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Dimetallic complexe$ Cp*Ir[E.Cx(BgHo)][(cod)Ir(OCHs)]} (E= S, 33, E = Se,3b) and{ Cp'Ir[E.C,-
(B1gHo)][(cod)Ir]} (E =S, 4a; E = Se,4b) were synthesized by the reaction of half-sandwich complexes
Cp*Ir[E2Cy(B1oH10)] (E = S, 1a; Se,1b) with 2 equiv of [Ir(cod)-OMe)]. (2-Ir). Analogous reactions
of 1awith [Rh(cod)x-OMe)], (2-Rh) were investigated, and three compleXgSp*Ir[S,Cy(BgHg)][(cod)-
Rh(OCH)]} (58), { Cp*Ir[S2Co(BioH10)][(cod)RN] (68), and{ Cp*Ir[S:Co(B1oHo)][(cod)RN] (7a), were
obtained. By comparing the two reactions, the routes of metal-induedd &ctivation at B(3)/B(6) of
theortho-carborane-1,2-dichalcogenolato ligand were investigated. Ttideearborane complexes such
as 3a, 3b, and5a contain intercluster metalmetal bonds. Moreover, the V-shaped trimetallic ufiits
(cod)Ir[ExCa(BgHg)][(cod)Ir(OCH)J[(CsH13)Ir]} (E = S, 9a; Se,9b) have been constructed through the
Mz-nido-carborane complexgdqcod)Ir[ExCo(BgHo)][(cod)Ir(OCHs)]} (E = S, 8a; Se, 8b). Complexes
3—10 were characterized by NMR spectroscoph,(**B NMR), and X-ray structural analyses were
reported for complexe8a, 3b, 4a, 5a, 6a, 8a, 9b, and10b.

Introduction or medicine® which makes carborane chemistry an interesting
area of growth. The synthesis of metallacarboranes obtained
throughnido-carboranes have attracted considerable attention
in recent year$.Particularly interesting metallacarboranes are
those containing intercluster metahetal bonds, which ef-
fectively bridge the two best developed areas of inorganic cluster
chemistry, polyhedral boranes and metal clusters.

We have recently expanded our studies to build heterometallic
clusters starting from iridium or rhodium complexes Cp*M-
[E2C2(B1oH10)] (M = Ir, Rh; E= S, Se)? The distinguishing
feature associated with the new di- and oligonuclear products
is the presence of metaimetal bonds that are stabilized by an

The carborane aniomijdo-C,BgH11]?~ may be compared with
the cyclopentadienide anion §Rs]~, in that both can be
coordinated to transition metal centers as pentahaptoz-six-
electron ligands.Following the synthesis of the first metalla-
carborane by Hawthorne et al. in 196#jdo-carboranes have
proved to be excellent bulky and stable building blocks that
allow the synthesis of a wide range of heterocarboranes, which,
in addition to boron and carbon atoms, contain other elements
in their skeletor?. Such molecules have recently been shown to
have a variety of applications in material sciedagtalysis;
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Formation of Cup-Shaped Metallic Clusters

Scheme 1. Reaction
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ancillary ortho-carborane-1,2-dichalcogenolato ligdfidt should

be noted that some similar oligonuclear products contain metal
metal bonds built by mononuclear metalladichalcogenoléhes.
However, to our knowledge, the construction of a metal cluster
through nido-carborane ligands is rare. Herein we report the
synthesis of a series of metal clusters contaimiigp-carborane
and the first structural confirmation of a trinuclear metallic

cluster that represents an unprecedented example of a metal-!"(1)—S(1)-Ir(2)

lacarborane complex featuring intercluster metaktal bonds.

Results and Discussion

Synthesis of Dimetallic Iridium Complexes.Reaction of
Cp*Ir[E2Co(BigH10)] (E = S, 1a Se, 1b) with 2 equiv of
[Ir(cod)(u-OMe)], (2-Ir) in a refluxing toluene/methanol mixture
yields one major produc8 (in 39% 3a) and 52% 8b) yields),
and a minor product4 (Scheme 1). The NMR spectra and
crystal structure determination show that the cluster framework
adopted by3 is generated by incorporation of rido C,Bg
framework into an Iy metal complex (Figures 1, 2). Selected
bond lengths and angles 8& and3b are listed in Table 1. In
3aand3b, the Cp*Ir and (cod)Ir fragments are bridged by two
S or Se atoms that are linked to the opeB£face. The metal
atoms are arranged at one side of the cup-shajgkecarborane
just like the handle of a cup. The Ir(3)r(2) distances of 2.7250-
(9) A (3a) and 2.8087(13) A3b) fall within the expected range
of metal-metal single bond® consequently each iridium atom

E =S(3a); E = Se(3b)
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of 1a, 1b with 2-Ir

SN\
\// “\ilr\ /}r
+ e

E = S(4a); Se(4b)
Table 1. Selected Bond Lengths (A) and Angles (deg) of 3a

and 3b

3a
In(1)—Ir(2) 2.7250(9)  Ir(1)}-S(1) 2.360(2)
Ir(1)—S(2) 2.363(2) Ir(2yS(1) 2.305(2)
Ir(2)—S(2) 2.309(2) S(HC(1) 1.798(9)
c(1)-Cc(2) 1.558(11) Ir(1}0(1) 2.364(7)
O(1)-B(6) 1.382(13) 0O(1)¥C(3) 1.427(11)

71.48(6) Ir(1>S(1)-C(1) 99.0(3)

Ir(2)—S(1)-C(1) 103.7(3) Ir(130(1)—C(3) 131.5(7)
In(1)—O(1)-B(6)  108.5(6) C(3Y0(1)-B(6)  119.4(8)

3b
Ir(1)—1Ir(2) 2.8087(13)  Ir(1ySe(1) 2.4922(19)
Ir(1)—Se(2) 2.4910(17)  Ir(3Se(1) 2.4323(19)
Ir(2)—Se(2) 2.431(2) Se(HC(1) 1.947(12)
C(1)-C(2) 1.598(18)  Ir(1)}0O(1) 2.423(9)
O(1)-B(6) 1.366(16) O(LC(3) 1.409(17)
Ir(1)—Se(1)-Ir(2)  69.54(4) Ir(1}Se(1)-C(1) 96.1(4)
Ir(2)—-Se(1-C(1)  102.0(4) Ir(1}0(1)-C(3)  128.1(10)
Ir(1)—O(1)—B(6) 112.7(8) C(3Y0(1)-B(6) 118.1(13)

observed for these complexes. The minor proddiatwas
characterized by X-ray structure analysis (Figure 3), and selected
bond lengths and angles dfa are listed in Table 2. The
presences of a #B bond indicates the activation of-BH,
which is clearly induced by the metal atom. CompleRasind

3b can be obtained in higher yields when longer reaction times
are applied. Hence it can be assumed #eatind 4b are the
precursor intermediates with reactive-B bonds, generated
after the iridium-induced BH activation and then opening the

has 18 valence electrons and thus accounts for the diamagnetisnsage with concomitant formation &

Figure 1. ORTEP drawing o8awith 30% probability ellipsoids
and H atoms omitted.

Synthesis of Mixed Rhodium-Iridium Complexes. To
determine the function of metal-induced-Bl activation in the
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Figure 2. ORTEP drawing of8b with 30% probability ellipsoids . . . . L
and H atoms omitted. Figure 4. ORTEP drawing oba with 30% probability ellipsoids

and H atoms omitted.

Figure 3. ORTEP drawing ofta with 30% probability ellipsoids
and H atoms omitted.

Table 2. Selected Bond Lengths (A) and Angels (deg) for 4a Figure 5. ORTEP drawing oba with 30% probability ellipsoids
and H atoms omitted.

In(1)—1r(2) 2.9921(9) In(1-S(1) 2.3044(15)

gg()l;sc(a) f‘gééfé)l R 'Cr((figﬁl\) ijéﬂgﬁﬂg B(3) atom appears to have the tendency to leave the cage. This
Ir(1)—Ir(2)—B(3) 100.4(2) Ir(1-Ir(2)—S(1)  48.88(3) tendency can also be deduced from the lengthening of the
Ir(1)=S(1)-Ir(2) ~ 77.99(5) I(1-S(1)-C(1) ~ 107.63(18) C(1)-B(3) and C(2y-B(3) bonds (1.78(4) and 1.84(4) A,
Ir(2)-B(3)-C(1)  98.4(5) Ir(2-S(1)-C(1)  85.41(18)

respectively), in contrast to 1.72 A under normal conditis.

. . . ) . ) It may be noted that the cyclometalation occurs at the iridium,
formation of nido-carboranes, similar reactions with rhodium ot at the rhodium site. If the iridium atom approaches thé-B
complexes were investigated (Scheme 2). In the reaction of gjie the result is the formation @&, whereas the approach of

Cp*Ir[S2C(B1oH10)] (18) with 2 equiv of [Rh(cod¢-OCHs)]. the rhodium atom to the BH site leads tdda. Complex7ais
(2-Rh), an analogous product, the dimetallic IrRtto-carbo- an analogous product of complexésand4b. (The molecular
rane5a was also obtained (Figure 4). More interesting is the giycture of7awas described previously in ref 10f.) All these
isolation of6éaand7a, two products that would be expected 1o ifferences can be ascribed to the formally different valence
arise from different B-H activation processes at the B(3)/B(6) state of iridium and rhodium atoms before the reaction.

sites of the carborane cage (Figl_Jre 5). Selected bond_lengths Synthesis of Trimetallic Iridium Complexes. The 14-
and angles obaand6a are listed in Table 3. The +Rh dis- electron fragments Cp*Ir and (cod)IrCl are isolobal. Heating

tance in6a (2.7829(10) A) should therefore be comparable with eitherlaor 1b with 4 equiv of [Ir(cod)-Cl)], generatesido-
the I—Rh distance in thaido complex5a (2.7526(8) A). In

6a, the o-carborane group is close to the rhodium center  (13)Qjiva, J. M.: Allan, N. L.; Schleyer, P. V. R.; Vinas, C.; Teixidor,
(Rh(1)}+-B(3) 2.970 A). An interesting phenomenon is that the F.J. Am. Chem. So@005 127, 13538-13547.
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Scheme 2. Reaction of 1a with 2-Rh

j@Z g
\

s//Ir\\s [Rh(cod)(u-OMe)], (2-Rh)

Toluene / MeOH

E 4 [Ir(cod)(w-CD)],
T T
Toluene / MeOH

1a,1b E = S(8a), Se(8b) E = S(9a), Se(9b) E =S(10a), Se(10b)
Table 3. Selected Bond Lengths (A) and Angels (deg) for 5a  open face and to the three allylic carbon atoms of a cyclooc-
and 6a tenyl ligand. In contrast to Ir(BIr(2) (2.9473(10) A), the
5a Ir(2)—Ir(3) distance (3.0866 A) is lengthened 9. Interest-
Rh(1)-Ir(1) 2.7526(8)  RNh(1)}S(1) 2.3742(16) ingly, the C(1>-C(2) distance (1.81 A) is longer than a normal
:_\r’(hl()l—)_s%é)Z) gggg%&g g((g’gg)) f'g%(%()m) bond between the two carbon atoms of carbofdieit shorter
c(1)-c(2) 1.561(8) Rh(5O(1) 2.459(4) than those in the pesudocloso metallcarborane struttdriee
O(1)-B(6) 1.401(9) O(1)>-C(3) 1.407(8) lengthening of the C(HC(2) distance in9b produced a
R(h()lrﬁ()l_H(r(%) 72.10((5)) RE((l_}}S((l)%C((l)) 98-3(2()) tetragonal open face Ir(3)C(1)—C(2)—B(6), which is almost
Ir(1)—S(1-C(1 103.2(2 Rh(1yO(1)-C(3) 131.8(5 i i
planar, with a dihedral angle along C{¢(2) of 163.7.
2?1()1—);3%)1—);:?2(? ég%?g) CEro()-B(©) 120.2(8) ComplexeslOare byproducts of the reaction, ahdb has been
' characterized by X-ray diffraction methods (Figure 8). Selected
Ir(1)—Rh(1) ) 7829(10?3 (1S 2.207(3) bond lengths and angles ©6b are listed in Table 5. Both the
I(1)-S(2) 2:277(2) Rh(1)S(1) 2:384(2) B(3)/B(6) sites of the carborane ligand are substituted with two
Rh(1)-S(2) 2.374(3) C(HC) 1.522(12) methoxy groups.
C(1)-B(3) 1.78(4) C(2>B(3) 1.84(4)
B(3)-B(4) 1.53(4) B(3)-B(7) 1.68(3)
B(3)-B(8) 1.42(4) B(5)-B(6) 1.70(2)
B(6)—B(10) 1.72(2) B(6)-B(11) 1.74(2)
S(1)-1r(1)—S(2) 83.51(9) S(BRN(1)}-S(2)  79.62(8)
Ir(1)—S(1-Rh(1)  72.92(7) Ir(1yS(1)y-C(2) 106.2(3)
Rh(1)-S(1-C(1)  87.5(3) C(1yB(3)-C(2)  49.7(13)

C(1)-B(6)-C(2)  53.0(6)

[(cod)Ir(cod)IrCI][ExC2BgHg] (83, 8b) as the major product, as
well as9a, 9b and 10a, 10b, respectively, as minor products
(Scheme 3). In refluxing toluene/methanol solution, the di-
metallic clusters8a and 8b are converted in more than 60%
yield to the trimetallic complexe®a, 9b when additional
2-Ir is applied. An X-ray diffraction study oBa provided
additional interesting features for this kind nido-carborane
complex (Figure 6). Both iridium centers are in a distorted
octahedral environment. The difference between the two irid-
ium atoms is that the Ir(1) center bears a bridging @H;
ligand, whereas the Ir(2) center carries a terminal chloride ligand,
in addition to the olefinic bonds of the cycloocta-1,5-diene
ligands and the bridging sulfur atoms. More exciting is the
isolation of 9a and 9b, the products with three metal atoms
in a cluster, as confirmed by X-ray diffraction f@b (Figure

7). Selected bond length and angle8afand 9b are listed in Figure 6. ORTEP drawing oBa with 30% probability ellipsoids
Table 4. The Ir(3) atom is coordinated to theBg pentagonal and H atoms omitted.
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Figure 7. ORTEP drawing o®b with 30% probability ellipsoids and H atoms omitted.
Table 4. Selected Bond Lengths (A) and Angels (deg) for 8a

and 9b C(8A) @)\Tﬂ/
8a
Ir(1)—Ir(2) 2.7379(8) Ir(1-S(1) 2.370(2)
Ir(1)—S(2) 2.357(2) Ir(2)¥S(1) 2.335(2)
Ir(2)—S(2) 2.318(2) Ir(2)-Cl(1) 2.403(2)
S(1C(1) 1.806(8) C(1¥C(2) 1.570(11)
Ir(1)—0(1) 2.323(6) O(1yB(6) 1.423(12)
0O(1)-C(3) 1.433(11)  Ir(1FSQ)-Ir2) 71.17(6)
Ir(1)—S(1)-C(1) 99.5(3) Ir(-Ir(2)—-CI(1)  97.80(7)
Ir(2)—S(1)-C(1) 104.7(3) S(BIr(2)—ClI(1) 84.06(8)
I(1)-0(1)-C(3)  127.6(5) I(1)}O(1)-B(6)  109.4(5)
C(3-O(1)-B(6)  116.2(7) C(1yB(6)-C(2)  53.4(5)
9b
Ir(1)—1r(2) 2.9473(10)  Ir(2)rIr(3) 3.0866(10)
Ir(1)—Se(1) 2.5274(17)  Ir(BSe(2) 2.5255(16)
Ir(2)—Se(1) 2.4433(15)  Ir(2)Se(2) 2.4595(16)
Ir(1)—0(1) 2.413(9) o(1rC@) 1.400(18)
0O(1)-B(6) 1.389(19) Ir(13-C(4) 2.118(16)
Ir(1)—C(5) 2.115(14) Ir(2C(12) 2.141(14)
Ir(2)—C(13) 2.173(16)  Ir(3YC(20) 2.224(14)
Ir(3)—C(21) 2.120(14) Ir(3}C(22) 2.241(15)
Ir(3)—C(1) 2.116(13) Ir(3-C(2) 2.142(14)
Ir(3)—B(4) 2.225(17) Ir(3¥B(7) 2.250(17)
Ir(3)—B(8) 2.240(17)  C(1XC(2) 1.819(18)
C(20)-C(21) 1.43(2) C(2B-C(22) 1.419(19) BISA)
IC((12)2)T<(32()23|) . 39552(%%) g(?f;\)lC((lzf)S @ %3252(42()5) Figure 8. ORTEP drawing ofLObwith 30% probability ellipsoids
r(1)—ir(Z)—Ir . e ri)—se . H
Se(1)y-Ir(2)—Se(2)  85.44(5) Ir(B-0(1)—C(3) 126.6(10) and H atoms omitted.
I(1)—O(1)-B(6) ~ 115.1(8) C(1yB(6)-C(2)  61.5(8) Table 5. Selected Bond Lengths (A) and Angels (deg) for
C(1)-Ir(3)—C(2)  50.6(5) 10b
; Ir(1)—C(6) 2.113(13)  Irf(1¥C(7) 2.089(14)
My A el pse
We have synthesized the cup-shapedo-carborane com- : :

plexes3, 5, and8, which appear to provide useful structural g(é))_g(é)) };gg; 8((3_%((32)) igggg
information for further studies on Fhe preparation of othielo- Ir(1)—Se(1)Ir(1A)  70.16(5) Ir(1-Se(1>C(1) 98.7(4)
carborane and polymetallic species. Complexes of §/pep- Se(1)y-Ir(1)—Se(1A) 81.77(6) B(3yO(1)-C(2)  118.5(14)

resent a novel class of cluster compounds in which a V-shaped

trimetallic unit has been constructed through a new type of supported metallic clusters have been repotfédhe develop-
Mz-nido-carborane complex. Although some kinds of carborane- ment of a rational approach for the synthesis of bi- and tri-
metallic carborane clusters is still an important step forward in

the synthesis of this class of compounds.

(14) (a) Chizhevsky, I. T.; Lobanova, I. A.; Petrovskii, P. V.; Bregadze,
V. I.; Dolgushin, F. M.; Yanovsky, A. |.; Struchkov, Y. T.; Chistyakov, A.
L.; Stankevich, I. V.; Knobler, C. B.; Hawthorne, M. Brganometallics
1999 18, 726-735. (b) Safronov, A. V.; Zinevich, T. V.; Dolgushin, F.
M.; Tok, O. L.; Vornontsov, E. V.; Chizhevsky, |. Drganometallic2004
23, 4970-4979.

(15) (a) Jelliss, P. A.; Stone, F. G. A. Organomet. Chen1.995 500,
307—323, and references therein. (b) Du, S.; Kautz, J. A.; McGrath, T. D.;
Stone, F. G. AAngew. Chem., Int. EQ003 42, 5728-5730.
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Table 6. Crystallographic Data and Structural Refinement Details of 3a, 3b, 4a, and 5a

3a 3b 4a 5a
empirical formula GngngOSZH’z C33H5lBgOSQ|I’2 CongeBmSgh’z C21H3ngOSZ|I’Rh
fw 853.33 1103.35 833.11 764.04
cryst syst triclinic monoclinic orthorhombic monoclinic
space group P1 P2i/n Pnma Ra/c
a(h) 10.992(5) 12.388(8) 17.969(5) 12.803(3)
b (A) 11.339(5) 17.128(10) 12.700(4) 12.046(3)
c(A) 13.260(6) 19.889(12) 12.078(3) 18.726(5)
o (deg) 107.244(4)
p (deg) 96.233(5) 91.302(10) 96.323(4)
y (deg) 115.175(5)
V (A3) 1374.9(10) 4219(4) 2756.3(13) 2870.3(12)
z 2 4 4 4
pealcd(g/cn?) 2.061 1.737 2.008 1.768
u(Mo Ka) (mm1) 9.837 8.051 9.808 5.367
no. of reflns obsd 5789 19099 11185 12 977
no. of params 334 382 175 334
goodness of fit 1.000 0.961 1.079 1.022
Ry (I > 20(1)) 0.0396 0.0555 0.0241 0.0375
WR; (all data) 0.1051 0.1555 0.0675 0.0850
largest peak in diff map (e %) 2.2363.184 1.401+0.719 0.905+0.892 1.85940.531

Table 7. Crystallographic Data and Structural Refinement Details of 6a, 8a, 9b, and 10b

6a 8a 9b 10b
empirical formula Qngs,s(Bg,soSz”Rh C20H3889C|3052|I'2 C27H48B905Q|T3 C20H33510025Q|r2
fw 738.92 946.66 1220.46 960.92
cryst syst monoclinic orthorhombic _triclinic monoclinic
space group P2:/n Pbca P1 P2/c
a(A) 10.542(3) 21.235(6) 11.587(3) 18.289(8)
b (A) 14.967(4) 11.528(3) 12.647(3) 12.197(5)
c(A) 17.522(5) 24.514(7) 12.776(3) 12.852(6)
o (deg) 86.511(4)
B (deg) 93.321(5) 74.525(4) 107.713(6)
v (deg) 68.482(4)
V (A3) 2759.9(13) 6001(3) 1677.1(8) 2731(2)
z 4 8 2 4
pcalcd(g/c®) 1.778 2.096 2.417 2.337
u(Mo Ka)) (mm™2) 5.576 9.285 14.066 12.421
no.of reflns obsd 11420 24000 7767 13332
no. of params 317 342 387 334
goodness of fit 1.010 1.012 1.074 1.127
Ry (I > 20(1)) 0.0473 0.0369 0.0609 0.0512
wR; (all data) 0.1024 0.0838 0.1109 0.1349
largest peak in diff map (e 2) 1.860/-0.677 1.146+1.094 1.394+1.758 3.337+2.242

Experimental Section

General Procedures All manipulations were carried out under

1:1:1:1:1). IR (KBr disk): 2562, 2589 cm (vg_n). 4a yield 15%
(25 mg). Anal. Calcd for gH3eB10S,1r2: C 28.83, H 4.36. Found:
C 28.61, H 4.351H NMR (500 MHz, CDC}, 25 °C, TMS): o

a nitrogen atmosphere using standard Schlenk techniques; all1.91 (s, 15H, @Mes), 2.23 (br, 8H,CH,), 4.01 (m, 4HCH=). 11B
solvents were dried and deoxygenated before use. The startingNMR (160 MHz, CDC}, 25 °C, BF:OEb): 6 —3.6, —6.2, —9.7,

materials Cp*Ir[SCx(B1oH10)] (18),° Cp*Ir[Se;Co(B1oH10)] (1b),°
[Ir(cod)(u-OCH)]2 (2-Ir),16 [Ir(cod)(u-Cl)]» (2),*¢ and [Rh(cod)-
(u-OCHg)]» (2-Rh)¢ were prepared according to literature methods.
The 'H NMR (500 MHz, CDC}, 25 °C, TMS) and'B NMR
spectra (160 MHz, CDGJ 25 °C, BR;*OEb) were obtained on a
Bruker DMX500 spectrometer.

Synthesis of 3a and 4a. 2-1{66 mg, 0.1 mmol) was added to
the green solution ota (106 mg, 0.2 mmol) in toluene (15 mL)
and methanol (15 mL). The mixture was refluxed for 12 h. Removal
of the solvent and column chromatography (silica gel) gdse
(CH.Cly/hexane (1:3)) an8a (CH,CI,/THF (50:1)).3a yield 39%

(67 mg). Anal. Calcd for gH3BsOSIr,: C 29.56, H 4.61.
Found: C 29.18, H 4.42H NMR (500 MHz, CDC}, 25°C, TMS):
6 1.90 (s, 15H, @Mes), 2.22 (m, 4H,CH,), 2.51 (m, 4H,CHy),
3.63 (s, 3H, @Hj3), 4.11 (br, 2H,CH=), 5.08 (m, 2H,CH=). 1B
NMR (160 MHz, CDC}, 25°C, BR-OEb): 6 9.7,—11.7,—15.2,
—17.3,—18.5,—20.6,—32.1,—38.5,—40.0 (in the ratio 1:1:1:1:

(16) (a) Pannetier, G.; Fougeroux, P.; Bonnaire, R.; Platzed, Ness-
Common Met1971 24, 83—92. (b) Uson, R.; Oro, L. A,; Cabeza, J. A.
Inorg. Synth.1985 23, 126-130. (c) Green, L. M.; Meek, D. W.
Organometallics1989 8, 659-666.

—10.6,—17.2,—21.3 (overlap). IR (KBr, disk): 2569 cm (vg_n).

Synthesis of 3b and 4b. 2-Ir(66 mg, 0.1 mmol) was added to
the green solution ofb (125 mg, 0.2 mmol) in toluene (15 mL)
and methanol (15 mL). The mixture was refluxed for 12 h. Removal
of the solvent and chromatographic separation on silica gel gave
4b (CHyCly/hexane (1:3)) an8b (CH,CI/THF (50:1)).3b: yield
52% (98 mg). Anal. Calcd for £H39BsOSelr,: C 26.63, H 4.15.
Found: C 26.58, H 4.13H NMR (500 MHz, CDC}, 25°C, TMS):
0 1.91 (s, 15H, @Mes), 2.10 (m, 4H,CHy), 2.57 (m, 4H,CH,),
3.50 (s, 3H, @H3), 4.29 (m, 2H,CH=), 5.21 (m, 2H,CH=). 1B
NMR (160 MHz, CDC}, 25 °C, BFR-OEL): 6 7.0, —9.9, —13.8,
—18.5,-20.2,—22.3,—33.2,—37.5,—39.1 (in the ratio 1:1:1:1:
1:1:1:1:1). IR (KBr disk): 2571, 2582 cm(vs_p). 4b: yield 10%
(19 mg). Anal. Calcd for gHsgBicSelr,: C 25.91, H 3.91.
Found: C 25.71, H 3.85'H NMR (500 MHz, CDC}, 25 °C,
TMS): 6 1.88 (s, 15H, GMes), 2.40 (m, 8H,CHy), 4.11 (m, 4H,
CH=). 1B NMR (160 MHz, CDC}, 25 °C, BR+OEb): 6 —2.9,
—5.7,—9.1, —13.2,—15.28,—20.6 (1:2:2:2:2:1). IR (KBr disk):
2577 cnt (vB-n).

Synthesis of 5a-7a. 2-Rh(96 mg, 0.2 mmol) anda (212 mg,
0.4 mmol) in toluene (15 mL) and methanol (15 mL) were refluxed
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for 8 h. After removal of the solvent and column chromatography 39% (75 mg). Anal. Calcd for {gH3sBoClOSelr,: C 23.88, H 3.80.

(silica gel) the product§a (CH,Cly/hexane (1:3))6a (CH,Cly),
and5a (CH,CI/THF (20:1)) were isolatecha: yield 41% (70 mg).
Anal. Calcd for GiHzgBgOSIr,: C 29.56, H 4.61. Found: C 29.23,
H 4.51."H NMR (500 MHz, CDC}, 25°C, TMS): 6 1.88 (s, 15H,
CsMes), 1.97 (m, 4HCH;,), 2.51 (m, 4HCH,), 3.32 (s, 3H, @Hjy),
4.12 (br, 2H,CH=), 5.38 (br, 2H,CH=). 1B NMR (160 MHz,
CDClz, 25 °C, BROEY): ¢ 5.2, —8.1, —13.8, —15.7, —18.9,
—25.1,—31.6,—35.5, —37.2 (in the ratio 1:1:1:1:1:1:1:1:1). IR
(KBr disk): 2561, 2579, 2588 cmi(vg—p). 6a yield 10% (15
mg). Anal. Calcd for GoHszssBoscS:IrRh: C 32.51, H 4.98.
Found: C 32.62, H5.02H NMR (500 MHz, CDC}, 25°C, TMS):

0 1.86 (s, 15H, @Ves), 2.21 (m, 4H,CH,), 3.09 (m, 4H,CH,),
4.26 (m, 2H,CH=), 4.72 (m, 2H,CH=). IR (KBr disk): 2571,
2583 cnti(vg_y). 7a yield 32% (55 mg). Anal. Calcd for
CooH3eB10SIrRh: C 32.29, H 4.88. Found: C 32.22, H 4.86.
Spectroscopic data as reported previodgly.

Synthesis of 8a-10a.[Ir(cod)(u-Cl)], (132 mg, 0.2 mmol) and
1a (106 mg, 0.2 mmol) in toluene (15 mL) and methanol (15 mL)
were refluxed for 12 h. After removal of the solvent, column
chromatography on silica gel gave sequentiala(CH,Cl,/hexane
(1:5)), 8a (CH,Cl,), and9a (CH,CI,/THF (20:1)).8a: yield 32%
(55 mg). Anal. Calcd for GH3BoCIOSIr,: C 26.48, H 4.21.
Found: C 26.22, H 4.03H NMR (500 MHz, CDC}, 25°C, TMS):

0 1.77 (m, 8H,CH,), 2.23 (m, 8H,CH,), 3.52 (s, 3H, @Hj3), 4.01
(m, 4H,CH=), 4.52 (m, 4H,CH=). 1B NMR (160 MHz, CDC},
25 °C, BROEY): 6 9.2, —4.9, —12.1, —15.1, —18.2, —25.3,
—27.2,—28.8, —36.7 (in the ratio 1:1:1:1:1:1:1:1:1). IR (KBr
disk): 2569 cm? (vg—y). 9a yield 10% (23 mg). Anal. Calcd for
Co7H4gBoOSlrs: C 28.78, H 4.29. Found: C 28.42, H 4.1
NMR (500 MHz, CDC4, 25°C, TMS): J 1.97(m, 8H,CH,), 3.96
(m, 4H,CH=), 2.17 (m, 8H,CH,), 4.37 (br, 4H,CH=), 1.67 (m,
2H, CH,), 1.81 (br, 4H,CH,), 2.52 (m, 2H,CHy), 4.81 (m, 2H,
CHy), 5.43-5.09 (m, 3H,CH), 3.36 (s, 3H, @H53). 1B NMR (160
MHz, CDCk, 25°C, BR;-OEY): 6 5.6,—5.5,—10.1,-16.2,—22.8
(1: 2: 1: 3: 2). IR (KBr disk): 2568, 2578 cm (vg—p). 10a
yield 15% (26 mg). Anal. Calcd for £gH3gB100,S;Ir,: C 27.70, H
4.42. Found: C 27.32, H 4.23H NMR (500 MHz, CDC}, 25
°C, TMS): 6 1.66 (m, 8H,CHy), 3.73 (s, 6H, @H;3), 4.07 (m,
16H, CH,). B NMR (160 MHz, CDC}, 25 °C, BRs*OEL): o
3.2, —-1.3, —13.8, —15.5 (2:3:3:2). IR (KBr disk): 2572 cnt
(ve—n)-

Synthesis of 8b-10b. [Ir(cod)(u-Cl)]2 (132 mg, 0.2 mmol) and
1b (125 mg, 0.2 mmol) in toluene (15 mL) and methanol (15 mL)
were refluxed for 12 h. After removal of the solvent and chroma-
tography (silica gel) the productOb (CH,Cl,/hexane (1:5))8b
(CHCIy), and9b (CH,CI,/THF (20:1)) were obtainedb: yield

Found: C 23.82, H 3.80H NMR (500 MHz, CDC}, 25 °C,
TMS): 6 1.81(m, 8H,CH,), 2.21 (m, 8HCH,), 3.39 (s, 3H, @Hy),
4.13 (m, 4H,CH=), 4.52 (m, 4H,CH=). 1B NMR (160 MHz;
CDCl3, 25°C): 6 7.2,—4.3,—11.6,—15.9,—18.2,—23.9,—26.6,
—35.9 (1:1:1:1:1:1:2:1). IR (KBr disk): 2580 crh (vg—n). 9b:
yield 12% (29 mg). Anal. Calcd for £H4gBoOSelrs: C 26.57, H
3.96. Found: C 26.42, H 4.01H NMR (500 MHz, CDC}, 25
°C, TMS): ¢ 1.95 (m, 8H,CH,), 4.01 (m, 4H,CH=), 2.22 (m,
8H, CHy), 4.51 (m, 4H,CH=), 1.58 (m, 2H,CH,), 1.83 (m, 4H,
CHy), 2.56 (m, 2H,CH,), 4.73 (m, 2H,CH,), 5.38-5.11 (m, 3H,
CH), 3.42 (s, 3H, @Hj). 'B NMR (160 MHz, CDC}, 25 °C,
BF;-OEL): 6 3.9,—4.6,—9.8,—15.9,—20.3 (1:2:1:3:2). IR (KBr
disk): 2566, 2578, 2589 cm (vg_). 10b: yield 7% (26 mg).
Anal. Calcd for GgHzgB1g0-Selr,: C 25.00, H 3.99. Found: C
24.72, H 3.83H NMR (500 MHz, CDC}, 25°C, TMS): 6 1.86
(m, 8H,CHy), 3.77 (s, 6H, @H3), 4.21 (m, 16HCH,). 1'B NMR
(160 MHz, CDC4, 25°C, BR-OEY): 0 2.6,—3.3,—15.1,—17.2
(2:3:3:2). IR (KBr disk): 2570 cm! (vg—p).

X-ray Structure Determination. Suitable crystals oBa, 3b,
43, 53, 6a, 8a, 9b, and 10b were grown by slow diffusion from
dichloromethane/hexane or toluene/hexane solution. The crystals
of all compounds were mounted by gluing them onto the end of a
thin glass fiber. X-ray intensity data were collected on the CCD-
Bruker SMART APEX system. All the determinations of unit cell
and intensity data were performed with graphite-monochromated
Mo Ka radiation ¢ = 0.710 73 A). All the data were collected at
room temperature using thescan technique. These structures were
solved by direct methods, using Fourier techniques, and refined
on F2 by a full-matrix least-squares method. All non-hydrogen
atoms were refined with anisotropic thermal parameters. All the
hydrogen atoms were included but not refined. All the calculations
were carried out the SHELXTL program. Crystal data, data
collection parameters, and the results of the analyses of com-
plexes3a, 3b, 4a, 5a, 63, 8a, 9b, and10b are listed in Table 6 and
Table 7.
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