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Interaction of{ cyclobis[(is-(dppp)Pt(4-ethynylpyridyb)(cis-(L)M)]Ag 2} T8(-OSQ.CFs)e, Wwhere M= Pt(ll) or
Pd(Il) and L= dppp or 2PEj, with pyridine, pyrazine, phenazine, or 4dipyridyl ketone results in coordination
Lewis acid/base hostguest assemblies via ther-tweezer effect” and mono or bis neutral guest coordination.
All host—guest complexes are air stable microcrystalline solids with decomposition points greater tif&h 170
The homometallic Pt(Il) receptors are more stable than the heteroaromatie P&{(l)) receptors toward heteratom-
containing aromatic guests. The X-ray crystal structure of the-tmnstst complex cyclobis[(cis-(dppp)Pt(4-
ethynylpyridylp)(cis-(PEE)-P)]Agz} T8(phenazine){OSG.CR;)s is reported. The crystals with the empirical formula
Ce2HssAgFoN3OgP4PLS; are triclinic P1 with a = 12.3919(8) Ap = 17.160(1) Ac = 18.932(1) Ao = 90.892-
(1)°, B = 97.127(1), y = 89.969(1}, andZ = 2.

Introduction derivatives, demonstrated by association constant comparisons.
o ) Previous applications by Sanders et®&lshowed how the
Intermolecular assembly by metal complexation is an im- acceleration of a pericyclic Diels Alder+ 2 reaction can be
portant strategy for the preparation of a variety of synthetic affected by “tuning” the binding site dimensions of rigid
receptors:® Recent examples include amine?Clnydrophobic systems.

sites;~* hydroxylamine/Ni" alkali metal receptor$? a Tren Site adaptability for receptor “tuning” via simple metal
derivative, [tris(aminoethyl)amine] functionalized with three yariation is a particularly attractive feature. Lang et®dfhave
m-hydroxyphenyl groups/Z trigonal bipyrimidal tripod? and shown that the #-tweezer effect” via acetylene moieties is a

a bis(terpyridine) ruthenium(ll) compléx.Benefits for both  viable option for cationic metal binding using Ti(IV) bistri-
organic and inorganic substrates have been demonstrated bynethylsilyl acetylene derivatives. We have recently shown that
these synthetically designed binding sites such as lipophilic the “z-tweezer effect” can be incorporated in the arena of
substrate binding, selective membrane cation transport, andmolecular squares, as verified by fast atom bombardment (FAB)
transacylation rate acceleration, respectivefy.Rigid systems mass spectrometd?. 16 Molecular squares involving Lewis
utilizing porphyrin units designed by Sanders et a&xploit base receptor sites offer several advantages in design, such as
metal coordination in two ways: (1) self-assemblec®™Al (&) a variety of metal binding capabilities (Lewis acids: Ag(l),
“activated” trispyridyl derivative guest; (2) self-assembled Pt- Au(l), Cu(l), Pd(ll), Pt(ll), etc.}0 131517 (b) geometrical
(IN/tris-Lewis acid receptor Z#f site host. Interestingly, the  predictability (enforced binding pocket dimensions between
self-assembled trispyridyl guest showed the highest affinity for acetylenes), (c) binding energies between the range of the strong

the complementary porphyrin host when compared to covalent covalent bonding and weak hydrogen bonding,z stacking,
hydrophobic, and hydrophilic forces, or electrostatic interac-
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Scheme 2

= 2 equiv pyridine,
1 equiv pyrazine,
phenazine, or
4, 4'-dipyridyl ketone
(OTf = 0SO,CF3)

4: M=Pt, I4 = thP(CH2)3PPh2 7: M =Pt, 14 = thP(CH2)3PPh2, G=2 equi.v pyridine
5: M=Pt,L=PEt; 8: M = Pt, L, = Ph,P(CH,)3PPh;, G = pyrazine
6: M =Pd,L = PEf3 9: M = Pt, L, = Ph,P(CH,)3PPhy, G = phenazine

10: M = Pt, L, = PhyP(CH,)3PPh,, G = 4, 4'-dipyridyl ketone
11: M =Pt, L = PEt;, G = pyrazine

12: M =Pt, L = PEt3, G = phenazine

13: M =Pt, L = PEt3, G =4, 4'-dipyridyl ketone

14: M =Pd, L. = PEt3, G = pyrazine

15: M =Pd, L = PEt;, G = phenazine

tions}® (d) excellent product yields due to self-assembly, and  Coordinated, Neutral, Heteroatom, Aromatic Guests.

(e) multiple coordination sites for 3-D structure elaborafidn.  Examination of cavity dimensions using Chem3D Plus, based
In this paper, we wish to report (1) the first examples of on previous X-ray daté revealed that guests possessing two

molecular square/neutral guest coordination, (2) mono- and bis-heteroatoms, approximageB A apart, should be of comple-

coordinated neutral guests, (3) fast atom bombardment massmentary size to coordinate to each respective silver cation. This

spectrometry (FABMS) spectra of a square/Ag complex, and seemed reasonable since 8& are required between the neutral

(4) the X-ray crystal structure of cyclobis[g-Pt (dppp)(4- Pt center and the-bonded metal cation (a totaf 6 A for C,
ethynylpyridine)][ cisPE"(PEt),2-OSQCH]]-2AgOTf-phenazine. symmetric complexed—6).1011 The remainig 7 A (out of a

Results and Discussion total of 13 A for.the diagonal distance of the square c.aV|t.y)
_ . . . should allow sufficient space to accommodate the coordination
Interaction of 2 equiv of silver triflate between the acetylene of the bidentate guest heteroatom bonds to each of the respective

moieties of molecular Squsalrfis—3 resulted in hostguest  cationic metals of complexes-6. Indeed, reaction of Lewis
complexesA—6 (Scheme 1}31> Receptorsl and6 are stable  gcid/base receptat with 2 equiv of pyridine or an equimolar
for months in the solid state and days in solution, whereas gmount of pyrazine, phenazine, or dipyridyl ketone, respectively,
receptors is stable for several weeks in solution and extended i, cp,cl, at room temperature, results in the formation of kost
periods in the solid state. The order of increasing stabilify is guest complexeg—10, while reaction of5 with pyrazine
f< 45< S:tths?rvatlzp ,:).fbthte M/OTI basle pef‘kt?]t 344|7'6| a:mdu phenazine, or dipyridyl ketone respectively, in acetone at room
or 5, With ISotopic distributions very cosg 0 the cajculate temperature, resulted in the formation of hegtiest complexes
patter_ns {1 charge state), confirmed tg; 2'1. stoichiometry of 11-13(Scheme 2). In a similar fashion, reactionGWvith an
Fecoptors, A sercs of gUosts could be used to detemine thEQUIMOIar amount of pyrazine or phenazine respecivly, i
effects of neutral guest electron donation and their potential acetone at room temperature, resulted in the formation ofhost

utility guest complexed4 and 15, all in excellent isolated yields
' (Scheme 2).
(17) Janssen, M. D.; Herres, M.; Zsolnai, L.; Spek, A. L.; Grove, D. M.; All nine host-guest complexes are stable microcrystalline

Lang, H.; van Koten, Glnorg. Chem.1996 35, 2476-2483. solids with slight variation in coloration. Complex&s8, 10,
(18) Stang, P. J.; Olenyuk, Bxcc. Chem. Red.997 30, 502-518.

(19) Whiteford, J. A.; Rachlin, E. M.; Stang, P.Angew. Chem., Int. Ed. J_-l’ and13 are white, while complexe@, 12, 14, and _15 are
Engl. 1996 35, 2524-2529. light yellow. Host-guest complexeg—10are soluble in Cht
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Cly, while complexes11—15 are soluble in acetone and
nitromethane.
The Lewis acid/base hosguest complexes have been fully

Inorganic Chemistry, Vol. 37, No. 21, 1998597

the determination of hostguest interactions and convergent
binding sight construction. Bond angles and cavity size were
important features for the determination of potential guest size

characterized by analytical and spectral means as detailed inand dimension. Therefore, we attempted to obtain X-ray quality

the Experimental Section. TH&P{'H} spectrum of7 showed
two singlets with a downfield shift of 1.4 ppm for the
phosphorus on the neutral Pt<Pt); a 0.1 ppm upfield shift
was observed for the phosphorus attached to the chargee-Pt (P
P£"). The3P{1H} spectra 0f8—10 each show singlets with
upfield shifts of 0.8-2.6 ppm for the phosphorus on the neutral
Pt (P—Pt) and 3.13.9 ppm for the P-P2" of 8—10. The3!P-
{H} spectra ofl1—13 also show singlets with downfield shifts
of 0.1-0.6 ppm for the phosphorus on the neutral Pt FR)
and 0.010.2 ppm for the P-P&" of 11-13. The 3P{H}
spectra ofLl4 and15 each show singlets with a downfield shift
of 0.1-0.6 ppm for the phosphorus on the neutral Pt )
and a 0.£0.4 ppm upfield shift for the PP#+ of 14 and 15,
respectively, relative to the precursats6. The increase or
decrease in the PP coupling for the phosphorus atoms on the
neutral Pt ranged from-104 to+30 Hz, while the charged Pt
corner differed from—3 to +13 Hz for 7—13. The PtP
coupling for the phosphorus atoms on the-Pt systemd4
and15 decreased by only 9 and 18 Hz, respectively, relative to
precursorsd—6. Equally important for the tetranuclear com-
plexes7—15 are the respectiviH and13C{'H} NMR spectra.
The!H NMR signals for the methylenes @f-10for the charged

crystals of all macrocyclic squares. Unfortunately, the crystals
of all macrocycles described are solvent dependent, due to
extensive solvent occlusion in their cavities, and collapse into
amorphous material upon removal from the mother liquor.
Previously, only the precursor for compléxgave single crystals
suitable for X-ray determination. This crystallographic data was
the basis for the selection of appropriately sized, hetero-
atom-containing guests. Subsequent binding of the guest
phenazine to the-bonded Ag atoms resulted in compleb2.
The twofold benefit of macrocycle torsional stability and void
space reduction were most likely responsible for stabilizing the
crystal lattice ofl2. The numbering diagram, ORTEP repre-
sentation, and significant geometric features are shown in Figure
1. The crystal and structure refinement data are given in Table
1. Selected key bond distances and angles are given in Table
2. Aside view ORTEP representation generated with ORTEP-3
for Windows is provided to show important framework features
and the orientation of the Agatoms with respect to the Pt
P&t—Pt plane and guest proximity (Figure 2).

There are several interesting structural features evident for
complex12. The overall geometry of the perimeter for complex
12 is nearly planar with the guest phenazine oriented nearly

metal-chelating dppp units and the methylenes of the neutral orthogonal to the PtP&2"—Pt plane. Ther-complexed silver
metal-chelating dppp units remain essentially unchanged, rela-atoms are located in a pseudotrans arrangement with respect to

tive to the precursord—6. Overlapping aromatic resonances

the Pt-P£"—Pt plane, resulting in &-symmetric relationship.

were observed for the two sets of phenyl groups of the dppp This is probably a result of the distance between guest

ligand for 7—10, while complexes 1—15 have signals for the
methyl and methylene groups of the triethylphosphine ligands.
The sets of aromatic resonances for the pyridyl uaittd S

to the pyridyl nitrogen) are doublets as expected. dlandp
protons of the pyridyl resulted in small shifts ©0.25 to+0.01
ppm for 7—15, upon coordination of heteroatom-containing
neutral guests, while guest protons shifted fret48 to+0.10
ppm. Integration of the proton signals is in accord with the
requirements for7—15. 13C{'H} NMR spectra of receptor
complexes each show overall downfield shifts in the dppp
phenyl ring carbons as well as in the ethyl group carbons of
the triphenylphosphine ligands. The most significgar shifts
were observed for the pyridyl ipso carbon and the alkyne
pB-carbon of the ethynyl pyridine ligands-0.2 to+2.8 ppm).
Guest carbon atoms shifted downfield upon coordination,

heteroatoms being slightly larger than needed for optimal guest
fit. The bonding geometry for the neutral Pt and'Ptenters

is square planar but with small deviation from the expectéd 90
angles. The PPt—P angle is 93.9 whereas the silver-
coordinated €& Pt—C angle increased from 8&o 89.5 upon
Lewis acid/base complexatidh. The N—Pd—N bond angle for
macrocycle3 is 85.0, whereas the NPt—N bond angle for
12is 84.2. Although the “bite-angle” usually decreases upon
metal coordination in titanium bis-ethynyl monomers, as
reported by Lang et al®1117the presumably smaller starting
angle of compleX6 required a “bite-angle” increase to accom-
modate the silver and neutral guest. The edge-to-edgBtPt
distance is 9.50 A, the diagonal-®t distance is 13.7 A, and
the diagonal Pt —P&* distance is 13.2 A. While the distance
from the neutral Pt to Ag is 3.32 A, the distance between the

ranging from 0.1 to 12.3 ppm. The IR spectra of the complexes coordinated phenazine nitrogen and théound Ag is 2.31

were equally interesting. Remarkably, upon coordination of

A. The distance between the twocoordinated silver atoms

heteroatomic guests, the alkyne stretch shifts appear inconsistentis 7.41 A, and the distance between the phenazine nitrogens is

The transfer of electron density from the neutral guest into the

2.84 A. Examination of the space-filling model ©2, which

mr-coordinated metal resulted in a shift to higher wavenumbers is based upon the X-ray data, reveals a more realistic view of

for 8, 9, and13, while 7, 10—12, 14, and 15 shifted to lower
wavenumbers. One would expect a trend of IR shifts related
to the difference in guest electronit’s.However, this is not
the case for hostguest complexeg—15. The phenyl rings of
the dppp ligands may be partially responsible for this anomaly
(see X-ray section for details). TR# spectra foi7—15 display
singlets from—75 to—76 ppm, characteristic for ionic GEOs~.
Single-Crystal X-ray Molecular Structure Determination.

host-guest fit by including the calculated atomic radii repre-
sentation. Very little space is left available upon phenazine
inclusion. Consequently, no solvent molecules were located
in host-guest complex 2, unlike in the precursor t6, where

five solvent molecules were reported in the crystal lattice. The
4-ethynyl pyridine ligands of2 are bent slightly inward toward
the center of the complex. The pyridyl ligands are nearly
orthogonal to the plane defined by the dppp ligand and do not

The geometrical features of molecular squares, as determineddisplay #—s interaction with the phenyl rings of the dppp

through X-ray crystallography, provided insight for adaptation
toward molecular receptor desi¢fil>2%-21 Continued progress

subunit as seen with the cationic square crystal structures
previously reported3152021 However, the alkyne units appar-

in design variation of these macrocycles has proven useful for ently interact with the dppp phenyl rings as evidenced by the

(20) Stang, P. J.; Chen, K.; Arif, A. MJ. Am. Chem. Sod995 117,
8793-8797.

(21) Stang, P. J.; Cao, D. H.; Saito, S.; Arif, A. M. Am. Chem. Soc.
1995 117, 6273-6283.
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Figure 1. ORTEP representation (35% ellipsoids) and summary of the significant geometric features-afuesdtcomplex 2 (bond lengths are
in angstroms, OTE= OSQCR).

Table 1. Crystallographic Data fot2 Table 2. Selected Bond Lengths [A] and Angles [deg] for
chemical formula GHessAgFaN3OoPsPLS; HostGuest Complex2
fw 1888.34 Bond Distances
a A 12.3919(8) Pt(1)-C(2) 2.01(1) P(3)C(42) 1.84(2)
b, A 17.160(1) Pt(1)-C(8) 2.02(1) P(3)C(44) 1.79(3)
c, A 18.932(1) Pt(2)-P(3) 2.276(5) P(3)C(46) 1.78(2)
o, deg 90.892(1) Pt(2)-P(4) 2.277(4) P(4YC(48) 1.78(2)
B, deg 97.127(1) Pt(2)-N(1) 2.06(1) P(4)-C(50) 1.80(2)
y, deg 89.969(1) Pt(2)-N(2) 2.09(1) P(4)C(52) 1.83(2)
V, A3 3987.3(4) Ag—N(3) 2.31(1) Ag-C(8) 2.45(1)
z 2 P(1)-C(21) 1.85(1) C(1XC(2) 1.19(2)
space group P1 (no. 2) P(1)-C(27) 1.84(2) C(2rC(3) 1.47(2)
T,°C 23 P(2)-C(29) 1.82(1) C(3rC4) 1.43(2)
AA 0.7107 C(8)-C(9) 1.21(2) C(9)-C(10) 1.44(2)
o (calcd), g/ni 1.573
u, et 0.3956 Bond Angles
R (%) 5.20 P(1)-Pt(1}-P(2) 93.0(1) Pt(:yC(1)-C(2) 174(1)
Ry (%) 7.30 P(1)-Pt(1)-C(1) 88.9(4) C(1)C(2-C(3) 179(2)
P(1)-Pt(1}-C(8) 177.1(4) C(2rC(3-C4) 121(1)
AR = Y (IFol — IFe)/ZIFol. ®* Ry = [Zw(|Fol — IFc))¥ZwlFolAY2 w P2)-Pt(1-C(1) 177.8(4) C(2}C(3)-C(7) 124(1)
= 1/0?(F). P(2)-Pt(1-C(8) 88.7(4) C(4C@R)-C(7) 116(1)

C(1)-Pt(1-C(8)  89.4(5) C(3FC(4)-C(5) 120(1)

orientation change upon silver and subsequent neutral guest Eg);gg);ﬁ(é)) 13(7):3((5)) m&;gggg:gg; gigg

coordination, shown by comparing the X-ray crystal structure p(3)-pt(2)-N(2) 87.4(3) P{(1}C(8)-Ag 95.4(6)
of the precursor 06 to 121315 This may be responsible for P(4)-Pt(2)-N(1) 90.7(3)  Pt(1}C(8)—C(9) 179(1)
the unusual behavior of the IR alkyne stretch trends as well as P(4-Pt(2)-N(2) ~ 174.1(3)  Ag-C(8)-C(9) 83(1)

N(1)-Pt(2-N(2)  84.2(4) C(8}-C(9)-C(10)  172(2)

31 i i 23 — i
the 3P coupling constant differencés?® The M—P distances N(3)-Ag—C(8) 118.3(3) C(9YC(10)-C(11)  124(1)

(2.28 A) are normal and similar to distances obtained earlier

on uncomplexed macrocyclic squares. Likewise the-W The stacking pattern df2in the solid state revealed that the
distances (2.06 and 2.09 A) are normal and similar to distanceshost-guest complexes are stacked alongBraxis, with each
on macrocyclic squares previously reportéé2021 The guest stacked over the next, aligning the intercomplementary

M—alkyne bond lengths are 2.01 and 2.02 A, and tkeCC phenazine ring system electroniés3® The channel-like cavity
alkyne bond lengths are 1.19 and 1.21 A 1& which differ

very little from those for the precursor #. The alkyne- (24) 3'\,/;321%3’ 1Jé;4 Johg, K].(D.; HOpktiRS’ M. Bdv. Organomet. Chen1995
: . ! and references therein.
pyridyl—ipso carbon bond lengths are 1.47 and 1.44 A very (25) Berenguer, J. R.; Forrggd.; Lalinde, E.; Mafhez, F.J. Organomet.

close to all other metal/alkyne comple%&2s Chem.1994 470, C15-C18.
(26) Wisner, J. M.; Bartczak, T. J.; Ibers, J. A.; Low, J. J.; Goddard, W.
A., Il J. Am. Chem. S0d.986 108 347—348.

(22) Wrackmeyer, B.; Horchler, KRrogress in NMR SpectroscaplMR (27) Dunitz, J. D. IrPerspecties In Supramolecular Chemistijhe Crystal
Parameters of Alkyne®ergamon Press: Great Britain, 1990; pp-209 as a Supramolecular Entity: Thoughts on Crystals as Supermolecules
253. Desiraju, G. R.; Ed., John Wiley & Sons Ltd.: West Sussex, England,
(23) Morris, D. G. InThe Chemistry of Functional Groups, Supplement 1996; pp +30.

C: NMR Spectra of AcetyleneBatai, S., Rappoport, Z., Eds.; John  (28) Chen, C.-T.; Chadha, R.; Siegel, J. S.; HardcastleJ&rahedron
Wiley & Sons Ltd.: New York, 1983; pp 10351056. Lett. 1995 36, 8403-8406.
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spectra were recorded on a Varian Unity 300 or a Varian VXR 500
spectrometer. ThéH NMR spectra were recorded at 300 MHz, and
chemical shifts are reported relative to the residual protonated solvent
peaks of CRCl, 6 5.32 and acetonds ¢ 2.05. The*C NMR spectra
were recorded at 75 or 125 MH#%1 decoupled, and reported relative

to CDCl, 6 54.0 or acetonés 6 29.93. The'*F NMR spectra were
recorded at 282 MHz, and chemical shifts were reported relative to
external CFG 6 0.0 (sealed capillary). Th&P NMR spectra were
recorded at 121 MHZH decoupled, and reported relative to external
85% HPO, (sealed capillary).

Mass spectra were obtained with a Finnigan MAT 95 mass
spectrometer with a Finnigan MAT ICIS Il operating system under
positive fast atom bombardment (FAB) conditions at 8 keV. 3-Ni-
trobenzyl alcohol was used as a matrix in acetone as the solvent;
polypropylene glycol and cesium iodide were used as a reference for
peak matching. Microanalyses were performed by Atlantic Microlabs,
Figure 2. Side view of hostcomplex12. Atlanta, GA.

o ) Materials. All commercial reagents were ACS reagent grade and
formed by the molecular square frame contains little void space ysed without further purification or after sublimation. Reagent grade
with the inclusion of the cationic silver atoms and the neutral methylene chloride was dried by distillation over GatDiethyl ether
guest. The repeating unit distance between each stacked host and THF were distilled from Na/benzophenone. Acetone was refluxed
guest complex is ca. 17.2 A, which is larger than the hybrid- over KMnQ,, distilled, and handled under nitrogen. HPLC grade
iodonium—transition met&P and PtPd ethynyl pyridine squafe benzene, toluene, and pentane were dried over molecular sieves and
distance at 9.5 and 10.7 A, respectively, and the nonplanar aljused without further purification. Reaction flasks were flame-dried
transition metal 4,4bipyridine squar® distance at 15.9 A. The ~ @nd flushed with argon prior to use with Schlenk techniques unless
six triflate counterions are ordered, with two triflate counterions °therwise noted. Trimethylsilyl acetylene, diphenylphosphinopropane,

! silver triflate, 2.5 M n-butyllithium in hexanes, and 1.7 Mert-
Ioc_ated near e_ac_h of the _charged P'_[ corners (a FOtal of four)'butyllithium in pentane were purchased from Aldrich. Pd(ll) dichloride
Whl|e the remaining two triflates are in close proximity to the ;55 purchased from Lancaster.
silver atoms (one per silver atom). { Cyclobis[(cis-(dppp)Pt(4-ethynylpyridyl) ,)(cis-(PEts),Pt)]Ag2} *6-
(TOSO,CF3)s Complex (5). To a solution of squarg®in 750 uL of
acetoneds in a 5 mm NMRtube (25.6 mg, 0.00830 mmol) was added

A total of nine novel homo- and heteronuclear mixed neutral- 2-0 equiv (4.3 mg, 0.0166 mmol) of AgOTf in one portion at 25
charged organometallic hesguest complexes were synthesized then the react_lon mixture was shaken. The solvent was removed under
via modular self-assembly featuring 4-ethynylpyridine ligands a stream of nitrogen at room temperature followed by solvent removal

. - . in vacuo, resulting in a white microcrystalline solid (29.6 mg, 99%):
with two types of Pt and Pd phosphine ligands (dppp and mp 298-303 °C dec; IR (CCl) 3055, 3095 (Ar), 2933 (CH), 2091

triethylphoshine). Each hosguest precursor contains silver  cc) 1259, 1151, 1103, 1029 (OTf) ¢ 'H NMR (acetoneds) o
coordinated via thest-tweezer effect” between each respective g 7g (d, 8H 33 = 5.6 Hz), 7.72-7.63 (m, 16H,0), 7.47-7.37 (m,
set of acetylene moieties. Four different neutral guests were 24H, m, p), 6.86 (d, 8H,3Ju = 6.0 Hz), 3.02 (bs, 8H), 2.101.80
subsequently coordinated to the cationic silver metal via mono- (obscured, m, 8H), 2.001.85 (m, 24H), 1.461.24 (m, 36H);13C-
or bidentate heteroatom electron dative bonding. ThePet {*H} NMR (acetoneds) 6 134.3 (Pt-P—C,), 130.1 (Pt-P—Cipso), 132.3
heteronuclear square-based hagiest complexed4 and 15 (Pt=P—Cy), 129.7 (Pt-P—Cy), 150.3 (Gpyr), 129.8 (Gpyr), 137.7
are significantly less stable than the4ft homonuclear square-  (Cipsopyy 109.1 (t, CC-P¥), 122.2 (q,Jc—r = 321 Hz, OTf), 23.9 (m,
based hostguest complexeg—13. The most stable complex ~ Pt"P~CH2), 19.7 (bs, CH), 15.5 (m, Pt P-CH:CHy), 8.2 (bs, Pt
resulted from Lewis acid/base recepsoand the neutral guest . C2CHa) *PUH} NMR (acetoned) 6 3.6 (s, Jpip = 3073 Hz),

; . —4.7 (s,Jpp = 2324 Hz)!F NMR (CD.,Cl,) 6 —75; FAB LRMS,
phenazine, while the least stable complex resulted from receptor o417 6 (M— OT).
6 and dlpyr_ldyl keton(_a. The Lewis acid/base, mole(_:ular square  cyciobis|(cis-(dppp)Pt(4-ethynylpyridyl) )(cis-(dppp)PY]Aga} -
rece_ptor; incorporating acetylene groups and .S|Iver cathns (pyridyl) (" OSO:CF3)s Complex (7). To a solution of silver triflate
readily bind neutral guests such as pyridine, pyrazine, phenazinecomplex4's in 750 uL of CD,Cl, in a 5 mm NMRtube (20.2 mg,
and dipyridyl ketone. The addition of the respective guest to 0.0051 mmol) was added 2 equiv (0.811 mg, 0.8290.0103 mmol)
the 4-ethynylpyridine-based PPt/Ag™ and P+Pd/Ag" recep- of pyridine in one portion at 25C via syringe; then the reaction mixture
tors clearly shows hostguest interaction via thes*tweezer was shaken. The solvent was removed under a stream of nitrogen at
effect” and heteroatom coordination. Significant shift values room temperature followed by solvent removal in vacuo, resulting in
in the 31P, 1H, 13C NMR, and IR spectra support the proposed & white microcrystalline solid (20.8 mg, 99%): mp 19802 °C dec;
inclusion phenomenon. The X-ray crystal structure 1&¥ IR (CCL) 3056, 3097 (Ar), 2927 (Ch), 2080 (CC), 1253, 1154, 1103,
confirmed the 1:1 stoichiometry of the Lewis acid/base receptor/ 1027 (OTf) cnm™; *H NMR (CD:CLy) 0 8.32 (d, 8H 4 = 5.1 Hz),

- . - 8.14 (d, 4H,3Jun = 4.5 Hz, pyridinee), 7.85 (t, 4H,3Juy = 7.8 Hz,

neutral phenazine guest complex. These geometric and stabili

: typyridine-p), 7.85 (dd, 4H3Jun = 6.0 Hz, pyridinem), 7.70-7.16 (m,
data represent an important step toward the development ofgon) 6.19 (d, 8H2J = 6.0 Hz), 3.17 (bs, 8H), 2.62 (bs, 8H), 2.13

Conclusions

artificial receptors. (m, 8H); 13C{*H} NMR (CDCl,) 6 134.0 (P+P—C,), 129.6 (Pt P—
) _ Cipso), 132.8 (PEP—C,), 129.9 (P+P—Cy), 133.7 (Pt-P—C,), 132.2
Experimental Section (Pt—P—Cy), 129.8 (Pt-P—Cy), 125.0 (Pt=P—Cipsy), 149.6 (Gpyr),

General Methods. Melting points (uncorrected) were obtained with ~ 129-4 (Gpyr), 138.2 (Gosopy), 151.3 (pyridine), 139.8 (pyriding), 127.2
a Mel-Temp capillary melting point apparatus. Infrared spectra were (Pyridine), 121.7 (q,Jc-¢ = 321 Hz, OTf), 108.3 (t, cengl), 215-3
recorded as CGImulls on a Mattson FT-IR spectrometer. All NMR ~ (Pt=P—CHy), 21.9 (Pt-P—CH,), 19.8 (CH), 18.2 (CHy); *P{'H}
NMR (CDzClz) 0 —4.8 (S,thfp = 2334 HZ),_11.2 (S,Jppp = 3062
(29) Cozzi, F.; Ponzini, F.: Annunziata, R.; Cinquini, M.; Siegel, J. S. H2); **F NMR (CD,Cl;) 6 —75. Anal. Calcd for RAQ;Cisr
Angew. Chem., Int. Ed. Engl995 34, 1019-1020. HisPsSsNeO1sF1s: C, 44.45; H, 3.19; N, 2.05; S, 4.68. Found: C,
(30) Cozzi, F.; Siegel, J. Rure Appl. Chem1995 67, 683-689. 44.77; H, 3.35; N, 2.17; S, 4.77.
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{ Cyclobis[(cis-(dppp)Pt(4-ethynylpyridyl) ,)(cis-(dppp)Pt)]Ag2} -
(pyrazine)("OSO,CF3)s Complex (8). To a solution of silver triflate
complex4* in 750 uL of CD.Cl, in a 5 mm NMRtube (25.6 mg,
0.0065 mmol) was added 1 equiv (0.520 mg, 0.0065 mmol) of pyrazine
in one portion at 25C; then the reaction mixture was shaken. The

Whiteford et al.

= 6.4 Hz), 3.09 (bs, 8H), 2.251.85 (m, 8H), 1.951.80 (m, 24H),
1.35-1.20 (m, 36H)3C{1H} NMR (acetoneds) 6 134.4 (Pt-P—Cy),
130.0 (Pt-P—Cipso), 132.4 (Pt-P—C;), 129.7 (Pt-P—Cy), 150.6 (Gpyr),
129.5 (Gpyr), 137.0 (Gosopyry 146.8 (pyrazine) 109.6 (Blp_c = 22.4
Hz, CC-PY), 122.3 (q.Jc_r = 321 Hz, OTf), 23.4 (m, PtP—CH)),

solvent was removed under a stream of nitrogen at room temperature19.7 (bs, CH), 15.4 (m, P+ P—CH.CHj3), 8.2 (bs, Pt+P—CH,CHy);

followed by solvent removal in vacuo, resulting in a white microcrys-
talline solid (26.2 mg, 99%): mp 24245 °C dec; IR (CCJ) 3057,
3097 (Ar), 2938 (CH), 2117 (CC), 1252, 1159, 1102, 1029 (OTf) Tm
IH NMR (CD.Cl,) 6 8.50 (pyrazine bs, 4H), 8.25 (d, 8By = 3.9
Hz), 7.70-7.16 (m, 80H), 6.26 (d, 8HJyy = 6.4 Hz), 3.15 (bs, 8H),
2.55 (bs, 8H), 2.09 (m, 8H}3C{'H} NMR (CD.Cl,) ¢ 133.9 (Pt
P—C,), 130.0 (PtP—Cipsg), 132.6 (PEP—Cy), 129.7 (P+P—-Cy), 133.5
(Pt—P-C,), 132.0 (Pt=P-Cy), 129.3 (P+-P—Cy), 125.1 (Pt-P—
Cipso), 149.4 (Gpyr), 128.3 (Gpyr), 135.2 (Gosopyry 145.8 (pyrazine), 121.7
(9, Jc-F = 321 Hz, OTf), 25.9 (PtP—CH,), 21.8 (Pt—P—CH,), 20.5
(CHz), 18.2 (CHQ), Slp{ 1H} NMR (Cchlz) 0 —7.0 (S,\]ptfp = 2251
Hz), —14.5 (s,Jpp = 3058 Hz);%F NMR (CD:Cl,) 6 —75.

{ Cyclobis[(cis-(dppp)Pt(4-ethynylpyridyl) ,)(cis-(dppp)Pt)]Ag2} *¢-
(phenazine)(OSO.CF3)s Complex (9). To a solution of silver triflate
complex4% in 750 uL of CD.Cl, in a 5 mm NMRtube (24.9 mg,

31P{*H} NMR (acetoneds) 0 3.8 (s,Jpp = 3073 Hz),—4.6 (S,Jpr-p
= 2338 Hz);**F NMR (CD.Cl,) 6 —75. Anal. Calcd for RAg.Ciie
H13PsSsNeO1gF15°OC(CDs),: C, 38.21; H, 3.88; N, 2.25; S, 5.14.
Found: C, 38.40; H, 3.79; N, 2.40; S, 5.54.

{ Cyclobis[(cis-(dppp)Pt(4-ethynylpyridyl) ,)(cis-(PEts).Pt)]Ag.} *¢-
(phenazine)(OSO,CF3)s Complex (12). To a solution of silver triflate
complex5 in 750 uL of acetoneds in a 5 mm NMRtube (38.8 mg,
0.0108 mmol) was added 1 equiv (1.94 mg, 0.0108 mmol) of phenazine
in one portion at 25C; then the reaction mixture was shaken. The
solvent was removed under a stream of nitrogen at room temperature
followed by solvent removal in vacuo, resulting in a yellow micro-
crystalline solid (40.5 mg, 99%): mp 23@34°C dec. X-ray quality
crystals were obtained by preparing a saturated (0.0154 M) solution
(in a nitrogen atmosphere glovebag) in acetda@ a 5 mm NMR
tube and allowing it to crystallize at room temperature overnight: IR

0.0063 mmol) was added 1 equiv (1.14 mg, 0.0063 mmol) of phenazine (CCls) 3056, 3097 (Ar), 2933 (Ch), 2083 (CC), 1259, 1155, 1105,
in one portion at 25C; then the reaction mixture was shaken. The 1028 (OTf) cn?; *H NMR (acetoneds) 0 8.52 (d, 8H,3uy = 3.1
solvent was removed under a stream of nitrogen at room temperatureHz), 8.45 (m, 4HJuyy = 10.3 Hz, phenazing), 7.97 (m, 4H3Jyy =

followed by solvent removal in vacuo, resulting in a yellow micro-
crystalline solid (25.8 mg, 99%): mp 25@53°C dec; IR (CCl) 3057,
3094 (Ar), 2917 (CH), 2088 (CC), 1252, 1155, 1105, 1028 (OTf)Tmn
H NMR (CDCl,) ¢ 8.32-8.13 ( m, 4H, phenazing), 8.32-8.18 (d,
8H), 7.81 (m, 4H, phenazing), 7.70-7.16 (m, 80H), 6.23 (d, 8H),
3.10 (bs, 8H), 2.76 (bs, 8H), 2.11 (m, 8HJC{*H} NMR (CD.Cl,) 6
133.4 (PtP—C,), 130.7 (P+P—Ciso), 132.1 (P+P—C,), 129.2 (Pt
P—Cy), 134.0 (Pt=P-C,), 132.6 (P+=P-C), 129.7 (Pt—=P—-Cy),
124.9 (Pt—P—Cipso), 149.5 (Gpyr), 128.6 (Gpyr), 135.4 (Gosopyry 143.2
(phenaziney), 132.7 (phenazing), 129.5 (phenazing), 122.8 (q,
CC—Pt,), 121.5 (q,Jc-F = 321 Hz, OTf), 111.9 (t, CEPY), 24.5
(Pt=P—CHy), 21.9 (Pt—=P—CH,), 19.9 (CH), 18.1 (CHy); 3P{'H}
NMR (CD.Cly) 6 —8.8 (s,Jpr—p = 2385 Hz),—15.0 (S,Jprp = 3070
Hz): 1% NMR (CD.Cly) 0 —75.

{ Cyclobis[(cis-(dppp)Pt(4-ethynylpyridyl) ,)(cis-(dppp)Pt)]Ag2} ¢-
(4,4-dipyridylketone)(~OSO,CF3)s Complex (10). To a solution of
silver triflate complex5 in 750 uL of CD,Cl; in a 5 mm NMRtube
(21.5 mg, 0.0055 mmol) was added 1 equiv (1.00 mg, 0.0055 mmol)
of 4,4-dipyridyl ketone in one portion at 25C; then the reaction

10.3 Hz, phenazing), 7.80-7.65 (m, 16H,0), 7.41—7.35 (m, 24H,

m, p), 6.79 (d, 8H23J4y = 6.4 Hz), 3.07 (bs, 8H), 2.151.85 (m, 8H),

1.95-1.85 (m, 24H), 1.46-1.15 (m, 36H);*3C{*H} NMR (acetone-

ds) 6 134.4 (Pt-P—Co), 130.3 (Pt-P—Cipso), 132.2 (PtP—Cp), 129.6

(Pt=P—Cy), 150.3 (Gpyr), 129.3 (Gpyr), 144.0 (phenazine), 132.9

(phenazings), 129.2 (phenazing), 109.9 (t, CC-Pt), 122.3 (q.Jc-r

= 321 Hz, OTf), 23.8 (m, PtP—CH,), 19.8 (bs, CH), 15.4 (m, Pt

P—CH,CHj), 8.1 (bs, Pt P—CH,CHj); 3*P{*H} NMR (acetoneds) 6

3.6 (s,Jpp = 3071 Hz),—4.1 (s,Jprp = 2318 Hz)!%F NMR (CD,-

Clz) 6 —75. Anal. Calcd for P4A92C124Hl3d3855N5018F18: C, 3944,

H, 3.63; N, 2.23; S, 5.09. Found: C, 39.85; H, 3.79; N, 2.12; S, 4.83.
{ Cyclobis[(cis-(dppp)Pt(4-ethynylpyridyl) ,)(cis-(PEts).Pt)]Ag2} *¢-

(4,4-dipyridylketone)(~OSO,CF3)s Complex (13). To a solution of

silver triflate comple)s in 750uL of acetoneds in a 5 mm NMRtube

(39.0 mg, 0.0108 mmol) was added 1 equiv (2.0 mg, 0.0108 mmol) of

4,4-dipyridyl ketone in one portion at 25C; then the reaction mixture

was shaken. The solvent was removed under a stream of nitrogen at

room temperature followed by solvent removal in vacuo, resulting in

a yellow microcrystalline solid (40.8 mg, 99%): mp 17580°C dec;

mixture was shaken. The solvent was removed under a stream ofIR (CCly) 3051, 3098 (Ar), 2918 (Ch), 2099 (CC), 1250, 1153, 1104,

nitrogen at room temperature followed by solvent removal in vacuo,
resulting in an orange solid (22.4 mg, 99%): mp 2238°C dec; IR
(CCls) 3055, 3098 (Ar), 2925 (Ch), 2080 (CC), 1253, 1154, 1102,
1027 (OTf) cn1t; *H NMR (CD,Cly) 6 8.66 (d, 4H, dipyridyl ketone-
pyr-a), 8.29 (d, 8H), 7.86-7.15 (m, 80H), 7.10 (d, 4H, dipyridyl ketone-
pyr-8), 6.14 (d, 8H), 3.17 (bs, 8H), 2.69 (bs, 8H), 2.12 (m, 8X}{ *H}
NMR (CD,Cly) 6 133.7 (P-P—C,), 129.9 (Pt P—Cipsy), 132.6 (Pt
P—C,), 129.8 (P+P—Cy), 133.2 (Pt=P—C,), 132.4 (Pt=P—C,), 129.6
(Pt—P—Cu), 125.5 (Pt=P—Cipsy), 149.4 (Gpyr), 129.5 (Gpyr), 135.9
(Cipsopyry 207.0 (dipyridyl ketone-CO), 152.2 (dipyridyl ketone-py);
145.0 (dipyridyl ketone-pyr-ipso), 127.1 (dipyridyl ketone-g)r-121.5
(9, Je—F = 321 Hz, OTf), 109.1 (CE), 25.1 (P+P—CH;,), 22.0 (Pt—
P—CH;), 19.9 (CH), 18.1 (CHy); 3*P{*H} NMR (CDCl,) 6 —8.1 (s,
Jprp = 2338 Hz),—14.2 (5,Jpp = 3054 Hz);1%F NMR (CD.Cl,) 6
—76. Anal. Calcd for %gzclsﬁlzéDSSGNeolgFlg'CD2C|2: C, 4383,
H, 3.15; N, 1.99; S, 4.56. Found: C, 43.87; H, 3.30; N, 2.19; S, 4.80.
{ Cyclobis[(cis-(dppp)Pt(4-ethynylpyridyl) ,)(cis-(PEts),Pt)]Ag2} -
(pyrazine)("OSO.,CF3)s Complex (11). To a solution of silver triflate
complex5 in 750 uL of acetoneds in a 5 mm NMRtube (39.0 mg,
0.0109 mmol) was added 1 equiv (0.870 mg, 0.0109 mmol) of pyrazine
in one portion at 25C; then the reaction mixture was shaken. The

1026 (OTf) cnt?; 'H NMR (acetoneds) 6 8.85 (d, 4H 3.y = 6.0 Hz,
dipyridyl ketone-pyrer), 8.73 (d, 8H), 7.79 (d, 4H3Juy = 6.0 Hz,
dipyridyl ketone-pyrg), 7.80-7.60 (m, 16H,0), 7.60-7.35 (m, 24H,
m, p), 6.79 (d, 8H), 3.03 (bs, 8H), 2.21.85 (m, 8H), 2.16-1.80 (m,
24H), 1.50-1.10 (m, 36H);33C{*H} NMR (acetoneds) 6 134.3 (Pt
P—C,), 129.0 (P£P—Cipso), 132.2 (PEP—-Cy), 129.6 (P+P—-Cyy), 150.4
(Copyr), 135.4 (Gpsopyn), 130.2 (Gpyr), 194.7 (dipyridyl ketone-CO), 152.1
(dipyridyl ketone-pyret), 143.7 (dipyridyl ketone-pyipso), 124.2
(dipyridyl ketone-pyrg), 108.8 (t, CC-Pts), 122.3 (q,Jc-r = 322 Hz,
OTf), 23.9 (m, P+P—CHy), 19.8 (bs, Ch), 15.5 (m, P+P—CH,CHs),
8.2 (bs, PP—CH,CHj); **P{*H} NMR (acetoneds) 6 3.6 (S,Jpr-p =
3075 Hz),—4.1 (s,Jprp = 2294 Hz)*F NMR (acetoneds ) 6 —75.

{ Cyclobis[(cis-(dppp)Pt(4-ethynylpyridyl) ,)(cis-(PEts).Pd)]Agz} ¢-
(pyrazine)("OSO,CF3)s Complex (14). To a solution of silver triflate
complex6'® in 750 uL of acetoneds in a 5 mm NMRtube (37.5 mg,
0.0110 mmol) was added 1 equiv (0.88 mg, 0.0110 mmol) of phenazine
in one portion at 25C; then the reaction mixture was shaken. The
solvent was removed under a stream of nitrogen at room temperature
followed by solvent removal in vacuo, resulting in a yellow micro-
crystalline solid (38.1 mg, 99%): mp 23@14°C dec; IR (CCJ) 3051,
3098 (Ar), 2970 (CH), 2079 (CC), 1256, 1161, 1104, 1029 (OTf) tn

solvent was removed under a stream of nitrogen at room temperature'H NMR (acetoneds) 6 8.70 (d, 8H), 8.32 (d, 4H, pyrazine), 7.80

followed by solvent removal in vacuo to give the product compound
(39.8 mg, 99%): mp 225228 °C dec; IR (CCJ) 3056, 3099 (Ar),
2938 (CH), 2078 (CC), 1257, 1157, 1105, 1028 (OTf) cintH NMR
(acetoneds) 0 8.71 (d, 8H,%J4y = 3.0 Hz), 8.54 (s, 4H, pyrazine),
7.80-7.65 (m, 16H,0), 7.50-7.36 (m, 24H,m, p), 6.87 (d, 8H,%Juun

7.65 (m, 16H,0), 7.60-7.30 (m, 24H,m, p), 6.79 (d, 8H), 3.05 (bs,
8H), 2.25-1.95 (obscured m, 8H), 2.64L.80 (m, 24H), 1.451.20
(m, 36H);*C{*H} NMR (acetoneds) 6 134.4 (Pt-P—C,), 130.0 (Pt
P—Cipso), 132.4 (PEP—C,), 129.7 (P£P—Cyy), 150.5 (Gpyr), 129.0
(Choyr), 136.9 (Gosopyny 146.9 (pyrazine), 109.0 (m, C€PY), 122.3 (q,
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Jc—r = 320 Hz, OTf), 23.8 (m, PtP—CHy), 19.8 (bs, CH), 16.5 (m, (phenazing3), 130.0 (phenazing), 110.1 (m, CC-P), 122.3 (qJc-r

Pd—P—CH,CHj), 8.4 (bs, Pe-P—CH,CH); 3P{H} NMR (acetone- = 321 Hz, OTf), 23.9 (m, PtP—CH,), 19.8 (bs, CH), 16.3 (m, Pe-

ds) 0 —4.5 (s,Jpp = 2332 Hz), 31.7 (s)!F NMR (acetoneds) P—CH,CHj), 8.4 (bs, Pe-P—CH,CHj); 3'P{*H} NMR (acetoneds) 6

—75. Anal. Calcd for BPbAG2Ci16H13PsSsN6O18F15r OC(CDs)2: C, —4.0 (s,Jpp = 2323 Hz), 31.4 (s)*F NMR (acetoneds) 6 —75.

40.11; H, 4.07; N, 2.36; S, 5.40. Found: C, 40.43; H, 3.84; N, 2.19;
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