Inorg. Chem.1996, 35, 35—39 35

Synthesis and Characterization ofnido-[1,1,2,2-(CO)-1,2-(PPh).-1,2-FelrB;Hs]: A
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The synthesis and characterizatiomafo-[1,1,2,2-(CO)-1,2-(PPh),-1,2-FelrBHs] (1) is reported. 1 is formed

in low yield as a degradation product from the reaction betwgese(CO)} BeHg] ~ andtransdr(CO)CI(PPh),

in THF and is characterized from NMR, IR, and analytical data and by a single-crystal X-ray diffraction study.
1 crystallizes in the monoclinic space groBg:/n with a = 12.8622(12)b = 14.3313(12)c = 23.579(3) A8
=97.12(2y,Z= 4,V = 4257.0(8) AR R = 4.83%, andvR,(F?) = 12.43%. The heterobimetallaborane structure
may be viewed as a derivative of the binary boron hydriddo-[B4H7]~ and is related to the known
homobimetallatetraborane analogues,(E®)B,Hg] and [Ca(CO)B,H4]. 1 exhibits proton fluxionality in its

IH NMR spectrum, which is related to that found in the latter two compounds.

Introduction (COX%B2H4],1214and [Cq(CO)4B2H].1214 Of major interest to
this study are the species ff€0)B2Hg], [(Cp*C0).B,Hg|, and
. o [Cox(CO)B2H4). These latter compounds represent an isoelec-
preparlatlon Of. polyhedr_allmetallaboranes containing two boron tronic series of tetrahedral clusters, and they are related to the
Sﬁg?asr.e dsvelﬁglreestr?gr:rtgtrglngrcgﬂi i??ﬂz(?&ofgeh;\;e (l;);(aen structurally similar metal rich borane clusters of the general
R ’ formula HM3(CO}BL, (M = Fe, Ru, Os), pioneered by
— 3,4 5 - 6 .
CpM(CO) (M = Fe, Ru), szMo(H)z and (Cp_CO‘X” PPh). . Fehlner, Housecroft, and Shot®e.Although the chemistry of
Thes? Iatte_r may be formally dgscrlbed as diborane(6) deriva- these MB; systems is very interesting, to this point they have
tl\f/fest!n ;Nh'ChI the metalt coorgln?tes to tTQ.H.i grt(;]up "Lnd proved not to be amenable to crystal structure determination,
eliectively lreg_ aceé aé)(rjo gnH ;/sCeTsTcon ‘;'n'nE? H Q*EM g nor are there any examples which are heterobimetallic. In this
moiety, Inclu mgg[ &(CO)B2Hl," [Cp*2Tap(u-X)o(B2He),” an paper we report that the major isolable product from the reaction
Rus(CO)(B2He),” are perhaps best considered as metal clusters betweertrans4r(CO)CI(PPh), and [-{ (COMFe BHo]~ is the

whe_r_eln a BH moiety subrogat_es a metal vertex, and t.he novel heterobimetallatetraboranielo-[1,1,2,2-(CO)-1,2-(PPh)-
additional H atoms (or halogens in the case of the Ta species); 2-FelrBHs](1) and we also report a structure determination
serve to provide the appropriate electron count. Similar fc;r the species

arguments may be made for the specigsHjz(CpCo}B,H>)], 1
[(CpCoyPB;H,], 11 [(Cp*C0)3B2H4],1213[(Cp*C0)sB2H4), 12 [Coy-

There has been much recent interest and activity in the

Experimental Section

(S Plxzbstract puIbIIthed irdvance IAES{) Abstract@ec(er)nlkzer 1’dlyg§fg'3 Reactions were carried out on a vacuum line using standard
or general references on metallaboranes see: (a) KennedPradD. 6 Thi
Inorg. Chem.1984,32, 519. (b) Kennedy, J. DProg. Inorg. Chem. metfhods.d .Thln Iayer ;P(]azog(])atograplhy (Tll_Ct) of th? gro_cit;c(t)slwas
1986 34, 211. (c) Gilbert, K. B.; Boocock, S. K.; Shore, S. G. In periormed In air using cm. glass plates coated wi -Lcm
Comprehensie Organometallic ChemistryVilkinson,G., Abel, E. W., of silica gel (Aldrich standard grade with gypsum binder and fluorescent
Stone, F. G. A, Eds.; Pergamon: Oxford, UD, 1982; Part 6, Chapter indicator). Solvents used were reagent grade and were dried before
41, pp 879-945. (d) Barton, L.; Srivastava, D. K. l@omprehensie use. Fg(CO) (Aldrich) was used as received, at@nsdr(CO)Cl-

Organomet:dllic Chemigtry, IWilkinson, G., Apel, E. W., Stone, F. (PPh),\7 and [ u-Fe(CO)}BeH1q'® were prepared according to the
G. A, Eds.; Pergamon: Oxford, UK., 1995; Vol. 1, Chapter 8, pp  jiterature methods. NMR spectroscopy was carried out on a Bruker

275-373. (e) Housecroft, C. E. Innorganometallic Chemistry
Fehiner, T. P., Ed.; Plenum Press: New York, 1992; pp 728, ARX 500 spectrometer at 500.1 MHz for proton, 160.5 MHz for boron-

(2) Medford, G.; Shore, S. Gl. Am. Chem. Sod978 100, 3953. 11, and 202.5 MHz for phosphorus-31. Chemical shifts are reported

(3) Plotkin, J. S.; Shore, S. @. Organomet. Chend979 182 C15. in ppm for CDC} solutions unless otherwise stated to low field (high

(4) Coffy, T. J.; Medford, G.; Plotkin, J. S.; Long, G. J.; Huffman, J. C.;  frequency) of E4O-BF; for 1B, of SiMe, for *H, and of 85% HPQ,
Shore, S. G.Organometallics1989 8, 2404.

(5) Grebenik, P. D.; Green, M. L. H.; Kelland, M. A.; Leach, J. B;

Mountford, P.; Stringer, G.; Walker, N. M.; Wong, L.-l. Chem. (12) Fehlner, T. P.; Bandyopadhyay, A. K.; Jun, C-S.; Nishihara, Y. N;
Soc., Chem. Commu988,799. Deck, K. J.Current Topics in the Chemistry of BoroKabalka, G.
(6) Feilong, J.; Fehlner, T. P.; Rheingold, A. L. Organomet. Chem W., Ed.; Special Publication, Royal Society of Chemistry: Letchworth,
1988 348 C22. Herts, U.K., 1994, Vol. 143, p 263.
(7) (a) Andersen, E. L.; Fehlner, T. Porg. Chem1979 18, 2325. (b) (13) Jun, C-S.; Halet, J. F.; Rheingold, A. L.; Fehlner, Tlrfdrg. Chem.
Jacobsen, G. B.; Andersen, E. L.; Housecroft, C. E.; Hong, F. E.; 1995 34, 2101.
Buhl, M. L.; Long, G. J.; Fehiner, T. Bnorg. Chem 1987, 26, 4040. (14) Nishihara, Y. N.; Deck, K. J.; Shang, M.; Fehlner, T. P.; Hagerty, B.
(8) (a) Messerle, LChem. Re. 1988 88, 1229. (b) Ting, C.; Messerle, S.; Rheingold, A. LOrganometallics 1994 13,451Q
L. Inorg. Chem1989 28171. (c) Ting, C.; Messerle, lJ. Am. Chem. (15) For recent reviews, see: Fehlner, TNew J. Chem1988 12, 307.
Soc 1989 111, 3449. Housecroft, C. EAdv. Organomet. Cheml991, 33, 1. Shore, S. G.
(9) Chipperfield, A. K.; Housecroft, C. E.; Matthews. D. M.Organomet. Pure Appl. Chem1994 66, 263.
Chem 1990 384, C38. (16) Shriver, D. F.; Drezdon, M. AThe Manipulation of Air-Sensite
(10) Feilong, J.; Fehlner, T. P.; Rheingold, A.L.Am. Chem. S0d.987, CompoundsJohn Wiley: New York, 1986.
109, 1860. (17) Collman, J. P.; Sears, C. T.; Kubota, Morg. Synth.199Q 28, 92.
(11) Feilong, J.; Fehlner, T. P.; Rheingold, A. L. Chem. Soc., Chem. (18) Srivastava, D. K.; Rath, N. P.; Barton, L.; Ragaini, J. D.; Hollander,
Commun 1987, 1395. O.; Godfroid, R.; Shore, S. Grganometallics1993,12, 2107.
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for 3P. Mass spectra were recorded by the Washington University, Table 1. Crystal Data and Structure Refinement for
St. Louis, MO, mass spectrometry service. Elemental analyses were

carried out by Atlantic Microlabs Inc., Norcross, GA. fzrpplrlcal formula 1%%%3%%204P2Fe"CHC|3
Synthesis ofnido-[1,1,2,2-(CO)-1,2-(PPh),-1,2-FelrB;Hs] (1). temp/K 298(2)

Fe,(CO) (0.66 g, 1.82umol) was placed in a round bottom flask crystal system monoclinic
together with a magnetic stir bar, the flask was attached to an extractor  space group P2:/n
holding a two-neck flask on the other end, and the system was a/A 12.8622(12)
evacuated. BHi0(0.2 mL, 1.82 mmol) anda.5 mL of pentane were b/A 14.3313(12)
condensed in at-196 °C, and the mixture was stirred at ambient c/A 23.579(3)
temperature overnight. The extractor was inverted to filter the resultant 5" 97.12(2)
yellow—brown solution into the two-neck flask placed in-85 °C VA2 2257-0(8)
slush bath, and the system was pumped fo4 8 and then was pumped
at 0 °C for a further 2-3 h. Under a counter-current of nitrogen a D (calcd)/Mg ?Ts 1.608
tipper tube containing 85 mg, 1.82 mmol of KH (85% active) was abs coeff/mm 3.766

. crystal size/mm 0.5 0.4x 0.2
attached to one arm of the flask. THF was condensed in, the KH was F(000) 2032
added, and deprotonation was carried out—85 °C. After gas 0 range for data collcn/deg 2 15 to 25.00
evolution had stopped the hydrogen was measured on a Toepler pump  jndex ranges —15<h=<15,-17<k=< 17,
(ca.1.2 mmol). The tipper tube was replaced with one contaitrgugs- —28<| <27
Ir(CO)CI(PPh), (1.56 g, 1.8 mmol), which was then added to the reflens collcd 16 982
solution, and the stirring continued with slow warming to room independent reflcns 7488 = 0.0642)
temperature overnight'B NMR spectra of the reaction mixture data/restraints/ 7488/0/495
showed a number of new resonances, none of which corresponded to parameters
the starting materials. Analytical TLC of the mixture showed one bright ~ goodness-of-fit orfr? 1.015
yellow spot (70/30 ChCl./pentaneR; 0.8). Preparative TLC of the final Rindices | > 20(1)]
mixture gave one major yellow-orange band in the same position, and Ri ) 0.0483
its !B NMR spectrum was essentially the same as that of the reaction IarWRzglfj'}f K and 2'%3‘%3_1 088
mixture. A small amount of the title compound was apparent from ﬂgfe/e'Agea an ’ o~ L.

the *H spectrum. Further preparative TLC resulted in the loss of all

compounds other than the title compound, which was rechromato- . . o
graphed in benzene/pentane (50/50) and crystallized by diffusion of Method and refined successfully in the monoclinic space group

pentane into a CHGlsolution of the compound to giveido-[1,1,2,2- P2;/n. Full matrix least-squares refinement was carried out by
(COX-1,2-(PPh),-1,2-FelrBHs] (1, 51 mg, 0.049 mmol, 2.7% yield).  minimizing YW(F,?> — F2)2. The non-hydrogen atoms were
IR using a disposable teflon infrared card (3M)/dmv(BH) 2546 w, refined anisotropically to convergence. All hydrogen atoms of

br; »(CO) 2034 s, 2003 s, 1986 s, 1980 s, 1962 s. Anal. for the boron cage were located from difference Fourier syntheses,
CaoH3sB204PFelr-CHCs, obsd (caled): C, 47.77 (47.78); H, 3.62  and the terminal hydrogens (two) were refined freely. The
(3.52). HRMS: GoHaeB,04PFelr, 913.1265 (obsd), 913.1254 (caled). — prigging hydrogen atoms could not be refined and were included
i\lHMc%ugl(ing)) (g(?ﬁ)?éI;til\ze'Zinfé):;it(irezsﬁ‘”s;'f:mtﬁgsggf‘sp:s (%g%e%_e in the final refinement in fixed positions. The phenyl group H
HI3).(4)] +2'.19(2)’ H(3.4)-4.34(1), H[(1,3),(1.4)I-13.77(2), phenyl " atoms were refined using the riding model AFIX 43. The final
resonances-7.24 to+7.61. 6(3'P) (213 K)/ppm: P(L)-60.5 §), P(2) residual values werB(F) = 4.83% for observed refle_ct|ons [
+19.8 @. The high-temperature NMR behavior is described in the > 2()]WR(F?) = 12.43%;s =1.015. Structure refinement

discussion section. parameters are listed in Table 1. The atomic coordinates for
o the non-hydrogen atoms and the geometrical parameters are
X-ray Structural Determination listed in Tables 2, and 3 respectively. A projection view of the

molecule with non-hydrogen atoms represented by 50% prob-
nability ellipsoids, and showing the atom labeling is presented
in Figure 1.

A well-shaped crystal of dimensions 0:50.4 x 0.2 mm,
obtained as described above, was mounted on a glass fiber i
random orientation. Preliminary examination and data collection
were performed on a Siemens P4 automated single crystal X-ray
diffractometer using graphite monochromated Ma iadiation

(A = 0.71073 A) at 298 K. Autoindexing of 10 centered  The reaction of {u-Fe(COY} BeHg] ~ with transdr(CO)CI-
reflections from the rotation photograph indicated a monoclinic (PPh), at —35 °C in THF followed by thin layer chromato-
lattice. Equivalent reflec_:tionsyvere checked to confirm the Laue graphic separation of the reaction mixture resulted in the
symmetry; and a fractional index search was conducted 10 jsojation inca. 3% yield of the air-stable, orange-red compound
confirm the cell length&? Final cell constants and orientation nido-[1,1,2,2-(CO)-1,2-(PPh)»-1,2-FelrBHs] (1). The com-
matrix for data collection were calculated by least-squares pound was characterized from NMR, IR, and mass spectrom-
refinement of the setting angles for 21 reflections®(¥020 < etries, elemental analysis, and a single-crystal X-ray diffraction
30°). Intensity data were collected usingscans with variable study in which all heavy atoms were located and refined
scan speed. Three representative reflections measured evenfidependently. Terminal borane hydrogen atoms were located
97 reflections showed 11.3% variation during data collection. 5,4 freely refined, but the bridging hydrogen atoms were refined
Crystal data and intensity data collection parameters are listedip, fixed positions. The geometric parameters for the bridging
in Table 1. ) _ H atoms are reasonable with the metal-bridging hydrogen atoms
Data reduction was carried out using XSCANS; and structure occupying pseudo-octahedral positions approximatalys to
solution and refinement were carried out using the SHELXTL- ¢ carbonyl ligands and are in accord with NMR data which

PLUS (5.0) software packag@.An absorption correction was  are discussed below. Table 3 lists selected interatomic distances
applied to the data using equivalent reflections andcan and angles for the compound.

reflections (XEMP). The structure was solved by the Patterson

Results and Discussion

Figure 1 shows a view of the cluster which may be regarded

(19) XSCANS, Siemens Analytical Instruments, Madison, WI, 1994. as having a trigonal pyramidal structure based on a closed

(20) Sheldrick, G. M., SHELXTL-PLUS, Siemens Analytical x-Ray trigonal bipyramid with one vertex missing (illustratiohand -
Division, Madison, WI, 1994. may be seen to be related to the proposed structure for the binary
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Table 2. Atomic Coordinates % 10% and Equivalent Isotropic
Displacement Parametersi{A 10 for 1

X y z Ueqy
Ir(2) 1404(1) —2824(1) 3480(1) 36(1)
Fe(1) —245(1) —2630(1) 3966(1) 28(1)
P(1) —1458(2) —2120(2) 4459(1) 35(1)
P(2) 2607(2) —2087(2) 3036(1) 31(1)
cl(y) 2726(7) 12012(4) 9177(3) 206(3)
cl(2) 1926(6) 11819(7) 7990(3) 243(4)
cl(3) 3858(7) 10996(5) 8459(5) 281(5)
B(4) 350(9) —1627(7) 3376(5) 44(2)
B(3) 1188(9) —1729(8) 4069(5) 48(3)
o(1) 3022(6) —3751(6) 4434(3) 85(3)
0(2) 413(6) —4236(5) 2565(3) 80(2)
0(3) —1671(6) —3724(6) 3108(3) 84(3)
> 0(4) 564(6) —4208(6) 4675(4) 92(3)
Figure 1. Molecular structure ofido-[1,1,2,2-(CO)-1,2-(PPh)>-1,2- C(1) 2417(8) —3445(7) 4068(4) 51(2)
FelrB;Hs] (1) with 50% thermal ellipsoids. The phenyl groups are  C(2) 805(7) —3710(7) 2896(4) 46(2)
omitted for clarity. C(3) —1127(7) —3288(7) 3457(4) 51(2)
C(4) 248(8) —3570(8) 4400(5) 60(3)
c(5) 2177(7) —1712(6) 2282(3) 40(2)
C(6) 2851(8) -1163(7) 2017(4) 54(3)
c(@) 2542(11) —905(8) 1451(5) 76(4)
C(8) 1576(13)  —1187(9) 1140(4) 82(4)
c(9) 894(11)  —1711(9) 1382(5) 78(4)
C(10) 1196(9) —1960(6) 1964(4) 54(3)
c(11) 3802(6) —2777(6) 2997(3) 30(2)
c(12) 3748(6) —3730(6) 2994(3) 36(2)
C(13) 4635(7) —4283(6) 2961(4) 46(2)
C(14) 5583(7) —3866(8) 2933(4) 54(3)
C(15) 5637(7) —2903(7) 2928(4) 48(2)
C(16) 4763(7) —2360(6) 2960(4) 47(2)
I I c(17) 3140(7) —1020(6) 3421(3) 37(2)
C(18) 3922(8) —1094(7) 3916(4) 55(3)
C(19) 4262(9) —314(9) 4235(5) 74(3)
boron hydride analoguaido-[BsH7]~ (I1)2* in which the C(20) 3840(10) 535(8) 4056(6) 75(4)
(PPR)(CO)Fe and (PP{(CO)Ir moieties supplant the isolobal C(21) 3082(10) 617(8) 3578(5) 72(3)
BH and BH™ moieties, respectivel§z The iridium vertex is g(gg) 221781;1(2) _léig(? iigg(j) ?g(?
thereby contributing three orbitals and three electrons to the CEZ4§ _25098 —929((6)) 3600((4)) 45((2))
bonding where the e_xtra e_Iectron is cgntered on_the iridium ¢ (25) —3092(8) —166(8) 3369(5) 63(3)
rather than as a relatively diffuse negative charge in the parent C(26) —3347(8) 496(8) 3744(5) 69(3)
borane or in the diironborane, [(CEFeB:Hs]~,” described C(27)  —3007(8) 402(7) 4341(5) 66(3)
below, resulting in a large degree of two-center two-electron g(gg) _ggii(? _zggg(g) jigg(‘:? gg(%)
character to t_he interaction. This may be reﬂe}(ited in the Ir Cgsog —35658 _26588 4 485243 58233
Fe and Ir-B distances ota.2.621(1) and 2.16(1) A. The latter C(31)  —4348(8) —3307(9) 4505(5) 75(4)
is shorter than the FeB distances ota. 2.23(1) A, which are C(32) —4154(9) —4225(8) 4521(4) 66(3)
themselves in the middle of the range of multicenter-bonded C(33) —3137(11)  —4524(8) 4554(5) 78(4)
hydrogen-bridged FeB bonds in other ferraboranés. The ggg; —Zgﬁ”((%) —ig%gg égggg gggg
Fe—B distances may be compared. to tk:e .per,lytaborane(g) C(36) —1264(7) —2247(7) 5675(4) 52(2)
anfalogug (_CQ}?QE}g_Hn where the unbridged “apical” Fe(C9) c(37) ~850(9) —1084(8) 6239(4) 68(3)
unit exhibits significantly shorter FeB bonds than the H- c(38) —89(8) —1300(8) 6346(4) 64(3)
bridged unit ¢a. 2.06 vs 2.26 A)2* The 0.1 A difference in C(39) 250(8) —888(7) 5900(4) 53(2)
the apical I-B and Fe-B distances in1 and the latter C(40) —128(7) —1149(6) 5346(4) 43(2)
compound is in line with the 0.1 A difference in the covalent C(41) 3025(19) 11891(16) 8499(10) 183(9)
radii of iron and iridium?® The Ir—Fe distance is on the low aU(eq) is defined as one-third of the trace of the orthogonalizged

end of a the range in a number of ferrairida metal cludters tensor.

and is shorter than the only other known ferrairidaborane metallaborane analogues, the group 8 system [{E&B,Hg]
compoundclose[(CO)s(PPhy),FelrBsHi(PPh)] (2.706(2) A), (2)” and the group 9 systems [(C&Q):B,HJ] (3)1214and the
where the bimetalla unit is bridged by the much largesHB related |;5-CsMes),C0o,B,Hg],23 all of which were unsuitable

(PPh)] ligand?” The mixed metal ferrairida clustéroccupies  for crystal structural characterization by X-ray diffraction.
a middle position between the known isoelectronic homobi-

(25) Pauling, L.The Nature of the Chemical Bon@rd ed; Cornell

(21) (a) Kodama, G.; Englehardt, V.; Lafreze, C.; Parry, RIWAm. Chem. University Press: Ithaca, NY, 1960; p 256.
Soc.1972 94, 407. (b) Lipscomb, W. NJ. Chem. Phys1958 28, (26) Mague, J. TOrganometallics199Q 10, 513 and references therein.
170. Known Ir—Fe distances in cluster and binuclear complexes, from 12
(22) (a) O'Neill, M. E.; Wade, K. IMetal Interactions with Boron Clusters published studies, range from 2.55 A in-@(C(Me)=CHCH=C-
Grimes, R. N., Ed.; Plenum: New York, 1982; Chapter 1, pp1. (Me))[u-SFe(CO)]Fe(CO) (Chen, J.; Daniels, L. M.; Angelici, R. J.
(b) Mingos, D. M. P. Inlnorganometallic Chemistryf-ehiner, T. P., J. Am. Chem. S0d991, 113 2544) to 2.960 A in Felg(-PPh)(CO)-
Ed.; Plenum: New York, 1992; Chapter pp 7222. (PPh)2 (Roberts, D. A.; Steinmetz, G. R.; Breen, M. J.; Shulman, P.
(23) For listings of Fe-B distances, see ref 1b pp 42829 and Housecroft, M.; Morrison, E. D.; Dutter, M. R.; DeBrosse, C. W.; Whittle, R. R.;
C. E.Adv. Organomet. Cheni991 33, 41-43. Geoffroy, G. L.Organometallics1983 2, 846).
(24) Haller, K. J.; Anderson, E. L.; Fehlner, T. IRorg. Chem1981, 20, (27) Bould, J.; Rath, N. P.; Barton, IAngew. Chem., Int. Ed. Endl995

3009. 34, 1641.
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Table 3. Selected Interatomic Distances (A) and Angles (deg)lfor

Ir(2)—C(2) 1917(9) Fe(HC®) 1.733(12)
© Ir(2)—C(1) 1.919(11) Fe(HC() 1.750(11)
Ir(2)—B(3) 2150(11) Fe(HB(3) 2.223(11)

Ir(2)—B(4) 2169(11) Fe(1yB(4) 2.240(10)

! - Ir(2)—P(2) 2294(2)  Fe(HP(1) 2.249(2)
Ir(2)—Fe(1) 2.6206(11) Fe(DH(14) 15779(11)
P(1)-C(35) 1.8348)  Fe(BH(13) 1.5376(10)

P(1)-C(23) 1.839(8) P(2)C(5) 1.832(8)

P(1)-C(29) 1851(8) P(2)C(17) 1.839(8)

() B(4)—-B(3) 1772)  P(2}C(11) 1.845(8)
B(4)—H(4) 110(7)  BEYHE) 0.83(9)

AL B(4)—H(14) 1.450(10) B(3YH(13) 1.390(11)

B(4)—H(34) 0.953(10) B(3}H(34) 1.300(13)

o(1)-C(1) 1127(11) OBYC() 1.152(11)

0(2)-C(2) 1.129(10) O(4yC(4) 1.147(12)

C(D)-C(41) 173(2)  Cl(2yC(41) 1.66(2)

CI(3)-C(41) 1.69(2)

CR-IN2)-C(1) 109.1(4) C4yFe(l)-C(3) 95.4(5)

@ C(2)-Ir(2)-B(3)  149.5(4) C(4)Fe(1}-B(3)  101.0(5)
C()-IN2)-B(3) 91.7(5)  C(3yFe(1-B(3) 142.8(4)

J C()-Ir(2)-B(4)  106.9(4) C(4)Fe(1}-B(4)  137.4(4)

UL S — : , _ C(1)-I(2)-B(4)  140.1(4) C(3rFe(1-B(4)  100.1(4)
L O I B(3)-Ir2)—B(4) 48.4(4)  B(3)-Fe(1-B(4) 46.8(4)

Figure 2. *H{*B} NMR spectrum (in toluenés) of 1 at (a) 298 K, C(2)-Ir(2)—P(2) 100.8(3) C(4yFe(1)y-P(2) 99.0(3)
showing the resonancesufl,2), Hu(1,4) at—13.77 ppm, kk(3,4) at C(1)-Ir(2)—P(2) 97.0(3) C(3)yFe(1)-P(2) 96.2(3)
—4.34, and H(3), H(4) at 2.19 ppm, and at (b) 350 K, showing B(3)—Ir(2)—P(2) 98.4(3) B(3)-Fe(1)-P(1) 113.6(3)
broadening of the H(1,2; 1,4) resonances and almost complete B(4)—Ir(2)—P(2) 92.8(3) B(4yFe(1)-P(1) 118.2(3)

coalescence of the;H3,4) and the H(3), H(4) resonances. {) !B} C(2)-Ir(2)—Fe(1) 98.1(3) C(4yFe(1)-Ir(2)  86.8(3)
NMR spectrum at 298 K with théH spectrum subtracted, thus  C(1)-Ir(2)—Fe(l) 103.03)  C(3)Fe(1)}-Ir(2)  96.5(3)
eliminating the solvent peaks in the region 0+02.5 ppm. B(3)—Ir(2)—Fe(1) 54.5(3) B(3yFe(1)-Ir(2)  51.9(3)

B(4)-Ir(2)—Fe(l) 54.8(3)  B(4YFe(1)Ir(2) 52.3(3)
= P2)-Ir(2)-Fe(l) 146.19(6) P(HFe(1)-Ir2)  165.47(7)
B(3)-B(4)—Ir2)  65.2(5)  C(4yFe(1»-H(14) 177.5(3)
\\ B(3)-B(4)—Fe(1) 66.1(5)  C(3YFe(1-H(14) 85.6(3)
N

Tl
Ir2)-B(4)—Fe(1) 72.9(3)  B(3)Fe(1)-H(14) 76.9(3)
B(3)-B(4)—H(4)  148(4) B(4)-Fe(1)-H(14) 40.1(3)
Mg —re - He Fo Ir(2)—-B(4)—H(4)  130(4) P(1)}Fe(1-H(14) 83.13(7)
\ 7 ? Fe(1-B(4)—H(4)  140(4) Ir(2)-Fe(1)-H(14) 90.85(4)
\ B(3)-B(4)—H(14) 96.7(6)  C(4yFe(1)-H(13) 82.7(4)
B B Ir(2)-B(4)—H(14) 115.1(6) C(3}Fe(1-H(13) 178.1(3)
H H Fe(1-B(4)-H(14) 44.53)  B(3)Fe(1)-H(13) 38.2(3)
H(4)-B(4)-H(14) 99(4) B(4)-Fe(1)-H(13) 81.4(3)
1l v B(3)-B(4)-H(34) 45.7(6)  P(1}Fe(1>-H(13) 84.03(7)
Ir(2)—B(4)—H(34) 106.8(8)  Ir(2y-Fe(1-H(13) 83.50(4)

The boron-11 NMR spectrum dfshows a single resonance E?gl—g(%)__:(g%) 28;52(517)) Eé%f_)}gé()l_m'?é)ls) 3262(%6)

indicating equivalent boron atoms, and th&{*'B} spectrum H(14)-B(4)—H(34) 95.8(8) B(4)B(3)—H(13)  105.0(8)

at room temperature shows two equivalent terminal BH, one B(4)-B(3)—Ir(2) ~ 66.3(5) Ir(2y-B(3)—H(13)  107.2(6)
B—H-B, and two equivalent MH—B resonances. (Figure2a) B(4)-B(3)—Fe(1) 67.1(5) Fe(1)B(3)—H(13) 43.1(3)

The 31P spectrum shows two singlets-860.5 ppm, which is ~ I"(2)~B(3)—Fe(l) ~ 73.6(4)  H(3)}B(3)-H(13)  89(6)

in the region characteristic for the [Fe(G{PHPh)] moiety 28 Eg;:ggg::g; gggg B(4rB(3)~H(34)  31.6(4)
and-+19.8 ppm from the PRHgroups on the Ir, which compares

well to the values for thélP resonances in the [Ir(CO)(PH# . . ) .

moiety incloso[(CO)s(PPhy) FelrBsHa(PPh)].2” No coupling are interchanging in contrast' tp the' dlfe.rrabora'rﬁan

of phosphorus to the metal-bridging hydrogen atoms was [B2HsFe(CO)]~, which also exhibits fI_UX|onaI|ty albeit at a
apparent such that selective phosphorus decoupling wouldlower temperature (-90 t6-20 °C). In this case the exchange
confirm the bridging H atom positions found in the solid state. Process involves the terminal boron hydrogen atoms and the
With the temperature raised to 250 K the-B—B-bridging metal-bridging hydrogen atomsa rotation of a BH fragment
hydrogen and the terminal BH resonances broaden and disappeasround the BH(bridge) axi®. This effectively involves, using
into the base line while the metal-bridging hydrogen resonance the trigonal prismatic description fot depicted above, an
broadens (Figure 2). Upon cooling, the original spectrum exchange of one of the MH—B hydrogens between a “basal”
reappears. It was not possible to resolve exactly the nature ofand an “apical” positionI{l to IV). As may be seen, the
the fluxional process, as further heating caused rapid decom-strycture of 1 corresponds to the conformation shown in
position of the complex before coalescence could be observed,jystrationlll. The dicobaltaborand, (V), also shows a similar
and relative intensity measurements of the terminal and bridging ¢,xional process which is proposed to involve three distinct

hydrogen atom regions in the proton spectrum were unreliable stages: exchange of the Ebl—B proton between CeB edge

due to overlapping protonic solvent impurities. However, and face-bridging positions, GH—B, B—H(terminal) ex-

the broadening of all resonances does suggest that all H atoms&hange, and exchange of the-B—B proton with all others.,

- - There was no evidence of H exchange with the iridium vertex
(28) For example, see: Howell, J. A. S.; Squibb, A. D.; Goldschmidt, Z.;

Gottleib, H. E.; Almadhoun, A.; Goldberg, @rganometallics199Q in 1 (although the possibility cannot be excluded), suggesting only
9, 80. a two-stage process ih The structurally characterized and
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related fused cluster [(CE@HeB.H4]2, which has a similar H\B,H A
arrangement of “basal” bridging hydrogen atoms, shows no / m
fluxionality of any kind2® LY /”\\ Ha L Hy /\H

L \ / B\\\/’HH \ / B\E! o,

0 >|r—-——@ I-\Ir y
7] /
H L
H—B

| _Co ® =BH or Fel3
N Vi vii

\ (osmium) with five YIIl'), four (IX), three K), and now two

(XI) boron atom vertices.!'B and'H NMR of the reaction

V mixture showed, in addition to small amounts of the title
compound, the presence of other metallaborane species which

Although we choose to descrifieas a heterobimetallaborane  Were the main products of the reaction _bUt which were not
analogue ofnido-[BsH:]~ it is also possible to viewl as isolable using the chromatographlc techrjlques employed. We
structurally related tarachnce[(CO)(PPh).HIrBsH7], the met- hope that_further w_ork will extend the seriedll —XI1) shown
allaborane analogue afrachnoBsH1030 with a BH vertex above to include bimetallaoctaborane clusters.
subrogated by the Fe(COnoiety3! via loss of two hydrogen
atoms. Although such a transformatiovl (— VII ) has not
been observed in this case, sumtachno— nido transitions
with loss of H, have been experimentally observed in iridabo-
rane system@ thus it is possible that a stable monometalla-
nido-iridatetraborane [tIrB3sHg] could be prepared frorarachne
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