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The double-decker sandwich complex Cp*Ir(2,3EB4H,4) (1a) was prepared via deprotonation wtio-2,3-
Et,C,B4Hs to its mono- or dianion and reaction with (Cp*Ied in THF and isolated as a colorless air-stable
solid; theB(4)-chloro derivativelb was also obtained. Decapitationid#andl1b with TMEDA afforded colorless
nido-Cp*Ir(2,3-E&C,B3sHs) (28) and its 4-chloro derivativ@b. Chlorination ofla by Cl, or N-chlorosuccinimide

gave the symmetrical species Cp*Ir(2,3EiB4Hs3-5-Cl) (1c), which was decapped to yieldido-Cp*Ir(2,3-
Et,C,B3H4-5-Cl) (2¢). The triple-decker complexes Cp*Ir(2,3:E£B3H,-4[6]-Cl)IrCp* (3), an orange solid, and

dark green Cp*Ir(2,3-BEC,BsH2-4[6]-Cl)CoCp* (5) were prepared frorBa andnido-Cp*Co(2,3-EC,B3Hs) (4a),
respectively, by deprotonation and reaction with (Cp*¢inh THF. Reaction of th&c™ anion with Rh(MeCNg-

Cl; gave the dark green tetradecker complex [Cp*i(EB3sH,-5-Cl)];RhH (6). In an attempt to prepare a
heterotrimetallic Ce-Rh—Ir tetradecker sandwich, a three-way reaction involving the deprotonated anions derived
from Cp*Co(2,3-E3C,B3H4-5-Cl) (4b) and2c with Rh(MeCNXCl; was conducted. The desired species Cp*Co-
(Et,C,B3H,CI)RhH(ELC,B3sH,Cl)IrCp* (7) and the tetradeckers [Cp*CofEbB3H-CI)].RhH (8) and6 were isolated

in small quantities from the product mixture; many other apparent triple-decker and tetradecker products were
detected via mass spectroscopy but were not characterized. All new compounds were isolated via column or
plate chromatography and characterized via NMR,-Wiéible, and mass spectroscopy and by X-ray crystal
structure determinations dfaand3. Crystal data folla: space grouft2/c; a = 28.890(5) Ab = 8.511(2) A,
c=15.698(4) A5 = 107.61(2}; Z = 8; R = 0.049 for 1404 independent reflections havirng 3o(l). Crystal

data for3: space groupP2i/c; a = 11.775(4) A,b = 15.546(5) A,c = 15.500(5) A,5 = 103.16(3}; Z= 4; R

= 0.066 for 2635 independent reflections having 3o(l).

Introduction Isoelectronic complexes of iron and ruthenium, e.g. (arene)M-
c](E'[ZCZBA;HA,) (M = Fe, Ru), and their decapped counterparts,
hido-(arene)M(E4C,B3Hs), have also been investigated to a
lesser degreéeand have led, for example, to the synthesis and
hcharacterization of several RIM—Ru tetradecker systems in
which M is Co or Ni® We were, however, intrigued by the
ossibilities that might be afforded by the heavier group 9

Studies of cobaltacarborane sandwich complexes compose
of CoGB3 and/or CoGB, cluster units have led to a multiplicity
of structurally varied compound types, including triple-decker
and tetra-, penta-, and hexadecker sandwiches, linked-sandwic
oligomers, B-B- and C-C-connected dimers, metallocene

metallacarboraneide salts, hydridocobaltacarboranes, Fische .
carbenes, and other clas3es. Other transition metals, e.g., congeners of cobalt, both in a fundamental sense (How would

Fe, Ni, Ru, Rh, Os, Ir, and Pt, have been incorporated into someformal replacement of Co by Rh or Ir affect the electronic and
of these cobaltacarborane systems. However, the synthetic rociPther properties of these systems?) and also from the more
on which most of this chemistry has been built is the extremely Practical viewpoint that irida- and rhodacarborane sandwich
robust and versatile double-decker complex Cp*Co(2,3- complexes might offer advantages in the development of new
Et,C,B4Hs) (Cp* = 15-CsMes), an orange air-stable solid, and electroactive materials and catalysts. Rhodium double-decker,
its “decapitated” derivative, yellow, air-stabiédo-Cp*Co(2,3- triple-decker, and tetradecker sandwiches containing pyramidal
Et;CBaHs).3 The ease of preparation of these building-block Et:C2BaHs?~ or planar E4C;BsH,"™" (n = 3, 5) ligands have
compounds, allowing their synthesis in-420 g lots, has made been characteriz&dhyut no iridium complexes of these (or other)

it possible to develop this chemistry in some depth over the Small-carborane ligands have been reported. However, irida-
last 7 years. carboranes incorporating 9-vertex Ir¢@nd 10-vertex IrgBg?

clusters are known, as are larger species having up to 13

t Dedicated to Professor Walter Siebert on the occasion of his 60th Verticegd. Here we report some exploratory studies in small

birthday. iridacarborane chemistry involving all three group 9 metals.
*Visiting Professor, 19945, on leave from the Department of Chem-
istry, Lycoming College, Williamsport, PA.
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Scheme 1 Table 1. FT NMR Data
s F 300-MHz!H NMR Data
WN.
I}Cﬁa/i%f] 45 "\ compd oab
R e T e, = J'écv 1a(CDCk) ~ 2.29m (CH), 1.97 5 (Cp*), 1.20 t (Ch
Bl — or . Ir + Ir 1a(CeDe) 2.14m (CH), 1.65 s (Cp*), 1.231 (Ch)
Et,C.BuHs AT @ »@ 1b(CDCl)  2.59 m (CH), 2.29 m (CH), 2.18 m (CH),
\Q{% g 1.94 s (Cp*), 1.21t (CH), 1.05 t (CH)
Lt to 1b 1c(CDClk)  2.3m (CH), 2.1 m (Ch), 1.97 s (Cp*), 1.17 t (CH)
E12C,BaHs™ 1d(CDClk)  2.5m (CH), 2.2 m (Ch), 1.91 s (Cp*), 1.13t (CH)
. 2a(CDCl)  2.01m (CH), 1.96 s (Cp*), 1.78 m (Ch), 1.13 t (CHy),
%&V Wi —6.3 br (BHB)
a2 L= 2a(CsDe) 2.1m (CH), 1.9 (CH), 1.73 5 (Cp*), 1.32 t (CH),
Ir MesN  NMe, Ir —-5.8br (BHB)
@i decap @ 2b(CDCl;) 2.1 m (CH), 1.91 s (Cp*), 1.8 m (Ch), 1.14 t (CHy),
—4.2 br'(BHB),—6.0 br (BHB)
fo X = H 2a X = H 2b (C¢De) 2.2m (CH), 2.0 m (CH), 1.8 m (CH),
b X = cCl 26 X =C 1.7m (Ch), 1.65s (Cp*), 1.33t(Ch), 1.27 (CH),

—3.8 br (BHB),—5.7 br (BHB)
2c(CDCl)  2.3m (CH), 2.0 m (CH), 1.93 s (Cp*), 1.76 m (CH),

8 . S 1.71 m (CH), 1.11 t (CH), —4.1 br (BHB)
%}-ﬂn . x-%\.a_x m Al 3(CDCl) 2.43m (CH), 1.75 s (Cp*), 1.162/1.154 (CHa)
T e T e r 3 (CsDe) 2.5m (CH), 1.65 s (Cp*), 1.334/1.307 (CHs)
or /el @ (x = ) ’@ 5(CDCl)  2.74m (CH), 2.40 m (CH), 1.74 s (Cp*Ir),
1.63 s (Cp*Co), 1.256/1.251 (CHs)
2 5 (CsDe) 2.9m (CH), 2.7 m (CH), 2.5 m (CH), 2.4 m (CHy),
le fe x = H 1.63 s (Cp*), 1.60 s (Cp*), 1.403/1.392(CHz)
1d x =Cl 6 (CDCly) 2.4m (CH), 2.1 m (CH), 1.74 s (Cp*), 1.27 t (Ch),
—4.4 br' (RhH)
Results and Discussion 6 (CeDs) 2'7_r2_%cgf)('§ml_|)m (CH), 1.54 1(CH), 1.47 s (Cp*),
Synthesis and Reactions of Small IridacarboranesAs an 7(ChCh) 1'912?%2%1'_7%% (b(?rleﬂg%ﬁo (CprCo). 1.43 t (Gt

entry to this area, the double-decker complex Cp*Ir(2,3- 8(CDCly) 1.57 s (Cp*), 1.37 t (CH), —1.6 br (RhH)
Et,C,B4H4) (18) was prepared from the carborane monoanion
or dianion (both generated by deprotonation mfio-2,3-

Et,C,B4He via reaction with the dimer (Cp*IrG), in THF rel

115.8-MHz!B NMR Data

. . d ode

(Scheme 1). Compourtthwas isolated as air-stable colorless Colmp 16.9 (153) [B(7)], 10.7 (138) BG]L. 7.2 (145) B@.5)] arlejsz

i 11 1 _ a . ’ . , . y 1
c_ry_stals and characterized frotH, 1B, and*3C NMR, UV _ 1b 8.6 (169) [B(7)]. 6.6 [B(A)]—3.2 (177) [B( or 6)] 1911
visible, and mass spectra and X-ray crystallography. The yields —5.1(173) [B(6 or 5)]
were variable but were generally higher in syntheses involving 2d  0.52 (153, Jgrtermy 41, JeHridge) [B(5)], 1:2
the monoanion (3650%) than in those where the dianionwas 3‘32‘? (14_7*JBH§6T>' 33';2“?21(%6)),58}24'62 111
employed (17-20%). In the monoanion experiments, chlorina- 3@ (Bl“égg‘fg(% (! )5]3] 4 (160 [B(S or 6, -
tion at boron occurred to give the 4-chloro derivatitb)(as a 3 14.6 (112) [B(5 or 6)], 0.7 [B(4)];-9.1 (103) [B(6 or 5)] 1:1:1
side product; with the dianiorl,b was observed in some but 5 31.4(90) [B(5 or 6)], 8.5 [B(4)], 1.2 (105) [B(6 or 5)] ~ 1:1:1
not all runs (the formation ofb was observed even when no  aspifis relative to (CH)Si. Integrated peak areas in all cases are

chlorinated solvents were employed during workup). When consistent with the assignments given. Key=toroad, m= multiplet,
recrystallized (Cp*IrCJ), was used in an attempt to eliminate s= singlet, d= doublet, t= triplet, = quartet.> B—Hieminaresonances
traces of IrC} in the system, essentially rido was formed from  are broad quartets and mostly obscured by other sigh@serlapped

the dianion, although this product was still obtained in small triplets. Shifts relative to B OEt; positive values downfield. HB
amounts in monoanion reactions. When presdit, (also coupling constants (Hz) are given in parentheses when resolved.

. . € CH,Cl, solution.” Hexane solution? Doublet of triplets." Doublet of
colorless and air-stable) was easily separated franby doublats. P

preparative chromatography on silica. .
The NMR spectra of both compounds, the data for which carborane complexes. Although some apparent disorder was
i encountered in the Cp* ligand, the essential features of the

are listed in Table 1 and the Experimental Section, are consistent ) . .
with the structures shown. Thus, the parent spetieshows structure Were.establlshed. T_he molecular geometry is depicted
mirror symmetry, and the absence of symmetrgiinwith four in Figure l,.WIth data collection parameters listed in Table 2
inequivalent boron atoms, establishes the location of chlorine and bond distances and_angles in Table 3. TheCl,rIr—_B_,

on B(4)/B(6). The formation olb contrasts sharply with the and B-C bond lengths in the Ir, cI_uster are all within
radical halogenation ofla and othercloseMC.B, clusters, normal ranges and compare closely with those in £@nd

. . o RhGB, clusters, taking into account the larger covalent radii
which generates exclusiveB(5)-halo derivatives (see below). L
The chlorination ofla in the presence of the dichloroiridium gfgzznndd"lcgggpzriiéo;?.' ;hu]f’r’ot;et:: ggﬂ'gc’fﬁ?d
reagent obviously involves a different mechanism, but this ~; i ’ , respectively, @ ) p® 1ing
. : : planes; the corresponding distances in'$Ep*Co(2,3-
question was not further investigated. Et,C:B4H3)]2 are 1.574 and 1.651 A.In the nearest structurall
The X-ray structure determination @f, which is the first S i X . y

L ) . characterized rhodacarborane analogue GiBuH1)Rh(Eb-
small iridacarborane to be crystallographically characterized, MeCsB,Et;)CoCp, the rhodium atomgis 21.76 aﬂd £.8t20 A

is of interest mainly in its relation to related Co and Rh respectively, from the carborane angBGring planes® The
two ring planes irlaare virtually parallel, with a dihedral angle

(8) (&) Crook. J. E.; Greenwood. I Nig'éi”gg%yv %b)% McDonald, W. - of 1.95; this is closely comparable to the 5[&p*Co-
. J. Chem Soc, Chem Commun . rook, J. E,; . . . .
Greenwood, N. N.; Kennedy, J. D.; McDonald, W.J3Chem Soc, (EC2B4HSs)]2 dimer in which the angle is 02
Chem Commun 1983 83. (c) Alcock, N. W.; Taylor, J. G
Wallbridge, M. G. H.Acta Crystallogr 1988 C4, 2079. (9) Wang, X.; Sabat, M.; Grimes, R. drganometallicsL995 14, 4668.
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C1R10 C1R4
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Figure 1. Molecular structure of Cp*Ir(2,3-E€,B4H,4) (1a) showing
non-hydrogen atoms.

Table 2. Experimental X-ray Diffraction Parameters and
Crystal Data

la 3

empirical formula IrGeBaH29 Ir2ClC26B3Ha2

fw 456.9 806.9

crystal color, habit colorless needle colorless block
crystal dimens, mm 0.24 0.22x 0.41 0.32x 0.20x 0.46

space group C2/c P2i/c
a, 28.890(5) 11.775(4)
b, A 8.511(2) 15.546(5)
c, A 15.698(4) 15.500(5)
f, deg 107.61(2) 103.16(3)
v, A3 3679(3) 2758(3)
Z 8 4
u, cmt (Mo Koy 72.22 97.18
transm factors 0.131.00 0.23-1.00
D(calcd), g cm® 1.65 1.94
20max deg 46.0 46.0
no. of reflns measd 2770 4006
no. of reflns obsd 1404 2635

(I'> 3a(1))
R 0.049 0.066
Ry 0.061 0.091

largest peak in 3:8 (close to Ir) 2'.1 (close to Ir(2))

final diff map, e/A

Decapitation and Chlorination of 1a and 1b. Treatment
of 1awith wet TMEDA in the usual mann&2¢daffordednido-
Cp*Ir(2,3-ELC,B3Hs) (2a), which was obtained, following

Inorganic Chemistry, Vol. 35, No. 24, 1996029

Table 3. Bond Distances and Selected Bond Angles for
Cp*Ir(2,3-E&C:B4H.) (14)

Bond Distances, A

Ir—C(2) 2.16(2) C(3yB4) 1.54(3)
Ir—C(3) 2.16(2) C(3)B(7) 1.79(3)
Ir—C(1R1) 2.22(2) C(ARHC(1R2) 1.41(3)
Ir—C(1R2) 2.21(2) C(1IREHC(1R5) 1.45(3)
Ir—C(1R3) 2.17(2) C(ARBC(1R®6) 1.50(3)
Ir—C(1R4) 2.20(2) C(1R2)C(1R3) 1.44(3)
Ir—C(1R5) 2.20(2) C(AR2C(1R7) 1.48(2)
Ir—B(4) 2.20(2) C(1R3)C(1R4) 1.45(3)
Ir—B(5) 2.26(2) C(1R3)C(1R8) 1.50(3)
Ir—B(6) 2.22(2) C(1R4)C(1R5) 1.43(3)
C(2)-C(2m) 1.53(3) C(1R4yC(1R9) 1.50(3)
C(2-C(3) 1.51(3) C(1R5)C(1R10) 1.50(3)
C(2)-B(6) 1.55(3) B(4)-B(5) 1.72(3)
C(2)-B(7) 1.77(3) B(4)-B(7) 1.80(3)
C(2M)—C(2E) 1.48(3) B(5)-B(6) 1.74(3)
C(BM)—C(3) 1.51(3) B(5)-B(7) 1.76(3)
C(3M)—C(3E) 1.50(3) B(6)-B(7) 1.80(3)
Selected Bond Angles, deg
Ir—C(2)—C(2M) 133(2) C(2)-B(6)—B(5) 105(2)
C(2M)—C(2)-C(3) 122(2) C(2yC(3)-C(3M) 119(2)
C(2M)—C(2)-B(6) 124(2) C(2)-C(3)-B(4) 112(3)
C(3)-C(2)—B(6) 113(2) C(3M)-C(3)-B(4) 128(2)
C(2M)—C(2)-B(7) 134(2) C(3M)-C(3)-B(7) 135(2)
Ir—C(3)—C(3M) 132(2) C(2yC(2M)—C(2E) 112(2)
C(3)-B(4)—B(5) 107(2) C(3rC(BM)—C(3E) 117(2)
B(4)—B(5)—B(6) 103(2)

Since the formation of tetradecker sandwiches via stacking
of MC,B3 cluster units with metal ions is facilitated by electron-
withdrawing substituents at B(5) on the open fétaye
convertedla in two stages to an open-face®(5)-chloro
derivative that was employed for tetradecker synthesis as
described below. Chlorination dkwas achieved via reaction
with Cl, or N-chlorosuccinimide (NCS), both procedures
generating the symmetrical monochloro isomer Cp*Ir(2,3-
Et,C,B4H3-5-Cl) (1¢) as the major product; in the Oleaction,

a small quantity of a dichlorinated product was also obtained.
When a higher concentration of Glras employed, the trichlo-
rinated specie¢d was isolated and characterized (Scheme 1).
The more convenient synthesislafwas that employing NCS,
which gave the desired product in nearly pure form. The
proposed structures dfc and 1d (both colorless solids) are
supported by theitH NMR and mass spectra and also, in the
case oflc, by the geometry of its decapped derivativielo-
Cp*Ir(Et,C,B3H4-5-Cl) (2¢). The latter compound was gener-
ated fromlc by treatment with TMEDA, which gav@c as a
white solid in an isolated yield of 7476% for the overallla—

2c conversion. ThaRc and 1c are substituted at the middle
boron [B(5)] is clear from their NMR spectra, which show
unique ethyl and BH—B resonances and are distinct from those

workup, as a colorless crystalline solid and characterized of their respective B(4/6)Cl isomerslb and2b.

spectroscopically (Table 1 and Scheme 1). The proton-coupled  The formation oflc parallels the previously studied haloge-
B NMR spectrum is unusually well resolved, with the usual nation of the analogous cobalt complex Cp*Coa(&B4H.) by

B—Hierminal doublets exhibiting further splitting arising from

N-halosuccinimides! which similarly effected regiospecific Cl-,

coupling to adjacent bridging hydrogens: thus, the signal of gr. or |-monosubstitution at B(5).

B(5), which is coupled to both BHB protons, appears as a
doublet of triplets, while the B(4,6) resonance (coupled to only T
one BHB) is seen as a doublet of doublets. The 4-chloro

derivative 1b was similarly decapped (in mixtures @& and
1b) to yield 2b, as shown. The asymmetric B(4#6} | structure

of 2b is indicated by the''B NMR data, which show three

inequivalent resonances, as well as ik spectrum, which
shows two well-separated -B1—B high-field signals. The
B(4)—Cl singlet resonance in tHéB spectrum shows BHpyidge
coupling, but no such feature is seen in the B{H)and B(6)-H
doublets.

Synthesis of Iridacarborane Triple-Decker Complexes.
he double-decker comple3a was bridge-deprotonated with
n-butyllithium, and the resulting monoanion was treated with
(Cp*IrCly), in THF solution to give, following chromatographic
separation on silica, orange Cp*Ir(2,3E4B3H-4[6]-Cl)IrCp*

(3) in 41% isolated yield (Scheme 2).

(10) Piepgrass, K. W.; Meng, X.; Hecher, M.; Sabat, M.; Grimes, R. N.
Inorg. Chem 1992 31, 5202.

(11) Stockman, K. E.; Garrett, D. L.; Grimes, R. @tganometallics1995
14, 4661.
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Scheme 2
g IIr
M= I
e II ~ 1) Buli W /QNE—CI
r 2) (CprIrClyl, -~ I‘r
2a t
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I
P Ir
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5
[

} Ir
P cl
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2) Rh(MeCN)sCls | ci
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>
2c Ir

o

The characterization @ was straightforward, on the basis
of its IH and 1B NMR, UV—visible, and mass spectra. The
asymmetry of3, clearly evident in the NMR data, reveals that

Franz et al.

C1Ré6

C2R8

Figure 2. Molecular structure of Cp*Ir(2,3-E€,B3H,-6-Cl)IrCp* (3)
showing non-hydrogen atoms.

absorptions at lower wavelengths (ca. 2894 nm)31213owing

the Cl substituent is on B(4/6) rather than the central boron to the larger e-d separations arising from higher-energy d levels
[B(5)], an assignment that was subsequently confirmed crys- present in the second-row transition metal Ru. In the-Ru
tallographically as discussed below. Although about 50% of triple-decker (MeCHCsHsMe),Ru(Et,C,B3H3), the maximum

the neutral starting comple2a was recovered3 was the only

absorption is lower still, at 260 nithus, the even lower-

product isolated from this reaction, even when a variety of wavelength bands observed ®represent an extension of this
solvent mixtures were employed as eluents in chromatography.trend to a third-row metal sandwich system.

Except for minor peaks in the mass spectrun3,afhich could

A heterodimetallic Ce-Ir counterpart of3 was prepared via

well arise from fragmentation of the parent species, no evidencereaction of thenido-Cp*Co(EtC,BzHs)~ anion @a”) with
was seen for the parent (unchlorinated) triple-decker or for any (Cp*IrCly),, affording green crystalline Cp*Ir(&E,BsH2-4(6)-

chloro derivatives. The source of the chlorine3ns clearly

Cl)CoCp* (5) in 50% isolated yield (Scheme 2). The geometry

the iridium reagent, since TLC analysis of the reaction mixture shown is consistent with NMR and mass spectra, and it is

prior to workup in CHCI, confirmed the presence 8fat that

apparent that the structure is analogous to theag;dhus, the

stage. Hence it appears that any parent triple-decker that formstH and11B NMR patterns point to chlorine substitution at B(4/
in the reaction is rapidly and regiospecifically chlorinated at 6) rather than B(5). The U¥Mvisible spectrum is also similar

the B(4/6) position.

The UV-visible spectrum of3 exhibits two very intense
absorptions ai 234 nm € 26 000 cntt M~1) and 272 nm{
41 000 cn! M~1), assigned to €d charge-transfer excitations
involving the iridium atoms. This strong metahetal interac-

to that of 3, but significantly the most intense peak occurg at
326 nm € 38 000 cnt M~1), representing a lower-energy-d
transition compared to that f@ This is as expected for a €o

Ir compared to an tIr system, but it is also substantially red-
shifted compared to those for the €Bu triple-deckers

tion is underlined by the contrast between this deeply colored mentioned earlier.

species and its colorless monometallic precusoand in this
respect is similar to previously studied&3-bridged Co-M—

Co tetradecker complex®awvhere M is Co, Ni, or Ru, as well
as penta- and hexadecker sandwiches involving Co arfél Ni.
The fact that3, a bimetallic complex, exhibits absorption

X-ray Diffraction Study of 3. A crystallographic structure
determination established the triple-decker geometry pictured
in Figure 2, with relevant data collected in Tables 2 and 4.

The observed bond lengths and angles are typical for
multidecker metallacarborane sandwiches containisi8s Car-

intensities comparable to those of the larger multimetal sand- horane bridging rings. Howeves, is the first such complex

wiches is remarkable and merits further study.
The major absorption maxima are somewhat blue-shifted

containing exclusively third-row transition metals, and the large
Ir—Ir separation of 3.46 A may be compared to the-M’

relative to those of carborane-bridged multideckers of first-row distances (ca. 3.153.30 A) in multideckers where M and'M

transition metals, which appear &t330—380 nm (in CHCl,
or CHCb) for triple-deckers? 350-440 nm for tetradeckers,
and 396-410 nm for penta- and hexadeckétsThis is not
unexpected, since CRu triple-deckers show their strongest

are first-row metaldP351012 |n the one prior structurally
characterized example having two non-first-row transition metals
bridged by a GB3 ring,® (Me;CHCsHsMe),Ru(Et,C,B3H3), the
Ru—Ru distance is 3.48 A, nearly identical to that3n

(12) Wang, X.; Sabat, M.; Grimes, R. N. Am Chem Soc 1995 117,
12218.

(13) Merkert, J.; Davis, J. H., Jr.; Geiger, W.; Grimes, RINAm Chem
Soc 1992 114, 9846.
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Table 4. Bond Distances and Selected Bond Angles for
Cp*Ir(Eto,C,B3H2-4[6]-Cl)IrCp* (3)

Bond Distances, A

Ir(1)—C(2) 2.20(2) C(BM¥C@3) 1.82(4)
Ir(1)—C(3) 2.21(3) C(3M)YC(3E) 0.81(4)
Ir(1)-C(1R1) 2.16(3) C(3yB(4) 1.61(4)
Ir(1)—C(1R2) 2.18(3) C(1IRBHC(1R2) 1.46(4)
Ir(1)—C(1R3) 2.10(3) C(ARHC(1R5) 1.48(4)
Ir(1)—C(1R4) 2.13(3) C(1IRHC(1R6) 1.61(6)
Ir(1)—C(1R5) 2.15(3) C(1R2)C(1R3) 1.26(4)
Ir(1)—B(4) 2.18(3) C(1R2-C(1R7) 1.52(5)
Ir(1)—B(5) 2.15(3) C(1R3yC(1R4) 1.42(4)
Ir(1)—B(6) 2.19(3) C(1R3)-C(1R8) 1.61(6)
Ir(2)—C(2) 2.19(2) C(1R4yC(1R5) 1.18(4)
Ir(2)—C(3) 2.14(3) C(1R4}C(1R9) 1.62(5)
Ir(2)—C(2R1) 2.23(3) C(1R5)C(1R10) 1.72(6)
Ir(2)—C(2R2) 2.24(3) C(2RHC(2R2) 1.30(4)
Ir(2)—C(2R3) 2.15(3) C(2RLC(2R5) 1.36(4)
Ir(2)—C(2R4) 2.10(2) C(2RHC(2R6) 1.60(5)
Ir(2)—C(2R5) 2.15(3) C(2R2)C(2R3) 1.30(4)
Ir(2)—B(4) 2.21(3) C(2R2)C(2R7) 1.65(5)
Ir(2)—B(5) 2.14(2) C(2R3)C(2R4) 1.51(3)
Ir(2)—B(6) 2.13(3) C(2R3)C(2R8) 1.72(6)
Cl—B(6) 1.95(3) C(2R4)C(2R5) 1.47(4)
C(2)-C(2M) 1.70(4) C(2R4yC(2R9) 1.54(4)
C(2-C(3) 1.42(4) C(2R5)C(2R10) 1.54(4)
C(2)—B(6) 1.41(3) B(4)-B(5) 1.68(4)
C(2M)—C(2E) 1.42(4) B(5)-B(6) 1.61(4)
Selected Bond Angles, deg
Ir(1)—C(2)—C(2M) 122(2) C(2>C(3)-B(4) 113(2)
Ir(2)—C(2)—-C(2M) 134(2) C(BM)}-C(3)-B(4) 124(2)
C(2M)—C(2)—C(3) 126(2)  C(3yB(4)—B(5) 100(2)
C(2M)—C(2)—B(6) 121(2) B(4»B(5)—B(6) 104(2)
C(3)-C(2)—B(6) 113(2) CHB(6)—C(2) 129(2)
C(2-C(2M)—-C(2E)  110(3) C+B(6)—B(5) 121(2)
C(3)-C(3M)—C(3E) 108(4) C(2yB(6)—B(5) 110(2)
Ir(1)—C(3)—C(3M) 123(2)  Ir(1)y-B(6)—Cl 124(1)
Ir(2)—C(3)—C(3M) 132(2)  Ir(2-B(6)—Cl 129(1)
C(2)—C(3)-C(3M) 122(2)

The other noteworthy feature Bis the degree of bending,
marked by a dihedral angle of 1 between the end Cp* ring
planes, which is atypically large for triple-decker sandwiches
having no metal-bound substituents between the rings (angle
of ca. 12 are commonly observed in carborane-bridged triple-
deckerd). As earlier papers from this laboratory have noteH,
the bending of @Bs-bridged multiple-decker stacks is primarily
of electronic rather than steric origin and is attributed to
inequivalence in the binding of metal atoms to carbon vs boron
atoms in the rings. In the case 8f it is likely that a strong
Ir—Ir interaction (vide supra) is involved, since maximum
overlap of the metal hybrid orbitals (e.g.zm) may favor a
tilted orientation.

Synthesis of Rhodium-Centered Tetradecker Complexes.
The B(5)-chlorinated iridacarborane double-decker comptex
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diagnostic high-field RrH peak; thus, the formal oxidation
state of all three metals i3 and the metal-bound hydrogen is
protonic, as usual in hydridometallacarborah&!12 The
monochloro and dichloro derivatives were obtained in amounts
too small to permit useful NMR study and were characterized
by mass spectroscopy only.

In order to further extend this family of tetradecker sand-
wiches, we combined the iridacarborane and cobaltacarborane
double-decker complex anior®~ and 4b~ with Rh** in an
effort to obtain a heterotrimetallic G&Rh—Ir “group9ocene”
sandwich (Scheme 3). Not surprisingly, this three-way reaction
(reminiscent of the “combinatorial synthesis” approach now in
vogue) proved quite complicated and generated a large number
of products, which varied not only in metal content but also in
the number of chloro substituents. As a main objective, we
focused on isolating a CeRh—Ir complex, and chromatography
of the product mixture in several stages eventually produced a
fraction from which a small quantity of the dichloro species

SCp*Co(E'@Cng,HZCI)RhH(E'f,zCZB3H2CI)IGC* (7) was isolated

and characterized via NMR, UWisible, and mass spectros-
copy. Other complexes corresponding to [Cp*Ce(EB3H;-
CI].RhH (8) and the previously described [Cp*IrdELB3H,-
CI)]2RhH (6) were also identified. Compourland its parent
(nonhalogenated) counterpart have been prepared and structur-
ally characterized in earlier wof, details of which will be
presented elsewhere.

The mass spectrum af exhibits a strong parent group at
m/z 931 (base peak), as well as less intense groupsmid?
— 35 and P+ 35, corresponding to monochloro and trichloro
derivatives, respectively. That the latter compounds are products

was employed as a synthon to construct tetradeckers viaOf the reaction, and not just species generated from the

deprotonation to generate the anion, followed by reaction with
tris(acetonitrile)rhodium(lil) chloride (Scheme 2, bottom). This

approach gave a mixture of tetradecker products in low
individual yields, the total yield corresponding to 24% based

mass spectrometer, was demonstrated by further chromato-
graphic work which produced nearly spectroscopically pure
samples; unfortunately, the quantities of these substances were
insufficient for further characterization.

on starting complex consumed. Chromatography on silicausing The proton NMR spectrum o¥ in CDCl; supports the
a series of solvent mixtures (see Experimental Section) affordedproposed tetradecker structure; thus, the Cp* peaks B60
several products that were identified from their mass spectra asand 1.73 are readily assigned to Cp*Co and Cp*Ir, respectively,

chlorinated tetradeckers, including the desirBb),B(5)-
dichloro complex6 as well as a monochloro and a trichloro

since they correlate closely with the spectr8@cpco = 1.57)
and 6 (Ocpsr = 1.74). Similarly, the ethyl CHltriplets ato

derivative of this same tetradecker sandwich system. The main1.43 and 1.21 can be correlated with the corresponding signals

product, [Cp*Ir(EsC2BsH,-5-Cl)].RhH (6) was obtained as a
diamagnetic dark green solid and characterized via NMR;-UV

atd 1.37 and 1.27 in the spectra ®and®6, respectively. The
broad high-field peak ai —2.8 is assigned to the RtH group,

visible, and mass spectra. The proposed geometry is supportedlthough some degree of +tH and/or Coe-H interaction

by the simple proton NMR spectrum, which reveals equivalence
of the four ethyl groups and the two Cp* rings, as well as a

involving proton migration between Rh and the other metal
centers cannot be ruled out. Although microcrystaliineas
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obtained, we have thus far been unable to grow X-ray-quality Nylon) into a clean flask. The hexane was then removed under vacuum

crystals of this compound. to yield 96 mg (17%) of colorless crystallirie.
In preparations where the 4-chloro derivathewas shown by mass
Conclusions spectroscopic analysis to be present, the compounds were separated

by chromatography on silica TLC plates in 5% THF in hexane, using
This work extends the synthetic approach employed in a UV detector, or by preparative-scale HPLC with UV detection at
cobaltacarborane sandwich complexes to the heavier group 9250 nm. Owing to band overlap, two passes were required to obtain
metals and establishes that the same general structural principlepure material.
apply to species containing iridium and/or rhodium. As with (b) From the Carborane Monoanion. A 250-mL Schlenk flask
the cobalt sandwiches, the heavy-metal tetradecker analogue&duipped with a stir bar and rubber septum was evacuated, filled with
are intensely colored air-stable solids, soluble in organic Nz and charged with 40 mL of THF. To this was added 1.0 equiv of
solvents, and from limited observation appear to undergo similar (CP*IrCl2)z (0.562 g, 1.41 mmol Ir). A solution containing 2.0 equiv
halogenation reactions. Previously noted trends in electronic " ¢ EtC2BsHs - monoanion was prepared in a second flask by
. - injecting 0.37 g (2.82 mmol) of the neutral carborane into a suspension
struct.ure are also further extended in these_compoun(_ds, but itof dry NaH in THF, stirring until effervescence ceased, and then
remains to be seen whether the electrochemical behavior of they)ing the suspension to settle for 0.5 h. This solution was transferred
rhodium and iridium multidecker sandwiches will parallel that {5 the stirred suspension of the (Cp*IsIby slow cannula filtration
of their cobalt (and other first-row-metal) counterparts; this is over a 30 min period. Toward the end of this procedure, the orange
among the questions to be addressed in continuing investigationsuspension cleared and the solution darkened to a reddish orange. The

in this area. mixture was refluxed under Nor 2.5 d, during which the solution
became a lighter yellow-orange.
Experimental Section After the mixture had cooled, the solvent was removed under
) vacuum, leaving concentric rings of white and yellow material on the
Instrumentation. *H NMR spectra (300 MHz) and'8 NMR walls. To extract the yellow impurity, the flask was pumped to dryness

spectra (115.8 MHz) were recorded on GE QE-300 and Nicolet NT- gyer 1 h and refilled with B and 15-20 mL of hexane was then added.
360 spectrometers, respectively. Unit-resolution mass spectra Wereafier the mixture was chilled te-50 °C while being stirred, the hexane
obtained on a Finnegan MAT 4600 spectrometer using perfluorotribu- \yag withdrawn by cannula filtration into a second flask. This extraction
tylamine (FC43) as a calibration standard. In each case, a strong parenfyas repeated, and the combined golden-orange extracts were rotary-
envelope whose intensity pattern was consistent with the calculated gyaporated to a red oil which showed signs of decomposing in air; this
spectrum based on natural isotopic abundances was observed. Elmaterial was not further examined. Hexane (30 mL) was added to the
emental analyses were conducted on a Perkin-Elmer 2400 CHN analyzeearly white residue from the cold hexane extractions, and the solution
using 2,4-dinitrophenylhydrazone as a standard. For unexplained was warmed, stirred, and cannula-filtered into a round-bottom flask
reasons, several of the chlorinated compounds did not give satisfactorygpen to the air. After three such warm hexane extractions, the combined
combustion analyses. Visibtailtraviolet spectra were recorded on a  paje yellow filtrates were rotary-evaporated to give white crystals that
Hewlett-Packard 8452A diode array spectrophotometer with an HP \yere contaminated on their fringes by yellow material. NMR and TLC
Vectra computer interfaceH and some'B NMR data for new analysis of this material showed it to be a roughly equal mixturkeof
compounds are listed in Table 1. and1b. The yield of the combined products was 0.338 g (50%). The
Materials and Procedures. All reactions were conducted under  desired productawas purified by plate TLC or HPLC on silica using
an inert atmosphere unless otherwise indicated. Workup of products 504 THF in hexane. MS base peaks (molecular ion envelope)i&or
was generally carried out in air using benchtop procedures. Column nyz 457: for1b, m/z493. UV-visible absorption fofla (nm): 232 ¢
chromatography was performed on silica gel 60 (Merck) or neutral = 36 000 cnt M~%). 3C NMR for 1a(75.5 MHz,8, CsDs solution):
alumina. Solvents were distilled from appropriate drying agents under gg.7 (G ring), 22.6 (ethyl CH), 15.0 (ethyl CH), 9.8 (Cp* CH) Anal.
an inert atmosphere. (Cp*Irg}k was prepared by the literature  Calc forla, IrCieBsHz0: C, 42.06; H, 6.40. Found: C, 42.03; H, 6.06.
method}* and all other chemicals were of reagent grade and were used Anal. Calc forlb, IrCIC;eBsHas C, 39.11: H, 5.74. Found: C, 38.71;
without further purification. We thank the Johnson-Matthey Corp. for H, 5.62.

a generous loan of IrgkH,0. Synthesis of nido-Cp*Ir(Et ,C,BsHs) (2a) and nido-Cp*Ir-
Synthesis of Cp*Ir(2,3-E,C2B4H4) (1a) and Cp*Ir(2,3-Et2CoBsH3- (Et2C,B3H4-4-Cl) (2b). For the preparation of pur2a, a mixture of
4-Cl) (1b). (a) From the Carborane Dianion. A 125-mL Schlenk 5 mL of TMEDA and 5 drops of water was deaerated hybNbbling
flask equipped with a stir bar and rubber septum was evacuated, filled for 5 min and was then transferred to a small flask containing 68.2 mg
with Nz, and charged with 40 mL of THF. To this was added 1.3 (0.149 mmol) ofla and equipped with a stir bar. The mixture was
equiv of 2,3-E4C:B,Hs (215 mg, 1.63 mmol) via syringe. The flask  stirred for 2.25 h, although monitoring by TLC (silica strips, 1:1

was cooled to 0C, and 2.6 equiv ofert-butyllithium (1.9 mL of 1.7 hexane-CH,Cl,) indicated that the reaction was essentially complete
M solution in hexanes) was added, producing a dark orange color that after 1.25 h. The contents of the flask were rotary-evaporated to afford
faded to yellow. The septum was removed underfldw, and 1.0 a yellow oil; this was taken up in hexane, and the solution was flash-

equiv of (Cp*IrCh), (0.500 g, 1.26 mmol Ir) was quickly added. The filtered through 3 cm of silica in hexane. Evaporation of the filtrate
flask was fitted with a reflux condenser, and the contents were purged gave a clear oil (easily overlooked) which upon further evacuation
with N3 for 15 min and heated to reflux undeg.NBefore reflux began, produced a white solid identified as puZe’ 57.6 mg (0128 mmol,
the stirred orange suspension of (Cp*ljghad cleared to a transparent  869). When the same procedure was applied to a mixtuteaind
orange solution. Following 1 day of reflux, the light orange-yellow 1ph hoth2aand2b were obtained and were separated via chromatog-
solution was cooled to room temperature, the solvent was removed raphy on silica. MS base peaks (molecular ion envelope)2dom/z
under vacuum on a Schlenk line, and the yellow residue was extracted447; for2b, m/z 481. UV-visible absorptions fota (nm): 232 ¢ =

with three 20-mL portions of warm hexane, each extract being cannula- 31 000 cn1t M%), 266 (shouldere = 11 000). Anal. Calc foa,
filtered into a second Mfilled flask. Evaporation of solvent fromthe  |yC,BsHs: C, 42.99: H, 6.76. Found: C, 44.29: H, 6.96. Anal. Calc
combined extracts yielded yellowish-white crystals, from which the for 2p, IrCIC;¢BsHae: C, 39.92: H, 6.07. Found: C, 39.49: H, 6.67.

yellow impurity was removed by six successive ) mL washes with Synthesis of Cp*Ir(Et,C,B4Ha-5-Cl) (1c), Cp*Ir(Et C,B4HCl3)
hexane at-78 °C. The cold hexane extracts were reserved for later (14) and nido-Cp*Ir(Et 2C.BsH4+-5-Cl) (2¢). (a) Reaction with Cb.
recovery of additional product via chromatography on silica. A 20 mL vial equipped with a stir bar was charged with 131 mg (0.286

The colorless product material was redissolved in 40 mL of hexane, mmol) of 1a and 5 mL of CHCl,, and C} was bubbled through the
forming a turbid solution, which was removed from the flask via syringe  solution until the color was greenish yellow. The vial was sealed with
and passed through a syringe filter (Whatman GD/X 13 mm, 5 a septum fitted with a pressure-relief needle, and the contents were
stirred, with monitoring every 30 min via TLC silica strips (vide supra).
(14) White, C.; Yates, A.; Maitlis, P. Minorg. Synth 1992 29, 228. After 30 min, there was evidence of reaction but starting material
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remained, so more g¢lwas added and stirring was continued for 30 obtained wa$, establishing that chlorination occurs during the reaction
min. At this point, TLC analysis indicated the absencd.afand the and the source of the chlorine is the iridium reagent (or species derived
presence of major and minor products. The vial was evacuated from it) rather than solvent. MS base peak (molecular ion envelope):
overnight, after which NMR and mass spectroscopy revealed that the m/z675. UV-visible absorptions fota (nm): 232 € = 20 000 cn1?
residue consisted mainly dft and a trace of a dichloro derivative of M™1), 326 ¢ = 38 000), 598 £ = 630). Anal. Calc for IrCoCl-

la. In one experiment involving a higher concentration of, Ghe CoeB3H4: C, 46.36; H, 6.28. Found: C, 46.45; H, 6.70.

reaction was complete within 5 min, affording the trichlorinated product Synthesis of [Cp*Ir(Et,C.B3H,-5-Cl)];RhH (6). A 1.0-equiv

1d, which was characterized spectroscopically but failed to decap on sample of RhG(MeCN); (67 mg, 0.20 mmol) was transferred in a

treatment with TMEDA. drybox to a 100-mL two-neck flask containing a stir bar, the flask was
(b) Reaction with N-Chlorosuccinimide (NCS). A sample of 379 sealed with rubber septa, and 25 mL of THF was added on a Schlenk
mg (0.828 mmol) oflain 30 mL of THF was deaerated with,Nor line via syringe. In a second two-neck flask, 3.0 equiv (294 mg, 0.61

15 min, after which 1.5 equiv (169 mg, 1.27 mmol) of NCS was added mmol) of the Cp*Ir(EtC,BsH3-5-Cl)~ monoanion was prepared from
and the solution heated to reflux under adtmosphere. The reaction  2c via deprotonation with 0.61 mmol of-butyllithium (0.38 mL of
was monitored as before by using TLC strips and faras a reference, 1.6 M solution in hexanes), which produced a change from nearly
and it was noted that although the desifedappeared within 30 min, colorless to yellow. This solution was transferred via cannula at a rate
significantlaremained after 3 h. Addition of another 80 mg of NCS  of 2.5 mL/min to the stirred suspension of ReE@eCN); at —78 °C
had little effect, so the reflux was discontinued, 120 mg of NCS was in a dry ice/alcohol bath. The reaction mixture was allowed to warm
added, and the reaction mixture was stirred at room temperature for 3slowly with stirring under M. After 2 h, the temperature was20 °C
h (total of 10 h), resulting in complete consumptioriaf The solution and the mixture was reddish-brown; after 18 h, it was dark brown.
was rotary-evaporated, the residue taken up in@# the resultant The reaction was halted and the solvent removed under vacuum, leaving
solution filtered through 3 cm of silica, and the solvent removed to a dark residue which was taken up in 10 mL of toluene. Half of this
afford white 1c together with traces of yellowish-brown material. solution was transferred by syringe undes td the top of a silica
Decapping of productc was conducted as described above using column that had been purged withh.NThe sample was eluted with
wet TMEDA. After removal of volatiles under vacuum, the residue hexane followed by toluene. The hexane eluate afforded impare
was flash-filtered through 2 cm of silica and the filtrate evaporated to starting material. This, combined with material recovered from the

give 301 mg (0.625 mmol, 76% based &8) of colorless2c. MS second half of the toluene solution, was purified by plate TLC on silica

base peaks (molecular ion envelope): Torm/z493; forld, m/z562; using hexane to give a total recovery of 87 mg (30%paf

for 2c, m/z 481. The toluene eluate yielded minor yellow and yellow-green bands,
Synthesis of Cp*Ir(Et,C,B3H-4[6]-CI)IrCp* (3). A solution of which were not characterized, followed by a major green-brown band

2 equiv of the monoanion dfa was prepared via addition of 0.233  that comprised at least two overlapping compounds. This band was
mmol of n-butyllithium (0.14 mL of 1.6 M in hexanes) to an equimolar  collected in four fractions whose colors progressed from khaki green
amount of2ain 40 mL of THF at 0°C. The solution was warmedto  to brown. From NMR and mass spectroscopic evidence, the first
room temperature, and 1 equiv of (Cp*Igfzl (46 mg, 0.058 mmol) fraction contained nearly pure, dark gre&nSpectra for the remaining
was added under a flow of N The orange color of the initially formed  fractions showed a decrease in the concentratioharid an increase
suspension of (Cp*IrG), changed within 15 min to a khaki color, then in that of a monochlorinated tetradecker produtiz(1030) corre-

to red-orange, and withil h to aclear orange-brown. The solution  sponding to6 with loss of one chlorine. The combined yield of both
was stirred overnight (although the reaction was later shown to reach products was 25 mg (24% based dniconsumed). Further chroma-
completion within 3 h), and the mixture was then opened to the air tography on these fractions employing 14% THF in hexane produced
and THF was removed by rotary evaporation. The red residue was additional 6, monochloro complex, and a trichloro tetradeckiyz(
taken up in hexane, the resultant solution was flash-filtered through 3 1099). MS base peak fé(molecular ion envelope)m/z1064. UV—

cm of silica, and solvent was removed to yield 52 mg of2hetarting visible absorptions fo6 (nm): 232 € = 9000 cnT* M%), 320 € =
material (ca. 50% recovery). The silica was washed with@j#ito 20 000).

give a bright yellow solution which was evaporated to give 38 mg  Synthesis of Mixed-Metal Tetradecker Sandwiches from the
(0.047 mmol, 41% based on Ir consumed)3of Analysis by silica Cp*Co(Et,C,B3H3Cl)~ and Ir*Co(Et ,C.BsH3Cl)~ Substrate Anions.
TLC employing a variety of solvent combinations showed no other A suspension of 100 mg (0.301 mmol) of RB@eCN); in 20 mL of

products. MS base peak (molecular ion envelop®jz 807. UV— THF in a 250-mL Schlenk flask was stirred-a78 °C. In a separate
visible absorptions fola (nm): 234 € = 26 000 cnm* M~Y), 272 ¢ two-neck, 100-mL round-bottom flask were placed 118 mg (0.339
= 41000), 414 { = 1500), 472 ¢ = 380). Anal. Calc for mmol) of Cp*Co(E+C,BsH.-5-Cl) (4b) and 283 mg (0.588 mmol) of
IroCIC26BsH42: C, 38.70; H, 5.25. Found: C, 40.18; H, 5.65. Cp*Ir(Et2C:B3sH4-5-Cl) (20); this flask was evacuated with heating, after

Synthesis of Cp*Ir(Et,C.BsH2-4[6]-Cl)CoCp* (5). A solution which it was filled with N and 20 mL of THF was added. The flask
containing 2.0 equiv of the Cp*Co(El,BsHs)~ monoanion was was placed in a 0C bath, and 0.928 mmol ai-butyllithium (0.58
prepared at OC via addition of 0.80 mmol oh-butyllithium (0.50 mmol, 1.6 M in hexanes) was added. After 15 min of stirring, the
mL of 1.6 M in hexanes) to a stirred solution of 247 mg (0.787 mmol) flask was warmed to room temperature and the contents were stirred
of 4a in 30 mL of THF under N. After 15 min of stirring at room for an additional 30 min. This solution of mixed metallacarborane
temperature, 1 equiv of (Cp*Ir@k (158 mg, 0.198 mmol) was added = monoanions was transferred via cannula to the Schlenk flask containing
under a flow of N. The originally orange suspension changed within the RhC}MeCN), using a slow drip rate over a 40-min period. After
10 min to a deep burgundy red solution. Overnight stirring produced the transfer was complete, 8 mL of THF was added to the two-neck
a change to a dark green. The mixture was opened to the air and THFmonoanion flask, and this rinsing was also transferred to the Schlenk
removed by rotary evaporation. The dark residue was taken up in flask. Even at—78 °C, the mixture darkened noticeably as the
hexane, and the solution was flash-filtered through 3 cm of silica, giving suspended Rh complex entered the reaction. The reaction mixture was
a yellow filtrate from which solvent was removed to yield 123 mg of permitted to warm to room temperature with stirring oael hperiod,
the4astarting material (ca. 50% recovery). The green hexane-insoluble after which it was stirred another 30 min. At this point, the mixture
residue was taken up in GHI,, and the solution was flash-filtered  had acquired a rich dark brown color.
through the same silica column. Rotary-evaporation of the filirate gave  For workup, the reaction mixture was divided into two portions, A
229 mg (0.34 mmol, 87%) of green crystallide Although TLC and B, for which different procedures were followed. Portion A,
analysis with several different solvent mixtures gave no evidence of comprising about one-third of the original mixture, was transferred to
other products, the sample Bivas further chromatographed on a silica  a round-bottom flask and rotary-evaporated to give a dark oil, which
column in 5% THF in hexane, again affording ofy132 mg, 50%). was extracted with hexane, leaving much dark brown insoluble material.

In a different synthesis intended to check the possibility that the The hexane extract was flash-filtered through 3 cm of silica, which
chlorine in5 was acquired during workup, the above procedure was after evaporation gave 73 mg of a pale yellow material that proved on
followed except that 10% THF in hexane was employed in place of NMR analysis to be a mixture of th&h and2c starting materials. The
CH.CI; in filtration and chromatography. Again the only product hexane-insoluble portion was extracted with toluene, and the extract
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was flash-filtered, yielding a rich brown filtrate which was rotary- this material and its trichloro derivative for spectroscopic characteriza-
evaporated to afford 10 mg of a dark brown crystalline material. This tion. UV—visible absorptions for (nm): 232 ¢ ~ 27 000 cnT* M~1),
sample was redissolved in toluene, and the solution was chromato-262 € ~ 23 000), 368 £ ~ 40 000).

graphed on a 32-cm silica column prepared from a toluene slurry, using  X-ray Structure Determinations of 1a and 3. Diffraction data
toluene as eluent. This produced 12 distinct but overlapping bands, were collected on a Rigaku AFC6S diffractometer-&t20 °C using

the first two of which were yellowdb and orange2c, followed by Mo Ka radiation. Details of the data collection and structure
several khaki to dark brown bands. Of these, the most intensely colored,determination are listed in Table 2. The unit cell dimensions were
and most abundant, was dark brov@y a knowrf® Co—Rh—Co determined by least-squares refinement of the setting of 25 high-angle

tetradecker complex (parent envelopé 796). Following the dark reflections. The intensities of three standard reflections, monitored at
bands were a series of four diffuse orange bands, the second of which3-h intervals, showed no significant variation. Empirical absorption
(ninth in the overall sequence) exhibited a mass spectrum (parentcorrections were applied following scanning of several reflections
envelopem/z 931) assigned to the dichloro E®Rh—Ir tetradecker7. (transmission factors are reported in Table 2). All calculations were
Further purification of this material by TLC on a silica plate in 3:2 performed on a VAX station 3500 computer employing the TEXSAN
hexane-CH,Cl, produced an additional band, tan in color, which moved 5.0 crystallographic software packdgand in later stages on a Silicon
faster than7 on the plate and was identified by mass spectroscopy Graphics Personal Iris 4D35 computer with the teXsan 1.7 package.
(parent envelop@vz 964) as a trichloro CoRh—Ir tetradecker, i.e., The structure was solved by direct methods in SIR88ligh thermal
compound? with an additional chlorine substituent. parameters observed for the triple-decker structure indicated possible
Portion B of the product mixture was worked up as follows. After disorder, but efforts to resolve this disorder were unsuccessful.

removal of solvent in vacuo, the residue was extracted withGTH .
under N and the extract was flash-filtered through 3 cm of Celite, Acknowledgment. This work was supported by the U.S.

which removed some tan debris and produced a dark chocolate-coloredArmy Reseqrch Office, Grapt No. DAAH04-95-1-0145, and the
filtrate. To this 75 mL solution was added 40 mL of hexane, and the National Science Foundation, Grant No. CHE 9322490. We
mixture was rotary-evaporated to remove most of the@l leaving thank Eric Boring for obtaining many of the elemental analyses.
a dark residue “C". The dark supernate was flashed through 3 cm of
silica with hexane, and the solvent was stripped to yield 154 mg of
lemon-yellow solid which was shown by NMR to consist mainly of H, L
recoveredtb and2c. The silica filter bed was then flushed with GH 3e$gepages). Ordering information s given on any current masthead
Cl, to produce a dark brown filtrate, which was evaporated to dryness '

to give 130 mg of dark solid “D”. Samples C and D were separately 1C9606587

chromatographed on silica in toluene, each producing six to eight bands
which were analyzed by mass spectroscopy and found to contain a(15) TEXSAN 5.0: Single Crystal Structure Analysis Software (1989),
variety of apparent triple-decker and tetradecker complexes with varying Molecular Structure Corp., The Woodlands, TX 77381.
combinations of the three metals employed in the reaction and different (16) It\/?é(IZiEI alr';'t ru%{ﬂ?éecgrrgft?hf%’g%ﬁ nﬁgf‘?;'%ggfl“_’vare (1995),
_numbgrs of ch_lorlne subs_tltuent:_s, mo_st of which were not f_urther_ 17) SIR88: Burla, M. C.; Camalli, M.; Cascarano, G.; Giacovazzo, C.;
investigated. Since the main species of interest was the heterotrimetallic Polidori, G.; Spagna, R.; Viterbo, DJ. Appl. Crystallogr. 1989 22,
dichloro compound’, the main effort was directed toward collecting 389.
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