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Utilization of directional metatlsr-aromatic interactions in

electrical conductors, and photoresponsive devidesortantly,
the focus has been centered at the design of molecular systems
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The coordination properties of multidentate nonplanar aromatic ligands containing two and three benzene
rings, namely [2.2]- and [2.2.2]paracyclophanes, have been explored. A gas-phase deposition approach
has been used to examine metal interactions in a solvent-free environment as well as to prepare
organometallicz-complexes of paracyclophane ligands in crystalline form. To force bridging modes of
paracyclophanes and to achieve the formation of extended organometallic assemblies, a dinuclear metal
complex having two centers of Lewis acidity, namely }RpCCF)4], has been used. As a result, a
product with Rh:L? = 1:1 composition ) has been obtained from the reaction of dirhodium(ll,Il) tetrakis-
(trifluoroacetate) with [2.2]paracyclophane?(& CigHi6). Complex1 consists of alternating dimetal
units and [2.2]paracyclophane bridges that form 1-D organometallic chains(QRICR),* (u-n%n?-
CieH16)]%. In the case of [2.2.2]paracyclophané € Cy4Hz4), two new rhodium-based products of the
stoichiometries RhL® = 1:2 (2) and 3:2 8) have been prepared in crystalline form. Compkeis a
discrete bis adduct with terminally bound aromatic ligands ;(RFCCRs) 4+ (17*-C24H24)2], While 3 exhibits
a unique 2-D layered structure built on an unprecedented tridemgat&,2»? coordination of [2.2.2]-
paracyclophane. Since the layersiaverlay to form [2.2.2]paracyclophane-based open channels running
along thec direction, the gas sorption properties of the crystalline matdfighy(O.CCR;)4]3*(Ca4H24)2}
have been tested. In addition to mono- and tridentate coordinatiopdtQevealed in2 and3, a rare
bidentate bridging mode of [2.2.2]paracyclophane is found in its ruthenium(l) complex obtained by gas-
phase reaction of hydrocarbon with the diruthenium(l,l) carbonyl trifluoroacetate unf{QRLCF;),-

(CO)y. The resulting product of the RilL® = 1:1 composition exhibits a 1-D chain structure, namely
[RUx(O2CCR)2(CO) (12-17%1>-CaaH24)1% (4). Overall, three new coordination modes of [2.2.2]paracy-
clophane have been revealed to afford a discrete complex, as well as 1-D and 2-D extended organometallic
networks. This versatility of [2.2.2]paracyclophane has been fully realized under gas-phase deposition
conditions that allow one to utilize effectively the geometrical and electronic structures of aromatic ligands
in the formation of new organometallic products.
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systematic incorporation of transition-metal ions and polynuclear

the formation of extended organometallic architectures is clusters having interesting electronic and redox properties into
currently of increasing scientific interégor potential applica-

tions in the areas of catalysis, macromolecular receptors, supramolecular products is based on the solution coordination
of the selected metal units by various organic spacers having
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different geometries and propertiesdowever, the desired

control over self-assembly in solutions is often limited, since
weak intermolecular interactions can be affected by various
metal-solvent interactiorfsor by unpredictable solvent-tem-

plating effects. Further development of the supramolecular
organometallic chemistry requires new methodologies with a
high level of control over intermolecular interactions. This can

Petrukhina et al.

tions in two or three dimensions. Furthermorg,)J¢2clophane
ligands exhibit unusual properties that stem from the overlap
of their - molecular orbitald! and that should provide unique
possibilities for electronic communication between the connected
units. This makes [Jdcyclophanes very attractive ligands in
supramolecular assembling reactions, especially when they serve
as bridges between redox-active metal centers to form extended
organometallic networks. Materials of this type are expected to
exhibit a wide range of potentially interesting electrical and
optical propertied? but controlled synthetic techniques to
assemble hybrid solids with multidimensional structures are
scarce.

Several [Z]cyclophane ligands such as [2.2]paracyclophane
(L?),13[2.2.2]paracyclophane @), and tetramesitylene ¢()1°
are currently available. The first member of this family, namely
Ci6H16, Shows extensive coordination chemistry with a number
of main-group and transition-metal centétén particular, metal
carbonyl clusters with various nuclearities have been studied

be achieved under conditions of the gas-phase depositionj, complexation reactions with{gH:¢ to afford a diverse range
approach that excludes interfering solvent effects in the processyt grganometallic products which display metat-arene bond-

of synthesis and can be very effective in the controlled
preparation of discrete complefemd extended organometallic
networks? We have also demonstrated that a microscale
deposition procedufé allows us to vary the stoichiometry of
solid products and, therefore, offers a rational control over their
composition. In addition, it provides a unique way to utilize
intermolecular metatsz interactions for supramolecular as-
sembling in a solvent-free environment. In this work we apply
the deposition approach to study the reactivity of nonplanar
aromatic ligands containing two or three benzene rings, [2.2]-
paracyclophane and [2.2.2]paracyclophane.

A family of various [2]cyclophanes (Chart 1) has been of
considerable interest for several decddedue to their structural
versatility and their potential for efficient metaigand interac-
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1655-1663. (b) Kang, H. C.; Plitzko, K.-D.; Boekelheide, V.; Higuchi,
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ing modes ranging from® to 5373 andnZnZn2.1%.17"However,
while extended organometallic architectures withHGe are
known for silver(1)1P3°such solid networks with paracyclophane
bridges are very rare for the redox or magnetically interesting
transition-metal centers. Several silver-containing 1-D chains,
such as [Ag(GaG)-(uz-1%13-CieH16)] and [AQ(CIQy)- (u2-n?
7?-Ci6H16)]w, have been isolated from solutiotsVery recent
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examples from the work of Munakata et al. included two- and [Rhy(0.CCFs)4]%° and [Ryp(O.CCFs),(CO)]2%2in the presence
three-dimensional layered networks based orf-Ag interac- of aromatic ligands followed by deposition of the corresponding
tions, in which [2.2]paracyclophane exhibits a variety of bridging donor-acceptor adducts in crystalline form.
modes, including a unique-tetra#? coordinatior?™® We From the system containing [RI©.CCF)4] and [2.2]-

expanded this research to transition métaésd showed the  paracyclophane, we have isolated the new proflircthe form
propensity of electrophilic diruthenium complexes having two of air-stable but slightly moisture sensitive crystals. The
centers of Lewis acidity, such as [R®,CCF),(CO)]%°2and composition of this product was confirmed by elemental analysis
[Rux(O2CCR)4],2% to form extended organometallic networks to be [Ri(0,CCRs)4]:(C16H16) = 1:1. The IR spectra showed
with the [2.2]paracyclophane bridges under deposition condi- the presence of aromatic and carboxylate functions, and the

tions. molecular structure of has been determined by X-ray diffrac-
The coordination chemistry of the second member of this tion.
family, [2.2.2]paracyclophane ¢g@H24), is even more interesting, Complex 1 consists of alternating dimetal units and [2.2]-

as both externdt and internaf*22 metal complexes (Chart 2)  paracyclophane ligands (Figure 1) that form 1-D polymeric
have been isolated from solutions and structurally character-chains: [RR(O2CCFs)4*(12-C16H16)]%. The organometallic
ized?® There have been a few reports concerning coordination network is built on interactions between the rhodium(ll) centers
of more than one transition-metal center to [2.2.2]paracyclo- and the aromatic rings of [2.2]paracyclophane. Each rhodium
phane (Chart 2c,d), but all products had discrete molecular atom has two bonding RRC contacts at 2.571(3) and 2.636(3)
structureg@ ¢ Herein we explore the interactions of [2.2]-and A (Table 1). The latter values are much shorter than the rest of
[2.2.2]paracyclophanes with dinuclear transition-metal com- the metat-carbon distances. Therefore, coordination of [2.2]-
plexes having Rit* and Ru?* cores that have been selected paracyclophane il is of a#? type with respect to each Rh

as linear building block8:24 for the construction of extended center. ComplexL is isostructural with the recently isolated

architectures based on ligand bridging modes. diruthenium(il,11) analogue [RiO-,CCR) 4 (1t2-CreH16)] 0.2 IN
the latter, the two bonding RtC distances are 2.670(3) and
Results and Discussion 2.757(3) A, which are noticeably longer than those contacts in

To prepare new organometallic complexes of paracyclo- 1
phanes, we rely on gas-phase co-deposition of complementaryb
building units, which is a very effective tool for utilizing
directional metalr-arene interactions without interfering solvent
effects®920 The experimental technique is based on the
sublimation of the volatile electrophilic dimetal complexes

Our previous study of planar polycyclic aromatic hydrocar-
ons (PAHS) has revealed an interesting trend: #femetal
coordination of [RR(O,CCR;)4] is site-selective and is well
correlated with ar-bond order character of -€C bonds in
various PAHs, as confirmed by ‘ldkel calculations. The
dirhodium(llL, 1) tetrakis(trifluoroacetate) complex works as a

(19) (a) Kuroda-Sowa, T.; Liu, S. Q.; Yamazaki, Y.; Munakata, M.; VerY sensitive electroph?lic probe to find the most nucleqphi!ic
Maekawa, M.; Suenaga, Y.; Konaka, H.; Nakagawalndrg. Chem2005 sites of the polyaromatic systems. Consistently, coordination

44, 1686-1692. (b) Liu, S. Q.; Konaka, H.; Kuroda-Sowa, T.; Maekawa, of only “external” carbon atoms (those having hydrogen atoms
M.; Suenaga, Y.; Ning, G. L.; Munakata, Nhorg. Chim. Acta2005 358

919-926 attached) has been observed so far for the large family of planar
(20) (a) Petrukhina, M. A.; Sevryugina, Y.; Andreini, K..\%. Cluster PAH_5-26 The (_)nly eX_C€p“0n _Wh_ere an “internal” carbon atom
Sci. 2004 15, 451-467. (b) Dikarev, E. V.; Filatov, A. S.; Ciac, R,; was involved in rhodium(ll) binding was the fluoranthene-based
Petrukhina, M. A.Inorg. Chem 2006 45, 744-751. i i i
(21) (a) Elschenbroich, C.; Schneider, J.;Wh, M.; Pierre, J. L.; Baret, comzplezx. The produd and its ruthenlum(ll) anaIOga@ having
P.; Chautemps, PChem. Ber 1988 121 177-183. (b) Probst, T.. ~ #21°n>-[2.2]paracyclophane bridges are other rare examples
Steigelmann, O.; Riede, J.; Schmidbaur,Ghem. Ber1991, 124, 1089 where internal (or bridgehead) carbon atoms are involved in

1093. (c) Dyson, P. J.; Humphrey, D. G.; McGrady, J. E.; Suman, P.; Tocher, metal binding.

D. J. Chem. Soc., Dalton T 7' 1601-1605. hooler, P.; - . : -
D Shem. Soc, Daiton ,\;ﬁngﬁsgoh ook Pg?son(g%&?ﬁ' o It is informative to compare the geometrical characteristics

1998 795-796. (e) Johnson, B. F. G.; Martin, C. M.; Schoolerhem. of [2.2]paracyclophane in complek with data for the unco-

Commun 1998 1239-1246. (f) Schooler, P.; Johnson, B. F. G.; Scac- ordinated parent ligand. The crystal structure of [2.2]paracy-
cianoce, L.; Tregonning, Rl. Chem. Soc., Dalton Trand999 2743-

5749 clophane was reported in 1949and it was later reexaminéd.

(22) (a) Schmidbaur, H.; Hager, R.; Huber, B.; My, G. Angew. Chem.,

Int. Ed. Engl 1987, 26, 338-340. (b) Probst, T.; Steigelmann, O.; Riede, (25) For the preparation of unligated [RB,CCF;)4], see: Cotton, F.
J.; Schmidbaur, HAngew. Chem., Int. EA99Q 29, 1397-1398. A.; Dikarev, E. V.; Feng, Xlnorg. Chim. Actal995 237, 19-26.

(23) An internal chromium(0) complex of [2.2]paracyclophang'®{ (26) (a) Cotton, F. A.; Dikarev, E. V.; Petrukhina, M. A. Am. Chem.
Ci16H16Cr], was prepared by cocondensation @§t&is with chromium atoms Soc 2001, 123 11655-11663. (b) Cotton, F. A.; Dikarev, E. V.; Petrukhina,
and characterized spectroscopically: Elschenbroich, CckeloR.; Zen- M. A.; Stiriba, S.-E.Polyhedron200Q 19, 1829-2835.
neck, U.Angew. ChemInt. Ed. Engl 1978 17, 531—532. (27) (a) Lonsdale, D. K.; Milledge, H. J.; Krishna Rao, K. Rroc. R.

(24) Cotton, F. A,; Lin, C.; Murillo, C. AAcc. Chem. Re001, 34, Soc 196Q A255 82-100. (b) Hope, H.; Bernstein, J.; Trueblood, K. N.

759-771. Acta Crystallogr 1972 B28, 1733-1743.
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Figure 1. Fragment of a 1-D chain ift, [Rhy(O,CCFs)s* (u2-Ci6H16)] %: (blue) Rh; (red) O; (green) F; (dark gray) C; (light gray) H (this
color scheme is used for all other rhodium complexes).

Table 1. Selected Distances (A) and Angles (deg) in the Along with the recently reported ruthenium complexes
Complexes [RB(O,CCF3)4:(Ci6H16)] (1) and [RUx(O2CCRs)2(CON (uz-7%17?-CreH16)]2°2and [Ruy(O,CCRy)ar
[Ru2(O2CCF3)a(CagH16)]*® (u2-n%m?-CiaH16)],2°° compoundl constitutes a rare transition-
M =Rh (1) M = R metal complex having both aromatic rings of [2.2]paracyclo-
M—M 2.4306(4) 2.2993(5) phane involved in coordination. Prior to this, there were attempts
M—0ay 2.039(2) 2.064(3) to explain the preferences of 16 for the formation of discrete
M---C(1) 2.571(3) 2.670(3) complexes by the through-space resonance effect within the
m:.r\%-(-z-)ql) 26643(13(13?7) ig 52(33()8) ligand that results in deactivation of the second uncoordinated
M—M---C(2) 164.85(7) 165.16(8) ring toward further interaction, when an electron-withdrawing
C(1)~C(2)oord 1.392(4) 1.385(5) metal complex is attached to one of the riRgs28The selection
C(1)~C(2)ree 1.404(4) 1.393(5) of dimetal Rh*", Rw*", and Ry?" units having two open

The dimensions of the {gHs molecule are interesting: the three CENters of Lewis acidity has been crucial for forcing [2.2]-
C—C aliphatic bond lengths are 1.54, 1.55, and 1.54 A, while paracyclopha'ne to functlo.n in the bridging bidentate fashlqn
the C-C bond lengths in the benzene rings are all 1.40 A, but that resulted in the formation of 1-D extended organometallic
these benzene rings are not flat. The two bridgehead Carbonpolymer_s. )
atoms in each benzene ring are displaced from the plane of the Reaction of [RA(O,CCFs)a] with [2.2.2]paracyclophane ).
other four atoms by 0.13 A to relieve the strain in the system. Originally afforded a mixture of two new products having
The coordination of metal centers to the bridgehead carbon different compositions, RAL® = 1:2 (2), 3:2 @), which were
atoms in [Mi(O2CCFs)a*(C1H16)] (M = Rh, Ru) is most likely deposited in dlf_ferent part; of the same ampule. As they were
related to this unusual nonplanar character of the aromatic rings'Ve!l-separated in the reaction tube, both products were collected
in [2.2]paracyclophane. In contrast, the rhodium(ll) centers of I pure form. The procedure to optimize the yield ivas
[Rhy(O.CCFs)4] coordinate to the external carbon atoms of 'ater developed. Compoundsand3 are air stable but show
p-xylene in the polymeric organometallic product isolatéd. ~ SOMe sensitivity to moisture. They have similar IR spectra but
The two analogues [MOCCFs) (u2-27?CigH1e)] (M = exhibit distinctly different solubﬂmes. Whil& is soluble in
Rh, Ru) provide an interesting data set to compare electrophilic ¢hloroform and can be characterized %y NMR, complex3
properties of the dirhodium(i1,11) and diruthenium(i1, ) tetrakis-  ¢@n Pe dissolved only in coordinating solvents that substitute
(trifluoroacetates) in binding to the same aromatic substrate. the [2.2.2]paracyclophane ligand, releasing it in a free form.
This comparison reveals an interesting trend: the shortemv ~ X-fay diffraction studies performed on crystals Bfand 3
bonding within the dimetal core (2.2993(5) A in the ruthenium revealed their cry_stgl structures, Wh_lch explained this difference.
complex versus 2.4306(4) A i) results in a noticeable Complex? exhibits a cﬁscreje bis-adduct type of structure
weakening of metatzz-arene bonding in the ruthenium complex ~ (Figure 2) with a central dirhodium molecule having two [2.2.2]-
(Table 1). The average metatarbon bonding distance is 2.604 Paracyclophane ligands attached to its axial positions;({&h
A in the rhodium complex. versus 2.714 A in the ruthenium ~ CCF)a*(CadHz4)2]. The shortest bonding contact of 2.566(7) A
analogue. A comparison of geometrical parameters of the IS between the rhodium atom and the C(1) atom of the aromatic
7-bonded [2.2]paracyclophane with the structure of the uncom- N9 (Table 2). The RRC distances to the adjacent carbon atoms
plexed GgHis moleculd®2 confirms that coordination is weak ~ @€ much longer: 2.944(7) and 2.956(7) A. Therefore, the
in both complexes. Even the distances between the two planederminal [2.2.2]paracyclophane coordinatiorzioan be regarded
drawn through four carbon atoms of the benzene rings of [2.2]- &S amy* or ° type. Previously, only;® external coordination
paracyclophane (3.060 A ih and 3.067 A in the ruthenium ~ Nas been seen in metal complexes ofHG,
product) are not significantly affected by coordination (compared = Complex 3 exhibits a different structure that has several
with 3.09 A for a free ligand). However, the calculated Interesting and novel features. It is built on the tridentate
displacement of two bridgehead carbon atoms from the plane @ P P —— oT———
of the other four atoms in [2.2]paracyclophane becomes slight &) Fapoyan, L. A, bulin, i, ., Hoiimann, K.; Rozenberg, V. 1.
greater in its metal comp[IeX(]an): 0.%44 F;&mand 0.153 A ing Y Russ. Chem Bulll998 47, 153-159. (b) Bond, A_ M. Dyson, P. J.

) Humphrey, D. G.; Lazarev, G.; Suman, P.Chem. Soc., Dalton Trans
the ruthenium analogue. 1999 443-448.
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Figure 3. Fragment of a 2-D layer i, {[Rhy(O,CCFs)4]3* (3-CaaH24)2} %,

Table 2. Selected Distances (A) and Angles (deg) in the
Complexes [RB(O,CCF3)4:(CoqH24)7] (2),
{[ha(OgCCF3)4]3'(C24H24)2} (3), and
[Ru2(O2CCF3)x(CO)4(CaaH24)] (4)

M =Rh 2) M = Rh @) M = Ru @)
M—M 2.4239(5) 2.4205(11) 2.6688(4)
M—Oay 2.035(3) 2.032(4) 2.138(2)
M-+-C(1) 2.566(7) 2.662(5) 2.563(3)
M-+-C(2) 2.662(5) 2.836(3)
M—M---C(L) 170.62(19) 163.47(12) 159.8%1)
M—M-+-C(2) 163.47(12) 156.0(2)
C(1)~C(2)oord 1.376(11) 1.386(11) 1.394(5)
C(1)~C(2)ree 1.378(11) 1.393(17) 1.394(5)

aDistances and angles are averaged for two independent units.

coordination of [2.2.2]paracyclophane that serves as a triangular

building node directing the coordination of three dimetal
complexes. The dirhodium [R{O.CCHR;)4] unit uses both axial

positions for the arene binding and functions as a linear spacer

in the structure 08. As a result, the two complementary donor
and acceptor building blocks Bform an extended 2-D hybrid
layer, { [Rh2(O;CCRs)s] 3+ (13-C24H24)2} % (Figure 3).

Two bonding RR-C distances if3 are symmetry related; they
are 2.662(5) A for each rhodium(ll) center. Having three metals

coordinated to one ligand, [2.2.2]paracyclophane shows a unique

uzn%n%ny? bridging coordination in the structure 8f It is worth
mentioning here that the tridentaj&;°:7° external coordination

of [2.2.2]paracyclophane has been seen in a chromium carbonyl
complexX'@2and it was later crystallographically confirmed in a
bismuth(lll) chloride compleX!® An internal tridentate;? (3

x 1% Ag—C coordination has been observed in a [2.2.2]-
paracyclophane silver(l) complé%.

Interestingly, in the structure &the layers overlap in such
a way that the [2.2.2]paracyclophane ligands form straight
channels running along theaxis of the unit cell (Figure 4).
These open channels are aligned parallel to each other and have
aromatically functionalized “walls” comprised of the benzene
rings of [2.2.2]paracyclophanes. The projection of the channel
onto theab plane gives a hexagon with the diameter of the
inscribed circle being ca. 2.5 A when the van der Waals radii
of carbon atoms are taken into account.

The 2-D layer in3 can also be considered as constructed of
the zigzag 1-D chains of the 1:1 composition brought together
by additional dimetal units (Figure 3). Although our attempts
to isolate the 1-D polymer from the system containing dirhod-
ium(l1,11) tetrakis(trifluoroacetate) and [2.2.2]paracyclophane by
varying the ratio of reagents and temperature regimes during
sublimation reactions were not successful, we have prepared
such a product from a similar system using an isoelectronic
dimetal complex. By codeposition of2H,4 with the linear

(29) (a) Kang, H. C.; Hanson, A. W.; Eaton, B.; BoekelheideJVAm.
Chem. Soc1985 107, 1979-1885. (b) Saarenketo, P.; Suontamo, R.;
Jadicke, T.; Rissanen, KOrganometallic200Q 19, 2346-2353.
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Figure 4. Superposition of two layers in the structure 26hown as a projection onto ttab plane. Fluorine and hydrogen atoms are
omitted for clarity.

Figure 5. Fragment of a 1-D chain i, [Ruy(O,CCF3)2(CO)+(CaaH24)] % (purple) Ru; (red) O; (green) F; (dark gray) C; (light gray) H.

diruthenium(l,l) unit having two open metal coordination sites,  The interesting solid porous structure ®fprompted us to
[Ruz(O2CCR;)2(CO)y], a new organometallic product of the 1:1  test this crystalline material for potential gas recognition and
composition has been crystallized. This new complex in the solid sorption. In this context, it is worth stressing that [2.2.2]-
state consists of the alternating diruthenium units and aromatic paracyclophane is a well-known and efficient receptor for the
ligands that form an extended chain structure ,)[RUCCFs)2- silver cations in solutiof? It is also known to form internal
(CO)*(CoaH29)]% (4), as determined by an X-ray structural complexes with Sn(Il) and Ge(ll) in solution, due to the ability
study (Figure 5). Only two benzene rings of [2.2.2]paracyclo- of the hydrocarbon cage of [2.2.2]paracyclophane to stabilize
phane are involved in metal binding 4 while the third ring low oxidation states of the incorporated met#lsSince the
remains uncoordinated. Regarding ruthenium(l) coordination, estimated gate entrance to the [2.2.2]paracyclophane channels
the two shortest RuC distances are inequivalent, being 2.579- in 3 appeared to be quite small, the gas adsorption measurements
(3) and 2.823(3) A for Ru(1) and 2.546(3) and 2.848(3) A for were carried out with b No, and CQ gases, which are regarded
Ru(2). The rest of the RuC distances are greater than 3.19 A. as linear multinuclear molecules having van der Waals diameters
Therefore, the coordination of [2.2.2]paracyclophane in the of ca. 2.4 for B and ca. 3.4 A for M and CQ. No gas
structure of4 can be regarded as the bidentafe;? bridge adsorption could be detected fop Bnd H gases at 77 K, and
having rather inequivalent RHC intermolecular contacts with  only a small amount of Cowas reversibly adsorbed [3/(see
respect to each ruthenium center. Previously, two complexesthe Supporting Information).
have.been crystalographicall characierzed, and both have s, )42 IS b Bare P Chauemps P, Amand . Cher

' Soc 1981, 103 2986-2988. (b) Pierre, G.; Baret, P.; Chautemps, P.; Pierre,
[2.2.2]paracyclophane acting as ah#® bridge?1cd J. L. Electrochim. Actal983 28, 1269-1271. (c) Heirtzler, F. R.; Hopf,

H.; Jones, P. G.; Bubenitschek, etrahedron Lett1995 36, 1239-1242.
In contrast to [2.2]paracyclophane, only external carbon atoms (d) Chartroux, C.. Rambusch, T.: Gloe, K.. Hon, M. §tte. F.J. Prakt

of Cy4Hz4 are involved in metal coordination in complex2s4. Chem 1999 341, 778-784.
The C-C bond distances and angles of the coordinated [2.2.2]-  (31) (a) Scholz, G.; Schaefer, C.; Rominger, F.; GleiterORg. Lett

i ; 2002 4, 2889-2892. (b) Mireles, N.; Sansores, L. E.; Martinez, A.; Salcedo,
paraqﬁlophane are very S|m|I§1r to those found in th? free parenty Int. J. Quantum Chen2003 94, 51-56. (c) Schaefer, C.; Scholz, G.;
ligand}* thus confirming weak intermolecular metat interac- Gleiter, R.; Oeser, T.; Rominger, Eur. J. Inorg. Chem2005 1274

tions in 2—4. 1281.
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Table 3. Crystallographic Data for [ha(OzCCF3)4'(C16H16)]1m (1), [ha(OzCCF3)4'(C24H24)2] (2), {[Rh2(02CCF3)4]3‘(C24H24)2} 20
(3), and [Rux(O2CCF3)5(CO)4*(CoaH24) % (4)

1 2 3 4
formula RhOgF12Co4H16 Rh,OgF12CseHas RheO24F36C72Has Ru,OgFsCazoH24
fw 866.19 1282.76 2598.56 852.65
cryst syst triclinic orthorhombic hexagonal monoclinic
space group P1 Pbca RBm P2i/c
a(A) 8.8646(6) 16.2821(10) 20.5186(5) 9.7452(6)
b (A) 9.0912(6) 12.3917(8) 20.5186(5) 22.7415(14)
c(R) 10.8615(7) 27.1720(17) 17.7415(9) 14.6650(9)
a (deg) 114.4310(10) 90.00 90.00 90.00
B (deg) 104.5180(10) 90.00 90.00 100.4900(10)
y (deg) 99.7510(10) 90.00 120.00 90.00
V (A3) 733.55(8) 5482.3(6) 6468.7(4) 3195.7(3)
z 1 4 3 4
Deatea(g cm3) 1.961 1.554 2.001 1.772
u (mm-1) 1.247 0.695 1.272 1.030
radiation ¢, A) Mo Ka (0.710 73) Mo Kux (0.710 73) Mo Kux (0.710 73) Mo Kux (0.710 73)
transm factors 0.71380.9636 0.7829-0.8909 0.89410.9509 0.86920.9408
temp (K) 173(2) 173(2) 173(2) 173(2)
no. of data/obsd/params 3314/3210/226 6591/5415/346 1389/1234/118 7550/6367/492
R12WR2 (I > 20(1)) 0.0326, 0.0839 0.0503, 0.1316 0.0442,0.1109 0.0358, 0.0876
R12wR2 (all data) 0.0334, 0.0848 0.0601, 0.1413 0.0500, 0.1162 0.0449, 0.0922
quality of fit¢ 1.054 1.030 1.038 1.027

aR1 = Y||Fo| — |F/l/T|Fol. PWR2 = [S[W(Fo2 — FAA/ T [W(FAH] Y2 ¢ Quality of fit = [¥[W(Fe2 — Fc2)3/(Nobservns— Nparamd] V2, based on all data.

Conclusions ampule was placed in an electric furnace having a small temperature
) gradient along the length of the tube. The temperature was set at
In the course of this work several novel [2.2]paracyclophane- 145°C. The next day green platelike single crystals were deposited
and [2.2.2]paracyclophane-based organometallic complexes haven the “cold” end of the ampule, where the temperature was a few
been isolated as thermally stable solids with molecular structuresgegrees below 145C. Yield: 35-40%. When the reaction
based on weak but directional metat-arene interactions. A temperature was increased to 355 °C and the reaction time
one-step deposition procedure in a solvent-free environment waswas changed to 3 days, the total yield of the single crystalline
used for the preparation and isolation of organometallic products product was increased to 565%. Anal. Calcd for R}Cos
in the form of single crystals. This technique was shown to be F;;0¢H:6 C, 33.28; H, 1.86. Found: C, 33.37; H, 1.93. IR (KBr,
very effective in utilizing the geometrical and electronic cm™): 2933 w, 2864 w, 2363 w, 2344 w, 1669 s, 1461 w, 1326
structures of the aromatic ligands for the controlled formation w, 1197 s, 1167 s, 1088 w, 859 w, 808 w, 786 w, 733riNMR
of organometallic networks having the desired topologies. This (22 °C, acetoneds): 6 3.02 (s, 8H, €l,), 6.45 (s, 8H, El).
is clearly seen from the comparison of two different paracy-  [Rhy(O2CCF3)s:(C24H24)2] (2) and [Rha(O2CCF3)4]s:(CaaH24)2
clophanes in the coordination of linear dimetal units. The only (3). A mixture of [Rh(O,CCR),4] (0.050 g, 0.075 mmol) with
isolated rhodium(ll) complex of [2.2]paracyclophane is based [2.2.2]paracyclophane (0.024 g, 0.075 mmol) was sealed under
on the bidentate bridging mode ofi#El;s and has a chain vacuum in a small glass ampule. The ampule was kept in an electric
polymeric structure, namely [R{O,CCF)4:(tt2-CieH16)] . FOr tube furnace at 144C for 3 days. The produ@ was deposited in
the more versatile [2.2.2]paracyclophane several coordinationthe coldest end of the ampule in the form of blue-green crystals.
modes have been found, including a terminal mode in the bis Yield of 2: 45%. Anal. Calcd for R}CseF120sHas: C, 52.44; H,
adduct [RR(O2CCRy)4+(17%-Ca4H-4)7] and a bidentate?:?2 bridge 3.77. Found: C, 52.38; H, 3.81. IR (KBr, crf): 3094 w, 3048
in the 1-D polymeric ruthenium(l) product [RD.CCFs)(CO)- w, 3017 w, 2930 m, 2868 w, 2859 w, 1169 s, 1516 m, 1459 w,
(12-CaaHo4)]%. A novel tridentate;?:52 2 bridging coordination 1445 w, 1416 w, 1224 s, 1195 s, 1169 s, %097 w, 1023 w, 920 w,
of [2.2.2]paracyclophane was found to direct the formation of 864 M, 808 m, 790 m, 742 mMH NMR (22 °C, CDC¥): 6 2.93
a unique extended organometallic laygRhy(O.,CCFs)a] 3 (13- (broad, 12H, @), 6.70 (broad, 12H, ).
CoaH24)2} 2. Very small green crystals & were grown in the hot end of the
same ampule; they were well separated fr@nand manually
collected for X-ray characterization. Yield 8f 15-20%. IR (KBr,
cm1): 3048 w, 3029 w, 2930 w, 2867 w, 1669 s, 1517 w, 1466
Materials and Methods. All reactions involving the preparation ~ W. 1446 w, 1415w, 1221 sh, 1198 s, 1169 sh, 926 w, 862 m, 809
of unligated dimetal complexes, [RID,CCF)4]25 and [Ru(O- w, 788 m, 742 m, 535 w, 543 w, 531 w. Compléxwa_ls also
CCF3),(CO)],2%2were carried out under a dinitrogen atmosphere prepared in a pure form by the improved method described below.
using standard Schlenk techniques. Paracyclophane ligands were [Rha(O,CCF3)a]s(C24H24)2 (3). [Rhp(O-,CCFR;)4] (0.045 g, 0.068
purchased from Aldrich and resublimed before use. IR spectra weremmol) was loaded in a glass ampule of 9 mm diameter and 70
recorded on a Nicolet Magna 550 FTIR spectrometer in the range mm length, while G;H,4 (0.005 g, 0.016 mmol) was placed in an
4000-400 cm! using KBr pellets. NMR spectra were recorded ampule of a smaller diameter and length420 mm). The latter
on a Varian Gemini spectrometer at 300 MHz for proton and at ampule was carefully inserted inside the larger one to prevent direct
282 MHz for fluorine. Chemical shifts foiH are reported relative ~ contact of the two reagents in the solid state. The outer ampule
to the residual solvent peaks or TMS and #&F relative to the was sealed under vacuum and placed in an electric tube furnace at
internal standard CF€Il(0 0.0 ppm). Elemental analyses were 155°C for 3 days. During this time period green blocks grew inside
performed by Canadian Microanalytical Services, Ltd. the small ampule. Yield: 70%. Anal. Calcd for §y,F36024H4s:
[Rh2(O,CCF3)4(C1eH16)] (1). A mixture of [Rh(O,CCR)4l C, 33.28; H, 1.86. Found: C, 33.62; H, 1.99. IR (KBr, ¢ 3047
(0.045 g, 0.068 mmol) with [2.2]paracyclophane (0.012 g, 0.058 w, 3026 w, 2958 w, 2918 m, 2849 w, 1665 s, 1561 w, 1509 m,
mmol) was sealed under vacuum in a small glass ampule. The1459 w, 1442 w, 1343 w, 1237 m, 1218 m, 1194 s, 1168 m, 1151

Experimental Section
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s, 1022 w, 920 w, 861 m, 807 m, 785 m, 739 m, 595 w, 540 w, except for the disordered carbon and fluorine atoms. The fluorine
473 w.'H NMR (22 °C, acetoneds): 6 2.93 (s, 12H, El,), 6.69 atoms of the Ckgroups in1—4 were disordered over two or three
(s, 12H, ¢H). rotational orientations, and this disorder was modeled individually

[Rux(O2CCF3)x(CO)4*(CoaH24)] (4). A mixture of [Ru(O-- in each case. In compouigdn addition to rotational disorder, some
CCFR)»(CO)] (0.035 g, 0.065 mmol) and [2.2.2]paracyclophane CFsgroups of carboxylates exhibit a symmetry-related reflectional
(0.010 g, 0.032 mmol) was sealed under vacuum in a small glassdisorder. Moreover, the Gtbridges of [2.2.2]paracyclophane3n
ampule. The ampule was then placed in an electric tube furnace atwere disordered over two orientations. The same types of disorder
160 °C. Brown blocks appeared aft8 h in the hot end of the of CH, bridges were found i”2 and4 and modeled individually.
ampule. Yield: 70%. Anal. Calcd for RGs,FsOsHzs: C, 45.07; This disorder does not affect the coordination mode of [2.2.2]-
H, 2.82. Found: C, 45.45; H, 2.84. IR (KBr, c): 3025 w, 2924 paracyclophane. All hydrogen atoms of [2.2]paracyclophank in
w, 2918 w, 2894 w, 2866 w, 2051 s, 2010 s, 1983 s, 1978 s, 1927 Were found in the difference Fourier map and refined independently.
sh, 1663 s, 1516 w, 1509 w, 1502 w, 1469 w, 1443 w, 1341 w, The refinement of hydrogen atoms of [2.2.2]paracyclophane in the
1215 s, 1155's, 1090 w, 971 w, 949 w, 922 w, 863 m, 807 m, 789 Structures2—4 was mixed. Relevant crystallographic data for
m, 737 m, 661 w, 592 m, 569 m, 535 w, 518 ¥4 NMR (22 °C, complexesl—4 are summarized in Table 3.

. 19
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