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Introduction Syntheses

The chelation of metal centers by polypyridine ligands is ~ Ligand1was synthesized in a single step by a Sonogashira
believed to occur by a stepwise mechanism, beginning with Cross-coupling reactidnbetween 1,2-diiodobenzene and
coordination of the most sterically accessible pyridine 2-€thynylpyridine catalyzed by tris(dibenzylideneacetone)-
moiety® While this initial coordination may occur at any of ~dipalladium(0). The ligand was characterized by'ttsand
the available binding sites on the metal center, subsequent © NMR spectra. The Heproton adjacent to nitrogen gave
coordination steps are limited to those metal sites with & characteristic downfield doublel = 4.8 Hz) at 8.64 ppm.
orientations which complement the binding geometry of the 1N€ remaining three pyridyl protons could be identified by
ligand. For example, while the initial coordination of Pd(il) their 2D COSY cross-peaks while H3(6) and H4(5) appeared
by one of the pyridine moieties of 2;Bipyridine (bpy) may at 7.65 and 7.37 ppm, respectively. The two alkynyl carbons

occur on any of the four available sites in the square planar Weré observed at 88.0 and 93.3 ppm.
coordination sphere of the metal, the second coordination is

Z
limited by the geometry of the ligand to either of the two N |
sites which are 90 (cis) to the site of initial binding. [ EN Pdp(dba)s 7
Coordination to the site which is 18@trans) to the site of C[ 2l
o - N Cul, PPhg T
initial binding is precluded. In our continuing search for H EtgN, 40 °C NS
ligands with unusual metal binding properties, we considered P

analogues of bpy capable of coordinatingttans metal
binding sites. Thus, a ligand consisting of two 2-pyridyl  The transchelated complex [PdJCl,] was prepared in
moieties joined by a well organized tether that orients the 619 yield by treatind with trans-bis(acetonitrile)palladium
nitrogens at an appropriate distance for chelatiotrans  chloride in CHCI, at room temperature. Theans-chelated
binding sites was envisioned. Ligaddwith a 1,2-dialkyn- 2:1 complex [Pd();][BF4]. was prepared in 70% vyield by
ylbenzene tether, affords exactly the required geometry.  treating 2 equiv ofl with tetrakis(acetonitrile)palladium(ll)
Stang and co-workers have used this same tether to connedetrafluoroborate in CKCl,—CHsCN (1:1) at room temper-
two 4-pyridyl groups orienting them at a 5@ngle, thus ature.
affording interesting helical and syndiotactic zinc-based
coordination polymers. These same authors have also
examined a 2,5-dialkynylfuran tether while the analogous
thiophene and 1,4-dialkynylbenzene have been utilized by
Sun and LeedWhen the 1,2-dialkynylbenzene tether is used CHZClz
to link two diphenyl phosphine moietiesis-ligation is still
preferred, and a tetrahedal 2:1 complex is reported for Pd(0).
After our completion of this work, a report has appeared on
the synthesis of ligand and its PdGl complex6

trans-Pd(CHZCN),Cl,
[

2+

* To whom correspondence should be addressed. E-mail: Thummel
UH ot P @ [PA(CHSCN)£I(BF 12
T University of Houston. _ ”

* Shell Chemical Company. CHZClp - CHLCN

(1) (a) Constable, E. Qvletals and Ligand Reaciity; VCH: Weinheim,
Germany, 1995; Chapter 2. (b) Jahng, Y.; Thummel, R. P.; Bott, S. L .
G. Inorg. Chem.1997, 36, 3133.

(2) Ellis, W. W.; Schmitz, M.; Arif, A. A.; Stang, P. Jnorg. Chem. - : P
200Q 39, 2547, The ligandl and both of its Pd(Il) complexes show similar

(3) Sun, S.-S.; Lees, A. J. Am. Chem. So@00Q 122, 8956. H NMR spectra exhibiting six aromatic resonances of equal

(BF4 )2

2296 Inorganic Chemistry, Vol. 41, No. 8, 2002 10.1021/ic010965z CCC: $22.00  © 2002 American Chemical Society
Published on Web 03/26/2002



NOTE

Figure 1. ORTEP drawing of the dication of [P8)](BF4]2 showing the
atom numbering scheme.

intensity. The H6peak is shifted downfield to 8.88 ppm in
[Pd(1)CI;] because of complexation-induced charge depletion
of the pyridine ring. This deshielding effect is magnified in
the 2:1 complex where H6s now oriented toward the
deshielding cones of the alkynyl moieties of the orthogonal
ligand and appears at 9.33 ppm (CRCI 9.72 in acetone-
ds).

Properties

Suitable crystals of both complexes were analyzed by
X-ray crystallography, and the results for [R}Cl;] were Figure 2. Partial drawing of the unit cell illustrating two pairs of [Pd-
in excellent accord with the values reported by Bosch and (1)2](BF4]2 molecules. The anions and water of crystallization have been
Barnes® For this complex, the GHPd—Cl angles are almost ~ °mitted for clarity.
exactly linear, the ligand is planar, and the—Rel bonds Table 1. Selected Structural Data for [PW¢](BF4)2

are orthogonal to this plane. Interestingly, the molecule is Bond Lengths (A)
almost perfectly triangular with the-8C=C—C (4.05 A) N1—Pd 2.050(7)
and N—Pd—N (4.02 A) distances being about equal. The N22—Pd 2.024(7)
molecule clogely resembles the shape of tribenzo-1,5,9- mﬁzgg g:gggg%
cyclododecatriyné. Cc7-C8 1.198(11)

An ORTEP drawing of the [Pdj]?* cation is shown in C15-C16 1.186(10)
Figure 1, and some pertinent geometric features are sum- Bond Angles (deg)
marized in Table 1. The PeN bonds lie in the range 2.62 N1-Pd-N22 178.8(3)
2.06 A, slightly longer than the 2.01 A found for [F)ICI_], “fi},’;ﬁl’\g‘l 1;8'38))
and similar to the 2.042.04 A bond lengths observed for N22—Pd—N23 9029(2)
the distal pyridines of [Pd(tpy)CI](Cl) dihydrate (tpy Pd-N1-C6-C7 8.1(10)
2,2;_6’,_2’ "-terpyridine)? The _relatively_unstable mate_ﬁ&[Pd— gfg_c&?c_l’j;zc_lgd iggg;
(pyridine)](I3). has been isolated in two crystalline forms,
triclinic and orthorhombic, and both forms show -Fd The ligands in [Pd),]?>" are quite planar, with NPd—N
bonds in the range 2.622.03 A1t angles essentially linear (179 and the ligand planes

orthogonal to one another as evidenced by interligand

(4) Coa_lter, N. L.; Concolino, T. E.; Streib, W. E.; Hughes, C. G;; N—Pd—N ang|es of 90 and 92. A unique feature of the
Rheingold, A. L.; Zaleski, J. MJ. Am. Chem. So00Q 122 3112. . . . . .
(5) Bosch, E.; Barnes, C. linorg. Chem 2001, 40, 3097. transchelating situation is that, unlike [Pd(bp}?", the

(6) During the review of this manuscript, two separate reports have planes of all four bound pyridine rings are orthogonal to the

appeared involving 1:1 Cu complexes of ligands closely relatéd to P :
(@) Fiscus, J. E.. Shotwell, S.: Layland, R. G.. Smith, M. D.; zur Loye, coordination plane. Furthermore, the dialkynylbenzene tethers

H.-C.; Bunz, U. H. FChem. Commur2001, 2674. (b) Kawano, T; “cap” the apical sites of the complex and thus hinder
f%‘gj‘”a' J.; Shinomaru, T.; Du, C.-X.; Ueda,Ghem. Lett2001, intermetallic interactions. The unit cell contains two inde-
@) BaxtérZ P. N. W.J. Org. Chem200Q 65, 1257. pendent molecules, and Figure 2 depicts the arrangement of
® llrggalrtllriger, H.; Leiserowitz, L.; Schmidt, M. Chem. Ber.197Q a pair of these two molecules. The orthogonal arrangement
(9) Intille, G. M. Pfluger, C. E.. Baker, W. A., Ja. Cryst. Mol. struct.  ©f the two ligands considerably inhibits the sort of columnar
1973 3, 47.
(10) (a) Anderegg, G.; Wanner, thorg. Chim. Actal986 113 101. (b) (11) Tebbe, K.-F.; Gife-Kavoosian, A.; Freckmann, E. Naturforsch.,
Rasmussen, L.; Jorgensen, C.IKorg. Chim. Actal969 3-4, 547. B: Chem. Scil996 51, 999.
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Figure 3. Electronic absorption spectra of(—), [Pd(1)Cl] (- - - ), and
[PA@)2](BF4]2 (-++); 2.5 x 105 M in CH.Cl, ([Pd(2)2](BF4]2 contains 5%
MeOH).

Table 2. Electronic Absorption and Emission Data fbrand Its Pd(ll)
Complexed

emission,
Amax (Nm)

332(sh, 10480), 315(19040), 288(31280), 390 (strong)
280(28840), 260(31330), 247(sh 18800),
216(16860)

compound
1

absorptiofmax (NM)(€)

[PAL)Cl] 355(17230), 331(17080), 304(41600), 422 (weak)
295(sh, 30170), 265(32520), 234(35300)
[PA(L)]](BF,)? 361(29000), 346(29200), 337(34160), 436 (weak)

326(33300), 305(77000), 267(50300),
228(46450)

a2.5x 1075 M CHCl, at 25°C. P Contains 5% CHKOH.

stacking observed for the [Af)](OTf) complex® The closest
approach of one molecule to the next is promoted by a
mr-stacking interaction between a pyridine ring and the central
benzo ring, with a mean interplanar distance of 3.36 A. The
palladium cations are far apart from one another, with an
average distance of approximately 9.0 A. Compared to many
other similar square planar Pd(ll) complexes, the solubilty
of [Pd(1),]?>" is quite good, being soluble in acetonitrile,
acetone, methanol, DMF, and DMSO. It is also slightly
soluble in CHCI, and CHC}.

The complex [Pdl),]?* exhibits a much better organized
square planar geometry than the analogeisschelated
complex [Pd(bpy)?*. For the latter system, interligand steric
interactions involving H6 and H&ause a distortion toward
tetrahedral geometry resulting in angle of about 24.3
between the mean planes of the two bpy$he inter- and
intraligand N-Pd—N angles (102.2and 80.0, respectively)
also deviate considerably from the square planar ideal ©f 90

The electronic absorption spectra for ligahcand both
Pd complexes are shown in Figure 3, and the data are

R
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Figure 4. DSC traces fol (top), [Pd)Cl;] (middle), and [Pdl),](BF4]2
(bottom).

315 nm is thus assigned to the alkynyt-s* absorption.
The two complexes show very similar absorption spectra with
three well resolved ligand-based bands appearing at-228
234, 265-267, and 304305 nm. The intensity of the [Pd-
(1),]?* complex is nearly twice that of the [POCI,]
complex. Both complexes exhibit a distinct long wavelength
band, appearing at 355 nm for [RJCI;] and 361 nm for
[Pd(1),]?". These bands are tentatively assigned to a metal-
to-ligand charge-transfer transition which has also been
observed for [Pd(bpy)@].*2 The free ligand shows a strong
blue luminescence at 390 nm. The two complexes are only
slightly emissive. When solutions having the same absor-
bance at 355 nm are excited at this wavelength, thel)Pd(
Cl,] complex emits weakly at 422 nm while the [R#}]>"
complex shows an emission about 40% as intense at 436
nm.

The tether which links the two pyridine rings in ligadd
is an enediyne moiety, and such species are well-known to
undergo the thermally induced Bergman cyclization to form
benzenoid productd. There has been considerable recent
interest in functionalizing such species, especially through
metal complexation, in an attempt to mediate the cyclization
process?® To probe the possible thermal reactivity of our
systems, we examined their behavior by differential scanning
calorimetry (DSC), and the results are illustrated in Figure
4. The ligand shows a melting endotherm which peaks at
about 114°C followed by a broad exotherm which peaks at
289 °C. The smooth curve implies a single reaction is
occurring, and subsequent cooling and reheating did not
evidence any further activity indicating an irreversible and
complete reaction. Free ligarldwas combined with 1,4-

collected in Table 2. The ligand shows seven overlapping
bands in ther—s* region from 240 to 350 nm. Comparison
with the absorption spectrum for 2-phenylpyridine which
shows bands at 247 and 275 nm clearly identifies the three
most intense bands as-z* transitions associated with the
benzene and pyridine rings. The longer wavelength band at

(12) (a) Chieh, P. CJ. Chem. Soc., Dalton Tran972 1643. (b) Wehman,
P.; Dol, G. C.; Moorman, E. R.; Kamer, P. C. J.; van Leeuwen, P. W.
N. M.; Fraanje, J.; Goubitz, KOrganometallics1994 13, 4856.
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(14) (a) Galbraith, J. M.; Schreiner, P. R.; Harris, N.; Wei, W.; Wuttkopp,
A.; Shaik, S.Chem—Eur. J.200Q 6, 1446. (b) Chen, W. C.; Chang,
N. Y.; Yu, C. H.J. Phys. Chem. A998 102, 2584.

(15) (a) Rawat, D.; Zaleski, J. M. Am. Chem. So2001, 123 9675. (b)
Rawat, D. S.; Benites, P. J.; Incarvito, C. D.; Rheingold, A. L.; Zaleski,
J. M. Inorg. Chem22001, 40, 1846. (c) Warner, B. P.; Millar, S. P.;
Broene, R. D.; Buchwald, S. ISciencel995 269, 814. (d) Benites,
P. J.; Rawat, D. S.; Zaleski, J. M. Am. Chem. So200Q 122, 7208.
(e) Basak, A.; Rudra, K. RTetrahedron Lett200Q 41, 7231. (f)
O’Connor, J. M.; Lee, L. |.; Gantzel, P.; Rheingold, A. L.; Lam, K.-
C.J. Am. Chem. So200Q 122, 12057.



NOTE

cyclohexadiene as a hydrogen donor and heated under &able 3. Data Collection and Processing Parameters for [RHBFa)2

variety of conditions in attempts to provide the cyclization space group la (monoclinic)
product, but no identifiable material was obtained. Heating cell constants a= 22-8098(123&/&
in the absence of a hydrogen donor qu to similar resglts. E’;;é:éj’ig((f)s);\
Others have made the same observation upon heating a o =90.00
similar enediyne in the absence of metal mediatfdn. p= 519(1)26(1)’05(13

The [PdQ)Cl;] complex shows a more narrow exotherm \y/z 7423.1(7) R
which occurs at higher temperature, peaking at 333The molecular formula GoHa4BoFgNJPdt1.5H,0
main band shows at Ieas.t three components which COUld?grmula units per cell 362'28
correspond to the stepwise decomplexation of the two density p=1.553gcm?
pyridines, followed by thermolysis of the ligand. The [Pd- $b5 coeff qzﬁgéfgl
(1)2]** complex shows far less thermal activity with only  r1=y||Fy - |Fdi/S|F, 0.0366

small peaks in evidence, corresponding approximately to wWR2=[3w(Fs> — F)/3w(F,)7** 0.0953

peaks observed fdrand its dichloro complex. As expected, "9 e 00 80T
metal complexation, which holds the C7 and C16 alkynyl

carbons about 4.0 A apar‘t, hinders direct Bergman CyCIization Bis(1,2-bis(2-pyridylethylnyl)benzene)palladium tetrafluoro-
because of therans-chelation geometry whereas-chelated borate. Tetrakis(acetonitrile)palladium tetrafluoroborate (62 mg,
system would be expected to cyclize more readily. Further- 0.14 mmol) in CHCN (10 mL) was added to a solution @f(80
more, the 2:1 complex appears to be thermally stable, while mg, 0.28 mmol) in CHCI,—CH;CN (1:1, 40 mL) under Ar. The
in solution we observed this same complex to be fairly labile solution was stirred at 28C for 10 min. After filtration, the solvent

toward attack by acetonitrile. Further chemistrylais well ~ Was évaporated, and the residue was purified by chromatography

as othertrans<chelating ligands are under examination. ~ ©n silica gel eluting with CkCl,—MeOH (19:1) to afford3 as a
white solid (70 mg, 60%)IH NMR (acetoneds, 300 MHz)d 9.72

Experimental Section (d, J = 5.4 Hz, 4H; pyridyl H6), 8.19 (dd,J = 3.3, 5.7 Hz, 4H),

) . ) . 8.13 (m, 8H), 7.92 (dd] = 3.3, 6.0 Hz, 4H), 7.75 (m, 4H); MALDI-
Melting points were obtained on a Thomas-Hoover capillary TOF MS (1/2) 840 (M), 839 (M — 1). Slow evaporation of a
melting point apparatus and are uncorrected. Absorption SpeCtraCH2C|2—MeOH solution of3 afforded single crystals suitable for
were recorded with a Perkin-EImet-3B spectrophotometer. X-ray analysis.

Luminescence studies employed-10M solutions at room tem- .
perature using a Perkin-Elmer LS-50B spectrofluorimeter. Absorp- X-ray Analysis of [Pd(1),](BF ). All measurements were made
with a Siemens SMART platform diffractometer equipped with a

tion and emission maxima were reproducible to witHi2 nm. .
NMR spectra were recorded on a General Electric QE-300 1K CCD area detector. A hemisphere of data (1271 frames at 5

spectrometer at 300 MHz féH NMR and 75 MHz for®C NMR cm detector distance) was collected using a narrow-frame method
All commercial reagents were used as received ' with scan widths of 0.30in w and an exposure time of 25 s/frame.

1,2-Bis(2-pyridylethynyl)benzene (1). A mixture of 1,2-di- The first 50 frames were remeasured at the end of data collection

iodobenzene (236 mg, 0.72 mmol), 2-ethynylpyridine (147 mg, 1.43 to monitor instrument and crystal stability, and the maximum

mmol), Pa(dba), (28 mg, 0.03 mmol), triphenylphosphine (37 mg, correction onl was <1%. The data were integrated using the
0.141 mmol), and Cul (6 mg, 0.0315 mmol) in triethylamine (7 Siemens SAINT program, with the intensities corrected for Lorentz

mL) was stirred under Ar at 40C for 65 h. After evaporation of factor, polarization, air absorption, and absorption due to variation
solvent, the oily residue was dissolved in &Hp (30 mL) and in the !oath Iength through thg detector faceplate.y;Ascan
washed twice with water. The organic layer was dried with MgSO absorption correction was applied based on the entire data set.
and filtered, and the solvent was evaporated. The residue wasRedundant reflections were averaged. Final cell constants were
purified by chromatography on silica gel eluting with €4 and refined using 5371 reflections havihg 100(1), and these, along
CH,Cl,—MeOH (33:1). The bright fluorescent fraction was col- with other information pertinent to data collection and refinement,
lected and further purified by a second chromatography on silica @€ listed in Table 3. The Laue symmetry was determined to be

gel eluting with EtOAe-petroleum ether (1:1). Compourdwas 2/m, and from the systematic absences noted, the space group was
obtained as a yellow solid (123 mg, 61%): mp 135 °C; H shown to be eithela or 12/a. The asymmetric unit consists of two
NMR (CDCl;, 300 MHz) 6 8.64 (d,J = 4.8 Hz, 2H, H6), 7.69 independent cations, four anions, and three waters of solvation.

(m, 4H, H3, H4), 7.65 (dd,J = 3.3, 6.0 Hz, 2H, H3), 7.37 (dd, Three.of the qnions and two of the waters a.re.each disorglered over
= 3.3, 6.0 Hz, 2H, H4), 7.25 (m, 2H, 15 13C NMR (CDCk) 6 two slightly different positions, and ideal rigid body refinement
150.3, 143.8, 136.2, 132.5, 128.9, 127.9, 125.7, 123.1, 93.3, 88.0.was used for the affected anions. After applying the proper
Dichloro-(1,2-bis(2-pyridylethylnyl)benzene)palladium. Trans symmetry operation, the two cations are related by an inversion
bis(acetonitrile)palladium chloride (39 mg, 0.15 mmol) in TH center; however, the anions and solvent waters do not conform to
(25 mL) was added to a stirred solution {30 mg, 0.11 mmol) this center. Because of the extreme disorder of most of the anions
in CH,Cl, (20 mL) under Ar. Stirring at 28C was continued for and waters, this is a bit difficult to determine; however, it was finally
10 min. After filtration, the solvent was evaporated, and the residue decided that the noncentrosymmetric space gieup the correct
was purified by chromatography on silica gel eluting with £H choice, while noting that the two independent cations are related
Cl,—MeOH (100:1). Slow evaporation of solvent from the early DY & pseudoinversion center.
fractions afforded as single crystals (30 mg, 61%), which were Thermal Analysis. Differential scanning calorimetry (DSC) was
suitable for X-ray analysis’H NMR (CDCl;, 300 MHz) ¢ 8.88 performed using a Perkin-Elmer DSC-7. Samples were encapsulated
(dd,J = 1.5, 6.3 Hz, 2H; pyridyl Hg, 7.77 (m, 4H), 7.65 (dd) in aluminum pans. During measurement, the DSC cell was flushed
= 1.5, 8.7 Hz, 2H), 7.51 (dd] = 3.3, 6.0 Hz, 2H), 7.35 (m, 2H).  with nitrogen. The temperature range was-300 °C, and the
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heating rate was 18C/min. Sample weight varied between 1 and Foundation under Award DMR-9632667. We would also like
5 mg. Analysis was performed in duplicate, showing good agree- to thank Dr. James Korp for assistance with the X-ray
ment. analysis.
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