Ashcroft, S. J.; Mortimer, C. Thermochemistry
of Transition Metal Complexeécademic Press: London, New York,
1970. (c) Gerhardt, W. W.; Weck, M. Org. Chem2005 submitted
for publication. (d) van Manen, H,-J.; Nakashima, K.; Shinkai, S.;
Kooijman, H.; Spek, A. L.; van Veggel, F. C. J. M.; Reinhoudt, D. N.
Eur. J. Inorg. Chem200Q 2533-2540.

(23) Kurosawa, H.; Urabe, A.; Emoto, M. Chem. Soc., Dalton Trans.
1986 4, 891-893.

(24) Rauth, G. K.; Mahapatra, A.; Sinha, Gorg. React. Mech2002
57—65.

Inorganic Chemistry, Vol. 45, No. 26, 2006 11061



Jeon et al.

Scheme 1. Previous Synthetic Route to 1,4-Phenylene-Bridged Bimetallic Complexes Contaigliag C
¢l
Me,N NMe, Me,N  TMS NMe, Me,N—Pd—NMe,
Lithiation  Silylation ;i;i _Pd(n__Licl
Me,N NMe, Me,N TMS NMe, Me,N—Pd—NMe,
CI
3
Me;N  Br NMe; Me,N —NMe,
L|th|at|on Pt (II) ﬂ
Me,N  Br NMe, MezN—Pt—NMez
4
5
Scheme 2. Synthesis of 1,4-Phenylene-Bridged Bimetallic CompleXe40
Br Br Br Br
Me Me NBS M
CHCI3
Me Me  Reflux, 5h
Br Br Br
6
HNR,, THF
-15 °C~r.t.
?r |Br
RoN—Pd—NR; RoN Br NR; Ro;N—Pt—NR;
Pd,dbag [Pt(p-tolyl)2(SEt)]2
Toluene, 90 °C, 36 h Toluene, 90 °C, 36 h
ReN—Pd—NR; Br NR; Ro;N—PFt—NR;
Br 8a (R=CzHs) Br
9a (R=C2H5) 8b (R2= -(CH2)5-) 10a (R=CZH5)
9b (Rz= <(CHz)s-) 8¢ (R=CH3) 10b (Rz= -(CH):
9c¢ (R=CH3) 10c (R=CHj3)
. I . Sch 3. Synthesis of Bistriflated 1,4-Phenylene-Bridged Bimetalli
ponent mixture of products. Bromination of 1,4-dibromo- Coriieeaiandts enyiene-Eridged Eimetafie

2,3,5,6-tetramethylbenzen®) to 1,4-Bi-{ Co(CH.Br)s-
2,3,5,6 (7)%52(75% yield) followed a process previously used
to make 1,2,4,5-tetrakis(bromomethyl)benz&h&ubsequent
nucleophilic amination o with HNR; (R = CHjz,** C;Hs,

R, = —(CHy)s—) provided 1,4-BjC,N,] (8) in greater yields
(>91%) than obtained for the similar reaction of 1,2,4,5-
tetrakis(bromomethyl)benzene.

Compounds8 are directly reacted with Btlba) or [Pt-
(p-tolyl)2(SEb)].?" in toluene for 36 h at 90C to afford 1,4-
phenylene-bridged bipalladium complex@®r biplatinum
complexes10 in a manner similar to that reported for
monometallic analogué$72—94%). Reaction of bimetallic
compound® or 10 with AgOTf yields the desired bistriflate
complexesl1-12 in excellent yields ¥ 94%) (Scheme 3).
These labile, bistriflate complexes were then used in
subsequent studies of the thermodynamics and kinetics of
pyridine association and exchange.

The aryl 1,4-dibromo compounds provide a potential
intermediate for complementary lithiation routes to com-
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R;N—M——NR,

Ii%r
R,;N—M——NR,
AgOTf
CH,Cl,, r.t., overnight

RN—NM—NR,
Br

9a (M=Pd, R=Et)
9b (M=Pd, R2= -(CH2)5-)
9c (M=Pd, R=Me)
10a (M=Pt, R=Et)
10b (M=Pt, R2= -(CH2)5-)
10c (M=Pt, R=Me)

RN—M—NR,
OTf

11a (M=Pd, R=Et)
11b (M=Pd, R,= -(CH,)s-)
11c (M=Pd, R=Me)
12a (M=Pt, R=Et)
12b (M=Pt, R,= -(CH,)s-)
12¢ (M=Pt, R=Me)

pounds 10, similar to the original van Koten synthesis
(Scheme 15.For example, bis-Pt(ll) compouri is obtained
from the reaction of platinum(ll) substrates such as [RtClI
(SEb),]?8 with the lithium derivatives 1,4-Li[C,N4] that are
generated from compourt (same compound a§'# and
n-BulLi. In this approach, however, the tetrakis(diethylamino)
platform again proved to be problematic. Lithiation and an
attempted subsequent platination afforded not the desired bis-
(platinum) compound.Oa but the debrominated analog of
compound 8. Apparently, the reaction of the lithiated

(28) Abicht, H.-P.; Issleib, KJ. Organomet. Cheni980,185 265-275.
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intermediate with [PtG(SEb),] is sufficiently hindered by
the increased sterics of the ethyl substituents that th
dilithium specie$persist until they are quenched with water

Table 1. Equilibrium ConstantsKeq for Bimetallic Complexed1—12
eor Monometallic Complexe&4 with Pyridine Ligandsl3 in DMSO at

oCa

during workup.

The binuclear palladium and platinum organometallic
complexes of the @4, [Co(CH2NRy)4-2,3,5,6F ligand with
a variety of alkylamino substituents were characterized by
IH NMR and 3C NMR spectroscopy where possible. In
general, the neutral palladium and platinum compléxe$0

complex Keq(M™) complex Keq(M™) complex Keq(M™)

1l213d 3.3x 10 11c13d b 12c¢13d 1.1x 10

14213d 3.3x 10 11b-13d b 140-13d 8.0x 10°

llal3a 1.6x10° 14b13d 3.5x 10 12a213d 2.2x 10°

14a13a 1.3x10° 1llcl3a b 14c13d 4.0x 10°
14b-13a  1.6x 10°

2 The relevant equilibrium is between pyridine and DMSO coordination

have very poor solubility in all solvents tested, and frequently and is reported in terms of concentration of functional group. Uncertainties:

even thelH NMR spectra were poorly resolved due to
aggregation. Tetrakis(diethylamino) compoufdfnd10a,
however, have better solubility than do the tetrakis(dimethy-
lamino) and tetrakis(piperidino) compoun@is,cand10b,c

Spectra of the tetrakis(dimethylamino) dinuclear palladium
and platinum compound®¢ and 100 are similar to those
reported previously. %1415 The GN4 metal bromides with
diethylamino or piperidino substituent9g, 9b, 10a and
10b) exhibit two characteristic dg and multiplets between
4.19 and 2.62 ppm that are attributable to the diastereotopic
protons of theo-carbons of the ethyl or piperidyl groups,
respectively. In all four cases, the resonances of the alkyl
protons of the alkylamino substituents are at lower field than
those of the aryl dibromide precursor (3.45 and 2.62 ppm
for 9avs 2.52 ppm foiBa), a downfield shift expected from
coordination of the N donors to the newly inserted metals.
Similar downfield shifts of the resonances of tirecarbons
of alkyl groups of the alkylamino substituents are also shown
in 13C NMR (o-carbons of ethyl groups of compour®d,
59.2 ppm, andx-carbons of ethyl groups of compouBd,
45.8 ppm), consistent with previous repcrtgl+1°

X-ray molecular structure data of bimetallic compour
(Supporting Information) are similar to previously reported
structure$ 61415 The crystal structurelld shows the
oppositely directional coordination sites that make these
motifs well suited for use in RPs and supramolecular
networks. The weak coordination of between the triflate and
palladium is reflected in the inclusion of exogenous water
at the labile coordination sites dflb when crystals are
formed from dichloromethane with 19% hexane and 1%
water’¢ At question is the extent to which these two

Keq (£20%). In these cases, théq values were not obtained because of

overlap in bound and unbound peaks in theNMR spectrum.

Figure 2. ORTEP drawing of formed1d, [Pdx(H20),-1,4- Cs(CH2N(—
CHz—)s)4-2,3,5,8112(~OTf),, from 11bin 80% dichloromethane with 19%
hexane and 1% water. Hydrogen atoms have been omitted for clarity.

Dijkstra et al.*Basolo et al?’ and Yount et at?~?° suggests
that the influence of aryl group substituent on coordination
kinetics and thermodynamics is, in general, small for this
class of metal complexes. To the best of our knowledge, the

coordination sites are appropriately viewed as independent€f€ct of the second, para metal substituent in 1,4-phenylene-

substructures (does coordination at one metal influence
coordination at the other?) and whether monomeric analogue

complexes.

Thermodynamics of Pyridine Coordination. The ther-
modynamics of pyridine coordination are central to many
applications of pincer complexes in supramolecular chem-
istry, and changes in the proton chemical shifts of the
bimetallic complex and pyridine ligands upon coordination
allow those thermodynamics to be measured'dyNMR
spectroscopy (Table 1).

Of particular interest in the case at hand is the extent to
which there is an influence from the second metal on the
thermodynamics of pyridine coordination in these bimetallic

S
are, in general, reasonable model systems for these bimetallic

bridged bimetallic complexes has not been reported previ-
ously.

We calculated the equilibrium constants for the binding

of the pyridine ligands to bimetallic complexes by assuming

that the binding sites are independent, so that the equilibrium
constants are determined in terms of the concentration of

functional groups (the concentration of metal sites is twice

that of the bimetallic complex). In DMSO, the “free’metal
sites inl11 or 12 exist as the DMSO complex (Figure 3) and
small amounts of residual water from solvent or the
compounds do not compete with the bulk solv&nThe
equilibrium constant folla13a(DMSO-ds; 5 mM in 11a
and 10 mM in13g) is determined byH NMR to be 1.6x

10° M1, within experimental uncertainty of the previously

complexes. Aryl substrates are known to affect the electronic
environment of the pincer met&,but previous work by

(29) Basolo, F.; Chatt, J.; Gray, H. B.; Pearson, R. G.; Shaw, B.Chem.
Soc.1961, 22072215.
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DMSO
R,N—M—NR,

in DMSQ W
el s I nsnonn R
4

TIo©

o . () Jowo
a) RoN—M—NR, V K N
N () —fe |,
wnnnrll annnnlannnnnn N Kaiss X
13a (R'=4-N(CH,),)
11a (M=Pd, R=Et) . fg.;ﬁ:gﬁs")'ﬂ 110r12.+13
11b (M=Pd, R=-(CHz)s")  13d (R'=H)
11¢ (M=Pd, R=Me) 13e (R'=3-OCH;)
12a (M=Pt, R=Et) 13f (R'=3-OH)
12b (M=Pt, R,= -(CH,)s-) 13g (R'=3-CO,CH3;)
12¢ (M=Pt, R=Me) 13h (R'=3-Br)
13i (R'=4-CO,CH;)
13 (R'=4-CF)
13k (R'=4-CN)
b) oTf oTf NCMe —"'BF4
RoN—M—NR, (Ph)P—M—P(Ph), R—Pd—R
14a (M=Pd, R=Et) R X

14b (M=Pd, R=Me)

14c (M=Pt, R=Et)

14d (M=Pt, R=Me)
Figure 3. (a) Reversible bimetallic complexpyridine ligand association. Association and rate constants are expressed in terms of concentration of metal
binding sites, which is twice the concentration of the organometallic complex. (b) Monometallic model conigbdsdand16.

15a (M=Pt, R=CO,CH,)
15b (M=Pt, R=H)

16a (R=SPh, X=n-BuO)
16b (R=NEt,, X=H)

Table 2. Equilibrium ConstantsKeq for Ligand Association (28C) for Bipalladium Complexi1a Biplatinum Complexed.2 or Monoplatinum
Complex15awith Pyridine Ligandsl3in DMSO-dg?

complex Keq(M™) complex Keq(M™Y) complex Keg(M™Y) complex Keg(M™Y)
1lla13a 1.6x 10° 12a13a 1.8x 10° 12b-13b 1.7 x 10 15a13a 1.0x 1C°
11213b 9.5x 10 12a13b 1.2x 10 12b-13d 1.1x 10 15a13d 3.0x 10
1lar13c 3.8x 10 12&13c 4.6 x 10° 12b-13i 1.4x 1C° 15a13f 4.0x 10¢
11a13d 3.3x 10 12&13d 2.2x 10 12b-13j 29x 107 15a13g 3.0x 10°
1lla13e 3.0x 10 12a13e 2.2x 10° 12¢13d 1.1x 10

12213h 1.8x 1(? 12c13e 8.5x 10°

12&13j 2.1x 107 12¢13i 2.3x 108

1213k 15x 107

aUncertainties: Keq (= 20%).

reported value of 1.% 10° M~! for monometallicl4a13a° In metal-directed assembly, of course, substituted py-
The result is effectively independent of whether the second ridines, rather than the simple ligariBd, are ultimately
metal is coordinated to pyridine ( “bound”) or to DMSO desired. van Manen et al. have previously reported Hammett
(“free”); the measured value is effectively unchanged at relationships for the effect of pyridine substituent on com-
10 mM, at which concentration the majority of bimetallic plexation to SCS Pd(ll) pincer systeid.For the case of
complexedllahave both Pt centers coordinated 8 when NCN pincer complexes, the effect that substituents on the
compared to that at 2 mM, at which concentration it is more pyridine ligands have on the equilibrium constant of coor-
often thatl3ais bound to only one or the two metal centers dination is seen in the equilibrium constants for the coor-
(1.6 x 1% vs 1.5x 10®* M™Y. Similar results are obtained dination of bipalladium compeklawith substituted pyridine

for the weaker compleXtla13d, whereKeq is 3.3 x 10 ligands13a—13e(Table 2). As observed in the SCS pincer
(10 mM functional group), 3.2x 10 (5 mM functional complexes,Keq for binding increases with the electron-
group), 3.5x 10 (2 mM functional groups), and 33 10 donating character of the substituents (and therefore electron
(1 mM functional group) vs 3.% 10 M~* for monometallic density on the pyridine nitrogen), and a reasonably linear
model complex14a13d. Unfortunately, the equilibrium  (R? = 0.9445) free energy relationship between kg and
constants of pyridine ligandk3 with bipalladium complex  ¢%033is observed, (Figure 4) wheteis the classic inductive
11bor 11ccould not be obtained because the chemical shifts Hammett parameter derived from the ionization of substituted
for the bound peaks and unbound peaks of complex13

or 11c13 exist in the same position itH NMR spectra.
The Pt complexl2a behaves in a similar manner to Pd
complex 11a (Table 1), although, as expected, pyridine
coordination to Pt is stronger than that to Pd (3.30 M
for 11a13d, 2.2 x 10> M~ for 12a13d).
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(30) Aue, D. H.; Webb, H. M.; Bowers, M. T.; Liotta, C. L.; Alexander,
C. J.; Hopkins, H. PJ. Am. Chem. S0d.976 98, 854-856.

(31) (a) Hansch, C.; Leo, A.; Taft, R. \€hem. Re. 1991, 91, 165-195.
(b) Voets, R.; Francois, J.-P.; Martin, J. M. L.; Mullens, J.; Yperman,
J.; van Poucke, L. CJ. Comput. Cheml989 10, 449-467.

(32) Maskill, H. The Physical Basis of Organic Chemistrpxford
University Press: Oxford, 1985.
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Table 3. Relationship between Substituent Effects on Pyridine Ligands and Pincer Complexes

complex solvent P complex solvent I
11213 (CNy) DMSO-dg -1.94+0.4 15b-13 (PCP) DMSO-dg -1.7+0.3
12&13 (C:Ny) DMSO-ds —2.1+04 16a13 (SCS) CDCl; —0.8+ 0.2
1513 (PCP) DMSO-ds —-19+0.4 16b-13 (NCN) CDCl; —1.3+0.2

aData taken from ref 22d.

benzoic acid$? The p value, —1.9, is significantly lower
than that determined for aqueouk s (o = —5.9F° and
gas phasep( = —13.6§! proton affinities of substituted
pyridines. The classical view is that electron-donating
pyridine substituents influence the coordination ability in two
offsetting manner&? by increasing the-donating ability of
the ligand and simultaneously decreasing stsacceptor
ability. It is also possible that-donating effects could play

Table 4. Ligand-Exchange Kineticdg, for Bimetallic Complexed 2a
or Monometallic Complexe&4 with Pyridine Ligandsl3 in DMSO-ds

at 25°C
complex ki (s71) complex kq (s71)
l4a13a 107 14c¢13d 0.0006
14a13d 17 14d-13d 0.026¢
14b-13a 1a 12a13d 0.0005
14b-13d 1450

aData taken from ref 19 Data taken from ref 20t Data taken from

a role. While the nature of the bonding is undoubtedly more ref 20a

complex than simpler donation, however, the free energy
relationship in Figure 4 is sufficiently linear as to be useful

for guiding the design of systems with appropriate free
energies of association for a given endpoint. Unlike a

previous example of Cepicoline coordination reported by

Nelson3® no evidence for dramatic meta substituent effects
is observed here (3-methoxypyridine, empty diamond, Figure

4)

When the metal center is changed from Pd(ll) to Pt(ll), a
similar pattern is observed (Table 2 and Figure 5). Decreasing

the absolute association constants of common pyridine
ligands are a factor of100 greater. Because the operative
equilibrium is that between pyridine and DMSO coordina-
tion, these results are consistent with the common view that
DMSO (which typically coordinates to Pd(ll) and Pt(ll)
through sulfuf®) does not behave simply as a weaker version
of pyridine in the continuum of binding strengt¥sThe
equilibrium constantsKe, for the associations of complex
12b or 12c with pyridine ligands are summarized in Table

the electron-donating ability of the substituents, as expected,~*

leads to a decrease I for the association of complex
12a with pyridine ligands13a—13¢e 13h, and 13j—13k.
Interestingly, the magnitude of the dependence=(—2.1)
is very similar to that observed with complésa, although

35
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Figure 4. Linear free energy relationship of lol§eq vs o values for
bipalladium complex 1lawith pyridine ligandsl3a—13e(filled diamonds
= 4-substituted pyridines, empty diamord3-substituted pyridines).
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Figure 5. Linear free energy relationship of lol§eq vs o values for
biplatinum complexi2a with pyridine ligands13a—13e 13h, and 13j—
13k (filled diamonds = 4-substituted pyridines, empty diamonds
3-substituted pyridines).

It is interesting to compare the thermochemical features
of coordination in the pincer complexes to the bis(triph-
enylphosphine) arytPt(1l) motif 15338 whose use is well-
established within metal-directed supramolecular assembly.
Replacing the cis pincer alkylamino substituents with the
triphenylphosphines favors pyridine binding vs DMSO by
an additional factor of 10 (Table 2, Table 3), perhaps due to
the additionabz-accepting character of the phosphines, but
again discrimination within the family of substituted py-
ridines is effectively unchangeg (= —1.9). Effectively
equivalent absolute and relative equilibrium constants are
observed for the related metal compltEsb (o = —1.7, data
not shown). The relative binding of pyridines vs DMSO in
aryl Pd(Il) and Pt(ll) complexes, therefore, appear to be
generally unaffected by substitution on the trans organome-
tallic aryl group. The competition between pyridines and
DMSO is significantly influenced, however, by changes in
either the metal or the cis ligands. Previously, van Manen et
al. showed that the effect of pyridine substituent on com-
plexation to SCSPd(ll) pincer system&6a??d When their

(33) Johnson, C. DThe Hammett EquatigrCambridge University Press:
Cambridge, 1973.

(34) Previous work by van Manen et 4 on SCS-pincer complexes
interpreted the substituent effect in terms of the Brev@kamatoo™
substituent constant. The linear free energy relationshipsfaand
o give comparable correlation coefficients for the series examined here,
and we user as the basis for discussion. None of the conclusions of
this work are contigent on the choice ofvs 0.

(35) Nelson, S. M.; Shepherd, T. Nhorg. Chem.1965 4, 813-817.

(36) Calligaris, M.Coord. Chem. Re 2004 248 351—-375.

(37) (a) Pribula, A. J.; Drago, R. S. Am. Chem. Sod 976 98, 2784~
2788. (b) Kroeger, M. K., Drago, R. 8. Am. Chem. Sod981, 103
3250-3262.

(38) Manna, J.; Whiteford, J. A.; Stang, P. J.; Muddiman, D. C.; Smith, R.
D. J. Am. Chem. Sod 996 118 8731-8732.
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data is plotted against,®? a p value of —0.8 & 0.2 is ability. Hammett linear free energy relationships for coor-
obtained. The van Manen study differs from the current dination of substituted pyridines are nearly identical for Pd
experiments in several respects: the pincer ligands (SPh vsys Pt and pincer amine vs triphenylphosphine cis ligands,
NEt), the counterion (BF vs TfO"), and the solvent and the competition between pyridines is as sensitive to
(chloroform+ stoichiometric CHCN vs DMSQ). To address  solvent (DMSQOds vs CDCE) as it is to any of these
only the effect of pincer ligand, we synthesized NEdincer variations in pincer structure. As with the thermodynamics,
complex 16b* and obtained itsp value for pyridine no significant change in the kinetics of ligand exchange is
coordination in CDG. In this case, the value is—1.3 + observed from the monometallic to bimetallic complex.
0.2, slightly reduced from that dfla13 (p = —1.9£ 0.4) These results have several implications in the broader
in DMSO. The measuregdvalues are sensitive to the solvent context of reversible polymers and supramolecular networks.
and/or counterion, even though these species are not formallyFirst, the kinetic and thermodynamic independence of the
involved in competition between different pyridines. Their coordination events simplifies the interpretation of their
results suggest that differential solvation of piridines and their behavior in those materials, where the relative population
pincer complex is sensitive to pyridine substituent, and that of, and rates of transition between, a state of two vs one
affects equivalent as much as choice of metal or amine vscoordinated ligand determine molecular weights and me-
phospine®® chanical properties. Second, the similarity in the thermody-
Ligand-Exchange Kinetics. In addition to the thermo-  namic and kinetic parameters with those measured on model,
dynamics of coordination, the rate of ligand dissociation is monometallic systems corroborates the use of those model
often an important consideration in dynamic, metal-directed Systems as a reasonable anchor for determining molecule-
assemblies. The rate of pyridine exchange was measured byo-material relationships. Finally, the quantitative structure
monitoring the replacement of complexed pyridir8d with activity relationships establish a baseline by which the
its deuterated equivalerit3d-ds. Pyridine displacement from  thermodynamics of coordination can be readily engineered
these pincer complexes in DMSO occurs through a solvent-for particular outcomes.
assisted proced® and the effectively first-order rate constant
obtained from early time points<@0% substitution) of
pyridine exchange in the bimetallic compl&&a:13d (0.0005 Materials and Methods. DMSO (Acros), dichloromethane
+ 0.0001 s?) is within experimental error of that reported  (Acros), and pyridine ligand43a—13k (Aldrich) were used as
previously° for monomeric model complel4b-13d (0.0006 received. Solvents were dried and stored under nitrogen. Deuterated
-+ 0.0001 s%). The agreement in the two values is consistent S°lvents, DMSGds and CDC4, were purchased from CIL (Cam-
with a minimal substituent effect in substituted trans-aryl Pridge Isotope Laboratories, Inc¢ji NMR spectra were acquired

29 using a Varian 400 MHz spectrometé?C NMR spectra were
Pd(”). and P(ll) complexé8® and further supports_ the acquired at 100 MHz. Mass spectra were acquired by Georgy Dubay
meaningful use of model complexes sucHdbto describe

L - o . . at Duke University. Elemental analysis data were obtained from
kinetic, as well as thermodynamic, behavior in the bimetallic \;_4.y laboratories, Phoenix, AZ.

Experimental

complexes. Equilibrium Constants. The equilibrium constantsKeq, of
] metal-ligand coordination were determined By NMR spectros-
Conclusion copy. For example, pincer compléta (5 mM) and pyridinel3d

The association constants of pyridine coordination to 1,4- (10 mM) were dissolved in DMS@, introduced into an NMR
Py " tube, and shaken. After 10 min, or long enough time to ensure

phenylepe-brldged bipalladium and blplf’itlnum PINCEr COM- o qjilibration, NMR spectra were recorded. SepatitblMR peaks
plexes in DMSO have been determined By NMR were observed for the methylene protons of bound and ¥dee
spectroscopy. The two metal sites act as independent(3. 86 ppm for freella 3.99 ppm forllabound to pyridine) and
coordination sites for pyridine, and the thermodynamics of the ortho protons of bound and fré&d (8.58 ppm for free pyridine
pyridine coordination are effectively unchanged from those 13d, 8.80 ppm for pyridine bound tb1&). The integrations of the

of monometallic model complexes. The affinity for pyridine free and bound species were used to calculate the equilibrium
vs DMSO increases as the metal changes from Pd to Pt orconstant of the complex, determined in terms of concentration of
as the pincer alkylamino substituents are replaced by function_al groups (concentration of total metal sites is twice that
triphenylphosphines. For each of the organometallic com- ©f the bimetallic complexes). , , ,
pounds, pyridine coordination increases with electron- 405%?4?22&1?32?53\25 fiﬁ)li(\:/\t/tsa Xeéiﬂaé%gi'g?jﬂ‘ging ?n\e/gllan
donating substituents at the para position, although the effect b :

. . NN . compound {23 5 mM) and pyridine ligand13d, 10 mM) was
of those substituents likely reflects a combination of in- equilibrated, and 84 NMR spectrum recorded. Deuterated pyridine

creasedo-donating strength and decreasesaccepting (13d-ds) was added to the solution to give a final concentration of
20 mM in 13d-ds. The solution was inverted several times in the
(39) Differential solvation has been implicated in ligand-exchange kinetics, NMR tube to mix the reactants, and the sample was returned to
for example, nucleophilic substitution reaction of platirfd#* and .
palladium complex (a) Romeo, R.; Tobe, M. L.. Trozzi, Maorg. the spectrometetH NMR spectra were tak_en every 15 min for 4
Chim. Actal974 11, 231-236. (b) Pitteri, B.; Cattalini, L.; Chessa, ~ h. Spectra were then analyzed to determine the amount of bound

G.; Marangoni, G.; Stevanato, N.; Tobe, M.1.Chem. Soc., Dalton and free species (ortho aryl protons, bound at 8884 ppm/free
Trans.1991, 3049-3054. (c) Alibrandi, G.; Romeo, R.; Scolaro, L. at 8.56-8.55 ppm) of13d

M.; Tobe, M. L.Inorg. Chem.1992 31, 5061-5066. (d) Canovese, ' : L

L.: Cattalini, L.: Uggag”am P Tzobe’ M. 1. Chem$ %Oc” Dalton X-ray Structure Determination of Compound 10a and the

Trans.199Q 867—872. Hydrate of 11d. Diffraction data were collected using a Bruker
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Smart Diffractometer{0a and Bruker Kappa Diffractometet {d) solution was reduced to volume under vacuum, and the product
equipped with an Apex Il detector at room temperature. Data were (yellow solid) was purified using flash chromatography (§iO
collected at 10 s per frame for the whole hemisphere. The data CHCIy/CH;OH = 97:3). The resulting yellow solid was dried under
were processed with Apex Il software and the structure was solvedvacuum. Yield 94% (1.855 gfH NMR (CDCl) 6 3.73 (s, 8H,
and refined using Apex Il software (see Supporting Information). PhCH,), 3.45(dq,J = 12.0 Hz, 7.0 Hz, 8H, NC}), 2.62 (dg,J =
Synthesis. Compounds6,25 8c4 14,1920 155200 15}19-20 12.0 Hz, 7.0 Hz, 8H, NCh), 1.57 (t,J = 7.0 Hz, 24H, CH). 1°C
16,1922 [PtCl(SEb),],28 and [Ptp-tolyl) (SEb)],2” were synthe- NMR (CD,Cl,) 6 151.0, 138.3, 65.7, 59.2, 14.5. Anal. Calcd for
sized according to literature procedure. CoeHagBroNsPL: C, 39.56; H, 6.13; N, 7.10. Found; C, 39.73; H,
1,4-Dibromo<{ 2,3,5,6-tetrakis(bromomethyl} benzene, 1,4- 6.11;N, 7.11. HRMS (FABJ2706.1153 (M- Br] *, CodHagNs-

CeBr,(CH,Br)4-2,3,5,6 (7).Compound72%a2 was generated by a BrPd, calcd 706'11_48)' ) ) .
previously published proce$8used to make the 1,2,4,5-tetrakis- _ 12:3,5,6-Tetrakis(methylpiperidyl)phenylene-1,4-bis-
(bromomethyl)benzen&l-Bromosuccinimide (12.816 g, 0.072 mol) {bromopalladium(ll) }], [(PdBr)2-14{Ce(CH2NEL;)4-2.3,5,4]
was added to a stirred solution 6f(2.920 g, 0.01 mol) in CHGI [(PdBr) 2'1'4{_ CG(CHZN(__CHz_)5)4'2'3’5’6] (9D). Compound?b
(150 mL) at room temperature. The reaction mixture was heated Va5 synthe5|z_ed according to _the procedured@rThe reaction .
to reflux and stirred for 5 h, at which time the product had mixture was filtered through .fllter paper and then washed with
precipitated. The reaction mixture was allowed to cool to room to_Iuene (3>_< 20 mL). The solid on the filter paper was washed
temperature, and the product was filtered and washed with cold with cold dlethyl_ ether (SX_ 20 mL) and then washgd twice with
dichloromethane (5« 100 mL). The white solid was dried under acold solvent m|xt_ure of dlethylgther (15 T“L) and d|chloromethane
vacuum. Yield 75% (4.560 gfH NMR (CDCl) 6 4.84 (s, 8H, (5 mL). The resulting yellow solid was dried under vacuum. Yield
PhCH). °C NMR (CDCl) 6 153.1, 128.4, 30.7. HRMS (FAB)  81% (1.696 9):H NMR (CDCL) 0 4.19-3.95 (m, 8H, NCH),

/2 607.5659 (M, CioHsBr6, calcd 607.5665). The resulting white ‘(‘:'34 %gmihc% 3.27 (br S'tSH' N%@' i'g} t't“? (”;' d24Ht’ "
solid was used in the subsequent amination without further 2)- and mass specira couid hot be obtained due fo the

purification. poor solubility of compoun®b, but the structure was confirmed

. . ) from its subsequent conversionlab. The product was converted
1,4-Dibromo-[2,3,5,6-tetrakig (diethylamino)methy} Jbenzene,

1,4-CsBr»(CH:NEL,)4-2,3,5,6 (8a).C a8 ted directly into the triflated product, 1b, without further purification.
4-CBr2(CH2NEt)4-2,3,5,6 (8a).Compound8a was generate i . ; P
using the procedure reported previously &4 Compound7 [2,3,5,6-Tetrakiq (dimethylamino)methy} phenylene-1,4-bis

(6.080 g, 0.01 mol) was added to a stirred solution of diethylamine {bromopalladium(ll) }], [(PdBr) >-1,4{ Ce(CHzNMe;)-2,3,5.8]

. o . (9¢). Compound9c was synthesized according to the procedure
(2.1'942 g, 0.30 mol) in THF (60 mL) at10 °C. The reactlon. for 9b. The resulting white solid was dried under vacuum. Yield
mixture was allowed to warm to room temperature over a period 83% (1.405 g)IH NMR (CDCly) 6 3.79 (s, 8H, PhCH), 2.92 (s
of 1 h and then heated to 5% for 5 min. The reaction mixture | Né"b) 13.C NMR and mi'tss s.pectré co’uld ot ’be. obtafned
was allowed to cool to room temperature, and all volatiles were due 'to the p;oor solubility of compourg, but the structure was

removed un:j]le(rj yacuum to leave a white solid residude. 'I_'r;]is _reSidueconfirmed from its subsequent conversioriie The product was
Wfas'suspen € ',n aqueous NaOH (100 mL, 2 M), an W't VIgorous o nyerted directly into the triflated productlc without further
stirring of the mixture, BXO (300 mL) was added. Stirring was purification

stopped, from the resulting two-layer system the organic layer was [2,3,5,6-Tetrakig{ (diethylamino)methy} phenylene-1,4-bis-

combined arganic ayer and exracts wiere washed wifssaturateclOMOPRINUM() 1], (PN L CYCHANEL.r2:35.9] 10a)
9 Y Compound3a (2.000 g, 3.47 mmol) was dissolved in dry toluene

adueous Eaﬁ' (1(:0 mL) Z“d dc;'ed(;"”th Mgmhﬁhso'”“"lrt‘_ WA (75 mL). [Ptp-oly):(SER)]; (4541 g, 4.82 mmol) was added, and
iltered and the volume reduced under vacuum. The resulting white the solution was stirred and heated to°@for 36 h. The solution

solid was dried under vacuum. Yield 91% (5.246 §). NMR was then filtered through celite and washed with toluene until the
(CDCl) 0 4.11 (s, 8H, Pth),12.52 (9= 7.1 Hz, 16H, NCH), yellow color on celite was washed through. The celite was then
0.94 (t,J = 7.1 Hz, 24H, CH). *C NMR (CDC¥) 1f'0'1’ 132.6, washed with dichloromethane (1 L) into a clean flask, and the
55.7,45.8, 11.8. HRMS (FAB)V2577.2308 ([w— H] 7, CogHaoNa- volume of the dichloromethane solution was reduced under vacuum.
Br,, calcd 577.2304). The product was carried on to subsequent.l-he product was purified using flash chromatography ¢SEBHC/
metalation product9a and 10a without further purification. CH:OH = 97:3). The resulting yellow solid was dried under
1,4-Dibromo-[2,3,5,6-tetraki§ methylpiperidyl } Joenzene, 1,4-  yacuum. Yield 72% (2.415 gfH NMR (CDCl;) 6 3.81 (s, 8H,
CeBra[CH2N(—CH;—)s]4-2,3,5,6 (8b).CompoundBb was synthe- 33, = 32.8 Hz, PhCH), 3.51 (dq,J = 12.1 Hz, 7.1 Hz, 8H,
sized according to the procedure & The resulting white solid NCH,), 2.84 (dg,d = 12. 1 Hz, 7.1 Hz, 8H, NCh), 1.49 (t,J =
was dried under vacuum. Yield 92% (5.746 #). NMR (CDCl) 7.1 Hz, 24H, CH). 13C NMR (CDCk) ¢ 133.2, 68.7, 60.6, 13.7.
0 4.07 (s, 8H, PhCh), 2.40 (s, 16H, NCh), 1.46-1.39 (m, 24H, Anal. Calcd for GgHagBraN4Pt: C, 32.31; H, 5.01; N, 5.80. Found;
CHp). 13C NMR (CDCk) 6 139.3, 132.8, 59.6, 54.7, 26.4, 24.7. C, 32.26; H, 4.93; N, 5.74. HRMS (FABz 884.2305 ((M— Br] *,
HRMS (FAB) myz 625.2305 ([M+ H] *, CgoHadN4Br, calcd CoaHagN4BrPb, calcd 884.2337). X-ray molecular structure data of
625.2295). The product was used in the synthesis of the metallatedpimetallic complexLOaare available in the Supporting Information.

products,9b and 10b, without further purification. [2,3,5,6-Tetrakis(methylpiperidyl)phenylene-1,4-bis-
[2,3,5,6-Tetrakig (diethylamino)methy} phenylene-1,4-bis- {bromoplatinum(ll) }], [(PtBr) »-1,4{ Cs(CHN(—CH2—)s)+-2,3,5,6]
{bromopalladium(ll) }], [(PdBr),-1,4{ Ce¢(CH,NEt,)4-2,3,5,8] (10b). CompoundlObwas synthesized according to the procedure

(9a). Compound8a (1.441 g, 2.50 mmol) was dissolved in dry for 10a The reaction mixture was filtered through filter paper and
toluene (50 mL). Pgdba} (2.562 g, 2.80 mmol) was added, and then washed with toluene (8 20 mL). The solid was washed with
the solution was stirred and heated to°@for 36 h. The solution a cold diethylether (5< 20 mL) and then washed twice with a
was then filtered through celite and washed with toluene until the cold solvent mixture of diethylether (15 mL) and dichloromethane
yellow color on celite was washed through. The celite was then (5 mL). The resulting pale yellow solid was dried under vacuum.
washed with hot chloroform (1 L) into a clean flask. The chloroform Yield 79% (2.782 g)*H NMR (CDCl3) 6 4.13-3.97 (m, 8H, NCH
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3Jpi_y Were not observed, a fact we attribute to the poor solubility
of the compound), 4.07 (s, 8H, PhgH3.26-3.23 (m, 8H, NCH),
1.74-1.36 (m, 24H, CH). 13C NMR and mass spectra could not
be obtained due to the poor solubility of compoutib, but the
structure was confirmed from its subsequent conversioh2to
The product was converted directly into the triflated prod2b,
without further purification.

[2,3,5,6-Tetrakiq (dimethylamino)methy} phenylene-1,4-bis-
{bromoplatinum(ll) }1, [(PtBr) »-1,4{ Cs(CH.NMe,)s-2,3,5,6] (10c).
CompoundlOcwas synthesized according to the procedure €
The resulting white solid was dried under vacuum. Yield 81%
(2.401 g).*H NMR (CDCl;) ¢ 3.85 (s, 8H, PhCH 3Jp—y not
observed due to very poor S/N ratio), 3.07 (s, 24H, NCBb_n
not observed due to very poor S/N ratié§C NMR and mass

Jeon et al.

NMe,)s-2,3,5,6] (11c¢). Compoundllcwas synthesized according
to the procedure fat1b. The resulting white solid was dried under
vacuum. Yield 97% (0.554 gfH NMR (CD;OD) 6 3.86 (s, 8H,
PhCH), 2.74 (s, 24H, NCh). 13C NMR (CD;0D) ¢ 148.8, 138.9,
72.6, 52.6. MS (FABWz 816 ([M+1]*, 3), 814 ([M-1]*, 1), 667
(100), 665 (90), 613 (24), 518 (21). HRMS (FAB)z 665.0221
(IM—CFRsSGO;]t, CigH3F3N4O3PaA:S, calcd 665.0216). Anal. Caled
for CogHaFsN4sOsPbS,: C, 29.46; H, 3.96; N, 6.87. Found; C,
29.36; H, 4.04; N, 6.73. Compleklc was used immediately in
the thermodynamic study after isolation.

[2,3,5,6-Tetrakiq (diethylamino)methy} phenylene-1,4-bis-
(platinumtrifluoromethanesulfonate)], [(PtOTf) »-1,4{ Cs(CH>-
NEt,)s-2,3,5,8] (12a). Compoundl2awas synthesized according
to the procedure fat1a The resulting yellow solid was dried under

spectra could not be obtained due to the poor solubility of compound vacuum. Yield 95% (0.735 g}H NMR (CDsOD) ¢ 3.95 (s, 8H,
10b, but the structure was confirmed from its subsequent conversion3j,,_,, = 46.4 Hz, PhCH), 3.06 (dg,J = 12.5 Hz, 7.1 Hz, 8H,

to 12¢ The product was converted directly into the triflated product,
12¢ without further purification.

[2,3,5,6-Tetrakiq (diethylamino)methy} phenylene-1,4-bis(pal-
ladiumtrifluoromethanesulfonate)], [(PdOTf) »-1,4{ C¢(CHNEL,) 4
2,3,5,8] (11a). Compounda (0.553 g, 0.70 mmol) was dissolved
in dichloromethane (75 mL), and the reaction flask was wrapped
by aluminum foil. AgOTf (0.389 g, 1.50 mmol) was added to the
reaction mixture at OC. The solution was stirred for 24 h at room
temperature and, after the aluminum foil was removed, stirred for
an additional 4 h. The reaction mixture was filtered, the solid
washed with dichloromethane 3 100 mL), and the solvent was
evaporated. The resulting yellow solid was dried under vacuum.
Yield 96% (0.623 g)H NMR (CDCly) 6 3.72 (s, 8H, PhCHj,
3.22 (dg,J = 12.6 Hz, 7.1 Hz, 8H, NCb), 2.65 (dq,J= 12.6 Hz,
7.1 Hz, 8H, NCH), 1.57 (t,J = 7.1 Hz, 24H, CH). 'H NMR
(CDs0OD) 6 3.90 (s, 8H, PhCh), 3.00 (dg,J = 12.8 Hz, 7.0 Hz,
8H, NCH,), 2.74 (dg,J = 12.8 Hz, 7.0 Hz, 8H, NC}h), 1.54 (t,J
= 7.0 Hz, 24H, CH). 13C NMR (CDCk) ¢ 144.9, 137.8, 64.6,
57.4, 14.013C NMR (CD;OD) ¢ 146.3, 139.4, 65.4, 58.4, 14.4.
MS (FAB) m'z 928 (IM + 1]*, 3), 926 (M — 1]*, 3), 779 (100),
777 (80), 630 (6), 524 (6). HRMS (FAByz 777.1405 ([M—
CR3S0s)t, CoHig0O3N4F3SPAd, caled 777.1411). Anal. Calcd for
CogH4s0sN4FeSPd: C, 36.25; H, 5.22; N, 6.04. Found; C, 36.36;
H, 5.28; N, 5.95. Complextla was used immediately in the
thermodynamic study after isolation.

[2,3,5,6-Tetrakis(methypiperidyl)phenylene-1,4-bis(palladi-
umtrifluoromethanesulfonate)], [(PdOTf)»-1,4{ Cs(CH,N(—C-
H5)s—)4-2,3,5,8] (11b). CompoundlL1bwas synthesized according
to the procedure folla The reaction mixture was filtered, the
solid washed with dichloromethane (90 mL) and methanol
(10 mL), and the solvent was evaporated. The resulting white solid
was dried under vacuum. Yield 94% (0.642 #). NMR (CDCls)

0 4.07 (br s, 8H, PhC}), 3.78-3.72 (m, 8H, NCH), 3.23-3.19
(m, 8H, NCH), 1.74-1.46 (m, 24H, CH). 'H NMR (CD3;0OD) 6
4.24 (s, 8H, PhCh), 3.36-3.29 (m, 8H, NCH), 3.19-3.16 (m,
8H, NCH,), 1.92-1.86 (m, 8H, CH), 1.70-1.67 (m, 4H, CH),
1.58-1.45 (m, 12H, CH). 13C NMR (CDs0D) ¢ 150.5, 137.4, 68.0,
62.3, 24.4, 22.6. MS (FABz 976 (M + 1]+, 1), 974 (M —
1]*, 1), 827 (100), 825 (89), 768 (8), 572 (22). HRMS (FAMRB)z
825.1468 ([M— CRSOs]t, C3iHagFsN4OsPdS, calcd 825.1471).
X-ray molecular structure data of formédd from 11bare available

in the Supporting Information. Anal. Calcd forzEl4gFsN4Os-
PaS;: C, 39.39; H, 4.96; N, 5.74. Found; C, 39.02; H, 4.82; N,
5.63. Complext1b was used immediately in the thermodynamic
study after isolation.

[2,3,5,6-Tetraki (dimethylamino)methy} phenylene-1,4-bis-
(palladiumtrifluoromethanesulfonate)], [(PAOTf) -1,4{ C¢(CH -
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NCH,), 2.90 (dg,J = 12.5 Hz, 7.1 Hz, 8H, NCh), 1.42 (t,J =

7.1 Hz, 24H, CH). 13C NMR (CDs0OD) 6 149.7, 137.3, 68.4, 60.4,
13.8. MS (FAB)mVz 1104 (M", 3), 955 (100), 847 (17), 806 (8),
775 (8). HRMS (FAB)Mz 954.2678 (IM— CFsSOs] ", CoHagFs-
N4O3PLS, calcd 954.2674). Anal. Calcd fopgBl,gFsN4OsPLS: C,
30.43; H, 4.38; N, 5.07. Found; C, 30.36; H, 4.39; N, 4.99. Complex
12a was used immediately in the thermodynamic study after
isolation.

[2,3,5,6-Tetrakis(methypiperidyl)phenylene-1,4-bis(platinumtri-
fluoromethanesulfonate)], [(PtOTf),-1,4{ Cs(CHN(—CH2—)s) 4
2,3,5,8] (12b). Compoundl2b was synthesized according to the
procedure forllb. The resulting yellow solid was dried under
vacuum. Yield 96% (0.775 gfH NMR (CD3OD) 6 4.12 (s, 8H,
3Jpn = 40.8 Hz, PhCH), 3.31-3.23 (m, 8H, NCH), 3.10-3.07
(m, 8H, NCH), 1.871.81 (m, 8H, CH), 1.63-1.53 (m, 4H, CH)),
1.50-1.46 (m, 12H, CH)). 13C NMR (CD;0D) d 149.3, 139.0, 65.9,
60.4, 24.6, 22.3. MS (FABjnz 1153 (M*, 4), 1103 (100), 854
(11), 740 (16). HRMS (FAB)YWz 1003.2659 ([M— CFSGO; ™,
Ca1H4gFN4O5PLS, calcd 10032656) Anal. Calcd f0§£48F6N406-
PtS: C, 33.33; H, 4.20; N, 4.86. Found; C, 33.28; H, 4.07; N,
4.60. Complexi2b was used immediately in the thermodynamic
study after isolation.

[2,3,5,6-Tetrakiq (dimethylamino)methy} phenylene-1,4-bis-
(platinumtrifluoromethanesulfonate)], [(PtOTf) »-1,4{ Cs(CH2N-
Me,)+-2,3,5,8] (12c). Compoundl2c was synthesized according
to the procedure fat1h. The resulting yellow solid was dried under
vacuum. Yield 97% (0.554 gfH NMR (CDsOD) ¢ 3.86 (s, 8H,
3Jpp = 44.4 Hz, PhCH), 2.74 (s, 24H3Jp._; = 32.0 Hz, NCH).
13C NMR (CD;0OD) ¢ 138.9, 137.3, 75.1, 54.2. MS (FABYz 992
(M*, 1), 843 (100), 734 (19), 694 (26), 613 (55). HRMS (FAB)
m/z841.1390 ([M— CRSGO;]t, CigH3:03N4F3PLS, calcd 841.1401).
Anal. Calcd for GogH3,06N4FsPLS,: C, 24.20; H, 3.25; N, 5.64.
Found; C, 24.40; H, 3.50; N, 5.39. Compled2c was used
immediately in the thermodynamic study after isolation.
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