Inorg. Chem. 2004, 43, 3219-3224

Inorganic:Chemistry

* Article

On the Road to a Termolecular Complex with Acetone: A
Heterometallic Supramolecular Network
{ [ha(OzCCF3)4] ',uz-OCMez‘ [CU4(02CCF3)4]}

Evgeny V. Dikarev, Kristian W. Andreini, and Marina A. Petrukhina*

Department of Chemistry, Usersity at Albany, SUNY, Albany, New York 12222

Received December 18, 2003

A novel heterometallic supramolecular network {[Rhy(O,CCF3)4]*t2-OCMe,+[Cus(O,CCF3)q} % has been prepared
by codeposition of the volatile mono(acetone) adduct [Rhy(0,CCFs),-57*-OCMe;], and copper(l) trifluoroacetate,
[Cuy(O,CCF3)4]. The product is of interest from the viewpoints of gas-phase supramolecular synthesis and a rare
bridging coordination mode of acetone. It has been fully characterized by IR and NMR spectroscopy, elemental
analysis, and X-ray diffraction. An X-ray structure revealed a layered 2D arrangement of the heterometallic {-
[Rh2(O,CCF3)4]+112-OCMe,+[Cus(O,CCF3)4]} units built by axial intermolecular interactions of the open electrophilic
Rh(Il) and Cu(l) centers and O-atoms of neighboring carboxylate groups. The coordination of the acetone molecules
within the {[Rhy(02CCF3)4]+12-OCMe,+[Cus(O,CCF3)4]} unit is asymmetric with the Rh—O and Cu-O distances
being 2.2173(15) and 2.7197(17) A, respectively. This work shows the potential of gas-phase deposition that may
provide additional possibilities in supramolecular synthesis by utilizing intermolecular interactions and coordination
bonds in a new way compared with conventional solution chemistry.

Introduction Chart 1

The study of multidentate Lewis acids, which are complex

: ) e . . LA~ 779\ LA..
reagents with multiple acceptor sites, is an increasingly active ( Ll 7/ _f:o:(
area of researéhwith valuable applications in the activation L / LA-""
b

A’
of various chemical bondsGreat progress has recently been
mad€ in the preparation of bidentate complexes holding two a
sites of Lewis acidity in a well-defined orientation that
permits them to interact simultaneously with a single basic function? These bonds are, however, characteristically long,
atom in a guest molecule, i.e., a terminal carbonyl oxo weak, and deformable resulting in nonplanar structures (Chart
1a). Therefore, current studies are directed to preparation of
* Author to whom correspondence should be addressed. E-mail: i
marina@albany.edu. Phone: (518) 442-4406. Fax: (518) 442-3462. a termo'?cma.r dou.bly coordinated complex (Chart 1.b) W.here
(1) (a) Hawthome, M. F.; Yang, X. G.; Zheng, Z. Pure Appl. Chem. two Lewis acids bind an oxygen atom along the directions
é9941%6é52i54- étgsv?u)gﬁov\f& r;]l s|me,\1£d,FM.£ thestilﬂm(c:JLd. Chgm- of its si# lone pairs and thus lie close to the carbonyl plane.
. . (C) na orne, M. .; eng, AccC. em. Res.
1997, 30, 267. (d) Beer, P. D.; Smith, D. Krog. Inorg. Chem1997, Such adducts are expected to take better advantage of the
46, 1. (e) Schmidtchen, F. P.; Berger, @hem. Re. 1997, 97, 1609. electron density on an oxygen atom resulting in its additional
(f) Wuest, J. DAcc. Chem. Red.999 32, 81. (g) Maruoka, KCatal. i syt Yni ; _
Today2001 66, 3. (h) Hoefelmeyer. J. D.. Schulte, M.: Tschinkl, electrophilic activation. Similar doubly coordinated com
M.; Gabbai, F. PCoord. Chem. Re 2002 235, 93.

(2) (@) Sharma, V.; Simard, M.; Wuest, J. D. Am. Chem. Sod.992 (3) (a) Saied, O.; Simard, M.; Wuest, J. Dorg. Chem1998 37, 2620.
114, 7931. (b) Ooi, T.; Takahashi, M.; Maruoka, K. Am. Chem. (b) Saied, O.; Simard, M.; Wuest, J. Drganometallics1998 17,
Soc.1996 118 11307. (c) Hanawa, H.; Maekawara, N.; Maruoka, K. 1128. (c) Tschinkl, M.; Bachman, R. E.; Gabbai, FJPChem. Soc.,
Tetrahedron Lett1999 40, 8379. (d) Ooi, T.; Miura, T.; Maruoka, Chem. Communl999 1367. (d) Gabbai, F. PAngew. Chem., Int.
K. Angew. Chem., Int. EdL998 37, 2347. (e) Ooi, T.; Asao, N.; Ed. 2003 42, 2218.

Maruoka, K.J. Synth. Org. Chem. Jpri998 56, 377. (f) Lee, H.; (4) (a) Beauchamp, A. L.; Oliver, M. J.; Wuest, J. D.; Zacharie, B.
Diaz, M.; Hawthorne, M. FTetrahedron Lett1999 40, 7651. (g) Organometallics1987, 6, 153. (b) Simard, M.; Vaugeois, J.; Wuest,
Uraguchi, D.; Ooi, T.; Maruoka, KJ. Synth. Org. Chem. Jpa00Q J. D.J. Am. Chem. Sod998 120, 13016. (c) Ooi, T.; Saito, A,;
58, 14. (h) Ooi, T.; Takahashi, M.; Yamada, M.; Tayama, E.; Omoto, Maruoka, K. Tetrahedron Lett1998 39, 3745. (d) Tschinkl, M.;
K.; Maruoka, K.J. Am. Chem. So@004 126, 1150. Schier, A.; Riede, J.; Gabbai, F. ©rganometallics1999 18, 1747.
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3 CFs 4 CFy [Rhy(O,CCR;)4] and limited amounts of acetone. Instead of

plexes have been postulated as activated intermediates othe known bis(acetone) adduc®)( these reactions have
transition states upon addition of organometallic reagents to afforded a mono(acetone) add§ide,CO-[Rhy(O:CCRy)4]2
carbonyl compounds. OCMe} (3) having a “dimer of dimers” structure with
Our approach to the assembling of termolecular adductsterminally bound acetone (Chart 2). This behavior contrasts
is based on the employment of an excess of polydentatewith that of DMSO, DMSeO, and DMF, which under similar
transition metal complexes with strong Lewis acidic proper- deposition conditions serve as O-bridges (Chart 3). However,
ties and a low concentration of donor molecules. These an addition of the volatile and polydentate Lewis acid
experimental conditions favor the formation of bidentate or [Cus(O.CCFs)4] (4, Chart 2}* to 3 afforded a unique
polydentate bridges by the donor molecfi&ich conditions  heterometallic produc{[Rhx(O.CCFs)4]-12-OCMex [Cus(O2-
are readily realized in the gas phase by simultaneousCCR)J]} (5), that is built on a rare bridging coordination of
sublimation of donors and volatile Lewis acids which is then acetone. In this paper, we report details on the preparation,
followed by deposition of crystalline doneacceptor com-  spectroscopic characterization, and X-ray diffraction study
plexes. This approach allows control over the production of of the title compound.
an excess of acceptor over donor molecules in vapor phase ) i
and thus results in uncommon coordination modes of the Results and Discussion
donor counterparts. In this way, the electrophilic dirhodium-  We began this study by testing deposition reactions of the
(I) tetrakis(trifluoroacetate) complex, [RIO.CCFRs)4] (1, bidentate electrophilic complex [RIO.CCFR)4] (1) in the
Chart 2), has been reacted with donor molecules having presence of very low concentrations of acetone in gas phase
terminal E=O functions (E= S, Se, C), such as DMS®, that should favor the bridging mode of M2O. It is worth
DMSeO/* and DMF/¢ When an excess of the dirhodium mentioning that the only product known prior to our work
complex was used, the adducts obtained from the vapor phasevas a benzene solvate of the bis(adduct),[RECCFs)s:
showed the bridging modes for the O-containing molecules 2(;*-OCMe)]-CeHs (28),3 which crystallized from a solution
(Chart 3). According to the Gutmann scélacetone exhibits  containingl and an excess of acetone. We have isolated
significantly lower donor ability than do DMF and DMSO.  another polymorph devoid of interstitial solvent molecules,
However, acetone is practically more interesting with a [Rhy(O,CCR)4-2(3-OCMey)] (2b).14 The latter has been
promise of the €O bond activation, which makes its study used as a controlled source of acetone in deposition reactions
worthwhile. Furthermore, only few examples of the bridging with 1.
coordination of acetone by metal centers (alkali-metal fons,  Thus, sublimatiordeposition reactions in the system
mercury(ll);41° and a copper(l) complé® have been  containing two complexes, [R{0:CCFs)J] (1) and its bis-
reported so far.
In this work we have tested deposition reactions in a (9) (&) Schauzer, G. N.; Zhang, C.; Chadhalifdrg. Chem 199Q 29,
system having high concentration of the dimetal complex A0 ) 2o T O e i tior, A N Do ¥
G. N.; Martynov, I. V.Zh. Obshch. Khiml99Q 60, 1997. (c) Solov'ev,

(5) Evans, D. A.Sciencel988 240, 420. V. N.; Chekhlov, A. N.; Martynov, |. VKoord. Khim 1991, 17, 618.
(6) (a) Petrukhina, M. A.; Andreini, K. W.; Mack, J.; Scott, L. Angew. (d) Krautscheid, H.; Lekieffre, J.-F.; BesingerZJAnorg. Allg. Chem
Chem Int. Ed. 2003 42, 3375. (b) Dikarev, E. V.; Goroff, N. S.; 1996 622, 1781.
Petrukhina, M. AJ. Organomet. Chen2003 683 337. (10) (a) Beckwith King, J.; Tsunoda, M.; Gabbai, F.®rganometallics
(7) (a) Cotton, F. A.; Dikarev, E. V.; Petrukhina, M. A.; Stiriba, S.-E. 2002 21, 4201. (b) Haneline, M. R.; Taylor, R. E.; Gabbai, F. P.
Inorg. Chem200Q 39, 1748. (b) Dikarev, E. V.; Petrukhina, M. A,; Chem—Eur. J 2003 9, 5188.
Li, X.; Block, E. Inorg. Chem2003 42, 1966. (c) Petrukhina, M. A;; (11) Munakata, M.; Wu, L. P.; Kuroda-Sowa, T.; Maekava, M.; Morikawa-
Andreini, K. W.; Sevryugina, Y.; Dikarev, E. V. Concomitant ki, K.; Kitagawa, S.Inorg. Chem 1997, 35, 5416.
Coordination of Terminal Oxo Function in Various Neutral Substrates (12) (a) Cotton, F. A.; Dikarev, E. V.; Petrukhina, M. forg. Chem.
by Multidentate Lewis Acids. Presented at the 227th National Meeting 200Q 39, 6072. (b) Rodesiler, P. F.; Amma, E.L.Chem. Soc., Chem.
of the American Chemical Society, Anaheim, CA, March 30, 2004, Commun.1974 599. (c) Reger, D. L.; Huff, M. F.; Wolfe, T. A;;
INOR-600. Adams, R. D.Organometallics1989 8, 848.
(8) Gutmann, V.The Donor-Acceptor Approach to Molecular Interac- (13) zZhao, Q.-H.; Bu, W.-M; Liao, D.-Z.; Jiang, Z.-H.; Yan, S.f®l. J.
tions Plenum: New York, 1978. Chem 200Q 74, 285.
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{ [ha(OzCCF3)4] '[lz-OCMeg’ [CU4(02CCF3)4]}

Figure 1. Mono(acetone) addugiMe,CO-[Rhy(0,CCHRs)4]2*OCMes} (3) having a “dimer of dimers” structure3ais centrosymmetric, and i8b the two
Rhy** units are crystallographically independent. Intermolecular ®hinteractions between two dirhodium molecules as well as coordination of acetone
by the rhodium centers are shown by dashed lines. Fluorine atoms of thgr@ps are omitted for clarity.

(acetone) adduct, [RtO.CCR)s2(n*-OCMe)] (2b), re-
sulted in the isolation of a new produ8tin the form of
green air-stable crystals. The compositiorBa$ [Rhy]:Mex-

1.219(7) A. The observed difference between such distances
in 3a,b along with the fact that the standard deviations for

these bonds are too large makes it difficult to discuss subtle

CO = 1:1 as determined by elemental analysis. IR data for effects of metal coordination on tl@-bound carbonyl group

the mono(acetone) addugtand the bis(acetone) addzit

of acetone.

show similar carbonyl stretching frequencies of 1684 and Complex3 has a discrete “dimer of dimers” structure for
1686 cmL, respectively. This is consistent with the presence a 1:1 composition. It is structurally similar to that recently
of terminally coordinated acetone molecules. These carbonylreported for the mixed carboxylate rhodium(ll) complex

stretching frequencies are ca. 30 ¢rfess than that of neat
acetone ¥(C=0) 1716 cn?).
Complex 3 seems to be the only stable product that

{ Mech'[ha(OzCCﬁHziPl's)z(OzCCE)z] 2'OCM82} , which
was isolated from solutiot?. Contrarily, whenl and strong

oxo-containing donors M&8O and MeSeO react, the

crystallized from the vapor phase mixtures containing the products have axial ligands witha-O-bridging mode so

volatile dirhodium complexl in the presence of the

that one-dimensional zigzag chains JRO,CCR;)4p12-O-

controlled amount of acetone. In gas-phase reactions we havédMS(Se)O)}., form (Chart 3)72° A similar extended struc-

observed the formation o8 on numerous occasions, at

tural motif has recently been observed in an analogous

different temperatures and in various systems, and it wasdirhodium complex with DMF ligand¥. It was previously
often isolated as a byproduct. In this work, the yield of pure found that THF affords products with a 1D chain and a

3 was optimized at 5565% after 3 days of deposition at
160 °C. Two polymorphs of3 have been isolated and
structurally characterized. The X-ray diffraction studies
reveal a “dimer of dimers” type of structure f8; {Me,-
CO-[Rhy(O,CCRy)4]2»OCMey}, in which the central tetra-

“dimer of dimers” structuré®

This volatile preorganized tetranuclear rhodium building
block 3 capped by acetone molecules appears highly desir-
able for utilization in gas-phase coordination reactions. We
have recently confirméfithat3 produces the mono(acetone)

rhodium core is terminated by an acetone molecule at eachfragments [Ri(O,CCR)4-7*-OCMej] in gas phase. Their

end (Figure 1). The central core consists of two J&h-
CCHR)4] units held together by axial RhO contacts: this
unit is centrosymmetric iBa but has no center of symmetry
in 3b.

All major geometrical characteristics 8g,b are similar.
The Rh-Rh distances of 2.3959(13) and 2.3976(6) Bab

high volatility and an “one-end” Lewis acidity have been
used to synthesize a complex with the thermally unstable
1,4-diiodobutadiyné® In this work, to force the bridging
coordination of acetone, we have codeposigavith a
tetradentate Lewis acid, namely copper(l) trifluoroacetate,
[Cusy(O,CCR)4] (4), that has four open Lewis acidic sites

are comparable with that of 2.4064(8) A in the bis(acetone) (Chart 2)12 The latter is known to show a great avidity for

adduct2b. The Rh(1)--O(1) axial contact between two
dirhodium units is 2.410(7) A in the centrosymmetric
complex3a. The corresponding distances3b are 2.374-
(4) for Rn(3):+O(4) and 2.525(4) A for Rh(2)-0(11). The
Rh—Oaceronedistances of 2.208(7) iBa and of 2.196(4) A

in 3b (average of two) are slightly shorter than that in the
bis(acetone) adduc®b (2.252(4) A)* The G=0O bond
lengths of thep'-coordinated acetone are 1.208(15)3a
and 1.234(7) ir8b (average of two), whereas that &b is

(14) X-ray data for [RE(OQCCFg)y(OCMeg)z] (2b) Rh2010C14F12H12, fw
= 774.06; monoclinic,P2:/n; a = 8.7596(5),b = 8.988(3),c =
15.1591(9) A;5 = 96.820(9Y; V = 1185.1(4) B, Z = 2; Deacd =
2.169 g/cm; T = 213(2) K. The final R1 (orF,) was 0.0380, and
WR2 (onFy?) = 0.0931 for 192 parameters and 36 restraints, 1547
unique data (1441 reflections with> 20(1)). All CF3 groups were
disordered. See Supporting Information for structural details.

additional coordination in solution and to form adducts with
unsaturated species containing carboarbon bonds, such
as [Cu(O:CCR)4:2CsHg]*?® and [Cu(O.,CCRy),2EtC=
CEt].*?c Although we had isolated the crystalline product
[Cus(O,CCR)4] without exogenous ligands by depositit,
we had not utilized its avid acidity and multidentate
coordination ability in gas-phase coordination reactions.
The rhodium(Il) adduc8 was codeposited with the copper-
(I) complex4 at 120°C giving a produc{ [Rhy(O,CCFs)4]-
OCMer[Cuy(O.,CCR)4]} (5) in the form of green needle-
shaped crystals which are air stable but slightly moisture

(15) Cotton, F. A.; Hillard, E. A.; Liu, C. Y.; Murillo, C. A;; Wang, W.;
Wang, X.Inorg. Chim. Acta2002 337, 233.

(16) Cotton, F. A.; Dikarev, E. V.; Stiriba, S.-Eorg. Chem.1999 38,
4877.
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Figure 3. Fragment of a supramolecular structérshowing aggregation
of two units {[Rhy(O2CCR;)4]-u2-OCMe, [Cus(O,CCRs)4]} through ad-
ditional axial Rh--O interactions. Fluorine atoms are omitted.

Figure 2. A crystallographically independent heterometallic §ffRha(Ox-
CCR;)4]-OCMer[Cus(O2CCHs)4]} in 5. Fluorine atoms of the GFgroups
are omitted.

sensitive. The IR spectrum @& is dominated by strong
absorptions of trifluoroacetate functions of both copper(l)
and rhodium(ll) complexes ranging from 1680 to 1600 &m
obscuring the region where one would expect theCC
stretching frequency of the bridged acetone.

A single-crystal X-ray diffraction study d has revealed
that an asymmetric unit contains one dirhodium complex,
one tetracopper block, and one acetone molecule that Y
connects two metal units together (Figure 2). An additional '
axial contact of the Cu(2) atom with the O(2) atom of the g
trifluoroacetate group of dirhodium complex at 2.511(2) A Figure 4. Fragment of a supramolecular structBrshowing intermolecular
is also important. Cue--O interactions. The Gfgroups of trifluoroacetate ligands are omitted.

The acetone molecule bridges the dirhodium and tetra-

copper units in an asymmetric fashion: the RR(OX17)is  snorter than the sum of the van der Waals radii (2.95 A)
2.2173(15), and the Cu(20(17) is 2.7197(17) A. The  and are indicative of weak coppeoxygen interactions.
former is comparable with the RiDxcewnedistances i3 aj intermolecular metat-oxygen interactions result in the
which has a terminally bound acetone, while the latter is jntroduction of additional links in two dimensions affording
much longer than the CtOacetonedistance of 2.423(9) Ain 5 complex layered 2B[Rh,(0:CCFs)] 12-OCMex[Cus(O2-
the copper(l) complex having-OCMe,.!* The sum of bond CCFy)4]}. network (Figure 5).
angles at the O(17) atom Biis 344.0(1}, showing that the In summary, using a deposition approach from the rigid
_resqltmg coordmanqn geometry of the acetone oxygen atom preorganized and volatile building blocBsand4, we have
is d|storte_d from trigonal planar. The C(¥P(17) bond prepared a unique heterometallic assemgRh,(0.CCF)4]*
distance in thg.uz—aceto'ne mo!ecultla of 1.229(3) A mis 11-OCMex [Cuy(O:CCRy)]} (5). In complex5 two different
comparable with that ir8 having *-bound OCMe. The | ewis acids interact concomitantly with the oxygen atom of
planar configuration of the acetone molecule is preserved_ln a weakly basic carbonyl function of acetone. Although this
complex5 as the sum of the bond angles at the C(17) is jnteraction is weak and the geometry of acetone is not
3_60._0_(27. It appears that th_e acetone molecule is not affected ¢fected by complexatior§ is of interest as one of the rare
significantly by complexation. . examples of the bridging,-O coordination of acetorfé:-11
Two neighboring dirhodium units i6 are further linked 14 oyr knowledge, this is only the second crystallographi-
at the open rhodlgm ends through t.he-R@ {;mal contacts  caly reported example of @-OCMe, molecule bridged by
at 2.3918(15) A in the same fashion as in the *dimer of the two transition metal centetsThese results demonstrate
dimers gpmple>G (Figure 3). _ _ the potential of using polydentate Lewis acids in the
_ Inaddition, tetranuclear copper units are also engaged in¢oncomitant @0 bond coordination and give new routes
intermolecular interactions through all three open electro- 1 the synthesis of mixed-metal hybrid materials. Gas-phase
philic copper ends that bind to the O atoms of trifluoroacetate assempling may provide additional possibilities for controlled
groups of the neighboring copper units (Figure 4). TWO gypramolecular synthesis by utilizing intermolecular inter-
copper atoms, Cu(1) and Cu(3), exhibit only one contact eachyctions and coordination bonds in a way that may be difficult

with the O(16) and the O(12) atoms, respectively, at 2.774- o1 simply impossible to use in solution self-assembling
(2) and 2.674(2) A. The Cu(4) atom has two intermolecular procedures.

contacts with the O(9) and O(13) atoms at 2.563(2) and
2.725(2) A. All these intermolecular GuO distances are  (17) Bondi, A.J. Phys. Cheml964 68, 441.
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Figure 5. Fragment of a 2D layer in the structure ®f Fluorine and hydrogen atoms are omitted.

Experimental Section

General Procedures.All the syntheses and purifications were
carried out under an atmosphere of iIN standard Schlenkware.
All solvents were freshly distilled under,Nrom suitable drying
agents. Anhydrous [R(O.CCR;)4] (1) was prepared by a carboxy-
late exchange procedure from [R®,CCHz)4].28 The bis(adduct)
2b was made by the modified literature procedtireCopper(l)
trifluoroacetate was synthesized by reacting@uvith trifluoro-
acetic anhydride in refluxing benzette.

Elemental analyses were performed by Canadian Microanalytical
Service, Delta, BC, Canada. IR spectra were recorded on a Nicolet
Magna 550 FTIR spectrometer using KBr pelléts.and®F NMR
spectra were obtained using a Bruker XL-300 spectrometer.

Syntheses. [RH(O,CCF3)420CMe;] (2b). To 0.1 g of [Rh(O,-
CCR)4] (1) was added 3 mL of acetone to form a clear blue
solution. This was followed by addition of 12 mL of hexanes. After
3 days blue blocks of the bis(adduct) [RB,CCF),-20CMej] (2b)
crystallized in almost quantitative yield. Yield: 94%. IR (KBr,
cm™1): 2964 w, 2934 w, 2921 w, 2850 w, 1686 s, 1663 s, 1462 w,
1321w, 1378 w, 1363 w, 1195 s, 1162 s, 1100 w, 1023 w, 858 m,
807 w, 789 m, 738 s, 719 wH NMR (CDCl;, 22 °C): ¢ 2.57.

[Rh2(O2CCF5)s:OCMez] (3). [Rhy(O,CCR)4] (1) (0.070 g,
0.110 mmol) was mixed with the bis(adduct) [RB.CCR;),

after 3 days to afford green block-shaped crystastbt collected

in the cold section of the ampule where the temperature was set at
ca. 110°C. Yield: 45% (based o). Anal. Calcd: C, 16.05; H,
0.43. Found: C, 15.89; H, 0.37. IR (KBr, ci): 2922 w, 2853

w, 1671 s, 1648 s, 1621 m, 1475 m, 1199 s, 865 m, 840 w, 810 w,
788 m, 742 m, 559 w, 531 wH NMR (CDCl;, 22°C): ¢ 2.71.

19 NMR (CDCk, 22°C): 6 —75.0,—74.1.

X-ray Crystallographic Procedures. The X-ray diffraction
experiments for2b and 3a were collected on a Nonius FAST
diffractometer with an area detector a0 °C using Mo Ko
radiation. A total of 50 reflections were used in cell indexing, and
about 250 reflections, in cell refinement. Axial images were used
to confirm the Laue group and all dimensions. The data were
corrected for Lorentz and polarization effects by the MADNES
program!® Reflection profiles were fitted, and values Bf and
o(F?) for each reflection were obtained by the program PROCOR.

The X-ray intensity data foBb (—175 °C) and5 (—100 °C)
were measured on a Bruker SMART APEX CCD-based X-ray
diffractometer system equipped with a Mo-target X-ray tube (
(Ko) = 0.710 73 A) operated at 1800 W power. The crystals were
mounted on a goniometer head with silicone grease. The detector
was placed at a distance of 6.14 cm from the crystal. For each
experiment a total of 1850 frames were collected with a scan width
of 0.3 in w and an exposure time of 20 s/frame. The frames were

20CMej] (2b) (0.012 g, 0.016 mmol) in a glass ampule, and the  integrated with the Bruker SAINT software package using a narrow-
mixture was flame-sealed under vacuum. The ampule was placedframe integration algorithm to a maximund 2ngle of 56.56 (0.75

in a tube furnace at 168C. Large green block-shaped crystals of
3 were collected in 3 days. Yield: 65% (basedl)nAnal. Calcd:
C, 18.45; H, 0.84. Found: C, 18.80; H, 0.74. IR (KBr, T 3129
w, 3046 w, 2927 w, 2856 w, 1684 s, 1656 s, 1463 m, 1423 w,
1373w, 1224 s, 1196 s, 864 s, 789 m, 74%ENMR (CDCl;, 22
°C): 0 2.72.

[Rh(O,CCF3),sOCMe»Cuy(O,CCF3)4 (5). The complexes
[Rhy(O,CCRs),,OCMe)]; (3) and [Cu(O,CCRs)4] (4) were mixed
in a 1:1 ratio (0.06:0.06 mmol), and the mixture was sealed under
vacuum in a glass ampule. The ampule was placed in an electric
furnace at 120C. The deposition and crystal growth were stopped

(18) Cotton, F. A.; Dikarev, E. V.; Feng, Xnorg. Chim. Actal995 237,
19.

A resolution). The final cell constants are based upon the refinement
of the XYZcentroids of several thousands reflections abowe 20
(I). Analysis of the data showed negligible decay during data
collection. Data were corrected for absorption effects using the
empirical method (SADABS).

The structures were solved and refined by full-matrix least-
squares procedures 7| with the software package SHELXTL-

(19) Pflugrath, J.; Messerschmitt, A. MADNES, Munich Area Detector
(New EEC) System, version EEC 11/9/89, with enhancements by
Enraf-Nonius Corp., Delft, The Netherlands. A description of MADNES
appears in the following: Messerschmitt, A.; Pflugrathl. Appl.
Crystallogr. 1987, 20, 306.

(20) (a) Kabsch, WJ. Appl. Crystallogr.1988 21, 67. (b) Kabsch, WJ.
Appl. Crystallogr.1988 21, 916.
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Table 1. Crystallographic Data for [RO.CCFs)4:*-OCMey]2 (3a,b) and{[Rhy(O,CCFs)4]12-OCMe+ [Cus(O2CCFRs)4]} 2 (5)

3a 3b 5
formula RhOoF1,C11Hs RhyO18F24Co oH12 RhCwO17F2 4CioHe
fw 715.98 1431.96 1422.22
cryst system monoclinic monoclinic _triclinic
space group P2;/n P2i/n P1
a(A) 9.1670(10) 17.7890(7) 8.5009(5)
b (A) 8.7782(5) 8.6834(4) 11.1068(6)
c(A) 25.642(4) 26.3947(11) 20.8409(12)
o (deg) 92.3950(10)
B (deg) 95.090(10) 104.5460(10) 94.6990(10)
y (deg) 107.5290(10)
V (A3) 2055.3(4) 3946.5(3) 1865.49
4 4 4 2
Deaica (g-cm™3) 2.314 2.410 2.532
u (mmY) 1.756 1.829 3.293
2 (A Mo Ka (0.710 73) Mo K (0.710 73) Mo ku (0.710 73)
transm factors 0.610660.8675 0.33180.7786
T (K) 213(2) 98(2) 173(2)
data/obsd/params 2683/2193/321 9823/7809/617 8347/7773/606

R12WR2[l > 20(1)]
R12wR2 (all data)

0.0646, 0.1517
0.0815, 0.1647

0.0514, 0.1117
0.0692, 0.1196

0.0246, 0.0634
0.0264, 0.0645

quality-of-fite 1.091 1.066 1.032
aR1 = Y ||Fo| — |Fc|l/3|Fol. PWR2 = [T [W(Fo? — FAA/ 3 [W(FAA]Y2 € Quality-of-fit = [¥[W(Fo? — Fc?)?/(Nobs — Nparami] 2 based on all data.

97, version 6.121 The coordinates of metal atoms for the structures ~ Acknowledgment. We thank the University at Albany
were found in direct metho# maps. The remaining atoms were for financial support, the LMSB at Texas A&M University
located after an alternating series of least-squares cycles andfor access to the X-ray facilitie®l and3a), and the National
difference Fourier maps. The hydrogen atoms for all structures were Science Foundation (Grant NSF-01300985) for the CCD
included at idealized positions for structure factor calculations. The Bruker X-ray diffractometer at the University at Albargi(
fluorine atoms of some GFgroups were disordered over two or and 5). M.A.P. also thanks the donors of the American

three different rotatlolnal orientations. Anisotropic displacement Chemical Society Petroleum Research Fund for partial
parameters were assigned to all non-hydrogen atoms, except the

disordered fluorine atoms. Relevant crystallographic data for all support of this research (Grant PRF # 39039-G3).

compounds are summarized in Table 1. Supporting Information Available: X-ray crystallographic
files, in CIF format. This material is available free of charge via

(21) Sheldrick, G. M. Crystallographic Computing ;6Flack, H. D., the Internet at http://pubs.acs.org.
Parkanyi, L., Simon, K., Eds.; Oxford University Press: Oxford, U.K.,
1993; p 111. 1C030340W
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