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Ultraviolet irradiation of [PPh4][closo-1-CBgHg] with [Rex(CO)yo] in THF (tetrahydrofuran) at ambient temperature
affords the dirhenacarborane anion [6,10-{ Re(CO)4} -10-(u-H)-6,6,6-(CO)s-closo-6,1-ReCBgHg] ~, isolated as its [PPh,]*
salt (1). Further irradiation of 1 yields a second isomeric anion [6,10-{ Re(CO)4}-6-(«-H)-10,10,10-(CO)s-closo-
10,1-ReCBgHg]~ that was characterized as a [N(PPhs),]* salt (2). Reaction of 1 with NOBF, produces the neutral
dirhenacarborane compound [8,10-{ Re(CO),} -8,10-(x-H),-6,6-(CO),-6-NO-closo-6,1-ReCBgH7] (3). Compounds 1-3
all consist of a central { closo-ReCBg} cluster with a second rhenium center which is exo-polyhedral. Attempts to
substitute the carbonyl ligands of 3 with other donor ligands such as phosphines, isocyanides, or alkynes resulted
in loss of the exo-polyhedral rhenium moiety and formation of a monorhenium anion, [6,6-(CO),-6-NO-closo-6,1-
ReCBgHg] ~, isolated as its [N(PPhs),]* salt (4). The heterometallic dimetallacarborane species, [6,7,10-{ Cu(PPhs)}-
7,10-(u-H).-6,6-(CO),-6-NO-closo-6,1-ReCBgHy] (5) and [6,7-{ Au(PPhs)} -7-(«-H)-6,6-(CO),-6-NO-closo-6,1-ReCBgHg]
(6) were formed from reactions of 4 with { Cu(PPhs)} * and { Au(PPhs)} *, respectively. Similarly, reaction of 4 with
{1r(CO)(PPhs),} * afforded two products, [6,10-{ Ir(c-PPh,)(Ph)(CO)(PPhs)} -10-(u-H)-6-CO-6-NO-closo-6,1-ReCBgHs]
(7) and [6,9,10-{ Ir(ee-PPhy)(H)(PPh3)} -9-(u-H)-6-CO-6-NO-10-Ph-closo-6,1-ReCBgHg] (8). The solid-state structures
of compounds 1-8 were all unequivocally established by single-crystal X-ray diffraction experiments.

Introduction fewer than 10 vertexes can be synthesized via further
manipulation of the initiahido- andarachne{ CBg} mono-
carborane8.Of particular interest here is the behavior of
the anions ¢loscCBHn+1]~ (n = 6, 7, 8) in reactions with
metal carbonyls, as related larger carborane molecules
undergo oxidative insertion reactions with? ¥lagments to

form metallacarboranésThis methodology has led to the
successful synthesis of sub-icosahedral metallacarboranes that
gontain Mn, Re, Fe, Ru, Co, and Ir moieti¢$: 12 Many of

the resulting small metallacarborane products remain anions

The discovery of the “Brellochs reactionhas allowed
us to extend our research upon metalonocarbollide
complexes, which was previously limited to icosahedral
{MCBjyg} clusters’® to studies of smaller, sub-icosahedral
species. This breakthrough provided a facile routeitto-
and arachne{CBg} species from commercially available
decaborane (BHis). When treated with suitable metal
carbonyl precursors these 10-vertex monocarborane cluster
afford 11- and 12-vertekclosoM,CBg} clusters (M= Re?
Mn,> Mo, n = 1; M = Co/ n = 2). Monocarboranes with
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ranes from metal carbonyld!* In those reactions, the
incorporation of the metal center is accompanied by the
insertion of a carbonyl group into the cluster, giving products
that contain two additional cage vertexes, one metal center,
and one carbon atom, thus differing from the metal-only
insertion reported here. Attempts to proddcand?2 by the
more conventional thermal route proved unsuccessful, as did
the synthesis of analogous manganese complexes, where both
thermal and photochemical routes failed.

Physical and spectroscopic data for compouhdsd 2
are presented in Tables 1 and 2, and their solid-state
structures were established by X-ray diffraction studies. The
anions of the two complexes are shown in Figures 1 and 2,
respectively, and are seen in each case to consist of a central
closo10-vertex{ ReCBs} cluster with the second rhenium
center bonded exo-polyhedrally to the cage. The two isomers
differ in the location of their cluster rhenium vertexes. In
the anion ofl, the rhenium center is in the 6-position, ligated
by five cage boron atoms, whereas2ithe cluster rhenium
atom is unusually in the apical 10-position and bonded to
only four cage boron atoms. The exo-polyhedral unit in each
case is attached to the polyhedron by a—Re bond
[Re(6)-Re(61) = 2.9953(2) A in1; Re(10>-Re(61) =
2.9600(6) A in2] and a B-H—Re agostic-type interaction
[B(10)—Re(61) = 2.309(3) A in 1, B(6)-:Re(61) =
2.400(7) A in2]. The Re-Re bond in both compounds can
be viewed as supplying the extra electron to give the required
11 skeletal electron pair count for conventional closo 10-
vertex species. In the anions of bdtrand 2, the rhenium

and are therefore susceptible to further reaction with transi- centers are formally in the-1 oxidation state and possess

tion metal cations thus providing a ready route to hetero-
metallic specieg1911.13

In extension of this research into sub-icosahedral metal-

pseudo-octahedral coordination spheres where the cage
rhenium atoms are also bonded to three carbonyl groups and
the exo-polyhedral rhenium centers are bonded to four

lacarboranes we herein present the synthesis of dirhenacarearbonyl! ligands.

borane specie§Re,CBg} formed initially via oxidative
insertion of [Rg(CO),q] into [closa1-CBgHg]~ using pho-

tochemical methods. Heterometallic monocarborane com-

plexes{ MReCBs} (M = Cu, Au, and Ir) formed by addition
of transition metal cations to a monorheniufReCBj}
substrate are also described.

Results and Discussion

Photochemical Route to Dirhenacarborane Isomers.
The dirhenacarborane anion [6,{Be(CO)}-10-(u-H)-
6,6,6-(CO)-closo6,1-ReCRBHg]~ was obtained by the pho-
tochemical reaction of [PRliclosa1-CBgHg] with [Rex-
(CO)yq] in THF at ambient temperaturerf@ h and isolated
as the [PP§* salt1 (Chart 1). An isomer of this anion can
be obtained when is irradiated for a further 3 h, again at
ambient temperature in THF. Metathesis by the addition of
[N(PPh),]CI allowed the isolation of [6,1@Re(CO})}-6-
(#-H)-10,10,10-(COy-closo10,1-ReCBHg]~ as its [N(P-
Phs),] " salt 2). There are few reported examples of using

photochemical methods for the synthesis of metallacarbo-

(13) (a) McGrath, T. D.; Du, S.; Hodson, B. E.; Lu, X. L.; Stone, F. G. A.
Organometallic006 25, 4444. (b) McGrath, T. D.; Du, S.; Hodson,
B. E.; Stone, F. G. AOrganometallic2006 25, 4452.
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The IR spectrum ofl shows five strong CO stretching
bands between 2095 and 1910 ¢pwhile its'B{'H} NMR
spectrum contains a 1:3(+ 2 coincidence):2:2 set of
resonances, consistent with molecular mirror symmetry. The
highest frequency signal, at81.7, may be assigned to the
B(10)—Re nucleus, as similar four-coordinate boron nuclei
in 10-vertex systems are usually relatively deshielted.
Furthermore, proton coupling, which is smaller forB—M
protons, is unresolved for this resonance in4Hecoupled
1B NMR spectrum, whereas the other signals clearly become
doublets due to their associated terminal hydrogen atoms.
Five resonances in tHéC{*H} NMR spectrum, betweed
195.5 and 187.3, can be assigned to the carbonyl groups,
and a broad resonance @t63.3 is assigned to the cage
carbon atom. In théH NMR spectrum a diagnostic broad
guartet resonance of unit integral is seed at5.84 [J(BH)
= 64 Hz] and is assigned to the-B1—Re linkage'®

For compound? the IR spectrum similarly shows five
strong bands in the CO region between 2090 and 1883.cm

(14) (a) Wegner, P. A.; Guggenberger, L. J.; Muetterties, 5. Am. Chem.
Soc.197Q 92, 3473. (b) Schultz, R. V.; Sato, F.; Todd, L. J.
Organomet. Cherm.977 125 115. (c) Fontaine, X. L. R.; Greenwood,
N. N.; Kennedy, J. D.; MacKinnon, P. I.; MacphersonJl.Chem.
Soc., Dalton Trans1987, 2385.

(15) Brew, S. A.; Stone, F. G. AAdv. Organomet. Chenl993 35, 135.
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Table 1. Analytical and Physical Data

anal./o
compd color Yma{ COP/cm~1 C H N
1 [PPhy][6,10{ Re(CO}}-10-(u-H)-6,6,6-(CO}- orange 2095 s, 2002 vs, 37.9 (37.9) 2.8(2.9)
closo6,1-ReCRBHg| 1948 s, 1931 s,
1910s
2 [N(PPh),][6,10{ Re(CO)} -6-(1-H)-10,10,10- yellow 2090 m, 1995vs,  43.8 (43.5) 3.2(3.2) 1.2(1.2)
(CO)-closo10,1-ReCBHg] 1937 s, 1913 s,
1885 m
3 [8,10{Re(CO}}-8,10-u-H),-6,6-(CO}-6-NO- yellow 2129 m, 2072 s, 12.6 (12.4) 1.4(1.3) 2.1(2.1)
closo6,1-ReCBH7| 2033 vs, 1992 s
4 [N(PPh),][6,6-(CO),-6-NO-<closc6,1-ReCBHy] orange 2032s,1972 s 50.9 (51.0) 4.3 (4.3) 3.1(3.1)
5 [6,7,10{ Cu(PPh)}-7,10-u-H),-6,6-(CO}-6-NO- yellow 2059's, 2007 s 35.9(35.7) 3.4 (3.4) 2.1(2.0)
close6,1-ReCBH7|
6 [6,7{ Au(PPh)}-7-(u-H)-6,6-(CO}-6-NO-closo yellow 2059's, 2007 s 29.3(294) 2.9(2.9) 1.6 (1.6)
6,1-ReCRHg]
7 [6,10{Ir(u-PPh)(Ph)(CO)(PPH}-10-(u-H)-6-CO- yellow 2060 s, 2033 s 40.1 (40%) 3.7 (3.5) 1.2(1.3)
6-NO-<losc6,1-ReCBHg|
8 [6,9,10{ Ir(u-PPh)(H)(PPh)}-9-(u-H)-6-CO-6-NO- red 2002's 41.8(41.6) 3.7(3.6) 1.3(1.3)

10-Pheloso6,1-ReCRBHg)

aMeasured in CELCly; a broad, medium-intensity band observed at ca. 25850 cn1! in the spectra of all compounds is due te-B absorptions. In
addition, vmad{NO)/cn 2 for 3, 1747 s; for4, 1698 s; for5, 1736 s; for6, 1742 s; for7, 1719 s; and foi8, 1698 s.P Calculated values are given in
parentheses.Solid contains 0.5 mol equiv of Gi&l,. 9 Solid contains 1.0 mol equiv of Gigl,.

Table 2. 1H, 13C, 11B, and3!P NMR Dat&

compd 1H/5b 13C/oe 11g/yd 31p/se
1 7.90-7.59 (m, 20H, Ph), 4.17 (br s, 1H, 195.5,195.0, 191.2, 81.7 [B(10)],—4.2 (3B), 23.4
cage CH),—5.84 [br q,J(BH) = 64, 1H, 190.7, 187.3 (CO), —18.8 (2B),—20.1 (2B)
B—H—Re] 136.1-117.4 (Ph), 63.3
(br, cage C)
2 7.92-7.56 (m, 30H, Ph), 3.67 (brs, 1H, 202.5,195.2,191.2 (CO), 22.1[B(6)],—4.2 (4B), 21.2
cage CH),—11.20 [br q,J(BH) = 68, 1H, 136.2-117.4 (Ph), -9.1(2B),—17.3
B—H—Re] 94.7 (br, cage C)
3 6.17 (brs, 1H, cage CH);1.51 [br q, 192.7,185.0, 184.0, 28.0,—5.2 (2B),—15.2 (3B),
J(BH) =91, 1H, B-H—Re],—5.71 [br q, 180.8 (CO), 67.7 (br, —22.8(2B)
J(BH) =71, 1H, B-H—Re] cage C)
4 7.68-7.46 (m, 30H, Ph), 5.48 (br s, 1H, 200.6 (CO), 134.6126.8 48.2,—8.1,—9.2 (2B), 21.2
cage CH) (Ph), 59.1 (br, cage C) —23.3(2B),—27.7 (2B)
5 7.72-7.42 (m, 15H, Ph), 6.12 (br s, 1H, 192.7 (CO), 134.2129.7  32.5,—9.0 (3B),—21.1 (2B), 9.9 (br)
cage CH) (Ph), 69.0 (br, cage C) —28.7 (2B)
6 7.61-7.55 (m, 15H, Ph), 5.91 (br s, 1H, 191.4 (CO), 134.4129.1  38.5,—10.9,—11.7 (2B), 40.7
cage CH) (Ph), 66.3 (br, cage C) —20.3 (2B),—27.0 (2B)
7 7.48-7.43 (m, 30H, Ph), 5.80 (br s, 1H, 62.9 [B(10)],—7.3 (br, 2B), 106.9{Ir—(PPh)—Re},
cage CH),—4.97 (br, 1H, B-H—Ir) —10.4,—16.0 (br, 3B),—20.0 17.2{Ir(PPh)}
8 7.43-6.93 (m, 30H, Ph), 5.80 (br s, 1H, 194.8 (CO), 134.6126.9 54.8[B(10)],—2.7,—4.8, 112.9{Ir—(PPh)—Re},

cage CH)—4.68 (br, 1H, B-H—Ir), —18.26
(br, 1H, Ir—H)

(Ph), 63.4 (br, cage C) —14.9 (2B),—17.7,—29.3,—-36.6  26.7{Ir(PPhy)}

aChemical shifts§) in ppm, coupling constants)in Hz, measurements at ambient temperatures igGI:DP Resonances for terminal BH protons occur
as broad unresolved signals in the radgea. —1 to +4. ¢ *H-decoupled chemical shifts are positive to high frequency of ilMH-decoupled chemical
shifts are positive to high frequency of BEtO (external); resonances have singlet multiplicity and are of unit integral, except where indtdated.
decoupled chemical shifts are positive to high frequency of 85%Q4 (external).f No satisfactory3C{*H} NMR spectrum could be obtained f@rdue to
its instability in solution.

Its B{*H} NMR spectrum shows four resonances of relative resonance is at significantly higher field than in compound
intensity 1:4(2+ 2 coincidence):2:1, again consistent with 1, indicating that more electron density is associated with
the solid-state structure. The lowest field resonanc?.1, the B-H—Re linkage in compound.

again can be assigned to tBe-H—Re nucleus on the basis Although it was possible to separate and fully characterize
of a relatively small proton coupling in thé'B NMR both dirhenacarborane isomers, the yield of compo2nd
spectrum. Thé3C{*H} NMR spectrum of shows justthree  (26%) was unfavorable. It is hypothesized that when
resonances(202.5, 192.5, and 191.2) for the five chemi- compoundl is subjected to further photochemical irradiation,
cally different carbonyls, indicating that some signals are monorhenium byproducts may also form via loss of the exo-
coincident. A broad resonanced®4.7 that can be assigned polyhedral rhenium atom. The requirement of preparative
to the cage carbon atom is at a notably higher frequency thin-layer chromatography for the isolation of pure compound
than the corresponding signal for compouhdAs with 2 (due to the inherent similarities of the two compounds)
compoundl, theH NMR spectrum of compound shows also contributes to its low yield. For these reasons the
a diagnostic broad quartet resonanée;11.20 P(BH) = derivative chemistry described below is based on the first,
68 Hz], that is assigned to the single-B—Re linkage. This more easily obtained isomér
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Figure 1. Structure of the anion df showing the crystallographic labeling
scheme. Selected distances (A) are Ref®(61) 2.9953(2), Re(6)B(2)
2.390(3), Re(6)B(3) 2.378(3), Re(6YB(7) 2.445(3), Re(6)YB(9) 2.450(3),
Re(6)-B(10) 2.168(3), Re(6)C(62) 1.942(3), Re(6)C(64) 1.948(3),
Re(6)-C(66) 1.939(3), C(62)0(63) 1.147(3), C(64yO(65) 1.146(3),
C(66)-0(67) 1.154(3), Re(61)-B(10) 2.309(3), Re(61)C(68) 2.003(3),
Re(61)-C(70) 1.930(3), Re(61)C(72) 2.001(3), Re(61)C(74) 1.943(3),
C(68)-0(69) 1.131(3), C(70yO(71) 1.143(3), C(72)0O(73) 1.133(3),
C(74)-0(75) 1.148(3). Average cageB and C-B distances are 1.808(4)
and 1.609(4) A, respectively. In this and subsequent figures, thermal
ellipsoids are drawn with 40% probability and, for clarity, only chemically
significant hydrogen atoms are shown.

Figure 2. Structure of the anion & showing the crystallographic labeling
scheme. Selected distances (A) are RetR®)(61) 2.9600(6), Re(16)
B(6) 2.231(7), Re(10)B(7) 2.308(7), Re(10)B(8) 2.261(7), Re(10}B(9)
2.316(7), Re(10yC(11) 1.959(8), Re(16)C(13) 1.951(7), Re(16)C(15)
1.944(8), C(11)0O(12) 1.150(7), C(13y0O(14) 1.153(7), C(15y0(16)
1.151(8), Re(6%)-B(6) 2.400(7), Re(61)C(62) 1.992(7), Re(61)C(64)
1.940(7), Re(61yC(66) 2.024(8), Re(61)C(68) 1.954(7), C(6230(63)
1.137(7), C(64)y0O(65) 1.138(7), C(66y0(67) 1.127(8), C(68)0(69)
1.140(7). Average cage BB and C-B distances are 1.824(10) and
1.595(10) A, respectively.

Formation of Additional Dirhenium and Monorhenium
Species.Preliminary reactivity studies showed that com-
poundl is resistant to the substitution of its CO ligands by

716 Inorganic Chemistry, Vol. 47, No. 2, 2008
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other donor molecules such as phosphines, isocyanides, and
alkynes. In efforts to promote the replacement of the carbonyl
ligands the use of MO, elevated reaction temperatures
and photochemical irradiation were all employed but all
proved unsuccessful. As compouridis anionic, these
observations were not surprising as similar anionic complexes
have also proved resistant to these types of reactidine
monoanionic nature of compouridsuggested that neutral
trimetallic complexes could feasibly be formed by the
addition of another cationic transition metal fragment.
However, attempts to tredt with{ Cu(PPR)}* and { Au-
(PPh)}* were unfruitful. It is notable that the analogous 11-
vertex dirhenacarborane anion [1,3/8e(CO}}-3,6-(u-H)-
1,1,1-(CO)-2-Ph<¢losc1,2-ReCBH7] ~ also failed to react
with { Cu(PPR)} " and{ Au(PPh)} * cations? Nevertheless,
an attempt to replace a CO group by [NQ]sing NOBF,
and hence form a neutral species, was successful.
Addition of NOBF, to a solution of compound in CH,-
Cl, resulted in the formation of the neutral dirhenacarborane
species [8,1Re(CO)}-8,10--H),-6,6-(CO}-6-NO-closc
6,1-ReCBH-] (3) (Chart 2). The solid-state structure 8f
as determined by an X-ray diffraction study is illustrated in
Figure 3. The expected exchange of a CO ligand for the
[NO]* species is allied with the more unexpected cleavage
of the Re-Re bond. The [NO] species substitutes a CO
ligand on the cage rhenium vertex and the exo-polyhedral
rhenium center migrates, relative to its sitelirand is now
attached to the closo 10-vertex cage via twe-HB—~Re
linkages [B(8Y-Re(81)= 2.436(6) A and B(10}Re(81)=
2.463(5) A]. Physical and spectroscopic details for compound
3 are shown in Tables 1 and 2. The IR spectrum shows four
CO bands between 2130 and 1992 ¢pas well as a band
at 1747 cm? assigned to the NO ligand. TR#8{*H} NMR
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O
Hg1

Figure 3. Structure of compound showing the crystallographic labeling

scheme. Two crystallographically independent molecules are present in the

asymmetric unit, of which one is shown here. Selected distances (A) are
Re(6)-B(2) 2.402(6), Re(6)B(3) 2.385(6), Re(6)B(7) 2.368(5), Re(6)

B(9) 2.406(6), Re(6yB(10) 2.167(5), Re(6yC(61) 1.991(5), Re(6)C(65)
1.994(6), Re(6)yN(63) 1.813(5), C(61y0O(62) 1.132(7), C(65)0(66)
1.124(7), N(63)0O(64) 1.168(6), Re(81)-B(8) 2.436(6), Re(81)-B(10)
2.463(5), Re(81)C(82) 2.006(6), Re(81)C(84) 1.934(5), Re(81)C(86)
1.946(6), Re(81)C(88) 2.013(6), C(82)0O(83) 1.137(6), C(84)y0O(85)
1.140(7), C(86y0(87) 1.139(7), C(88y0O(89) 1.132(7). Average cage
B—B and C-B distances are 1.808(9) and 1.598(9) A, respectively.

spectrum shows four peaks of relative intensity 1:2:8(2

coincidence):2, and théC{*H} NMR spectrum shows four
resonances betweed 192.7 and 180.8, indicating four

((5)}

0162

Figure 4. Structure of the anion af showing the crystallographic labeling
scheme. Selected distances (A) are RefR) 2.364(3), Re(6YB(3)
2.361(3), Re(6)B(7) 2.390(3), Re(6)B(9) 2.416(3), Re(6)B(10) 2.203(3),
Re(6)-C(61) 1.951(3), Re(6)C(65) 1.946(3), Re(6)N(63) 1.843(2),
C(61)-0(62) 1.146(3), C(65y0(66) 1.146(3), N(63yO(64) 1.167(3).
Average cage BB and C-B distances are 1.812(4) and 1.601(4) A,
respectively.

a 1:1:2:2:2 set of resonances, all of which are similarly
coupled to terminal B-H nuclei in the proton couple#B
NMR spectrum. Thé*C{*H} NMR spectrum shows just one
peak ato 200.6 for the two CO ligands plus a broad

chemically different CO groups, as well as a broad resonanceresonance  59.1) that corresponds to the cage carbon

atd 67.7 corresponding to the cage carbon nucleus. All of
this is consistent with the symmetry seen in the solid state.
In the IH NMR spectrum, two characteristic broad quartet
resonances are observeddat-1.51 [J(BH) = 91 Hz] and
—5.71 P(BH) = 71 Hz] and are assigned to the two
B—H—Re linkages.

As compound3 is uncharged, it was intuitive to attempt

nucleus.

Synthesis of Heterometallic Dimetallacarborane Spe-
cies.Given the anionic nature of compouddit was decided
to investigate its reactivity with cationic transition metal
fragments in the hope of forming neutral heterometallic
dimetallacarborane species. Related 11- and 12-verttese
monorhenacarborane compounds have been reported that

the ligand substitution reactions that were not successful forwere synthesized directly frofiCBo} and {CBig} moi-

anionic compound.. However, all efforts to substitute the
carbonyl ligands of compoun8 with other donors such as

eties*1¢ These differ from compound, however, in that
they are dianionic, as their rhenium centers bear three

phosphines, isocyanides, and alkynes resulted in the forma-carbonyl ligands compared to two carbonyls and a nitrosyl
tion of a single rhenacarborane anion that could be isolatedligand in4. Reactions of those dianions, [1,1,1-(GQ)}Ph-

after addition of [N(PP¥);]CI and identified as [N(PP]-
[6,6-(CO)-6-NO-close6,1-ReCBHg] (4). Presumably, the
added ligands react preferentially with the exo-polyhedral
rhenium center cleaving it from the cluster and formjiRe-
(CO)L,} T-type species, although no attempt was made to
isolate the latter. Physical and spectroscopic data for
compound4 are presented in Tables 1 and 2, and the solid-
state structure of the anion 4f as characterized by an X-ray
diffraction study, is shown in Figure 4. In compouriand

4 the stepwise migration of the exo-polyhedral rhenium
center is observed, first with the cleavage of the-Re bond

in compound3 and, ultimately, with the formation of the
monorhenium anion of. Two strong CO absorption bands
(2032 and 1972 cmi) appear in the IR spectrum df as
does a single NO absorption band at 1698 tnThe 'B-
{*H} NMR spectrum of compound is consistent with the

inherent symmetry of the solid-state structure and displays

closo1,2-ReCBHg]>~ and  [2,2,2-(COjcloso2,1-
ReCB¢H15]?~, with various cationic transition metal frag-
ments to form heterometallic metallacarborane species have
proved particularly successfti32.16.17

Compound4 did indeed react with the transition metal
fragments { Cu(PPR)}* and {Au(PPh)}*, which were
formed in situ from [CuCI(PP)]/TIPFs or [AuCI(PPh)]/
TIPFs mixtures, respectively, to yield the bimetallic species
[6,7,10{ Cu(PPh)}-7,10-(-H),-6,6-(CO}-6-NO-losc6,1-
ReCBH;] (5) and [6,7{Au(PPh)}-7-(u-H)-6,6-(CO)-6-
NO-closa6,1-ReCRBHjg] (6) (see Chart 3). Compoun8sand
6 were characterized by X-ray diffraction studies, and their
solid-state structures were found to be very similar: the only

(16) Blandford, I.; Jeffery, J. C.; Jelliss, P. A.; Stone, F. G.Oxgano-
metallics1998 17, 1402.

(17) Jeffery, J. C.; Jelliss, P. A.; Rees, L. H.; Stone, F. GOfganome-
tallics 1998 17, 2258.
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Chart 3

PPhy

Figure 5. Structure of compoun8 showing the crystallographic labeling
scheme. Only the ipso carbon atoms of the phosphine phenyl rings are shown

PPhs for clarity. Selected distances (A) are Ret®u(71) 2.8240(8), Re(6)

6 B(2) 2.347(6), Re(6YB(3) 2.372(7), Re(6}B(7) 2.428(6), Re(6}B(9)

2.412(6), Re(6YB(10) 2.236(7), Re(6)C(63) 1.935(6), Re(6)C(65)

1.978(6), Re(6yN(61) 1.843(5), C(63y0(64) 1.151(7), C(65)0(66)

Qs OB ®cH 1.121(7), N(61}-0(62) 1.177(6), Cu(7HP(72) 2.1858(15), Cu(74)B(7)

2.117(7), Re(7%)-B(10) 2.183(6). Average cageB and C-B distances
are 1.807(10) and 1.612(9) A, respectively.

significant difference is that in compousdhe{ Au(PPh)} * similar species that are beyond the scope of this paper. A

is linked to the cluster via a single-BH—M interaction single peak ad 192.7 in the3C{H} NMR spectrum for5
whereas compoun8l contains two such linkages. The €u g assigned to the two carbonyl groups, while a broad peak
Re interatomic distance is 2.8240(8) ASrand the Au-Re at & 69.0 in the same spectrum corresponds to the cage

interatomic distance is 3.0081(6) A & both distances are carbon nucleus. Th&P{1H} NMR spectrum foi5 revealed

as expected for such metanetal interactions. Figure 5 5 gingle resonance at 9.9, broadened due to unresolved

shows the molecular structure of compoudvhich merits coupling with the adjacent quadrupolar copper and boron

little further comment. nuclei. Spectroscopic data for compoudre akin to those
Th_e IR spectrum for compounsl shows_ two bands f0f discussed above for compousd again, the symmetry of

CO ligands (2059 and 2007 ch) and a single absorption e 118114} NMR spectrum indicates that tHé\u(PPh)} *

at 1736 cm™ corresponding to the NO ligand. THE&{*H} fragment is fluxional with respect to the cluster surface.

NMR for compoundb is similar to that of compoundand  ppysical and spectroscopic data for compouhidad6 are
shows a 1:3(H 2 coincidence):2:2 set of resonances with presented in Tables 1 and 2.

chemical shifts similar to those observed 4oiT his suggests Although the cationic fragment&M(PPh)}* (M = Cu

that the exo-polyhedral copper fragment is fluxional with . Au) formed relatively simple bimetallic adducts upon
respect to the cluster surface, as has been observed previoushgaction with compounds, it was hoped that a similar

in .similar {Cu(PPR)}* derivatives of metallacarborape reaction using{Ir(CO)(PPh),}* as the cationic transition
anions’Such processes are very fast on the NMR time  ata] synthon might produce more novel chemistry. Recent
scale even at low temperaturésymeaning that no signals  sydies in our group using this iridium moiety with ferra-
for the protons involved in the BH—Cu bridges are  carhorane anions resulted in complexes where the iridium
observed in the’H NMR spectrum of5, as is typical.  center either remains in an exo-polyhedral role or becomes
Investigations of similar dynamic processes in cupracarbo- jore intimately involved in the clusté?.

ranes have used low-temperature NMR studies to speculate The reaction of compoundiwith excesg I((CO)(PPh)} *,

on such processes without unequivocally revealing their exactiormed in situ from [IrCI(CO)(PPY);] and TIPR, yielded

naturet? quther studies. of th.ese. dynamic pfOCE_SSG§ in. two isolatable, neutral iridiumrhenium—-carborane com-
would require extensive investigations and comparisons with

(19) (a) Kang, H. C.; Do, Y.; Knobler, C. B.; Hawthorne, M. Forg.

(18) (a) Jeffery, J. C.; Ruiz, M. A.; Sherwood, P.; Stone, F. G1.AChem. Chem.1988 27, 1716. (b) Park, Y.; Kim, J.; Kim, S.; Do, YChem.
Soc., Dalton Transl989 1845. (b) Carr, N.; Gimero, M. C.; Goldberg, Lett. 1993 121. (c) Adams, K.J.; Cowie, J.; Henderson, S. G. D;
J. E.; Pilotti, M. U.; Stone, F. G. A.; Topaloglu, I. Chem. Soc., McCormick, G. J.; Welch, A. 1. Organomet. Cheni994 481, C9.
Dalton Trans.199Q 2253. (c) Jeffery, J. C.; Jelliss, P. A,; Stone, F.  (20) Franken, A.; McGrath, T. D.; Stone, F. G. A.Am. Chem. So2006
G. A. J. Chem. Soc., Dalton Tran&993 1073. 128 16169.
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Chart 4

Figure 6. Structure of compound showing the crystallographic labeling
scheme. Only the ipso carbon atoms of the phenyl rings are shown for
clarity. Selected distances (A) are Ir(61e(6) 2.8957(3), Ir(65P(661)
2.3141(11), Ir(61)P(12) 2.3317(11), Ir(61)C(13) 1.933(4), Ir(62)-B(10)
2.302(5), C(13)0(14) 1.132(5), Re(6)B(2) 2.406(5), Re(6)B(3) 2.380(5),
Re(6)-B(7) 2.428(5), Re(6)B(9) 2.402(5), Re(6)B(10) 2.153(5), Re(6)
P(661) 2.4508(12), Re(6)C(64) 1.990(5), Re(6)N(62) 1.796(4), C(64)
O(65) 1.138(6), N(62yO(63) 1.192(5). Average cage-# and C-B
distances are 1.814(7) and 1.601(7) A, respectively.

plexes, namely [6,1Q4(«-PPh)(Ph)(CO)(PPH}-10-(u-H)-
6-C0O-6-NOe¢loso6,1-ReCBHg] (7) and [6,9,10¢1r(u-PPh)-
(H)(PPhs)}-9-(u-H)-6-CO-6-NO-10-Pheloso-6,1-
ReCBHgl] (8) (see Chart 4). The relative yields of these
complexes are sensitive to reaction time and the amount of
{Ir(CO)(PPh),} * employed. Extended reaction times favor
formation of compoun@® over compound, indicating that

7 is likely to be an intermediate en route8oThe structures

of both compound7 and 8 were established by X-ray
diffraction studies, the results of which are depicted in
Figures 6 and 7, respectively. Physical and spectroscopic data
were obtained for these complexes and are listed in Tables \
1 and 2. Figure 7. Structure of compouné showing the crystallographic labeling

Compound? can be seen as a single-cluster species thatil‘;hrﬁ;“_eé e%r::'%’eéhgi ;f;rfcgsar(t}\‘;”afé"l?(“;];;(tg)ez?gfgi’('sr)"”ﬁ?eg‘;é’é‘;‘;"” for
retains the{closoReCRB;} core of its precurso#, with an 2.2272(12), Ir(61)P(61) 2.2667(9), Ir(6LYC(10) 2.468(3), Ir(61) B(10)
iridium unit attached in an exo-polyhedral site. This draws 3‘3?38} 'Fif(gﬁ%’) 22‘-1?;12358), RF;?S}B%? 224%%’?), RZ?é}G?B?{g))
some comparisons with compounBisand 6. However, in 5565 )" poey'p(g61) 2.4177(10), Re(61C(61) 1.971(3), Re(6)N(63)
compound? the exo-iridium is more intimately bound to  1.795(3), C(61}-0(62) 1.148(6), N(62YO(63) 1.186(3). Average cage
the central cluster, being attached via alB—Ir agostic- B—B and G-B distances are 1.815(5) and 1.603(5) A, respectively.
type interaction, with Ir(61)+B(10) = 2.302(5) A, and by a

direct Re-Ir bond [Re(6)-Ir(61) = 2.8957(3) A]. This latter ~ oxidation state and can be seen to have oxidatively inserted
connectivity is bridged by &PPh} moiety [Ir(61)-P(661) into a P-Ph bond of one of the phosphine ligands. Parallels
= 2.3141(11) A, Re(6yP(661) = 2.4508(12) A]. This can be drawn between compouriénd [8,10{Ir(u-PPh)-
phosphido bridge clearly originates from a BRigand of (Ph)(CO)(PPK}-8-(u-H)-6,6,6,10,10-(CQ)closc6,10,1-

the precursof Ir(CO)(PPh),} *, as the exo-polyhedral iri-  FeCB;H-],2° which also contains such a phosphido bridge
dium unit in7 also contains a-bonded Ph group [Ir(6%) derived from a PPhligand of {Ir(CO)(PPh),}*. Such

C(15)= 2.117(4) A]. The iridium center formally has+83 cleavage reactions for PPland other ligands bonded to

Inorganic Chemistry, Vol. 47, No. 2, 2008 719



Table 3. Data for Crystal Structure Analyses of Compourigds3

Carr et al.

1 2 3 4
formula Q2H298807PRQ C44H3958NO7P2R82 C7H-ngNO7Reg ngHgngNzogsze
fw 1015.40 1214.58 678.03 918.34
space group P1 Pbca Pn&; P2,/c
a, 9.8471(6) 16.380(3) 15.412(12) 11.3218(6)

b, A 12.9124(8) 20.320(3) 32.481(3) 17.2378(8)
c A 14.4128(8) 27.594(5) 6.8793(6) 20.4936(10)
o, deg 81.938(4) 90 90 90
f, deg 88.858(3) 20 90 97.047(3)
y, deg 80.427(3) 90 90 90
v, A3 1789.2(2) 9184(3) 3443.8(5) 3969.4(3)
Z 2 8 8 4
u (Mo Ko), cmt 0.685 0.5387 1.4074 0.3183
reflns measured 67767 74382 94294 96240
indep reflns 19443 7415 11622 17300
Rint 0.0458 0.0913 0.0762 0.0608
wR2, R1 (all dated) 0.0636, 0.0676 0.0638, 0.0552 0.0531, 0.0327 0.0791, 0.0542
5 6 7-CH,Cl, 8-CH.Cl,
formula Cz;[H24BgCUNQ,PRe Q1H24BgALINO3PRe QOH4188C|2|TNO3P2RG QOH4158C|2|I’NO3P2R8
fw 705.6 839.03 1181.46 1153.45
space group P1 P1 P1 P1
a A 8.4327(9) 8.8025(9) 11.0153(14) 11.212(2)
b, A 12.9944(13) 13.2894(14) 12.0644(15) 12.036(2)
c A 13.5401(14) 13.8725(14) 18.672(2) 17.608(4)
o, deg 116.193(4) 73.762(5) 103.925(6) 70.21(3)
B, deg 94.510(4) 72.345(5) 93.100(6) 77.81(3)
y, deg 92.048(5) 88.122(5) 113.266(6) 70.50(3)
vV, A3 1323.1(2) 1482.3(3) 2182.2(5) 2094.6(7)
z 2 2 2 2
u (Mo Ka), cmt 0.5459 0.9099 0.6052 0.6301
reflns measured 22623 15857 43899 40103
indep reflns 5764 7183 9833 9499
Rint 0.1228 0.0574 0.0489 0.0409
wR2, R1 (all dat&d 0.1001, 0.0489 0.1443, 0.0861 0.0682, 0.0362 0.0552, 0.025

AWR2 = [F{W(Fe® — FA)HIW(F?)Y R1 = F||Fol — | Fell/Z[Fol.

transition metal centers are long knatvand are considered

proton. Two resonances are observed irftRg'H} spectrum

to be of significant importance in some catalytic proceddes. atd 106.9 (I-PPh—Re) and 17.2 (k-PPhy). Unfortunately,

This reaction system, forming is also similar to reactions
of the related iridium reagent [IrMe(CO)(R}R with [MH-
(COX(5-CsHs)] (M = Mo, W; R = p-tolyl,® PF4). It has
been proposed that these reactions occur betweefiran
(CO)(PR)} ' cation and a{ M(CO)3(5-CsHs)} ~ anion, of
which the latter may be seen as quasi-isol&buaith the

no satisfactory*3C{*H} NMR spectrum could be obtained
for compound? due to its instability in solution over the
prolonged time period required for acquisition. Nevertheless,
the presence of two carbonyl groups could be confirmed in
its IR spectrum with strong CO absorption bands at 2060
and 2033 cm! along with an NO absorption band at 1719

[Re(COX(NO)(y-cage)] anion of compoundt. The 1'B- cm 2,

{*H} NMR spectrum of7 shows a 1:2:1:3:1 set of reso-

The solid-state structure & shows a more condensed

nances; the peaks with multiple integrals are presumably structure than that of, as the iridium unit is now seen to
coincidental as the complex lacks molecular symmetry. The cap a{ B,Re} triangular face. This iridium moiety is attached

highest frequency signal,62.9, can be assigned to the-Re

to the central 10-verteclosoReCBs} cluster by a B-H—Ir

B(10)—Ir nucleus!® This resonance is particularly sharp, so agostic-type interaction, with Ir(6%)B(9) = 2.325(3) A,

that in the proton-coupletiB NMR spectrum, a small HB

and by a{PPh}-bridged Re-Ir bond [Re(6)-Ir(61) =

coupling P(HB) = 64 Hz] can be resolved and attributed to  2.8481(8) A, Ir(61}-P(661)= 2.2272(12) A, Re(6}P(661)
the B—H—Ir proton. Proton coupling could not be resolved = 2.4177(10) A], features which are similar to those present
for the other resonances, as they are significantly broader.in compound?. In contrast to compound, however, the

The 'H NMR spectrum for compound reveals a broad
resonance ab —4.97 that also corresponds to the-B—Ir

iridium unit in 8 is also linked to the central cluster via a
direct Ir—B o-bond [Ir(61)-B(10) = 2.369(3) A], giving a

(21) For example: Bradford, C. W.; Nyholm, R. &.Chem. Soc., Chem.
Commun1972 87.

(22) Reviews include: (a) Garrou, P. Ehem. Re. 1985 85, 171. (b)
van Leeuwen, P. W. N. MAppl. Catal., A2001, 212, 61. (c) Parkins,

A. W. Coord. Chem. Re 2006 250, 449. . L .
(23) McFarland, J. M.; Churchill, M. R.; See, R. F.; Lake, C. H.: Atwood, B(10)= 1.582(4) A]. A terminal iridium hydride completes

J. D. Organometallics1991, 10, 3530.

(24) Dahlenburg, L.; Halsch, E.; Wolski, A.; Moll, M. Organomet. Chem.

1993 463 227.

(25) Hoffman, R.Angew. Chem., Int. Ed. Engl982 21, 711.
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more condensed, face-capped geometry. In comp8iinek
iridium-bound carbonyl! group has been lost and the Ph group
that waso-bonded to the iridium center ii has migrated
further and is now-bonded to a cage boron atom [C(20)

the coordination sphere of the iridium (1) center. This H
moiety is evident in théH NMR spectrum of compouné
with a broad resonance observed cat—18.26; another



Synthesis and Reactitiy Studies of Dirhenacarboranes

broader, high-field resonancé {4.68) in the same spectrum  Celite pads used for filtration were typically ca. 3 cm in depth and
is assigned to the bridging-BH—Ir proton. The'!B{H} 2 cm in diameter. Chromatography columns (ca. 20 cm in length
NMR spectrum foi8 is also in agreement with the structure and 2 cm in diameter) were packed with silica gel (Acros; 800
established by X-ray diffraction studies. It shows a 1:1:1: Mesh). Preparative thin-layer chromatography (TLC) was performed
2(1 + 1 coincidence):1:1:1 set of resonances, further " 20> 20 cn glass plates (Analtech, silica gel @f. NMR

— . spectra were recorded at the following frequenciéd; 360.13;
confirming the absence of molecular symmetry, of which 15C, 90.56:18, 115.5; and'P, 145.78 MHz. The compounds [P

the lowest field re;onanc@ (54.8_) can_be assigned to the [Closo1-CBaHe] 82 [CUCIPPR)] 4 25 [AUCI(PPh)], 27 and [IrCI(CO)-

E—Ph nucleus as it remains a singlet in the proton-coupled (pppy,12¢ were prepared according to the literature; all other
B NMR spectrum. A resonance at194.8 in the'3C{ 'H} materials were used as received.

NMR corresponds to the single carbonyl ligand in compound  synthesis of [PPB][6,10{ Re(CO)}-10-(u-H)-6,6,6-(CO)-

8, and a broad peak at 63.4 is present due to the cage closo6,1-ReCBHg] (1). The reagents [PRlicloso1-CBsHo]

carbon atom. Similar to compound the 3P{!H} NMR (0.446 g, 0.10 mmol) and [RECO)q (0.978 g, 0.15 mmol) were

spectrum for8 shows two signalsy 106.9 (IPPh—Re) dissolved in THF (40 mL) in a photolysis cell and irradiated. After

and 17.2 (Ir-PPhy), that were assigned on the basis of their 2 h, volatiles were removed in vacuo, and the residue dissolved in

chemical shifts. The IR spectrum f8risplays an absorption ~ CH:Cl2 (ca. 3 mL) and transferred to the top of a chromatography

band at 2002 cri, corresponding to the single carbonyl column. Elution with CHCl,/petroleum ether (4:1) removed an

orange band, which after evaporation of solvent in vacuo, was
r resent, an katl re n i . S .
?hgunﬁtfogjleg:éspd a peak at 1698 ¢anat corresponds to crystallized via the slow diffusion of petroleum ether into a saturated

CH,ClI, solution. This gavé (0.517 g, 51%) as an orange crystalline
solid.

Synthesis of [N(PPR);][6,10{ Re(CO)}-6-(u-H)-10,10,10-
The photochemical reaction of [PRltlose1-CBsHo) with (CO)s-closo10,1-ReCBHg] (2). A THF (20 mL) solution of
[Rey(CO)q] to form the novel isomeric pair of dirhenacar- compound1 (0.100 g, 0.01 mmol) was irradiated for 3 h

boranes in compoundsand?2 demonstrates the advantage (completeness monitored B8 NMR), [N(PPh)|CI (0.058 g, 0.01
of employing photochemical synthetic techniques to form mmol) was added, and the mixture was stirred without irradiation

new metallacarboranes when more traditional thermal meth':Zgizljgr:;g;ollvza\i/:lags ("é’;ri t:j_r)‘ ;i';“:éends flgr:gc?c())’t r?:(tjothe
ods have failed. Compoundk and 2, as well as their 2 e P

L . . . of a chromatography column. Elution with @El,/petroleum ether
derivatives reported herein, constitute relatively rare ex- (4:1) removed a yellow band. This yellow fraction was further
amples of sub-icosahedral metahonocarborane complexes, purified via preparative TLC using GEly/petroleum ether (4:1)

of which the {closc10,1-ReCR} architecture in2 is as the liquid phase. A yellow banB(= 0.55) was removed, which
especially notable as the cage rhenium atom resides unusuallyfter evaporation of solvent in vacuo afford2¢0.031 g, 26%) as
in the apical site and is ligated to just four boron atoms.  a yellow powder.

Studies upon the reactivity of the anion bafforded the Synthesis of [8,10fRe(CO)}-8,10--H)»-6,6-(CO)-6-NO-
neutral dirhenacarborane compouid which, interestingly, ~ closo6,1-ReCBH] (3). Compoundl (0.200 g, 0.02 mmol) was
the exo-polyhedral rhenium fragment has migrated over the dissolved in CHCI; (20 mL), and NOBE (0.010 g, 0.09 mmol)
surface of the central cluster and the-Re bond has been  Was added. After stirring at ambient temperature for 1 h, volatiles
broken. This movement of the exo-polyhedral rhenium were removed in vacuo and the residue was dissolved isCGH

fraament continues in the formation of the aniordofvhere (ca. 1 mL) and transferred to the top of a chromatography column.
9 . . . . o Elution with CHCl,/petroleum ether (1:1) removed a yellow band,
the reaction of3 with various donors yielded an anionic

X . ) which after evaporation of solvent in vacuo afford@g0.108 g,
monorhenium species. Compourtdss further illustrate how  g104) as a yellow powder.

mixed-metal bimetallamonocarborane complexes can be  gynthesis of [N(PPh),][6,6-(CO),-6-NO-closo6,1-ReCBH]
rationally synthesized via the stepwise addition of cationic (4). A CH,Cl, (20 mL) solution of compound (0.100 g, 0.15
transition metal fragments to an existing anionic metallac- mmol) was treated with exceshl,N,N’,N'-tetramethyldiami-
arborane scaffold. In addition, the specikand8 demon- nomethane (0.1 mL, 0.73 mmol). After stirring at ambient tem-
strate a unique progression in intimacy betweer{ fReCBg} perature for 1 h, [N(PRJe]CI (0.087 g, 0.15 mmol) was added
clusters and the exo-polyhedral iridium fragment. It is andthe mixture was stirred fqrafurt_hlah beforeT volatiles_ were
anticipated that the application of similar photochemical removed invacuo. The resulting residue was dissolved iplH
methods for the synthesis of other metallacarboranes will (¢& 2 ML) and transferred to the top of a chromatography column.

lead to yet more interesting compounds and, hence, to furthe#EIlJtlon W'th CHClo rgmoved an orange band, which after
. evaporation of solvent in vacuo afforddd(0.098 g, 72%) as an
novel chemistry.

orange microcrystalline solid.
Synthesis of [6,7,1G-Cu(PPhg)}-7,10-{-H)»-6,6-(CO)-6-NO-
close6,1-ReCBH-] (5). Compound4 (0.050 g, 0.054 mmol) was
General Considerations.Photochemical reactions were carried dissolved in CHCI, (10 mL), and [CuCI(PP§],4 (0.020 g, 0.014
out in a water-cooled photolysis cell under an atmosphere of dry, mmol) and TIPE (0.020 g, 0.057 mmol) were added. After stirring
oxygen-free nitrogen, using a 350 W mercury vapor arc lamp for
irradiation. All other reactions were also carried out under an (26) Jardine, F. H.; Rule, J.; Vohra, A. G. Chem. Soc. A97Q 238

atmosphere of nitrogen using Schlenk line technigues. Solvents were(27) Eé“g‘Z'SM' I; Nicholson, B. K.; Bin Shawkataly, Gworg. Synth1989

distilled from appropriate drying agents under nitrogen prior to use. (28) Vrieze, K.; Collman, J. P.; Sears, C. T.; Kubota, Morg. Synth.
Petroleum ether refers to that fraction of boiling point-D °C. 1968 11, 101.

Conclusions

Experimental Section
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at ambient temperature for 4 h, the mixture was filtered (Celite)

Carr et al.

Mo Ka radiation ¢ = 0.71073 A). Several sets of narrow data

and volatiles were removed in vacuo. The resulting residue was ‘frames’ were collected at different values &ffor various initial

dissolved in CHCI, (ca. 1 mL) and transferred to the top of a
chromatography column. Elution with GBl,/petroleum ether (1:
1) removed a yellow band, which after evaporation of solvent in
vacuo afforded (0.029 g, 75%) as a yellow microcrystalline solid.

Synthesis of [6,7¢ Au(PPhg)} -7-(u-H)-6,6-(CO),-6-NO-closo
6,1-ReCRBHg] (6). The reagents [AuCI(PRJ (0.080 g, 0.16 mmol)
and TIPK (0.060 g, 0.17 mmol) were added to a &Hp (10 mL)
solution of compoundt (0.050 g, 0.054 mmol). After stirring at
ambient temperature for 24 h, the mixture was filtered (Celite) and
volatiles were removed in vacuo. The resulting residue was
dissolved in CHCI, (ca. 1 mL) and transferred to the top of a
chromatography column. Elution with GBl,/petroleum ether (1:
1) removed a yellow band, which after evaporation of solvent in
vacuo afforded (0.028 g, 61%) as a yellow microcrystalline solid.

Synthesis of [6,10¢1r( u-PPhy)(Ph)(CO)(PPhg)}-10-(u-H)-6-
CO-6-NO-closo6,1-ReCBHg] (7) and [6,9,10{Ir( u-PPhy,)(H)-
(PPhg)}-9-(u-H)-6-CO-6-NO-10-Ph<¢lose6,1-ReCBHgl (8). Com-
pound4 (0.075 g, 0.082 mmol) was dissolved in g, (20 mL),
and [IrCI(CO)(PPB),] (0.250 g, 0.32 mmol) and TIRK0.110 g,
0.32 mmol) were added. After stirring at ambient temperature for
24 h, the mixture was filtered (Celite) and volatiles were removed
in vacuo. The resulting residue was dissolved in,Ch(ca. 1 mL)
and transferred to the top of a chromatography column. Elution
with CH,Cl,/petroleum ether (1:1) removed yellow and red bands
together. Further purification was achieved via preparative TLC
using CHCl,/petroleum ether (1:1) as the liquid phase. A yellow
band & = 0.62) and a red bandR(= 0.51) were removed, which
after evaporation of solvent in vacuo gav€0.018 g, 20%) an@
(0.022 g, 25%) as yellow and red microcrystalline solids, respec-
tively.

Structure Determinations. Experimental data for compounds
1-8 are listed in Table 4. Data were collected at 110(2) K on a
Bruker-Nonius X8 APEX CCD area-detector diffractometer using
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values ofp andw, and using 0.5increments of or w. The data
frames were integrated using SAINTthe substantial redundancy

in data allowed an empirical absorption correction (SADAB®)

be applied, based on multiple measurements of equivalent reflec-
tions. Structures were solved by direct methods using SHELXS-
9780 and refined by full-matrix least-squares Bhusing SHELXL-

9731 All non-hydrogen atoms were assigned anisotropic displacement
parameters. The locations of the cage carbon atoms were verified
by examination of the appropriate internuclear distances and the
magnitudes of their isotropic thermal displacement parameters. All
hydrogen atoms in organic functions, plus terminal boron hydrogen
atoms were set riding on their parent atoms in calculated positions;
all other hydrogen atoms were located in difference maps and
allowed positional refinement. All hydrogen atoms were assigned
calculated isotropic thermal parametddgj(H) = 1.2U;so(parent)].
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