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Summary: The preparation and structure of the rigid
rod-like platinum monoacetylide {Pt}C=C-4-C¢H>l-1-
(CH2NMey),-2,6) ({Pt} = [Pt(CsH3z{ MeaNCH5},-2,6)]) are
described. Its oxidative addition to Pd(dba), yields a
heterobinuclear { Pt} C=C{Pd} I complex ({Pd} = [Pd(—
4-CsHo{ Me;NCH,} 2-2,6)11); this provides a new strategy
for the controlled and stepwise construction of rigid rod-
like metallopolymers.

Introduction

The chemistry and coordination behavior of metal
complexes of the monoanionic, potentially tridentate
coordinating NCN pincer ligand system (NCN =
[CeH3(CH2NMey),-2,6]7)! and related tridentate phos-
phino or sulfido derivatives have been explored thor-
oughly for a large number of different metal ions.2 This
ligand is able to stabilize unusual oxidation states of
group 10 metal centers, e.g., a Ni(lll) center in the
Kharasch addition reaction.® Moreover, the carbon-to-
metal o-bond in, for example, [PtCI(NCN)] (complex 1;
abbreviated as {Pt}Cl) has been shown to be stable
toward hydrolysis by water and dilute acids.*

Functionalization of the pincer ligand at the para-
position relative to the metal-bound carbon allows for
the construction of macromolecules with more than one
metal atom.5 In addition, this approach provides access
to hydrogen-bonded molecular structures exhibiting a
directional vector imposed by the ligand architecture
and the metal coordination geometry, e.g., using square-
planar d® metal centers.® Such structures (cf. A, Scheme
1) may function as models for electronic conduction
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along z-conjugated organometallic chains’ or as com-
plexes with high hyperpolarizabilities,® since the metal
center is held in direct proximity to the z-conjugated
system owing to the rigid complexation by the NCN
ligand.

Self-condensation, i.e., formal loss of HCI from com-
plexes of type A, can be considered a promising strategy
to construct long-chain molecules (ideally polymers)
which are bound either covalently (type B, Scheme 1)
or via ionic interactions (type C). Related bimetallic
complexes containing nondirectional bis-NCN type link-
ers between the metal centers were demonstrated to
transmit electronic information along their s-conjugated
organic systems.d:9
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Hitherto, only reports dealing with the preparation
of symmetric, nondirectional organometallic polymers
have appeared.1® Moreover, to the best of our knowledge,
direct approaches to well-defined oligomers or polymers
of structural type C are not known. Therefore, we have
developed a stepwise synthesis of such complexes hav-
ing a directionality vector along the organometallic
chain. Preliminary studies showed that the platinum—
acetylide o-bond in, for example, {Pt}C=CSiMes is
easily cleaved in the presence of halide sources, such
as [CuCl], or [N"Bug]Cl.t Thus, the well-known Cu(l)-
mediated reactions for the synthesis of Pt(l1) acetylides!?
are not feasible options for the consecutive construction
of type B structures. Hence, the synthesis of a NCN
ligand system that includes two chemically different
reactive sites was necessary in order to enable the easy
and controlled chemoselective formation of type B
structures.

Results and Discussion

Preparation and Solid State Structure of 4-Ethy-
nyl-2,6-bis(dimethylamino)methyl-1-iodoben-
zene (3). CgHzl-1-(CH2NMey),-2,6-(C=CH)-4 (3) has
been obtained by selective 4-lithiation of CgH3(CH>-
NMe,)»-3,5-(C=CSiMej3)-1 (2), followed by titration of
the resulting lithium derivative with an ethereal iodine
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Figure 1. Platinum pincer complex 1.

Figure 2. Molecular structure of 3 showing the presence
of hydrogen-bonded molecular dimers in the solid state:
C(14)—H(14) 0.950 A, H(14)---N(2a) 2.401 A, C(14)---N(2a)
3.296(3) A; C(14)—H(14)---N(2a) 156.69°.

solution and subsequent reaction with a solution of
K,CO3 in MeOH (Scheme 2). The IR spectrum of 3
showed stretching vibrations (v—cq = 3292 cm™! and
vc=c = 2106 cm~1) which are typical of phenylacetylene
derivatives.®

Orange-red crystals of 3 were grown by cooling a
n-pentane solution of 3 to —30 °C. The molecular
structure of 3 has been determined by single-crystal
X-ray diffraction analysis.

The CH;NMe; groups point away from the iodine, and
the nitrogen lone pair of the NMe;, group is directed
toward the acetylenic proton of a coplanar neighboring
molecule of 3 (Figure 2), suggesting intermolecular
C—H:*N hydrogen bonding (H(14):-*N(2a) 2.401 A,
C(14)—H(14)---N(2a) 156.7°). The hydrogen-bonded dimer-
ic units display a ladder-type orientation which is
mediated by weak intermolecular halogen—halogen
interactions (I--+1 3.7273(11) A). This I--I distance is
shorter than the sum of the van der Waals radii (4.3
A), but substantially longer than the bond distance in
molecular iodine (2.66 A) and corresponds well with the
average value of the intermolecular I---1 separation in
crystalline 1,.1* The packing motif of compound 3 is
similar to that of 4-X-ethynylbenzene derivatives (X =
Cl, Br, 1).15 All other structural details of molecule 3
are similar to those of iodo aryl compounds!® and/or
aromatic acetylenes reported earlier.614.17
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Figure 3. ORTEP view (50% probability) of the platinum
acetylide 4 with the adopted numbering scheme. Selected
bond distances (A) and angles (deg): Pt—C(1) 1.942(7), Pt—
C(13) 2.061(7), Pt—N(1) 2.077(5), Pt—N(2) 2.088(5), C(13)—
C(14) 1.195(10), C(14)—C(15) 1.438(9), C(18)—1 2.118(7);
C(1)—Pt—C(13) 178.3(3), C(1)—Pt—N(1) 81.6(3), C(1)—Pt—
N(2) 80.9(3), N(1)—Pt—N(2) 162.5(2), N(1)—Pt—C(13) 96.8-
(2), N(2)—Pt—C(13) 100.7(3), Pt—C(13)—C(14) 170.6(7),
C(13)—C(14)—C(15) 175.5(8).

tion with Pd(dba),. Selective deprotonation of the
acetylenic moiety in the ligand precursor 3 without
affecting the carbon—halide bond was accomplished by
using n-BuLi at —78 °C (Scheme 2). The lithium
acetylide was treated in situ with platinum complex
{Pt}ClI (1), thus affording the rigid rod-like platinum
acetylide [{ Pt} C=C-4-CgHl-1-(CH,NMe,),-2,6] (4). All
spectroscopic data (IR, H NMR, 2C{1H} NMR) of 4 are
in accordance with the proposed structure and compare
well with the values recently reported for similar
platinum-bound acetylides.?

By cooling a toluene solution of 4 to —30 °C, single
crystals were obtained which were suitable for an X-ray
crystal structure determination. The solid state struc-
ture of 4 is given in Figure 3. The platinum center is
held in a distorted square-planar environment with the
o-acetylide ligand in a position trans to Cips, Of the 73-
N,C,N bonded aryldiamine ligand. This coordination
geometry is typical for molecules containing a NCN—
Pt entity.4® The Pt—C(13) bond length of 2.061(7) A is
within the range of reported Pt o-acetylide distances.'®
The C=C triple bond (C(13)—C(14) 1.195(10) A) is
slightly longer than in the nonmetalated acetylene 3
(1.183(3) A), which corresponds with a shift of the vc_c
stretching vibration band to lower wavenumbers (cf.
Experimental Section). As expected, the z-conjugated
organometallic system in 4 is nearly linearly arranged
and therefore represents a rigid rod-like building block
for the preparation of polymeric materials containing
transition metals interconnected by directional linkers.
The aromatic rings are tilted by only 12.9(3)° relative
to each other, which is essential for electronic com-
munication and a direct consequence of the acetylenic
spacer. In bisaryl platinum systems, which lack such a
C, fragment, this angle is typically larger than 75° and,
therefore, any m-conjugation is interrupted. Interest-
ingly, the Cs,—Csp2 and C—1 bond lengths (C(14)—C(15)
1.438(10) A, C(18)—1 2.118(7) A) are both very close to
the values found in the metal-free acetylene 3, suggest-
ing a minimal influence of the platinum center on the
carbon—iodide bond.

Notes

Scheme 3
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Preparation of Binuclear { Pt} C=C{Pd}I (5) ({Pd}
= [Pd(—4-CsH{ CH,NMe3},-2,6)]1). Treatment of the
Pt—acetylide 4 with an equimolar amount of Pd(dba),!°
(dba = dibenzylideneacetone) at 25 °C leads to the
insertion of a Pd atom into the C—1 bond (Scheme 3).3
Formation of the heterobimetallic complex {Pt}C=
C{Pd}I (5) {Pd} = [Pd(—4-CsH2{ CH,NMe;},-2,6)]") is
indicated by 'H NMR spectroscopy, which clearly re-
veals a downfield shift of the resonances of the protons
of the CH;NMe; groups upon coordination to the Pd(11)
center. The singlets for the NMe, groups are located at
2.95 ppm in 5 (cf. 2.25 ppm in 4), and the signal of the
benzylic protons is shifted from 3.43 ppm (in 4) to 3.91
ppm. Similar effects are also observed in the 13C{1H}
NMR spectrum of 5. The resonance of C(1) is diagnostic
and shifts from 107.0 ppm (4, bound to iodide) to 160.7
ppm (5, bound to palladium). In the IR, the C=C stretch
vibration (vc—c = 2075 cm™1) in 5 is virtually identical
with that observed for 4.

Conclusions

The NCN-type ligand CgH21-1-(CH2NMey),-2,6-(C=
CH)-4 (3), containing two different reactive sites, has
been synthesized. In the solid state, this molecule forms
a p-type network stabilized by I---1 interactions and
C—H---N hydrogen bonding. The attachment of 3 to a
{Pt} terminal unit leads to the formation of the rigid
rod-like Pt—acetylide 4. The crystal structure of this free
NCN-—Pt monoacetylide combines features of both NCN—
Pt complexes as well as of other Pt—acetylide systems.
The presence of a Pt center does not change the
structural arrangement of the iodo—NCN fragment.
Further, oxidative addition of 4 to a Pd(0) moiety yields
the heterobinuclear Pt—Pd complex 5 and thus provides
a good strategy for the controlled and stepwise con-
struction of rigid rod-like metallopolymers.

Experimental Section

General Comments. All reactions were carried out under
an atmosphere of dry nitrogen using standard Schlenk tech-
niques. Tetrahydrofuran (THF) and diethyl ether (Et,O) were
purified by distillation from sodium/benzophenone ketyl; n-
pentane was purified by distillation from CaH,. All NMR
spectra were recorded at 298 K (*H NMR at 300 MHz, 13C-
{*H} NMR at 75 MHz). Chemical shifts (d) are reported in ppm
(J in Hz) and referenced to SiMe,. FAB mass spectra were
recorded at the Department of Mass Spectrometry, Bijvoet
Center, Utrecht University. Melting points are uncorrected.
Microanalyses were performed by H. Kolbe, Mikroanalytisches
Laboratorium, Mulheim/Ruhr, Germany.
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Notes

The starting materials {Pt}Cl (1),* Pd(dba),,*® and Ce¢Hs-
(CH2NMey),-2,6-(C=CSiMes)-4 (2)¢ were prepared according
to published procedures. All other chemicals were obtained
commercially and used as received.

CeH21-1-(CH2NMe,),-2,6-(C=CH)-4 (3). To a n-pentane
solution (150 mL) of 2 (2.17 g, 7.5 mmol) was added n-BuLi
(1.6 molar in hexane, 6.1 mL, 9.8 mmol) at —78 °C. After
gradual warming to 25 °C (12 h), the reaction mixture was
concentrated and the residue dissolved in Et,O (20 mL). An
ethereal solution of I, (2.5 g, 9.8 mmol in 100 mL) was slowly
added until a brown color persisted. The reaction mixture was
extracted with aqueous HCI (10%, 4 x 10 mL). After washing
with Et,O (3 x 50 mL), the combined aqueous phases were
basified to pH > 12 using a 5% NaOH solution and extracted
with Et,0 (3 x 50 mL). The combined ethereal extracts were
dried over MgSO, and filtered, and the Et,O was evaporated
in vacuo to yield a brown oil. This was transferred to a solution
of K;CO3 in MeOH (1.0 g, 7.2 mmol, 100 mL). After stirring
for 5 h at 25 °C, all volatiles were removed in vacuo, and the
residue was extracted with n-pentane (3 x 50 mL). Evapora-
tion of the combined extracts gave 3 (2.18 g, 85% yield based
on 2) as a brown oil, which solidified upon standing.

Mp: 52 °C. IR (NaCl): 2106 cm™ (s; vc=c), 3292 cm™ (s;
v—ch). 'H NMR (CDCls): ¢ 2.31 (s, 12 H, NMey), 3.09 (s, 1 H,
=CH), 3.49 (s, 4 H, CHy), 7.41 (s, 2 H, Cary—H). 13C{*H} NMR
(CDCls): 6 45.5 (NMey), 68.8 (CH,), 77.8 (C=CH), 83.0 (C=
CH), 121.5 (Cary1), 131.5 (Caryi), 132.1 (Cary—H), 142.3 (Cary).
FAB-MS: m/z (rel int) 343 (100) {[M + H]*}, 341 (40) {[M —
H]*}, 215 (40) {[M + H]* — HI}, 128 (30) {[HI]"} 58 (50)
{[CsHsN]*}. Anal. Calcd for C14H19IN, (342.22): C, 49.14; H,
5.60; N, 8.11. Found: C, 49.24; H, 5.63; N, 8.11.

{Pt} C=CCsH:l-4-(CH:NMe;),-3,5 (4). To a Et,0 solution
(150 mL) of LiC=CCgH2l-4-(CH;NMe),-3,5 (350 mg, 1.0 mmol)
was added 1 (430 mg, 1.0 mmol) at —78 °C. After gradual
warming to 25 °C and stirring for 24 h, all volatile materials
were removed in vacuo. The resulting residue was extracted
with n-pentane (5 x 40 mL), and the combined organic pahses
were evaporated to dryness, affording 4 (290 mg, 40% yield
based on 1) as a brown solid.

Mp: 140 °C (dec). IR (KBr): 2076 cm™ (s, vc=c). ‘*H NMR
(CDClg): 6 2.25 (s, 12 H, NMey), 3.21 (s, 3Jupe = 39.8 Hz, 12
H, NMe,), 3.43 (s, 4 H, CHy), 4.11 (s, 3Jnpt = 48 Hz, 4 H, CH)),
6.8—7.0 (M, 3 H, Caryi—H), 6.89 (s, 2 H, Caryi—H). BC{*H} NMR
(CDCls): 0 45.6 (NMey), 56.0 (NMey), 69.1 (CH,), 80.0 (CHy),
103.3 (PtC=C), 107.0 (Cary1), 118.6 (Caryi—H), 126.6 (Cary1), 128.0
(Caryi—H), 132.4 (Caryi—H), 138.2 (PtC=C), 141.1 (Cary), 146.1
(Cary1), 166.6 (Cary). FAB-MS: m/z (rel int) 728 (20) {[M + H]*}
727 (15) M, 385 (90) {[C12H19N,Pt] "}, 343 (10) {[C14H16IN2]*}.
Anal. Calcd for CysHs7IN4Pt (727.60): C, 42.92; H, 5.13; N,
7.70. Found: C, 42.68; H, 5.26; N, 7.60.

{Pt}C=C{Pd}I (5). To a solution of 4 (70 mg, 0.1 mmol) in
toluene (30 mL) was added Pd(dba), (55 mg, 0.1 mmol) at 25
°C. After stirring for 48 h, all volatile materials were evapo-
rated. The residue was successively washed with n-pentane
(2 x 5mL) and Et,0 (3 x 10 mL) and extracted with CH,ClI,
(5 x 10 mL). The combined CH.Cl, extracts were filtered
through a pad of Celite and concentrated to 5 mL. Addition of
n-pentane (30 mL) resulted in a brownish precipitate. Drying
in vacuo gave 5 (35 mg, 40% based on 4).

Mp: >200 °C. IR (KBr): 2075 cm™2 (s, vc=c). *H NMR (CD-
Cly): 8 2.95 (s, 12 H, NMey), 3.18 (s, 3Jppt = 38.2 Hz, 12 H,
NMey), 3.91 (s, 4 H, CH,), 4.09 (s, 3Jupt = 46.5 Hz, 4 H, CHy),
6.8—7.0 (M, 3 H, Caryi—H), 7.06 (s, 2 H, Caryi—H). BC{*H} NMR
(Cchlz): 054.1 (NMEQ), 554 (NMez), 66.9 (CHz), 80.0 (CHZ),
103.5 (PtC=C), 117.8 (Caryi—H), 124.7 (Cary), 127.5 (Caryi—H),
131.4 (Cary—H), 137.4 (PtC=C), 142.1 (Cary1), 146.1 (Cary), 160.7
(Cary1), 166.6 (Caryt). FAB-MS: m/z (rel int) 833 (10) M*, 448
(20) {[C14H15IN2Pd] "}, 385 (100) {[C12H19N2Pt]}. Anal. Calcd
for CaHs7IN4PdPt (834.02): C, 37.44; H, 4.47; N, 6.72.
Found: C, 36.98; H, 4.10; N, 6.38.
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Table 1. Crystallographic Data for Complexes 3

and 4
3 4
empirical formula CiaHigIN2 CasH3zaIN4PL
fw 342.21 727.59
diffractometer Enraf Nonius CAD4-T Bruker SMART CCD
TIK 150 173
cryst syst monoclinic monoclinic

space group
cryst size/mm

C2/c (No. 15)
0.63 x 0.38 x 0.38

P2/c (No. 14)
0.10 x 0.10 x 0.08

cryst color orange-red colorless
unit cell dimens

alA 25.6646(10) 12.2857(7)
b/A 5.8561(17) 11.7091(6)
c/A 22.8571(18) 19.5948(10)
pldeg 121.537(5) 105.235(1)
VIA3 2927.9(9) 2719.7(3)

z 8 4

Decaic/lg cm—3 1.553 1.777
u/mm~t (Mo Ka) 2.170 6.314

abs corr PLATON (ABSPSI) PLATON (DELABS)
transmn range 0.86—0.98 0.45—0.65
(Sin 0/2)max/A~1 0.65 0.68

no. of reflns obsd,
measd, unique

8450, 3382, 3011

11597, 6943, 4301

Rint 0.035 0.054

no. of params 154 297

R12 obsd/all 0.0219/0.0263 0.0451/0.1002
reflns

wR,P all reflns 0.0543 0.0826

S 1.033 0.915

resid density/ —0.95 < 0.70 —-2.33<1.15

e A3

2Ry = 3 ||Fo| — |Fell/Z|Fol, for all I > 20(1). ® WR = [3[w(Fo? —

FCZ)Z]/Z [W( FDZ)Z]] 1/2.

Single-Crystal X-ray Diffractions. X-ray data were col-

lected on an Enraf-Nonius CAD4-T with rotating anode (3) or
on a Bruker SMART CCD area detector (4), using monochro-
mated Mo Ko radiation (1 = 0.71073 A). Crystal data and
details on data collection and refinement are given in Table
1. The structures were solved with Patterson methods (DIRDIF-
972%) and refined against F? of all reflections (SHELXL-97?%%).
Non-hydrogen atoms were refined freely with anisotropic dis-
placement parameters, and hydrogen atoms were refined at
calculated positions riding on their carrier atoms. Weights
were introduced in the last refinement cycles. Neutral atomic
scattering factors and anomalous dispersion corrections were
taken from the International Tables of Crystallography. All
other calculations, graphical illustrations, and checking for
higher symmetry were performed with the PLATON? package.
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