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The reaction between the osmahexaborane [2,2,2:JBD)-nido-2-OsBHg] (1) and bases such as RPRPh-

Me, and PMein refluxing CHCI, affords unique adducts of the type [2,2,2-(BACO)-nido-2-OsBH7-3-BH,-

PRs] (2) for which spectroscopic data suggest the presence of a pendent boryl group. This was confirmed by a
crystal structure determination for the BRte adduct which shows thé is a nido-osmapentaborane with a
terminal BH:PPhMe moiety on a basal boron atom adjacent to the metal. The reaction is reversible in the case
of PPh and to a lesser extent PRe, but not for PMe. Heating the PPhadduct affords the osmahexaborane

1, liberating PPk but degradation to the osmapentaborane [2,2,24RRD)-nido-2-OsBHg] (6) and BH-

PPh competes. The tendency to degrade to phospbarane increases markedly down the serigs=RPhg,

PhMe, and Me. When the bidentate bases [1,2-(PRICH.),] and [1,3-(PPk2(CH,)3] (abbreviated as dppe

and dppp, respectively) are used, two major products are observed in each casga)Jag 2-(PPh)2(CO)-
nido-2-OsByH7-3-(BHz-dppe)] (or3b, BH,-dppp) is analogous t@ with one end of the bidentate phosphine
donor uncoordinated. In the othetd] [2,2-(PPR)(CO)-nido-2-OsBH7-12-3,2-(BH,dppe)] (or4b, BHy-dppp),

the free end of the bidentate ligand has replaced a §®lp on Os. In the reaction of [(PP}CH,)] (abbreviated

as dppm) withl, only a species analogous 30is observed. The speci&b, the one involving dppp, has been
further modified at the free phosphine end of the ligand, to form [2,2,2f®0)-nido-2-OsBH7-3-(BH,-dppp

BH3)] (5).

Introduction equiv of Lewis base, forms a conventiomahchnocluster. This
. . . . results when CN is added directly to BH¢*® and also from

T_he Interaction of boron_ hydndes_wnh bases represents aj,jirect reactions involving PMe® In most of the known cases,
major feature in the classical chemistry of these interesting however, two electron pairs are added to tiido-borane to
speueé.The borgn hydrides are aC|d|.c,.f.rom both t.he, PETSPEC- afford ahyphoclusters or the added base cleaves the borane.
::;’:S ?(:r:;]esiLriwllz Zr:j?jlirénséfg igg‘&gﬁn% Ofbicslggy.inﬂ\]/\lj:lll- There are some examples in which partial degradation of the

y P T y .cage has taken plaéeThe structurally characterized adduct
understood processes, and, in some cases, undergo S“bStam'QEecies include 8g-2PMe;,5 ByHg(MesNCH,),,50¢ BsHo:
degradation. The relatively recent development of electron (PhP,.CH, 5C’dB5Hg’(P|"QPC|"b)2 Sc'dB5Hg'(M82NC|"|2)2 5cd and
counting rules for clusters allows predictions to be made about BeHlo-ZPM,eg 7 Some of these sioecies for exampIgH'B(Mez-
structural changes that result from the addition of electron pairs NCHy),5¢:d and an unpublished form 6f5BIg-2PMegé contain
to boranes and indeed to all nonclassical cluster moleéules. pendent B atoms and can be considered as exa;nples of partial
Electron counting rules predict that addition of electron pairs borane cage degradation. In additiogHgyPMe? has also been
to a cluster results in the opening up of the polyhedron in the ' )
sequenceclosg nido, and arachna® There are some simple  (4) (a) Taylor, J. G.; Wallbridge, M. G. HRolyhedron1985 4, 321. (b)
examples in the literature of systems in which addition of a Schwarz, A.; Kodama, Gnorg. Chem 1993 32, 3970.

single electron pair to a smatiido-borane, in the form of 1~ (5) (a) Fratini, A. V.; Suliivan, G. W.; Denniston, M. L.; Hertz, R. K.;
9 P Shore, S. GJ. Am. Chem. So0d974 94, 3013. (b) Colquhoun, H. G.

J. Chem. Red978 451. (c) Alcock, N. N.; Colquhoun, H. G.; Sawyer,

(1) (a) Stock, A.The Hydrides of Boron and Silico@ornell University J. F.; Wallbridge, M. G. HJ. Chem. Soc., Dalton Tran$982 2243.
Press: Ithaca, New York, 1933. (b) Schlesinger, H. |.; Burg, A. B. (d) Alcock, N. N.; Colquhoun, H. G.; Haran, G.; Sawyer, J. F.;
Chem. Re. 1941, 34, 1. (c) Lipscomb, W. NBoron HydridesW. A. Wallbridge, M. G. H.J. Chem. Soc., Chem. Commua977, 368.
Benjamin Inc.: New York, 1963. (c) Coyle, T. D.; Stone, F. G. A. (6) See, for example: (a) Parry, R. W.; Edwards, L1.JAm. Chem. Soc
Prog. Boron Chem1964 1, 83. (d) Hawthorne, M. F. InThe 1959 81, 3554. (b) Shore, S. G. IBoron Hydride Chemistry;
Chemistry of Boron and its Compoundduetterties, E. L., Ed.; John Muetterties, E. L., Ed.; Academic Press: New York, 1975. Chapter
Wiley: New York, 1967; Chapter 5. (e) Johnson, H. D.; Shore, S. G. 3. (c) Kodama. G. IrAdvances in Boron and the Borandsiebman,
Top. Curr. Chem197Q 15, 87. (f) Greenwood, N. N.; Thomas, B. S. J. F., Greenberg, A., Williams, R. E., Eds.; VCH Publishers, Inc.:
In Comprehensie Inorganic ChemistryTrotman-Dickenson, A. F., Weinheim, Germany, 1988; Chapter 6.

Ed.; Pergamon Press: Oxford, 1973; Chapter 11. (7) Mangion, M.; Hertz, R. K.; Denniston, M. L.; Long, J. R.; Clayton,

(2) (a) Wade, KJ. Chem. Soc., Chem. Commi871, 792. (b) Rudolph, W. R.; Shore, S. GJ. Am. Chem. S0d 976 98, 449.

R. W.; Pretzer, W. Plnorg. Chem.1971 11, 1974. (c) Mingos, D. (8) Shore, S. G. Private communication.
M. P. Nature (Phys. Sgi.1972 236, 99. (9) Kameda, M.; Kodama. Gnorg. Chem 1981, 20, 1072. The unstable

(3) (a) Williams, R. E.Inorg. Chem.1971, 10, 210. (b) Williams, R. E. species BHiPMes is considered to be the precursor to the belt-shaped
Adv. Inorg. Chem. Radiochemi976 18, 67. BsH10'2PMe;.
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identified from spectroscopic data. Cleavage of boranes by basedrequency) of E£O-BF; for 1B, of SiMe, for *H, and of 85% HPO,
played an important role in the early systematization of the for 31p. IR spectra were run on 3M s_ample cards with a Teflon window
boranes. Boranes, generally, are cleaved by bases in processé’H‘d also as KBr pellets on a Perkin-Elmer 1600 FT-IR spectrometer
described as symmetrical and nonsymmetrical clead&®gery and on a Mattson Galaxy 6000 FT-IR spectrometer. Elemental analyses
and Edwards used the results to systematize boranes in term&/€"¢ carried out by Atantic Microlabs Inc., Norcross, GA. Low-
of reactivity and geometr§.There is much less information resolution mass spectra were recorded at Monsanto Co., St. Louis, on

. hani | h a Finnegan MAT 95 mass spectrometer in the FAB mode using a
about degradation mechanisms for boranes, probably due to t ef’-,-nitrobenzyl alcohol matrix (NBA). High resolution mass spectra were

inherent fragility of the borane cluster. However, metallaboranes gptained by positive ion electrospray using electric sector scanning and
tend to be more robust than the parent borane and are thus moretandardized with PEG1000. Samples were run in MeOH/GKIC1)
amenable to the study of their reaction chemistry. This is with 10 mmol of NHOH. The masses reported are for the most
particularly true in the case of hexaborane(10) and its metalla- abundant peak (100%) in the molecular ion envelope, except where

hexaborane analogu€§(PPh),(CO)OsBHg] (1)12and [(PPh).-
(CO)IrBsHg].11* Hexaborane(10) is quite difficult to handle,
readily decomposing at temperatures above ab&2@ °C in
vacuo or inert atmospherésyhereas the metallahexaboranes
can be handled in air with relative ed$é!Herein we describe
the reactions of phosphine bases with the metallahexaboran
[(PPh)2(CO)OsBHg] (1).112 We describe the formation of a
unique species which represents an intermediate in the base
promoted degradation of [(PBECO)OsBHq] to [2,2,2-(PPh).-
(CO)1ido-2-OsBHg] (6), and we extend this chemistry to

indicated otherwise. Mass spectra were also measured on a VG ZAB-E
in the FAB mode using 3-NBA at the Washington University Mass
Spectrometry Resource.

Synthesis of [2,2,2-(PP})2(CO)-nido-2-OsBH-3-BH,:PPhg] (2a).
Prior to use, [(PP§)(CO)OsBHq] (1) was dissolved in CkCly, filtered
through silica gel, washed with GBIl,, and dried on a rotary

eevaporator. NMR spectra were run in CQGh 1 to ensure the stability

of the compound after storage at® for several days. Once satisfactory
NMR spectra were obtained, was then washed with anhydrous
pentane, and the solvent was removed on a rotary evaporatorg{PPh
(CO)OsBHg] (1; 0.204 g, 0.26 mmol) and 0.091 g (0.35 mmol) of

bidentate phosphines and demonstrate a method for the furthelPPhk were refluxed in 15 mL of dry CkCl> for 14 h under an

modification of the metallahexaborane via tethered base reac-
tions. We also suggest that the extrusion/inclusion of a boron
vertex may be one of the important processes involved in
isomerization processes in boranes and metallaboranes. Som
of these results have been described recently in a preliminary
communicatiort3

Experimental Section

atmosphere of Nand then slowly cooled to room temperature.
Exploratory paper chromatography using 30:70,CHCsH;, on the
product mixture and. identified the presence of a new compougd,
NMR measurements on the crude sample identified the major impurities
&s (PPE)2(CO)OsBHsg!'? and BH-PPh.%® The product mixture was
vacuum-filtered through silica gel; the silica gel was washed with-CH
Cl,, and solvent was removed from the resulting solution on a rotary
evaporator. Purification was effected by TLC using 45:55Hg},0/
CsHi2. Bands appeared & 0.1 andR; 0.8 under UV light. Thez; 0.1
band, after further purification by repeated TLC, gave the title

‘General Procedures.Solvents used were reagent grade and were compounda (0.1076 g, 0.1148 mmol) in 44% yield. In an experiment
dried bef(_)re use. Some reactions were carrle_d out using a ;tand_ardperformed using a chromatotron to isolate the product with 70:8QL
vacuum line, a glovebox, and standard techniques for handling air- CH,Cl, as eluent and increasing the €, composition until the major

sensitive compound$.Products were isolated in air using thin layer
chromatography (TLC) on 2& 20 cm glass plates coated with 0.1

band separated well, reaction between 0.056 g (0.070 mmal/potl
0.98 g (0.374 mmol) of PRrafforded 0.059 g (0.0553 mmol) &a

cm of silica gel (Aldrich standard grade with gypsum binder and corresponding to a 79.4% yield. Experiments in an NMR tube indicated
fluorescent indicator), made from aqueous slurries followed by drying that the actual reaction is essentially quantitative, suggesting that some
in air at 80°C. Some species were purified using a chromatotron (a |oss of product occurs during chromatographic separation, probably
radial chromatograph obtained from Harrison Research, Palo Alto, CA) due to reverse equilibration on removal of the excess phosphine. NMR
using a 25 cm diameter circular plate coated with 0.1 cm of silica gel gpectra foRa are summarized in Table 1 along with those for (BRh

(EM Science). [(PP$)y(CO)OsBH,] (compound1) was prepared  (CO)OsBHs'” and (PPh)s(CO)OsBH-(CsHs)® for comparison. The
according to the literature methét.The phosphines were obtained |R spectrum oRashowedvg at 2526 andrco at 1941 cm. Elemental

as follows. PM@ was prepared from Pghnd LiMe as described in ana|ysis for GGHSGBSC|ZOOSB {i.e_' containing 1.0 mol of qu:|2

the literature’> PPl and [(PPh)2(CH.),] (abbreviated as dppe) were  solvent ag{ (PPh),(CO)OsBH7} (BHxPPh)-CH,Cl;} gave C, 59.03;
obtained from Aldrich, PPiMe, [(PPh)2(CH)] (dppm), and [(PP)- H, 5.06; calcd C, 58.33; H, 4.90. HRMS faa (Finnegan MAT, FAB
(CH,)3] (dppp) were obtained from Strem, and TH#H3; was obtained with 3-NBA) gave m/z (for M — Hy)*, 2CsstHs1Ps Bs19205 10,

from Aldrich. Solvents used were reagent grade and were dried before 1066.3370 (obsd) 1066.3346 (calcd). Attempts to grow crystagaof
use. NMR spectroscopy was carried out on a Bruker ARX 500 for X-ray diffraction study, employing various techniques using
spectrometer operating at 500.1 MHz for proton, 160.5 MHz for boron-  compinations involving benzene, chloroform, dichloromethane, pentane,
11, and 202.5 MHz for phosphorus-31 and on a Varian Unity Plus 300 and cyclohexane, were unsuccessful since, in solution during the
spectrometer operating at 96.2 MHz B, 299.9 MHz for'H, and recrystallization period2a forms an equilibrium mixture (vide infra)
121.4 MHz for3!P. Chemical shifts are reported in partS per million from which 0n|y [(Ppb)z(CO)OS&Hg] (1) preferentia”y Crysta"izesl

for CDCl; solutions, unless otherwise stated, to low field (high Reversibility of the Formation of 2a. Compound2a reverted to
[(PPh)2(CO)OsBHq] (1) when left in solution at room temperature
for any length of time. To confirm this, a sample 2d in CDCl; was
placed in a 40C water bath and monitored periodicalfd and*'B

NMR spectra, obtained after 7 h, showed the presence of compound
2a and [(PPB)2(CO)OsBHq] (1) as the only boron-containing con-
stituents. The bridging proton resonances were sufficiently well

(10) Kennedy, J. DProg. Inorg. Chem1984 32, 299.

(11) (a) Bould, J.; Greenwood N. N.; Kennedy, JJDOrganomet. Chem.
1983 249, 11. (b) Greenwood, N. N.; Kennedy, J. D.; McDonald, W.
S.; Reed, D.; Staves, J. Chem. Soc., Dalton Tran$979 117.

(12) (a) Shore, S. G. IBoron Hydride ChemistryMuetterties, E. L., Ed.;
Academic Press: New York, 1975; Chapter 3. (b) Barton, L.; Onak,
T. P.; Shore, S. GGmelin Handbook of Inorganic Chemistgoron
Compounds 20; Springer-Verlag: Berlin, 1979; New Supplement
Series Vol. 54, pp 5279 and references cited therein.

(13) Barton, L.; Bould, J.; Fang, H.; Hupp, K.;Rath, N. P.; Gloeckner. C.
J. Am. Chem. S0d.997,119, 631.

(14) Shriver, D. F.; Drezdon, M. AThe Manipulation of Air-Sensite
CompoundsJohn Wiley: New York, 1986.

(15) Markham, R. T.; Dietz, E. A.; Martin, D. Rnorg. Synth 1976 16,
153.

(16) (a) Nah, H.; Wrackmeyer, BNuclear Magnetic Resonance Spec-
troscopy of Boron CompoungdSpringer Verlag: Heidelberg, 1978;
pp 340-344. (b) Nainan, K. C.; Ryschewitsch, G. EBorg. Chem
1969 8, 2671.

(17) Greenwood, N. N.; Kennedy, J. D.; Thornton Pett, M.; Woolins, J. D.
J. Chem. Soc., Dalton Tran$985 2397.

(18) Bould, J. Pasieka, M.; Braddock-Wilking, J.; Rath, N. P.; Barton, L.;
Gloeckner, COrganometallics1995,14, 5138.



Degradation and Modification of Metallaboranes Inorganic Chemistry, Vol. 38, No. 23, 199%417

[¢}]
c
% % separated to allow a determination, by peak integration, that they were
_ = g 22 present as a 50:50 mixture. After an additional 31 h afG0small
s @ Qg I B § amounts of [(PP}(CO)OsBHs] and BHy-PPh were observed. Ad-
o < o © E': o o~ o o3 7 E dition of excess PRhto a sample of the 50:50 mixture @a and
g |5 |Co F|T| "o cogs 3 [(PPhy),(CO)OsBHg] followed by warming to 40C for a day resulted
o ezl 2 2T TTTT =E in th lete di f dntkavi tiall
P SE|=1 o} o+ FF T T < in the C?mp e e12 isappearance of compoudntkaving an essentially
= ox| S5 @) o8 pure solution of2a
; " |3 % 238 Synthesis of { (PPhg),(CO)OsB;H7} (BH,-PPhMe)] (2b). A 0.252
~ § 1 $ || Ve®2 5 f g (0.321 mmol) sample of was added to a 50 mL two-neck round-
; e A= $ cF' ? % @ % bottom flask attached to a small condenser on the vacuum line. Into
£ ~ B the flask was transferred 20 mL of dry distilled g, on the vacuum
o 8
o % 3 line, and under K flow, 0.072 mL (0.383 mmol) of PBMe was
T > § 3 introduced via syringe. The mixture was stirred and allowed to reflux
e 2l e [ > g for 16 h. The solvent was removed on a rotary evaporator and the
QO |2 |« a4 <7 €5 product recrystallized by dissolving it in GBI, and adding Hi, to
o~ L s V|| TNAD O ®W © ¢
A |d N olf|lemsdN ©ogh gL afford 261 mg of product corresponding to an 82% yield. The purity
S Q|1 S LLEE TYT? -, of the species was confirmed by NMR spectral data, which are found
= o2 < g2 in Table 1. The IR spectrum db showedvgy at 2522 andvco at
£ 5 ) S = . . .
a QN/(% -f;'q g o~ ,;ig. 1941 cm™. Elemental analysis for 4Hs:CIP;BsOsO{i.e., containing
T ;__e‘ j S Llm|aw 5 T8 0.5 mol of solvent a§(PPh)(CO)OsBH7} (BH,-PPhMe)-0.5CHCI}
A - R SIETTY S gave C, 57.45; H, 5.04; calcd C, 57.66; H, 5.03. Crystals suitable for
o, xg X-ray diffraction were grown as thin colorless plates from CERELO.
B T Synthesis of [2,2,2-(PP¥)»(CO)-nido-2-OsBiH+-3-BH.-PMe3] (2c).
< . e 3 y @ % A 0.206 g (0.256 mmol) sample dfwas added to a 50 mL two-neck
§ s Sl [ I 2o round-bottom flask attached to a small condenser. Unddtod, 20
= _Dé’ = :f - ; og oY : % = mL of dry distilled benzene was introduced using a syringe. The flask
o a o E‘—f’ TS G audaSs =B was attached to a vacuum line, via the condenser, and evacuated, and
g x| = to+t++ 101 2 0.247 mmol of PMgwas condensed in at196 °C from a calibrated
g @ % *g © flask. The mixture was stirred for 22 h at 80 and then slowly cooled
= |9 % oo 3 ~ 0 % to room temperature. Solvent was removed on a rotary evaporator, and
& 8 5) m_’gim_ o ) %_g the product was identified, in quantitative yield, 2s by its NMR
3 | d o g o [ 3 8 spectral data, which are given in Table 1. The IR spectrugtshowed
i A EEEEE o o < é’\:_ ven at 2517 andico at 1940 cm™. Elemental analysis for HssP:Bs-
e) a a PRSI Te OsO gave unsatisfactory results.
% - + 4+ o5 Thermolysis of 2a, 2b, and 2cNMR samples consisting of 20 mg
?.8 5 § of sample dissolved in 1 mL of CDgWwere heated at 48C for 17 h,
[ é — examined using proton NMR spectrometry, then heated &Cstor
ﬁ %‘ E_‘ § N o 10 § =) § % :?easl?;i;g?ilzﬁ Tn ir;cz) I(Z.x;lmined again spectrometrically. The results
O | & ~| > — [ :
ﬁ_ 5 % e ,ﬂ, © (‘: < ﬂ, > @ gi Synthesis of dppe Adducts of OsBHo(PPhs)(CO): [{(PPhs)2-
orlS | ElF|lo OBt IaR §3 (CO)OsBH7} (BH2+dppe)] (3a) and [2,2-(PPB)(CO)-nido-2-OsBH+-
= g:{ % 2 Lo FRETYTTTE g @ 7%-3,2-(BH,-dppe)] (4a). A 135 mg (0.168 mmol) sample of Ogie-
ooy _|= S (PPh)2(CO) and 68 mg (0.171 mmol) of dppe were placed in a one-
g fr 9\% - % % % neck 50 mL round-bottom flask, and 10 mL of @, was condensed
‘6}'{ 8 N co_"g @ | O ~ o 5 into the flask at—198°C. The mixture was allowed to warm to room
% L‘g = S59 |0 S x3 temperature and stirred for 4 days. After being concentrated to about
8 o f ++ + % o 'ﬂ, % S 0.5 mL, by rotary evaporation, the solution was applied to a TLC plate
SRS £l- 150 % g (with silica gel to a thickness of 0.1 cm) and separated using 70:30
09 L 22929 53 CH,Cl/CsH1, as the mobile phase. A large bandRa0.5 was shown,
&_Jw,\g, +4+ < o by 3P NMR spectrometry, to consist of a mixture of two dppe
@? N i S complexes ofl, about 96 mgca. 50% yield. The mixture of complexes
ad|s ® © o X I %_ was redissolved in 0.5 mL of G&l, and subjected to a second TLC
LN %-3) 3| <o @ = % d 3 separation using 60:40 GHI/CsHio. [2,2,2-(PPB)2(CO)-nido-2-
m_ g s < g én ,ﬂ, ¥ I .ﬂ, o R3] OsBH7-3-(BH2-dppe)] Ba) was isolated aR: 0.4 in 9.3% yield (63
b S~ %3, Flo %{ N ?'.B o ® ;’) g’ % g g— mg) and [2,2-(PP$(CO)-nido-2-OsBH7-1?-3,2-(BH,+dppe)] éa) atR:
L .'g 9/5)’%: I ‘l’l’ S|7 |6 SoSoSdd Sod Sgvo 0.3 in 9.7% yield (14 mg). These yields were not optimized. Using a
£T|QF 2o |F to+++1 111+ O°a chromatotron, starting with 50 mg (0.062 mmol) hfyields of 66%
2 8 5 Lo_‘-di'i & % %r% 3a (49 mg, 0.041 mmol) and 19%a (11 mg, 0.012 mmol) were
@':'_w. <7 S g ‘fi o o V2 g E obtained. Attempts to grow crystals suitable for X-ray diffraction were
I|® |+++ |0 = o ¢ unsuccessful. NMR data f8a and 4a are found in Tables 3 and 4
@ — < o ’
% g &/ % @ 'ﬂ’ %% 5 respectively, along with data foRb for comparison. Elemental
o £ = -G Gmg i<} analysis: 3afor Cs3Hs3BsOOsR gave C, 61.79; H5.30; calcd C, 62.83;
% 8 o g g vy o) ,«%‘ H, 5.27. Compoundagave unsatisfactory results. Mass spectrometric
A+ oL data: LRMS, VG ZAB with 3-NBA, calcd for GsHgBsOO
SO °¥s ata: (a) , wi , caled for GaHeaBsOOsR
© = g N @ [M]*1205.2, obsd 1204.3%448 HRMS, VG ZAB with 3-NBA, calcd
5_ & % a ol 3 for C4sH4gBsOOsR [M + Li — H]* 948.312, obsd 948.309. The mass
o5 2 55 e 2 = E 2 envelopes for the measured masses for I3attand 4a match those
-9 fol e 2 BARETND 52 calculated from the known isotopic abundances of the constituent
| p|aaa s OCrTddy Q8L 1SOP0P ! :
E al g % tm0OIOCITITTS 8 4 % elements_. The dat_a are avallat_JIe as Suppqrtlng Information.
kS 3 £ < $2 Reaction of 1 with dppe Monitored over Time in an NMR Tube.
—c N 1:1 Mole Ratio. A 25 mg sample of OsgHs(PPh)2(CO) and 13 mg
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Table 2. Results of the Thermolysis of [(PRRCO)OsBH7BH.-PPh] (2a), [(PPh)(CO)OsBH:-BH,-PPhMe] (2b) and
[(PPhy)»(CO)OsBH7-BH*PMey] (2¢), in CHCl; Solution Followed by*H NMR Spectroscopic Examinatidn

2a, 2b, 2c,
temp €C), time (h) thermolysis products L'=PPh L' =PPhMe L' = PMeg 1
40,17 h l3OsSBsHgoe L' 53 85 66 0
L30sBsHg 47 15 0 89
L;O0sBHg 0 0 34 11
40,35h LsOSBsHq L’ 37 80 51 0
L30sBsHg 63 20 0 85
L3O0sBiHg 0 0 49 15
40,35h;50,18h LOSBsHg L’ 18 51 0
L30sBsHg 60 35 0 46
L30sBiHsg 22 14 100 54

a Also included are data for thermolysis of [(PHCO)OsBHg] (1). (PPh)2(CO) is abbreviated assLValues in percent normalized to 100%.
Obtained by relative peak area measurement for the bridging proton resonances.

Table 3. 1B, H, and®P NMR (0, ppm) Data for [2,2,2-(PR}p(CO)-nido-2-OsBH7-3-(BH,-PPhMe)] (2b),
[2,2,2-(PPB)2(CO)-nido-2-OsBH7-3-(BH.-dppe)] Ba), with Data for [2,2,2-(PP§)2(CO)-nido-2-OsBH7-3-(BH.-dppp)] @b) and
[2,2,2-(PPB)2(CO)-nido-2-OsBH7-3-(BH2:dppm)] 30

(PPh)y(CO)OsBHy(MePhPy  (PPh)y(CO)OsBHg(dppe}  (PPh)2(CO)OsBHg(dppp) (PPhy)5(CO)OsBHg(dppm}:

mode/nucleus (2b) 31P{1H} (3a) 31P{1H} (3b) 31P{1H} (30) 31P{1H}
P(2y +14.6,t, J=12.1 +13.9,t,J=11 +14.3,t, J=11.0 +13.4,t,J=10.6
P(1y +9.5,d,J=9.7 +9.8,d,J=10 +9.2,d, J=10.3 +9.6,d, J=10.6
P(3) +13.9 (br) +22.1,d, J=42 +19 (br) +19.9,d, J=36.6
P(4) —11.4,d, J= 42 -18.3 -25.8,d,J=136.6
(PPh)2(CO)OsBHg(MePhPY (PPR)2(CO)OsBHs(dppe} (PPR)2(CO)OsBHse(dppp}: (PPh)2(CO)OsBHs(dppm}:
(2b) (33 (3b) (39
mode/nucleus g 1H{11B} g 1H{ 118} ug 1H{ 1B} 1 1H{ 1B}
4 +8.6 +5.8 +8.8 +5.45 +8.53 +5.44 +8.3 5.47
3 +8.6 c +8.8 c +8.53 c +8.3 c
5d -16.3 +1.2,d, —-14.9 +1.34 —15.34 +1.31 —15.7 +1.37
J=16
1e —29.5,d, +0.06 —29.4,d, +0.17 —29.62 +0.08 —29.6,d, 0.09
J=122 J=119 J=117
6,6 —-35.5 +1.65,+1.52 —-37.9 +1.74,+1.52 —37.36 +1.66,+1.48 —34.4 +1.87,+1.64
H(3,4) —1.4 ~1.54 -1.55 -1.38
H(4,5) 2.3 —2.26 —-2.26 —-2.25
H(2,5) —-10.4 —10.31 —10.33 —10.31
H(2,3) —-9.2,J=42 —9.28,J=42 —-9.11,J=33 —9.22,0=41
CHy9 +2.15,m, 2H +2.51,m, 2H +3.27,dd, 2H
+2.30,m,1H +1.7, m, 4H Ju-p=9.5
+2.58,d, 1Hh JH—H =28
Med +1.89,d,J=10

aCDClg, 298 K.? P(2) couples with both P(1) and P(3). P(1) couples only with P(8)te of the BH(L') substituentd J(!P—1H). € J(1B—1H).
fDoublets due tc?J(3'P—!H)trans coupling.9 Methylene protons on bidentate phosphine backbbfg{3'P}spectrum: 6 +2.15 resonance,
P(4)PACH,, 6 +2.30 and+2.58 resonances are dt,BPPhCH,, J(*H—H') = 4.0, J(*H—1H) = 13.5 Hz.

of dppe were dissolved in 0.7 mL of CD{h an NMR tube. After 1 was used as eluent. [2,2,2-(RBCO)-nido-2-OsBH7-3-(BH2-dppp)]
day at room temperature, th&P NMR spectrum indicated that  (3b) was isolated aR; 0.35 in 18.6% yield (30 mg), and [2,2-(Ph
complexes3a and 4a were present in a 2:1 ratio. If the mixture is  (CO)-nido-2-OsBH7-5?-3,2-(BHy»dppp)] @b) was isolated aRs 0.45
allowed to stand for 4 days at room temperature, the ratio of two in 12.7% yield (16 mg); both yields were not optimized. Using a
complexes falls to 1:1. chromatotron, starting with 50 mg df (0.062 mmol), yields of 60%
1:2 Mole Ratio. A 30 mg sample of OsfHg(PPh),(CO) and 31 3b (45 mg, 0.037 mmol) and 22.6%b (13 mg, 0.014 mmol) were
mg of dppe were dissolved in 0.7 mL of CD@h an NMR tube. After obtained. Elemental analysi8b for CesHesBsO105P, gave C, 62.41;
3 h at room temperature, 90% of complda and only 10% of4a H, 5.68; calcd C, 63.09; H, 5.38. Compoudl gave unsatisfactory
were observed by*P NMR. After 4 days at room temperature, 75% results. Mass spectrometric dat®b{ HRMS, VG ZAB-E, FAB with

of complex3a and 25% of complexa remained. 3-NBA, calcd for 2CestHes 'B419B11%0,19%05%P, [M + H — Hj]*
Synthesis of dppp Adducts of OsBHg(PPh,)A(CO): [2,2,2-(PPhy) 1218.4034, obsd 1218.387&h) LRMS, VG ZAB-SET in FAB mode
(CO)-nido-2-OsByH7-3-(BH2-dppp)] (3b) and [2,2-(PPh)(CO)-nido- with 3-NBALI, calcd for (M + Li — H)T 12C46H40M'Bs1%%0531P5Li

2-0OsBH71?-3,2-(BHz*dppp)] (4b). A 100 mg (0.124 mmol) sample 964.32, obsd 964.33. The mass envelope for the observed spectrum
of (PPh)2(CO)OsBHy and 55 mg (0.133 mmol) of dppp were placed for 4b matches that calculated from the known isotopic abundances of
in a one-necked 50-mL round-bottom flask. To this was added 25 mL the constituent elements. A major envelope is also centered at 946.32
of freshly distilled CHCI,, and the mixture was then allowed to stirat  corresponding to [2,2,2-(PBIdppp)(CO)OsBHg|, one of the expected
room temperature for 6 h. Solvent was completely removed on a rotary degradation products ofb. The data are available as Supporting
evaporator, and NMR studies were carried out on the crude product. Information. NMR data for3b and 4b are found in Tables 3 and 4,
The 3P NMR spectrum suggested that there had been quantitative respectively, along with data fé@b for comparison.

conversion of (PPf(CO)OsBHs to compound8b and4b, in a ratio Reaction of 1 with dppp Monitored over Time in an NMR Tube.

of 2:1. The mixture of complexes was then redissolved in 0.5 mL of A 20 mg (0.025 mmol) sample of [2,2,2-(PHCO)-nido-2-OsBsHg]
CH.Cl, and applied to a TLC plate. A 60:40 mixture of @H,/CsH1» (1) and 21 mg (0.051 mmol) of dppp were placed in an NMR tube and
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Table 4. 1B, H, and®P NMR (6, ppm) Data for [2,2,2-(PR(CO)-hido-2-OsBH+-3-(BH:PPhMe)] (2b),
[2,2-(PPR)(CO)-nido-2-OsBH-7?-3,2-(BH.+dppe)] éa), [2,2-(PPh)(CO)-nido-2-OsBH7-1?-3,2-(BH+dppp)] @b), and

[2,2,2-(PPB)2(CO)-ido-2-OsBH-3-(BH,-dppp.BH)] 5

(PPh)2(CO)OsBHo(PPRMe)?  (PPh)(CO)OsBHq(dppe}  (PPh)(CO)OsBHq(dppp)  (PPh)2(CO)OsBHq(dppp)BH?
mode/nucleus (2b)31P{1H} (4a) 31P{1H} (4b) 3P{1H} (5) *WP{H}

P(2y +14.6,t, J=9.7 +14.3 +13.64 +13.60

P(1p +9.5,d,J=12.1 +10.0,d,J=10.0 +9.29,d,J=10.1 +9.13,d,J=11.9

P(3) +13.9 (br) +23 (br) +19.4 (br) +18.8 (br)

P(4) +16 (br)

(PPh)2(CO)OsBHe(PPRMe)?  (PPh)(CO)OsBHq(dppef  (PPh)(CO)OsBHq(dppp} (PPR)2(CO)OsBHo(dppp)BH:?
(2b) (49) (4b) ®
mode/nucleus 1B IH{1B} 1B H{1B} 1B H{ B} 1B H{1B}

4 +8.6 +5.8 +9.3 +5.36 +8.97 +5.38 +8.3 +5.38
3 +8.6 d +9.3 d +8.97 d +83 d
5¢ —16.3 +1.2,d,J=16 —-16.6 +1.01 —15.40 +1.25 —15.2 +1.48
1f —29.5,d,J=122 +.06 —29.1 +0.18 —29.68 —0.01 —29.7 —0.01
6,6 —35.5 +1.65,+1.52 —37.4 +1.71,+1.57 —38.57 +1.60,+1.44 —38.9 +1.62,1+1.46
7 —38.9 +0.91,d,J=16.1
H(3,4) —-1.4 —1.63 —1.61 —1.61
H(4,5) -2.3 —2.34 -2.30 —2.26
H(2,5) —10.4 —10.42 —10.35 —10.28
H(2,3p —9.2,J=42 —9.23,J=41 —9.35,J=33.1 —9.32,d,J=39.5
CH +2.5,m, 4H +2.36,m, 4H +1.77,m, 2H 2.47,2.25,1.81, each, 2H
Me® +1.89,d,J=10

aCDCls, 298 K.? P(2) couples with both P(1) and P(3). P(1) couples only with P(@nresolved tripletd Site of BHy(L") substituent® J(3P—
1H). FJ(*B—1H). 9 Doublets due tdJ(3P—'H) trans coupling." Methylene protons on the bidentate phosphine backbone.

dissolved in 1 mL of CDGl The 3P NMR spectrum was monitored
periodically at room temperature. After 1 h, 9236 and 8%4b were
present in the sample, along with traces of PRtfiter approximately
2 h, 87%3b and 13%4b were present, and after 6 h, 843b and
16% 4b were present in the solution along with ca. 2.4% PPh
Synthesis of [2,2,2-(PP¥2(CO)-nido-2-OsBH7-3-(BHz*dppm)]
(3c). A 100 mg (0.124 mmol) sample of (PRHCO)OsBHy and 53
mg (0.138 mmol) of dppm were placed in a one-neck 50 mL round-
bottom flask. To this was added 25 mL of freshly distilled £CH.
The mixture was then allowed to stir at room temperature for 6 h. The
mixture was pumped dry on a rotary evaporator, and NMR studies
were carried out on the crude product. PHe NMR spectrum showed
that there had been quantitative conversion of gpRBO)OsBH, to
compound3c. In an attempt to purify the product it was redissolved in
0.5 mL of CHCI, and applied to a TLC plate. A 50:50 mixture of
CH,Cl,/CsH1, was used as eluen{.(PPh),(CO)OsBH} (BH2-dppm)]
(3c) was isolated aR 0.5 in 35% yield (51 mg); the yield was not
optimized. However, using the chromatotron, yields of up to 83%, based
on 1, were obtained. Elemental analysi3c for Cs2Hs1BsOOsR gave
C, 60.26; H, 5.22; calcd for £Hs:BsOOsRCI, i.e., containing 0.5
mol of CH.Cl,, C, 60.76; H, 5.06. Mass spectrometric data: LRMS,
VG ZAB-E in FAB mode with 3-NBA, calcd for (M— CO)"
12Ce1' Het'Bs1%%05%'P, 1165.4, obsd 1165.4. The mass envelope for
the observed spectrum f8c matches that calculated from the known

based on 50 mg (0.062 mmol) df NMR data for5 are found in Table

4, along with data for2b for comparison. Elemental analysis for
CesHesBs0105,P, gave C, 60.61; H, 6.06; calcd C 62.38; H, 5.56. Mass
spectral data: HRMS VG ZAB, FAB with 3-NBA, calcd for
12Ce4He7MB61%011%%05% Py, (M + H — Hp)™ 1234.4393, obsd 1234.4356.

X-ray Diffraction Analysis. A thin colorless plate crystal of
compound2b was mounted onto glass fibers in a random orientation.
Preliminary examination and data collection were performed using a
Siemens SMART charge-coupled device (CCD) detector system single-
crystal X-ray diffractometer equipped with a sealed-tube X-ray source
using graphite-monochromated MooKradiation ¢ = 0.710 73 A).
Preliminary unit cell constants were determined with a set of 45 narrow-
frame scans (0°3in w). A total of 4026 frames of intensity data were
collected with a frame width of 0°3n w at a crystal-to-detector distance
of 4.91 cm. The double-pass method of scanning was used to reduce
noise. The collected frames were integrated using an orientation matrix
determined from the narrow-frame scans. The SMART software
package was used for data collection, and SAfRWas used for frame
integration. Analysis of the integrated data did not show any decay.
Final cell constants were determined by a global refinement okthe
y, zcentroids of 8192 reflection® (< 26.C¢°). Absorption corrections
were applied to the data using equivalent reflections (SADABS).
Crystal data and parameters for intensity data collection are listed in

isotopic abundances of the constituent elements. The data are availablergple 5.

as Supporting Information. NMR data f&c are found in Table 2,
along with data forzb for comparison.

Synthesis of [2,2,2-(PP¥(CO)-nido-2-OsB,H+-3-(BH2-dppp-
BH3)] (5). In a two-neck 50 mL round-bottom flask was placed 50 mg
(0.041 mmol) of3b, and the flask was then connected to a high-vacuum
line and evacuated. The flask was cooled-t996 °C, and 20 mL of
CHClI, was condensed in. The mixture was allowed to warm- %3
°C, where, under a dynamic flow of dry nitrogen gas, 0.4 mL of 1.0 M
BHs THF (0.4 mmol) was added. The solution was allowed to warm
to room temperature slowly and maintained at that temperature for 30

The SHELXTL-PLUS software packatfé was used for structure
solutions (by direct methods) and refinement. Full-matrix least-squares
refinement was carried out by minimizirgw(F,2 — F?).. The non-
hydrogen atoms were refined anisotropically to convergence. All the
hydrogen atoms, except the cage H atoms, were included in their
calculated positions. Some cage hydrogens were located from the
difference Fourier map but were not included in the final refinement
as they could not be refined to confirm their positions. The structure
refinement parameters are given in Table 5, and selected bond angles

min. Then the mixture was evacuated to complete dryness and then@nd distances are given in Table 6. A complete list of positional and

exposed to the air. AP NMR spectrum of the crude product showed
that no3b remained but a new speci€s) (was detected. This crude

isotropic displacement coefficients for the hydrogen atoms, anisotropic
displacement coefficients for the non-hydrogen atoms, and bond

product was then applied to a TLC plate and separated using a 50:50distances and angles are available as Supporting Information.

CH_Cl,/CsH12 mobile phase. [2,2,2-(PRIICO)-nido-2-OsBH7-3-(BH,*
dpppBH3)] (5) was isolated as a broad bandRut0.3 in 55% yield
(28 mg based oBb). Experiments using a chromatotron, in which the
intermediate compoun8b was not isolated, afforded yields of 42.5%,

(19) (a) Siemens Analytical X-Ray, Madison, WI, 1995. (b) Blessing, R.
H. Acta Crystallogr.1995 A51, 33—38. (c) Sheldrick, G. M. Bruker
Analytical X-Ray Division, Madison, WI, 1999.
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Table 5. Crystal Data and Structure Refinement &iy

identification code
empirical formula
fw

temp, K
wavelength, A
cryst syst

space group

unit cell dimensions

vol, A3

z

Dcaica Mg/l’ﬂ3

abs coeff, mm?

F(000)

cryst size, mr

6 range for data
collectn, deg

index ranges

no. of reflns collected

independent reflns
completeness to

0 =26.00, %
abs correctn

max and min transm

refinement method

no. of data/restraints/

param

goodness-of-fit orir?
final Rindices | >20(1)]

Rindices (all data)

b9895ns

G1Hs3BsClsO0sR
1125.44

293(2)

0.710 73

monoclinic

P2(1)
a=10.806 40(10) Ap. = 90°
b=12.0477(2) Ap = 98.2580(10)
c=19.9238(4) Ay =90
2567.03(7)
2
1.456
2.770

1128
0.1x 0.1x 0.05
1.90-26.00

-13<h=10,—14=<k < 14,
—24<1=<21
12 397
931R{int) = 0.0702]
99.9

semiempirical, sadabs

0.93 and 0.55

full-matrix least-squares én F
9311/1/577

1.015
R1=0.0738, wR2= 0.1660
R* 0.1103, wR2= 0.1837

absolute structure parameter—0.061(16)
largest diff peak and

hole, eA-3

1.874 and-1.865

Table 6. Bond Lengths (A) and Angles (deg) f@b

0s(2-C(1)
0s(2)-P(2)
0s(2)-P(1)
P(3)-B(6)
B(1)-B(5)
B(1)-B(3)
B(3)-B(4)

C(1)-Os(2-B(1)
B(1)-0s(2)-P(2)
B(1)-0s(2)-B(5)
C(1)-0s(2)-P(1)
P(2)-0s(2)-P(1)
C(1)-0s(2)-B(3)
P(2)-0s(2)-B(3)
P(1)-0s(2)-B(3)
B(5)—-B(1)—B(3)

B(5)—B(1)—0s(2)
B(3)-B(1)-0s(2)
B(6)-B(3)—-B(4)

B(6)—B(3)-0s(2)
B(4)—B(3)-0s(2)
B(1)—-B(4)—B(3)

B(1)-B(5)—B(4)

B(4)—B(5)—0s(2)

1.881(17) Os(2)B(1) 2.226(18)
2.333(4) Os(2)B(5) 2.353(17)
2.356(4) Os(2)B(3) 2.40(2)
1.92(2)  O(1¥-C(1) 1.14(2)
1.70(3)  B(1}B(4) 1.72(3)
1.76(3)  B(3}-B(6) 1.70(3)
1.85(3)  B(4}-B(5) 1.78(3)
98.9(7) C(1y0s(2-P(2)  92.6(5)
97.3(5) O(1)}C(1)-0s(2) 170.6(17)
43.5(7) P(2yOs(2y-B(5)  87.3(5)
96.0(6) B(1}Os(2-P(1) 153.6(5)
103.67(14) B(5)0s(2)-P(1) 121.1(6)
88.5(7) B(1)}-Os(2)-B(3)  44.5(6)
141.3(5) B(5)-Os(2)-B(3)  69.1(6)
114.7(5) B(5}B(1)-B(4)  62.5(14)
102.3(15)  B(4¥B(1)-B(3)  64.2(13)
72.2(9) B(4)B(1)-0Os(2) 105.8(12)
73.0(9) B(6)B(3)-B(1) 138.5(17)
133.9(16)  B(1}B(3)-B(4)  56.9(11)
130.7(12)  B(BB(3)-0s(2) 62.5(8)
95.4(12)  B(LYB(4)-B(5)  58.2(11)
58.8(12) B(5yB(4)-B(3)  96.0(12)
50.3(13)  B(1)}B(5)-0s(2) 64.2(8)
99.1(12)  B(3YB(6)-P(3)  110.7(13)

Results and Discussion

Reactions of Simple Organophosphines with [2,2,2-(PR)-
(CO)-nido-2-OsBsHg] (1). Refluxing [2,2,2-(PP$)2(CO)-nido-
2-OsBsHg] (1) with a slight excess of PRIn CH,Cl, under N

affords a pale-yellow, air-stable crystalline solid [2,2,2-(BRh
(CO)-nido-2-OsBH;-3-BH,-PPh] (2a) in essentially quantita-
tive yield. The speciega was first observed in our laboratory
as a minor impurity in the preparation bf'2along with traces

of (PPh)»(CO)(H)OsBHg2® (PPh),(CO)OsBHs, 2172l and

McQuade et al.

[(PPh)2(CO)OsBH;13).2t Mass spectrometric data for the trace
guantities obtained suggested the formulation, but identification
of 2ainitially eluded us because precedence based on electron
counting rules suggested amachnotype structuréand satis-
factory elemental analysis data were obtainable only after we
discovered how to prepare the species in reasonable quantities.
NMR data for2a are given in Table 1. ThEB NMR spectrum
exhibits four signals in a 2:1:1:1 area ratio-89.3, —16.4,
—28.9, and—34.4 ppm, respectively, and tAel{ !B} spectra
suggested the presence of five terminal and four bridging H
atoms, affording resonances #6.32, +2.09, +1.89, +1.3,
+0.26, —1.4, —2.3, —9.1, and —10.4 ppm. Two of the
resonances assigned to bridging hydrogens were at high field,
a doublet at-9.1 and a singlet at10.4 ppm, suggesting that
they were bridging to the metal atom. Selective decoupling
experiments indicated that single terminal H resonances were
associated with each of three of the boron resonances, including
the one of intensity 2, and the high-field boron resonance was
associated with two terminal H atoms. This suggested that one
boron atom had a substituent and that the substituent probably
contained a Bhigroup. In accord with this, the two inequivalent
terminal proton resonances #0.87 and+1.05 ppm feature
symmetrical, mirror-image fine structure which we attribute to
long-range'H and3!P coupling and which results in an apparent
doublet structure. This is consistent with the proposed structure
because the two hydrogens are on a prochiral center and are,
therefore, diastereotopic, thus exhibiting different chemical
shifts. Irradiation at+9.3 ppm, the boron-11 resonance of area
2, led to decoupling of the proton resonance-&t32 ppm and
the bridging H resonance at1.4 ppm. Also the doublet
resonance at 9.1 ppm showed decoupling as did the B—B
resonance at-2.3 ppm although the effect for the latter was
much weaker. This allowed assignments of the resonances for
2a given in Table 1 which were confirmed by 2-D COSY
experiments. The low-temperatid#® NMR spectrum indicated
the presence of three inequivalent P atoms; a doublet and a triplet
at +9.9 and+14.9 ppm, respectively, were assigned to the
ligands on Os, and are analogous to those seehdad [2,2,2-
(PPh),(CO)-nido-2-OsBHg] (6)11217and a broad resonance at
+24.5 ppm, suggesting that this P atom was bonded directly to
boron.

The 1B NMR spectrum of2a is similar to that of the
osmapentaborane [(PRHCO)OsBHg] (3)'1217except that one
of the resonances is shifted downfield by abett7 ppm and
there is an additional resonance, B(6), whose chemical shift of
—34.4 ppm is comparable to those for BAR; compounds (ca.
—37 ppm)1622The 1B spectrum is similarly comparable to that
of the substituted derivative [(PRRCO)OsBH-(CsHg)], 8 for
which the resonance containing the substituent is shift&é
ppm downfield from that for the unsubstituted spe@&e$hese
observations suggested tHzd is an osmapentaborane with a
pendent BH-PPhRy group bonded to one of the basal boron
atoms. Selective decoupling experiments indicated that the
pendent boron was bonded to a basal boron atom adjacent
to the Os atom, so we presumed that the reaction described in

eq i

[(PPh),(CO)OsBH,] + PPh =
[{(PPR),(CO)OsBH} (BHPPR] (1)

(20) Bould, J.; Rath, N. P.; Barton, Acta Crystallogr.1996 C52, 1388.

(21) Barton, L.; Bould, J.; Thomas, R. LI.; McQuade, P.; Rath, N. P. To
be published.

(22) Cowley, A. H.; Damasco, M.; . Am. Chem. S0d971,93, 6815.
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Figure 1. Proposed structure of [2,2,2-(P{CO)-nido-2-OsBH7-
3-BH,-PPh] (2a).

had taken place and that the structur@afvas that represented

in the sketch shown in Figure 1. Stick diagrams comparing the
1B NMR spectra of [2,2,2-(PRJp(CO)-ido-2-OsBHg] (1),112
[2,2,2-(PPR),(CO)-ido-OsBH7-4-(C4Hg)],*8 [2,2,2-nido-(PPh)-
(CO)OsBHg] (6),1” and [2,2,2-(PP§)2(CO)-nido-2-OsBH7-3-
BH,-PPhj] (2a) are given in Figure 2, and a similar comparison
for theH NMR spectra is given in the Supporting Information.

Inorganic Chemistry, Vol. 38, No. 23, 199%421

The position of the equilibrium and the tendency to degrade
to the osmapentaboraeare dependent on the base strength.
The reactions betweehand PPbBMe and PMeg afford products
analogous t@a, [2,2,2-(PPB)2(CO)-nido-2-OsB;H7-3-BH,-PPh-

Me] (2b), and [2,2,2-(PP§)(CO)-nido-2-OsBH;-3-BH,-PMej]

(2c). The details of their formation and characterization are given
in the experimental section, and NMR spectral data are given
in Table 1. As seen in Table 1, the NMR data for the three
species?a, 2b, and 2c are very similar. Results obtained for
the comparative stability of products of reactionslafith the
bases PP PPhMe, and PMeg, i.e., 2a, 2b, and2c, are given

in Table 2. Thus, PMgreacts withl to afford 2c, which on
heating does not regeneratebut degrades to [2,2,2-(PRk
(CO)nido-2-OsBHg] (6), with the elimination of BH-PMe;,
which was identified by it$?P NMR spectrum. Our inability

to obtain analytical data foRc, other than NMR spectra, is
presumably a consequence of its much greater tendency to
degrade t® than2aor 2b. The PPBMe derivative2b, is more
stable than the PRlderivative2a, and an equilibrium between

They nicely illustrate the assignments we make above. Although 1, and1 exists in which the former predominates. Thermolysis

the NMR spectra for [(PRJ(CO)OsBHg] and [(PPh),(CO)-

of 1 under the same conditions (18 h at8D) affords a 46:54

OsBiHg] leave some doubt about their structures, since all the mixture of 1 and 6. Formation of6 from the thermolysis ofl
bridging H atoms are inequivalent, we have recently determined a5 observed previously, although the earlier study reports that

their structures by X-ray crystallography and confirmed that the

much higher temperatures (10C) were required to effect

bridging H atoms are symmetrically disposed as shown in Figure complete conversion dof to 6.9

221 Attempts to obtain crystals &asuitable for X-ray analysis

Our results suggest a possible mechanism for the formation

were unsuccessful. However, we were able to demonstrateof [1-{ Fe(CO}} B4Hg] (7)2° and [4{ Fe(CO}} BsHg] (8)26 from

similar chemistry with the bases Pyland PPhHVie, and the
species [2,2,2-(PRR(CO)nido-2-OsBH;-3-BH,-PPhMe] (2b)
provided crystals suitable for a high-quality X-ray analysis.
The structure ob, represented in Figure 3, confirms that
the species is an osmapentaborane skeleton with a pendent BH
PR; group. As expected the structure differs little from that of

Fe(CO} and BHg. These species are prepared from the
thermolysis of BHg/Fe(CO} mixtures in a hot-cold reactor>26

If the reaction is carried out with frequent removal of excess
CO, which is formed in the reaction, then the principal product
is [Fe(CO}]|BsHo,2% presumably because CO serves the same
role in the latter reaction as does the addition of excess

BsHg except for features influenced by the presence of the Os phosphine in the reactions of (PJ{CO)OsBHg described

atom. Thus, the angle B(50s—B(3) is 69.1(6} as opposed
to 9C° in BsHg, and the apexbase and the baséase interboron
distances are slightly longer b than in the latte? The angle
B(1)—B(3)—B(6), 138.5(17), is quite close to the B(1)B(2)—
H(2) angle in BHy, 130(2Y, indicating that the BRtPRs moiety
occupies a location very similar to that of the terminal H atom
it supplants in BHy. Crystal data are given in Table 5, and
selected bond distances and angles are given in Table 6.

The reversibility of the reaction described in eq i was
established by heating a purified sample2afin CDCl; at 40
°C for 17 h, which resulted in recovery of 53% bf Heating
2a for extended periods at 5TC results in the formation of
[2,2,2-(PPB)2(CO)-nido-2-OsBHg] (6) and BH:-PPh. A sug-

herein. Thus, the reaction pathway illustrated in Scheme 2 is
proposed. If 4-[Fe(CQ)BsHy is the initially formed species in
the reaction, then removal of excess CO, a base, should allow
isolation of8; however, the presence of excess base could result
in a reaction shown as step 1 in Scheme 2, followed by steps 2
and 3 which are analogous to the same steps in Scheme 1. The
product of this reaction, when excess CO is not removed, is
[1-{ Fe(CO}} B4Hg] and this may be explained by the action of
base, in the form of CO, 08 to catalyze the isomerization of
[2-{ Fe(CO}} B4Hg] to 7. Such isomerization reactions have been
studied in detai’ and the most plausible mechanism involves
a diamond-square-diamond rearrangemetit.

The observed structure db may be compared to the

gested general reaction pathway is given in Scheme 1. Nucleo-Proposed structure fordBi;oPMes, which is formally isoelec-

philic attack by the phosphine BRvould be expected to take
place at a basal boron atcthAttachment of the phosphine
would supply two electrons, and thus the cluster would open
up to form an unstable intermediatrachnespecies that
rearranges, as indicated in Scheme 1, to afford [{RRPO)-
OsBH7(BH2*PRs)] (2). Loss of phosphindorane affords the
osmapentaborane [2,2,2-(RRB(CO)-nido-2-OsBHg] (6). Obvi-
ously this latter step must involve the incorporation of two
additional H atoms from solution species since [(BREO)-
OsBH7(BH»*PRs)], which is 2, contains two fewer H atoms
than the combination o6 and BH;'PRs.

(23) Onak, T. P.; Shore, S. G.; Yamauchi, /@melin Handbook of
Inorganic ChemistryBoron Compounds 20; Springer-Verlag, Berlin,
1979; New Supplement Series Vol. 54, pp 14 and 15.

(24) Eberhardt, W.; H. Crawford, B.; Lipscomb, W. M. Chem. Phys
1954 22, 989.

tronic with 2a, 2b, and2c. The hexaborane(10) monoadduct,
on the basis of NMR evidence, is postulated to be a pentaborane
cage, with the BBL group bridging adjacent basal boron atoms
rather than ébonded to a single basal B atom as we observed

(25) Greenwood, N. N.; Savory, G. C.; Sneddon, L. G.; Grimes, R. N.;
Davison, A.; Wreford, S. SJ. Chem. Soc., Chem. Commu®.74
718.

(26) Fehlner, T. P.; Ragaini, J. D.; Mangion, M.; Shore, SJ&m. Chem.
Soc.1976 18, 670.

(27) (a) Gaines, D. F. liBoron Chemistry 4, Plenary Lectures at the 4th
International Meeting on Boron Chemistrgalt Lake City, 1979;
Parry, R. W., Kodama, G. J., Eds.; Pergamon Press: Oxford, U.K.,
1980; pp 73-79. (b) Gaines, D. F.; Walsh, J. Inorg. Chem1978
17, 806. (c) Heppert, J. A.; Gaines, D.IRorg. Chem1983 22, 3155.
(d) Gaines, D. F.; Coons, D. H. Am. Chem. S0d.985 107, 3266.
(e) Gaines, D. F.; Coons, D. E.; Heppert, J.Mol. Struct. Energet.
1986 5, 91. (f) Barton, L.; Fang, H.; Srivastava, D. K.; Schweitzer,
T. A.; Rath, N. P.Appl. Organomet. Chen1996 10, 183.

(28) Hoffmann, R.; Lipscomb, W. Nnorg. Chem 1963 2, 231.
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Figure 2. Stick diagrams of thé!B NMR spectra of [(PP})2(CO)OsBHJ] (1), [(PPh)2(CO)OsBH7(CsHo)],*8 [(PPh)2(CO)OsBHg],X” and
[{(PPh)2(CO)OsBH7} (BH2PPh)] (28) (this work).

-

BsHg>8 chemistry although the published structure feHB(Me,-
NCHy),°¢4 does not contain this moiety but aBH moiety.

The degradation of metallahexaboranes to clusters containing
pendent boron atoms is a process which has only been suggested
from ab initio calculations® but our results suggest that it may

be an important new reaction mode for other borane clusters
too, and we discuss this briefly in the summary.

Reactions of Bidentate Phosphines with [(PPH(CO)-
OsBsHg] (1). The reaction of dppe with forms two products,
[2,2,2-(PPB)2(CO)-nido-2-OsBH+-3-(BH,-dppe)] @a) and [2,2-
(PPh)(CO)-nido-2-OsBH7-1?-3,2-(BH,»dppe)] @a). The pro-
posed reactions taking place are illustrated in Scheme 3. NMR
spectra suggest that specBssis similar to2a except thaBBa
contains the PRI,H4PPh group instead of the PRlgroup

Figure 3. Projection of the crystal structure @b with 30% thermal on the BH moiety, and there is a pendent BRinoup which is
ellipsoids. Only thépso-carbon atoms of the phenyl groups are shown uncoordinated, indicating the species [2,2,2-(®R80)-nido-
for simplicity. The H atoms on B(6) are in calculated positions. 2-0OsBH7-3-BH,-PPh(CH,),PPh] (3a). The NMR spectral data
are given in Table 3 and are compared to those2mi2,2,2-
Scheme 1 (PPh),(CO)-nido-2-OsB;H-3-BH,-PPhMe]. The 1B andH
o Il.: o E lgll\(/lBRHspdectra; ]fo(; t;we speci(_es [2_,2,_.?-(B,B(ChO)nicio-Z-OsBlHr ]
-(BH,-dppe)] @a) are quite similar to those for compounds
Pphs\\os\léz\\?g—ﬂ Pth\\OSf//x!aénzH 2a—c and were assigned usifgl{ !B} experiments. ThéP
oph ;{;f'n“7n-n PR PP [ \jB:H NMR spectrum exhibits resonances for the PRftoups
m ] Step T : d Ny Ter, coordinated to Os at13.9 andt+9.5 ppm, a resonance-#22.1
- B, T step 2 ppm assigned to the BRPh group, and an additional resonance
co S/ H g at —11.4 ppm. This latter is close to the value-611.9 ppm
H

for free dppe and is assigned to the other uncoordinated end of

’ / \H/‘I’\u Step 3 \ /H,B; 7/3/ the ligand. ThéP resonance for the BRPh group is assigned
PPh a—Be PPh; /OS\B\\}! by comparison with the spectra f@a—c and on the basis of
/ H o PPh H.\\,\H its broadness, which suggests that it is bonded to a boron atom.
2 from PR P—H Elemental analysis fd3a and mass spectrometry supported the
species Pty PR formulation shown a8ain Scheme 3. Many attempts to grow
o H, /B\ crystals suitable for X-ray analysis were unsuccessful. Perhaps
\ /,B_\\B/H H_ 8 this was because, in solutioBa slowly converts tata. Indeed
PPh; OSQ?’ + /B~H the initially formed solution from the reaction dfwith dppe
1>1>h/ N \;H 6 PR; contained both3a and 4a, but extended reaction times, for
3
(29) Kodama, G. IrAdvances in Boron Chemistryfy. Siebert, Ed.; Special
for 2b.9 Although we are unaware of other structurally Zzghcatlon; Royal Society of Chemistry: London, 1997; Vol. 201, p
characterized analogues2if in which there is a dangling B (30) Mebel, A. M.; Morokuma, K.; Musaev, D. G. Am. Chem. S04994

group, such species have been suggested in bgth,B and 116, 3932.
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reactions conducted and monitored in an NMR tube, showed to attack the Os atom effectively, and thus only the species
that 3a slowly converted toda. The NMR spectra foda, as [2,2,2-(PPR)2(CO)-nido-2-OsBH7-3-(BH,-dppm)] B¢) is ob-
seen in Table 4, are very similar to those 2tx and this initially served. NMR data, given in Table 3, are very similar to those
suggested two possible identities #a& The major difference  for 3a, 3b, and especiall\2b. The resonance assigned to the
betweerBa and4ais the absence of one of ti&P resonances  dangling PPhmoiety, observed at25.83 ppm, is close to the
assigned to the dangling PPgroup. This could arise from  value for free dppm of-22.26 ppm, measured under the same
intramolecular substitution for one of the phosphines on Os, conditions. These two values differ more than for the analogous
by attack of the dangling PRlroup on the Os, releasing PPh  ones observed f@aand3b, but in those cases the spacer groups
which is observed in thé'P NMR spectrum of the product between the PRmoieties are longer, so the chemical shifts of
mixture. Alternatively, the dangling PRlgroup could attack  the pendent PRhgroups in3a and 3b, would be expected to
the borane cage of another moleculeldh an intermolecular resemble those for the free ligands more closely than for dppm,
process similar to that illustrated in Scheme 1, but in this case which only has a single CHspacer group. The alternative to
PPh should not be released in the reaction. Although we were the analogues ofa and4b, i.e., a species in which the ligand
unable to obtain good elemental analysis data4ar mass bridges two{ (PPh),(CO)OsBH7-BH,} clusters was not ob-
spectrometry confirmed that the formulatiordatis [2,2-(PPh)- served, although one might expect it to be seen in more
(CO)ido-2-OsBH7-12-3,2-(BH*dppe)], and we presume that concentrated solutions.
a process shown in Scheme 3 takes place in solution. Purification Reactions of the Uncoordinated PPh Group in [2,2,2-
of these species was quite difficult due to the transformation (PPhg)2(CO)-nido-2-OsB,H7-3-(BH2-dppp)] (3b). To see
from 3ato 4a and the relatively long reaction times required whether we could form derivatives at the free phosphine moiety
for isolation of4a free of 3a. Similar chemistry was observed in 3a or 3b, we allowed3b to react with a 10-fold excess of
using the ligand dppp, to givab, [2,2,2-(PPh)(CO)nido-2- BH3-THF in CH,Cl,. TLC separation allowed the isolation of
OsBH7-3-(BH,-dppp)], and in this case, although again we were the new species [2,2,2-(PRKCO)-nido-2-OsBH-3-(BH,-
unable to grow crystals suitable for X-ray analysis, we were dpppBH3)] (5) (Figure 4) in 55% vyield, and these yields
able to obtain elemental analysis and high-resolution massincreased t@wa. 70% when separation was carried out using a
spectrometry, which supported the formulation 3w As was chromatotron. Compoun®l was characterized byB, H, and
the case for3a, 3b also slowly converts tetb, [2,2-(PPh)- 31P NMR spectroscopy, elemental analysis, and high-resolution
(CO)-ido-2-0OsBjH-2-3,2-(BH*dppp)], the dppp analogue of  mass spectrometry. TR NMR spectrum showed overlapping
4a. The®P NMR resonance for the dangling RPRind in3b is resonances at38.9 ppm arising from the B#PPh and the
—18.26 ppm and compares well to the value-ef7.3 ppm, BH3PPh moieties, and théH{!!B} spectrum shows an ad-
which we measured under the same conditions, for pure dppp.ditional resonance at2.25 ppm assigned to the 3H atoms on
Reactions betweehand dppm afforded only a single product B. The 3P NMR spectrum exhibited four resonances, two
for which NMR spectra suggested a species analogoBato assigned to the PRHtigands on the Os and two others which
and 3b with a monocoordinated bisphosphine. We conclude were quite broad, both at the low-field end of the spectrum and
from this that the free PRRend of the dppm is not long enough  in the region where phosphine boranes are usually ¥eEine
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H or in which the BH group reincorporates into the cluster to

| effect isomerization, in processes analogous to those described

B herein, could possibly account for these heretofore not well
H\ /H " / \ A understood processes.

BH, B /B\— =B _PPh, Our results involving bidentate phosphines have shown that
\ \BuOs () species such as compoubdnay be formed. The latter may be
(4)PPh, (3)PPh, '\H/ \“é\ considered to be a prototypical linked cluster. Other derivatives

(2)pph. 0 with polyborane or single metal or polymetal clusters at the
] ) 3 other end of the bidentate phosphine ligand are clearly realistic
Figure 4. Proposed structure of [2,2-(P§{CO)-nido-2-OsBiHz-3- synthetic targets. Furthermore, the chemistry leading to com-

(BH-dpppBH3)] (5). pounds4a and4b could result in the formation of linked OgB

NMR spectral data, given in Table 4, are quite similar to those cluster species if the reactions are garried out in concentrated
for the other compounds reported in this study and are strongSolutions. Our results also emphasize the importance of not
evidence of the formation of this novel example of linked borane disregarding trace products in reactions. The initial observation
moieties. Although we were unable to obtain crystals suitable Of 28 was as one of several trace byproducts, which also
for X-ray analysis and the elemental analysis data are not solncluded (PPE2(CO)(H)OsBHs, (PPh)(CO)OsBHs, [(PPh),-
good, we were able to obtain high-resolution mass spectra, (CO)OSBH14], etc., formed in the preparation of (P§4CO)-
which gave results comparable to those of the calculated OSBsHo. All aspects of this work continue.
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