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The two clusters [8,8-(;72-dppm)-8-(;7'-dppm)-nido-8,7-RhSBgHyq) (1) and [9,9-(1?dppm)-9-(*-dppm)-nido-9,7,8-
RhC,BgH11] (2) (dppm = PPh,CH,PPh,), both of which contain pendant PPh, groups, react with BHs-thf to afford
the species [8,8-1%-{ *(BH3)-dppm} -nido-8,7-RhSBgHyq] (3) and [9,9-17%{ 5?-(BHs)-dppm} -nido-9,7,8-RhC,BgH11]
(4), respectively. These two species are very similar in that they both contain the bidentate ligand [(BHs)-dppm],
which coordinates to the Rh center via a PPh, group and also via a %2-BH; group. Thus, the B atom in the BH;
group is four-coordinate, bonded to Rh by two bridging hydrogen atoms, to a terminal H atom, and to a PPh,
group. At room temperature, the BH; group is fluxional; the two bridging H atoms and the terminal H atom are
equivalent on the NMR time scale. The motion is arrested at low temperature with AG* = ca. 37 and 42 kJ mol ¢,
respectively, for 3 and 4. Both species are characterized completely by NMR and mass spectral measurements as
well as by elemental analysis and single-crystal structure determinations.

Introduction species, for example, Cu(PfRie);BH, and [BH,Cr(CO)]~

h — ¢ &H bonds h di q in which a BH-H™ adduct coordinates to the metal moiety
e activation of G-H bonds has attracted interest an through a single BH—Cu bond or two B—H—Cr bonds®

has seen much success in recent times, but the idea of th
activation of B-H bonds is quite new.Perhaps the best-
documented example of the latter is the photolysis of Cp*W-

(COXCHs in the presence of 48-PMe; to afford Cp*W(CO)- discovery by Kodama et & there are now several examples
BH,-PMe;, along with the elimination of Cl{ presumably in which the neutral species 1,2-(PMeB;H, acts as a
via an oxidative addition or a concerted methane elimination bidentate chelating ligand to the moieties ZyTCul & Cut,’

procesg.Such activation is likely to involve a BH—metal Ni(CO),® and M(CO)?19 (M = Cr, Mo,W) (). Another
linkage either asa t_rans_ltlo_n stat_e orasan mter_medlatg. Thesystem involves a diborane4bidentate phosphine complex
B—H—metal bridge is ubiquitous in organometallic chemistry

involving boranes, but interactions of this nature are  (4) Takusagawa, F.; Fumigalli, A.; Koetzle, T. F.; Shore, S. G.; Schmidt-

commonly found when the borane ligands are anionic kons, T.; Fratini, A. V.; Morse, K. W.; Wei, C.-Y.;. Bau, R. Am.
Chem. Soc1981, 103 5165.

(5) Darrensburg, M. Y.; Bau, R.; Mark, M. W.; Burch, R. R., Jr.; Deaton,

?espectively. Compounds in which a neutral borane adduct
coordinates to a metal center are less common, although there
is a growing list of examples. Thus, following an initial
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such that the diborane is part of a cyclic system and utilizes not completely successful, but a recent report of the
all four H atoms in coordinatiof Related are the chromium  preparation of [([COD)Rf(7?-BH3)PhhPCH,PPh} |[PFg] by
and tungsten pentacarbonyl systems wherein 1,2-gBMe  Weller et al?* (see VIl ) demonstrates that this may be
B.H.° or BHz:L141%(L = PMe;, PPh, or NMes) coordinates ~ accomplished. Indeed there are other examples of dppm
through a single BBH—metal bond, as seen in structutés borane complexes of metals as illustrated in structtie,??
and Il , respectively. There is now a gallium analogue of

/\ [«

Il which involves a quinuclidine GaH; moiety coordinating K o P
/ /H\ _H Ph,P \ "

. . . . : Rh B PPh,———Co PPh,
exist in which a ligated metal moiety complexes to a ] / \B//
Ph,P PPh, o0 \

w NS H

W(CO) through a GaH—W linkage!3 Additional examples
monoborane adduct, via a-MH—B interaction, which is also
coordinated to the metal atom through the donor atom bonded
to the borané* '8 Examples of these types of compounds

Vi

but these are not quite analogous to the systems in which
3 14,15 _ . . —
are [Fg#>-HBH,SCH(SR)(CO)(PR)} ], [CpMo(CO) we are interested. The approach we describe herein is to use

{P(BH)(PhYN-(SiMes)z} 1], [CpTIH(BH:SCHCHS)L' g pendant phosphines in [8 #4dppm)-8-g-dppm)nido-
(IV=VI, respectively), and [GH1eN20,Ti(BH4)2]2, aN,N'- 8,7-RhSBH;] (1)% and [9,9-¢>dppm)-9-¢-dppm)hido-
ethylenebis(salicylideneiminato)borane complex in which the g - 8-RhGBgH11] (2)24and to see whether [dppBHs] can
ligand coordinates to Ti(ll) through N and a BH linkae. )¢ jnquced to function as a bidentate ligand on Rh. Herein

we describe the formation of two related isoelectronic species

", co\TO N in which this goal has been achieved. A preliminary
H/ \ co—T\-co co—rln\—°° communication describing the formation and structur® of
\ /“ W, R W o has been published?
B—p—PFR, N/ _en He //PR;
PR; H /B\B/ '3 B . .
H PR; \ 3 Experimental Section
H

! " L General ProceduresThe solvents used were reagent grade and
were dried before use. Some reactions were carried out using a

R Cp, [¢
H co Pl SiMe, H\ /: Schlenk line and standard techniques for handling air-sensitive
L\ cp (i .\ 4 SN . -
oc—\/ > o_ﬁ/"\ssm, w MINAR f\ P compound#® The starting materials [8,8;¢-dppm)-8-¢*-dppm)-
X/Ff ja,,, oc H/B\’H ] — H=—% nido-8,7-RhSBH;g] (1) and [9,9-¢2-dppm)-9-¢*-dppm)nido-
oW v v 9,7,8-RhGBgH;1] (2)2* were prepared according to literature

methods from the reaction of dppm with [8,8-(BpRmido-8,7-
) ) . RhSBH;g)%¢ and [9,9-(PP¥§).-nido-9,7,8-RhGBgH11],2” respec-
Our interest in this area stems from attempts to employ tively. BHy-thf was obtained from Aldrich and used without
bidentate ligands involving borang@hosphine complexes purification as was dppm, obtained from Strem. NMR spectroscopy
such as [dppnBH3] (dppm = PPRCH,PPh). One of our was carried out on a Bruker ARX 500 spectrometer operating at
approaches has been to prepare metal-ligated dppm specie®00.1 MHz for proton, 160.5 MHz for boron-11, and 202.5 MHz
and to coordinate Biito the pendant PBRlgroup?® This is for phosphorus-31, in CiZl, at 25°C, except for low-tempera-
related to what we did in the functionalization of the pendant tuUre spectra. Chemical shifts are reported in parts per million for
PPh agroup in F (PP CO)OsBH- (BH»-dppm)12° Our CD,Cl, solutions to low field (high frequency) of ED-BF; for
k group £ (PPh)( ). BH-} (BH.-dpp .)] . 1B, SiMe for H, and 85% HPO, for 3P. Elemental analyses
efforts to convert a metal-ligated dppBHs; moiety into . S
. . . . . were obtained from Atlantic Microlabs Inc., Norcross, GA. NMR
species in which the ligand served as a bidentate one

. ) 'spectra were run on all samples sent for mass spectra, and crystal
involving the PPhand the BH as the donor groups, were growth was done on NMR samples, after spectral analysis. The

— — . . samples were evaporated to dryness and then dissolved in the
(11) Shimoi, M.; Katoh, K.; Uruichi, M.; Nagai, S.; Ogino, H. urrent appropriate solvent for subsequent crystallization. The mass spectra

Topics in the Chemistry of BorprKabalka, G. W., Ed.; Special . .
Publication; Royal Society of Chemistry: London, 1994; Vol. 143, p of 3 were measured at low resolution on an MS Finnegan TSQ-

293.

(12) Shimoi, M.; Nagai, S.-l.; Ichikawa, M.; Kawano, Y.; Katoh, K.;  (21) Ingleson, M.; Patmore, N. J.; Ruggiero, G. D.; Frost, C. G.; Mahon,
Uruichi, M.; Ogino, H.J. Am. Chem. S0d 999 121, 11704. M. F.; Willis, M. C.; Weller, A. S.Organometallic2001, 20, 4434.

(13) Ueno, K.; Yamaguchi, T.; Uchiyama, K.; Ogino, Brganometallics (22) Elliot, D. J.; Levy, C. J.; Puddephatt, R. J.; Holah, D. G.; Hughes, A.
2002 21, 2347. N.; Magnuson, V. R.; Moser, I. Minorg. Chem 199Q 29, 5014.

(14) Khasnis, D. V.; Toupet, L.; Dixneuf, P. H. Chem. So¢.Chem. (23) (a) Macas, R.; Rath, N. P.; Bartoi.. Angew. Chemlnt. Ed. 1999
Commun.1987, 230. 38, 162. (b) Macas, R.; Rath, N. P.; Bartoh. Organometallics1999

(15) Khasnis, D. V.; Pirio, N.; Touchard, D.; Toupet, L.; Dixneuf, P. H. 18, 3637.

Inorg. Chim. Actal992 193 198. (24) Volkov, O.; Rath, N. P.; Barton. LCollect. Czech. Chem. Commun

(16) McNamara, W. F.; Duesler, E. N.;. Paine, R. T.; Ortiz, J. V:li&o 2002 67, 769.

P.; N&h, H. Organometallics1986 5, 380. (25) Shriver, D. F.; Drezdon, M. AThe Manipulation of Air-Sensite

(17) Huanga, Y.; Stephan, D. V@rganometallics1995 14, 2835. CompoundsJohn Wiley: New York, 1986.

(18) (a) Fachinetti, G.; Floriani, C.; Mellini, M.; Merlino, 8. Chem. Soc. (26) (a) Ferguson, G.; Jennings, M. C.; Lough, A. J.; Coughlan, S
Chem. Commuri976 300. (b) Dell’Amico, G.; Marchetti, F.; Floriani, Spalding, T. R.; Kennedy, J. D.; Fontaine, X. L. Rtit8 B. J. Chem.
C.J. Chem. Soc., Dalton Tran$982 2197. Soc, Chem. Commuril99Q 891. (b) Coughlan, S.; Spalding, T. R.;

(19) (a) McQuade, P.; Rath, N. P.; Barton lhorg. Chem1999 38, 5468. Ferguson, G.; Gallagher, J. F.; Lough, A. J.; Fontaine, X. L. R;;
(b) Hata, M.; McQuade, P.; Rath, N. P.; Barton, L. Manuscript in Kennedy, J. D.; 8br, B. J. Chem. So¢Dalton Trans.1992 2865.
preparation. (27) (a) Jung, C. W.; Hawthorne, M. F. Am. Chem. So&98Q 102 3024.

(20) McQuade, P.; Hupp, K.; Bould, J.; Fang, H.; Rath, N. P.; Thomas, R. (b) Lu, P.; Knobler, C. B.; Hawthorne, M. Rcta Crystallogr, Sect.

Ll.; Barton, L. Inorg. Chem.1999 38, 5415. C: Cryst. Struct. Commuri984 C40, 1704.
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700 (ESI, CHCYTFA), and those fo# were measured in the FAB ~ Table 1. Crystal Data and Structure Refinement for

mode on a JEOL MStation JMS-700 spectrometer using 3-nitroben- [8,8-7°-{*(BHz)-dppnt -nido-8,7-RhSBH ] (3) and
Zyl alcohol (3-NBA/CS|) [9,9-7/2-{7/2-(BH3)-dpprr}-n|do—9,7,8-RhQBgH11] (4)

Preparation of [8,8#2-{52(BHa3):dppm} -nido-8,7-RhSBH ] 3 4
(3). A 20-fold excess of Bhtthf (0.34 mmol) was added to a empirical formula GsH3sB10P2RhS G7H36BoP2Rh
solution of [8,8-(>-dppm)-8-§*-dppm)+ido-8,7-RhSBH;o] (17 fw 640.54 622.70
mg, 0.017 mmol) in CkCl,. The resulting orange solution was ~ emp/K 223(2) 140(2)
timed at t t d i A here for 20 h wavelength/A 0.71073 0.71073
stirred at room temperature under a nitrogen atmosphere for - eryst syst monoclinic triclinic
Then the solvent was removed in a vacuum, and the resulting yellow space group P2(1)in P1
residue was applied to TLC, using a mixture of {Hp/pentane alA 13.2721(1) 10.8504(9)
(3:2) as eluent. Two components were isolated, yellow and UV- b/é 11.5727(1) 16.1632(14))
active bands ofR 0.4 and 0.5, respectively; slow diffusion of (C,// deg 1990'9181(2) éf'%ggé()ls)
pentane into a CkCl, solution. of the yellow component yielded  ggeq 94.898(1) 9i.546(6)
air-stable orange crystals, which were characterized ag;f3{&?- yldeg 90 106.672(6)
(BH3)-dppn}-nido-8,7-RhSBHg] (3) (7.4 mg, 0.012 mmol, 71%). \Z//A3 3048.13(5) 3050.5(4)
Anal. Calcd for GsHasB1P,RhS: C, 46.88, H, 5.51. Found: C, 4 4
. i D(calcd)/Mg nT3 1.396 1.356
46.65, H, 5.41; LR-MS (ESI, CH@ITFA): m/z 644 M* for abs cosft/mm? 0750 0682
CasH3sB10P2RNS]. The parent envelope pattern conforms to values cryst size/mm 0.36& 0.28x 0.20  0.30x 0.18x 0.12
calculated from isotopic abundancés{ B} NMR (—80 °C): ¢ F(000) 1304 1272
7.80-6.52 (M, 20H; GHs), 4.19 (s, 1H; BH), 3.58 (s, 1H; BH), Hranﬁle ftOV/(;iata 17810 27.50 1.121029.00
. . _ . collecin/aeg
3.12 (s, 1H; BH),.2.91 (brs, 1H; Bj)t 2.73 (brdJ= 17_Hz, 1H; index ranges _18<h<+18, —14<h= <14
BH), 2.47 (s, 1H; BH), 1.53 (s, 1H; BH), 1.18 (s, 2H; BH), 1.09 -15<k=<#+15 ~ -22<k=<+22,
(s, 1H; BH),—0.24 (br s, 1H; BH), —0.52 (br s, 1H; BH), —1.39 —26<1|=<+26 —24=<|=<+24
(s, 1H;u-H); 1H{3P} NMR: ¢ 3.06, 3.36 (each tJ(H,H) = 15 no. og _re(fjlns CO(Ijlectedﬂ 66192674(I )~ 007 35528(_ )~ 0.081]
. L 1R[] . . no. of independent refins R@int) = 0.07] 16095 R(int) = 0.081
HZZ,I.I?IHI’BCH:W)]’.O EI;B{ H}ZI.IIB\I'MBT-i 65117'2 (\1§r ;’H:LBELBH)’ 113;" ét:_'r max and min transm 0.83 and 0.63 0.9226 and 0.8215
s, 1H; BH), 10.8 (s, 1B; BH), 5.1 (s, 1B; BH), 1.9 (s, 1B; BH), o of datafrestraints/ ~ 6943/0/492 16095/0/814
—14.3 (s, 1B; BH)—19.1 (s, 1B; BH),~19.6 (s, 1B; BH),—24.1 arams
(br d,XJ(B,P)= 17 Hz, 1B; BH), —31.2 (br s, 1B; BH)3P NMR GOF 0_nF2_ 1.045 1.051
(—=50°C): 6 49.3 (dd,}J(P,Rh)= 151 Hz,2)(P,P)= 6 Hz), 14.43 final R indices
(v br, 1P: PBH) RL[l > 20(1)] 0.0303 0.0633
P ) ) wR2 (all data) 0.0661 0.1736
Preparation of [9,9#9%{5?(BH3)-dppm}-nido-9,7,8-RhGBgH 1] largest diff peak and 0.618 and 0.688 1.696 and 1.411

(4). A 10-fold excess of Bhitthf (0.25 mmol) was added to a hole/e A"

solution of [9,9-¢>-dppm)-9-¢*-dppm)nido-9,7,8-RhGBgH11] (25

mg, 0.025 mmol) in 10 mL of CkCl, under nitrogen. The resulting  and data collection were performed using a Bruker SMART CCD
orange solution was stirred overnight. Then the solution was reduceddetector system diffractometer using graphite-monochromated Mo
in volume, and the reaction mixture was applied to the Chroma- Ka radiation ¢ = 0.71073 A) equipped with a sealed tube X-ray
totron (a radial chromatograph obtained from Harrison Research, source at-93 °C. Preliminary unit cell constants were determined
Palo Alto, CA) using a 25 cm diameter circular plate coated with with a set of 45 narrow-frame (0%4n @) scans. The data set
0.1 cm of silica gel (EM Science) and a gEl,/hexane (2:3) collected consists of 3636 frames with a frame width of 03w
mixture as the mobile phase. An orange component was isolatedand typical counting time of 15 s/frame at a crystal to detector
and after recrystallization in Ci€l./pentane was identified as [9,9-  distance of 4.930 cm. The double-pass method of scanning was
n?-{n?-(BH3)-dppn}-nido-9,7,8-RhGBgH1] (12 mg, 0.019 mmol; used to exclude any noise. The collected frames were integrated
76%). Single crystals of this compound precipitated from the using an orientation matrix determined from the narrow-frame scans.
CH,Cl,/pentane mixture. Anal. Calcd for,@3¢BsP-Rh: C, 52.08; SMART and SAINT software packag®s were used for data

H, 5.83. Found: C, 52.18; H, 5.94. HR-MS (FAB with 3-NBA/ collection and data integration. Analysis of the integrated data did
Csl): m/z calcd for G/H3sBoCsPRh 756.1294 M1 + Cs'), found not show any decay. Final cell constants were determined by a
756.1258. The mass envelopes for the measured masses match quiglobal refinement okyzcentroids. The collected data were corrected
well with those calculated from the known isotopic abundances of for systematic errors using SADAB8based on the Laue symmetry
the constituent elementdd NMR: 6 7.61—7.22 (m, 20 H; GHs), using equivalent reflections.

4.14 (s, 1H;CH,BgHo), 3.46 (s, 1H;C,H,BgHg), 3.17 (m, 1H; Crystal data and intensity data collection parameters are listed
PhPCH,PPh), 2.99 (m, 1H; PtPCH,PPh). H{11B} NMR: 6 3.62 in Table 1. Structure solution and refinement were carried out using
(1H, BH), 3.55 (2H, BH), 1.74 (1H, BH), 1.54 (1H, BH), 1.45 the SHELXTL- PLUS software packad®. The structures were
(2H, BH), 0.89 (1H, BH), 0.54 (3H, Bk, 0.12 (1H, u-H). solved by a combination of Patterson and direct methods and refined
IH{*B} NMR (—80°C): ¢ 3.44 (3H, BH), 2.66 (1H, Bh), 1,63 successfully in the space groufd and P2y/n, for 3 and 4,

(1H, BH), 1.34 (1H, BH), 1.19 (2H, BH), 0.71 (1H, BH), 0.13  respectively. Full-matrix least-squares refinement was carried out
(1H, BHg), —0.04 (1H,u-H), —1.56 (1H, BH). 31P{*H} NMR: o by minimizing SW(F,> — F2)2 The non-hydrogen atoms were
43.4 (dd,J(P,Rh)= 143 Hz,J(P,P)= 77 Hz, 1P), 19.0 (v br, 1P). refined anisotropically to convergence. The cage hydrogens for both
1B NMR: 6 15.6 (d,J(H,B) = 122 Hz, 1B), 13.8 (v br, 1B), 9.4 compounds and all hydrogen atoms 8were located and refined

(d, J(H,B) = 120 Hz, 1B),—2.2 (v br, 1B),—16.2 (d,J(H,B) = freely. For4 the remaining hydrogen atoms were treated using AFIX
103 Hz, 1B),—21.4 (v br, 3B),—23.6 (d in*'B{'H}, J(P,B)= 76
Hz, 1B). (28) (a) Bruker Analytical X-Ray Division, Madison, WI, 2000. (b)
S Blessing, R. H \ A .
Structure_Deter_mlnatlons fot 3 anq 4. Crystgls_were mour_lted_ A;fs'g'g © Sﬁg}j}ﬁﬁ’%ﬁ"&?f Sﬁcﬁeﬁiﬁg{}‘t’iCg{@g&‘;%ﬁ?@?on,
onto glass fibers in random orientations. Preliminary examination Madison, WI, 2000.
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Table 2. Selected Bond Distances (A) and Angles (deg) in
[8,8-7%-{ n?-(BH3)-dppnt} -nido-8,7-RhSBH1q] (3)

distance/angle (A/deg)

distance/angle (A/deg)

Rh(8)-B(9) 2.174(2)
Rh(8)-B(3) 2.195(2)
Rh(8)-B' 2.323(2)
Rh(8)-H'2 1.97(2)
S(7)~-B(11) 1.918(3)
P(1)-C(1) 1.816(2)
P(2)-C(1) 1.848(2)
B'—H'2 1.13(2)
B(9)-B(10) 1.848(4)
B(9)—H(910) 1.39(3)
B(9)-Rh(8)-S(7) 90.42(7)
B'—Rh(8)-S(7) 93.46(6)
P(2)-Rh(8)-H2 88.5(6)
S(7)Rh(8)-H'2 89.7(6)
B(4)-Rh(8)-H'3 161.1(7)
P(2-Rh(8)-H'3 91.0(7)
S(7)-Rh(8)-H'3 93.9(7)
C(8)-P(1)-C(2) 110.25(9)
C(8)-P(1)-B 112.77(10)
C(1)-P(1)-B 105.19(10)
C(14-P(2-C(1)  102.14(10)
C(14)-P(2-Rh(8)  120.42(7)
C(1-P(2-Rh(8)  108.74(7)
P(1)}-B'—H1 112.1(12)
P(1)-B'—H2 103.3(11)
H'1-B'—H'2 111.4(16)
H'2-B'—H'3 113.8(17)
B(11)-B(10)-H(910) 87.4(12)
B(10)-B(9)—H(910)  39.7(11)

RN(8)B(4) 2.193(2)
Rh(8}-P(2) 2.2803(5)
RN(8)-S(7) 2.3658(5)
Rh(8)-H'3 1.93(2)
S(AB(3) 2.082(3)
P(1)B' 1.921(2)
B-H'1 1.09(2)
B—H'3 1.12(2)
B(10yB(11) 1.855(4)
B(10)H(910) 1.18(3)
B(9)-Rh(8)-P(2) 92.40(7)
B(4yRh(8)-B’ 169.00(9)
P(2)-Rh(8)-B' 88.36(6)
B(4)-Rh(8)-S(7) 90.16(7)
P(2rRh(8)-S(7) 172.92(2)
B(9)-Rh(8)-H'2 170.7(7)
B(9)-Rh(8)-H'3 112.8(7)
B(3}Rh(8)-H'3 144.6(7)
H2Rh(8)~H'3 57.9(10)
C(8YP(1)-C(1) 109.90(10)
C(P(1)-B' 113.65(10)
C(14)P(2-C(20)  107.09(10)
C(20)P(2)-C(1) 100.38(10)
C(20yP(2)-Rh(8)  115.40(8)
H(10)B(10)~H(910) 107.6(18)
Rh(8yB'—H'1 135.5(11)
Rh(8}B'—H'2 58.1(11)
P(HB—H'3 104.6(12)
B(10YB(9)-Rh(8)  116.3(2)

Table 3. Selected Bond Distances (A) and Angles (deg) in
[9,97%{ n?-(BH3)-dppnt -nido-9,7,8-RhGBgH11] (4)2

distance/angle (A/deg) distance/angle (A/deg)
Rh(9)-B(10) 2.144(7)  Rh(9}C(8) 2.162(6)
Rh(9)-P(2) 2.2857(15) Rh(9)B' 2.323(7)
Rh(9)-H(12B) 1.81(5)  Rh(9yH(12D) 2.08(6)
P(2)-C(1) 1.844(6) P(L}B' 1.918(7)
B'—H(12B) 1.105)  B-H(12D) 1.25(7)
B'—H(12C) 1.01(6)  B(10}B(11) 1.849(11)
B(10)—H(13) 1.34(6)  B(1L¥C(7) 1.668(10)
C(7)-C(8) 1.530(8)  B(11)YH(13) 1.33(6)
B(10)~Rh(9)-P(2) 94.7(2) B(10yRh(9)-C(8)  85.7(3)
B(4/5¢ Rh(9)-H(12B) 116.3 C(8-Rh(9)-P(2) 175.94(16)
B(4/5F Rh(9)-H(12D) 150.0 B(10)-Rh(9)-H(12D) 115.2(18)
P(2-Rh(9)-H(12D) ~ 94.9(18)  B(1O}Rh(9)-H(12B) 174.1(18)
C(1A)-P(1)-C(1) 106.9(3) C(8YRh(9)-H(12B)  91.4(17)
C(7A)-P(1)-B' 112.5(3) P(}Rh(9)-H(12B)  88.5(17)
C(1)~P(2)-Rh(9) 110.02(19)  C(8)Rh(9)-H(12D)  88.6(18)
B(11)-B(10)-H(13)  46(2) C(1AY-P(1)-B' 115.2(3)
P(1)~B'—H(12B) 107(3) B(11}B(10)-Rh(9)  109.0(4)
P(1)-B'—H(12C) 115(3) Rh(9)B'—H(12B) 49(3)
H(12B)-B'—H(12C)  113(4) Rh(9YB'—H(12C)  133(3)
P(1)-B'—H(12D) 108(3) H(12ByB'—H(12D) 112(4)
H(12C)-B'—H(12D)  102(4) C(7>-C(8)-Rh(9) 118.3(4)

aB(4/5) is the centerpoint of B(4)B(5). H(13) is the bridging H atom.
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Figure 1. Molecular structure of [8,87-{n*(BHs)-dppn}-nido-8,7-
RhSBH1q (3). The phenyl rings on phosphorufso-carbon atoms
excepted, are omitted for clarity, as are all the H atoms on carbon.

Scheme 1

H,C \ /H
|
PPh,
3

+ dppm(BH,), 3

Results and Discussion

The species [8,858-dppm)-8-¢*-dppm)nido-8,7-RhSBH;|
(1) is conveniently prepared as a yellow crystalline solid from
the reaction between [8,8-(Phnido-8,7-RhSBH;¢ and
dppm. Species contains both a bidentate and a monodentate
dppm ligand as indicated in Scheme 1. The existence of the
dangling phosphine ift suggested that it might be amenable
to further chemistry analogous to our work with [(BRph

m3. Structure refinement parameters are listed in Table 1, and (CO)OsBHg(BH2-dppp)], [dppp = PPR(CH,)sPPh] in
selected bond distances and angles are given in Tables 2 and 3ywhich we were able to observe reactions of the free

The structures, with non-hydrogen atoms represented by 5O%phosphine with other reagerisAccordingly, reaction of a
probability ellipsoids and showing the atom labeling, are given in 20-fold excess of Beithf with 1 in CH,Cl, at room

Figures 1 and 2.

Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplementary publica-

temperature affords the new rhodathiaborane {8;8#?-
(BH3)-dppnt-nido-8,7-RhSBH;] (3) as an air-stable orange
crystalline solid in 71% yield.3 was characterized by

tion nos. CCDC-XX and -YY. Copies of the data can be obtained Multinuclear NMR spectroscopy, elemental analysis, mass
free of charge on application to the CCDC, 12 Union Rd., GB- SPpectrometry, and a crystal structure determination.

Cambridge CB2 1EZ, U.K. (faxt44 1223-336-033; e-mail

deposit@ccdc.cam.ac.uk).
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The molecular structure of compour@lis depicted in
Figure 1. It is an 1l-vertexido-rhodathiaborane with a
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uniqueexopolyhedral ligand, [dpprBH3], that chelates the ~ Scheme 2
rhodium atom through a phosphine group and a borane unit. _—PRh, _—PPh,

The BH; end of this ligand can be considered as a neutral Hzc\ HbEB"Ha‘_:H*c \/\Bf”b

adduct of BH coordinating to the rhodium atom in a PPh, [ Me pPh, 7 He
bidentatefashion via two Rk-H—B three-center two-electron  c—"R% .. 7 RN R"\\ oph
bonds. The distances of the rhodathiaborane cage are within "\ Hb/B.’H N\ HC \;,Hb
the ranges found il and in other related metallathia- "P“Z\\Rh/ ¢ Pph\ Ha” He
boraneg3262° The chelate angle P(2Rh(8-B' in 3 is ki

88.36(6Y, significantly larger than the corresponding chelate
angle P(1)Rh(8)-P(2) of 71.45(98) in the precursorl.
The P(1>-B’ bond distance of compour@lis 1.921(2) A,
essentially the same value found in the dangling Rk
BH, group of [(PPB),(CO)OsBH7](BH,-PPhMe)° and in
the Co-BH,_PPh interaction of the bridged cobaltaborane
[(CO)(@#*-dppm)Co-dppm)BH;] (VIII ),22 which also con-
tains a dangling phosphine.

The hydrogen atoms were refined successfully and indicate
approximately tetrahedral geometry around the; Broup.
The arrangement of ligands including B(9), S, P(2R,tnd
H'3, and the centroid of the B(3B(4) vector, around Rh
represents, essentially, octahedral geometry. The H atom
bridging the unique boron'Eand Rh are quite asymmetrical
with the H atom situated closer t0'.B

higher field and the BH moving to lower field. These three
resonances average to 0.71 ppm, reasonably close to the value
of the coalesced resonance for the threedtbms which is
observed at 0.85 ppm. This suggests that the gtdup is
fluxional in solution, more likely undergoing a rotational
motion around the BP bond, rendering the two bridging
and one terminal H atoms on’ Bquivalent on the NMR
time scale AG" = ca. 37 kJ mol%). A suggested mechanism
is given in Scheme 2. There are six possible combinations
for two bridging H atoms and one terminal H atom on boron
for the Rh-(u-H),-BH linkage. These can exchange by
breaking a Rk-H bond to form an additional terminal H on
and rotation about the BP bond. This would result in
positional exchange of the two terminal H atoms on B and

Th fh ion in whichis f q.ill q formation of a Rh-H bond such that a different H atom is
e course of the reaction in whidhs formed, illustrate now the terminal one on B. Six such transformations need

in Scheme 1, is not obvious; _however, it is mogt probable to occur to scramble all the H atoms in the Bhioiety.
that the large excess of Bhf displaces the dangling dppm One such transformation is illustrated in Scheme 2. Alter-

Ilrg]]and n F:ompqundéas [%me(BHB)bﬂ (also |scr)llatec:1fror2 natively, the process can proceed by an associative process,
the reaction mixturé) and inserts between the Rh and P and that would involve tridentate Rifu-H);-B intermedi-

atoms in the{ Rh(dppm} chelate, affording the '_utle €OM- " ates. Such associative mechanisms have been suggested for

pound. Conversely, BHmay remove the (_:helatlng ligand the fluxional species [(BEMN(CO)]~ and [(BH;)Cu-

as [dppm(BHz))] and add to the dangling end of the  pppy 1 o the basis of ab initio molecular orbital calcula-

monodentate dppm, which, in tum, coordinates to the RN yi,q311ndeed fluxional processes involving tetrahydroborate

center. groups bonded to metals have been known and studied using
NMR data fqr compound conform to the molecglar NMR spectroscopy for many yeats.Such species may

structure described abovg. TH8 NMR spectrum consists involve [BH,]~ groups bonded to the metal through one, two,

of 10 broad resonances in the range frém7.210-31.2 o yhree bridging H atoms, but most of those for which

ppm. The boron peak at24.1 ppm shows coupling 10 a  4ynamic NMR studies have been carried out involve the bi-

phosphorus atom and is assigned to the; BFoup (B in or tridentate species. All except one of the estimations of
Figure 1). All the terminal hydrogen atoms were related to the AG* values are lower than our value f8r The range is

their corresponding boron atoms Byl{*'B} experiments. ¢y 18 tg 42 kJ mol*.333*Examples of fluxional processes
The resonance of the bridging hydrogeln ?tom on the jyolving borane moieties bonded to metal centers are much
B(9)—-B(10) edge appears atl.37 ppm. The'P{*H} spec-  |oss common, because such species are less common.
trum shows a sharp doublet of doublets, assigned tp the PPhDynamic exchange of the bridging and terminal H atoms is
g_rouptransto the sulfur atom, and_a very broad signal as- pcerved in the borane complexes illustrated as structures
signed to the phosphorus atom directly bound to thes BH |, 12 gnqvil 2 but only for the former was AG* value

unit. At room temperature, the three hydrogen atoms of the reported (ca.' 30 kJ mol).

E_»Hg group are equivalent on the NMR time scale, giving The'B NMR data for the BH group compare reasonably
rise to a broad single resonance at 0.85 ppm. As the teM-o| 1 those of a pure phosphireorane adduct. Thug
perature is lowered, this single peak broadens and finally i pest described as a metallathiaborane containing such an

splits into three different resonances at 2.91.24, and  a4qyct that coordinates a rhodium center, donating two
—0.52 ppm, one shifted to lower field and the other two 10 gjactrons through each of two three-center two-electron
higher field, probably the H atoms bonded to Rh moving to

(31) Oishi, Y.; Albright, T. A.; Fujimoto, HPolyhedron1995 14, 2603.

(29) Rosair, G. M.; Welch, A. J.; Weller, A. $cta Crystallogr, Sect. C (32) (a) Williams, R. EJ. Inorg. Nucl. Chem1961, 20, 198. (b) Beall.
Cryst. Struct. Commuri996 C52 3020. H.; Bushweller, C. HChem. Re. 1973 73, 465. (c) Marks, T. J.;
(30) The following are data for [dpptBHz)2]. tH{*'B} NMR (299.9 MHz, Kolb, J. R.Chem. Re. 1977, 77, 263.
CDCls, 25°C): 6 7.66-7.34 (m, 20H; GHs), 3.24 (t,2J(H,P)=17.0 (33) Bommer, J. C.; Morse, K. Winorg. Chim. Actal983 74, 25.
Hz, 2H; CH), 0.92 (d,2)(H,P) = 15.6 Hz, 6H; BH). !B NMR (96.2 (34) Kirtley, S. W.; Andrews, M. A.; Bau, R.; Grynkewich, G. W.; Marks,
MHz, CDCk, 25°C): 6 —37.1.3P NMR (121.4 MHz, CDG, 25 T. J.; Tipton, D. L.; Whittlesey, B. R. W. J. Am. Chem. Sod 977,
°C): 6 15.2. 99, 7154,
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B—H—Rh bonds, and another pair from the P atom.
According to a metal complex descriptioB, could be
formally regarded as an 18-electron species, with bonding
vectors toward the sulfur atom, the cluster B{8Y4) edge,
B(9), the phosphine group, and the bridging H atoms of the
BH3 unit, the novelexopolyhedral ligand [(dppmBHj3]
acting as a six electron donor. This would require six-
coordination around Rh, and as described above, this is
effectively what is observed. Alternatively, compouhdan

be considered as a saturated rhodathiaborane cluster, con-

forming to the polyhedral skeletal electron pair theory
description for an 11-verterido-cluster® The proposed
fluxional process illustrated in Scheme 2 is consistent with
electron counting for the metal center. Breaking a—Rh
bond affords a transient 16-electron metal center which, after
rotation of the BH group, forms a new BH—Rh bridge
bond, restoring the 18-electron metal center.

The species [9,9-(PRj-nido-9,7,8-RhGBgH1;] is iso-
electronic with [8,8-(PP§).-nido-8,7-RhSBH;g], and we
recently have prepared and characterized fully the analogu
of 1, [9,9-(7%-dppm)-9-f*-dppm)nido-9,7,8-RhGBgH11]
(2).%* Speciesl and 2 are also isoelectronic, so it was
appropriate to see wheth& would undergo the same
reaction chemistry a&. Indeed we had discovered this in
the reactions ol and2 with organometallic reagents when
we were able to prepare derivatives containing the bridging
ligand [(u-Cl),Ru(®-p-cym)(dppm)?*+3¢The pair of species
formed, [8,8#2-{(u-Cl)>Ru(;5-p-cym)(dppm}-nido-8,7-
RhSBH;g (6) and [9,942-{ (u-Cl),Ru(@;5-p-cym)(dppm} -
nido-9,7,8-RhGBgH11] (7), both have the same structure.
That for6 is illustrated as structurX . In fact these species

i-Pr
Me:

are quite similar t@ in that they contain ligands which bond
to the Rh through a donor P atom and also via two bridging
atoms such that the ligand supplies six electrons to the
cluster. In3, the two BH moieties contribute a pair of
electrons each to the Rh atom, wherea$ end7 the two
Ru—CI moieties do the same. The difference is thain
and7 the interaction involves two two-center, two-electron
bonds whereas i8 there are two three-center, two-electron
bonds.

Reaction of BH-thf with [9,9-(?-dppm)-9-*-dppm)-
nido-9,7,8-RhGBgH1;] (2) in CH,CI, under nitrogen affords
an orange solution which after workup including chromato-
graphic separation gives an orange solid, which we identified

(35) (a) Wade, KJ. Chem. Soc. 971, 15, 792. (b) Wade, KAdv. Inorg.
Chem. Radiochen1976 18, 1-66.

(36) (a) Volkov, O.; Rath, N. P.; Bartoh.. Inorg. Chem. Commur2002
5, 127. (b) Volkov, O.; Rath, N. P.; Barton, lOrganometallics
submitted for publication.
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Figure 2. Molecular structure of [9,9%-{ n?-(BH3)-dppnt-nido-9,7,8-
RhG,BgH11] (4). The hydrogen atoms on carbon are omitted for clarity.

as [9,942-{ n°-(BHs3)-dppn}-nido-9,7,8-RhGBgH1] (4), in

©76% yield. NMR spectra were very similar to those &r

and elemental analysis and also high-resolution mass spectra
were supportive of our identification. Crystals suitable for
X-ray analysis were grown, and the structure obtained is
given in Figure 2. Again hydrogen atoms were located. The
structure is quite similar to that &. The [(dppm)BH3]
ligand coordinates to the Rh via two RK—B bridge bonds
and also via a RRP bond. The latter P atom, P(2), is
transto C(8), the angle P(3Rh—C(8) is 175.9(2) A, and
the orientation of the atoms around Rh, including P(2),
H12(B), H12(D), B(10), C(8), and the centroid of
B(4)—B(5), is essentially octahedral. The bond distances and
the geometries 08 and4 are very similar.

The behavior of the Bklgroup mirrors that ir8. The'B
NMR chemical shift values compare very well; that ®is
—24.1 ppm, and that fof is —23.6 ppm. The Bhlprotons
are also fluxional, withAG* = ca. 42 kJ mol'. Thus, it
appears that these two isoelectronic specieand 4, are
very similar in their chemistry. An interesting feature is that
the orientations of the dppiH; ligands in3 and 4 are
essentially the same in each species although the relative
positions of the two dppm ligands thand2 are not. Inl,
the bidentate dppm ligand lies in the same plane as the open
face of the RhSBH,o cluster and the monodentate one is
located perpendicular to the plane. However, 2inthe
bidentate ligand spans sites on the Rh atom both perpen-
dicular to and in the plane of the open face and the
monodentate ligand lies essentially in the pl&hattempts
to deprotonate and isolate the products for either4 have
thus far been unsuccessful, but this work continues.

Summary

In conclusion, compounddand4 represent a unique pair.
They are the first known examples of a polyhedral borane
derivative in which a BHadduct coordinates a metal center
in a bidentate fashion through the hydrogen atoms. This is
novel chemistry involving a boranrghosphine adduct, the
paradigm of boron chemistry, and polyhedral borane cluster
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this and related species involving a Batlduct coordinated Note Added after ASAP: A bond is missing from the
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tigated in our laboratory. ASAP on October 5, 2002. It is included in the version posted

Acknowledgment. We acknowledge the NSF (Grant No. N October 10, 2002.
CHE-9727570), the Missouri Research Board, and the Supporting Information Available: Crystallographic data,
University of Missour-St. Louis (UM—St. Louis) for positional parameters, anisotropic displacement parameters, and
research grants to L.B. and the NSF, the UBL. Louis bond lengths and angles f8iand4 (CIF). This material is available

Center for Molecular Electronics, and the Missouri Research €€ Of charge via the Internet at http://pubs.acs.org.
Board for funds which helped to purchase the NMR, XRD, 1C0258375

Inorganic Chemistry, Vol. 41, No. 22, 2002 5843





