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Metalation of Trimethylphosphine—Borane. Unexpected Reactivity
of a Simple Phosphine-Borane-Stabilized Carbanion toward
Siloxanes
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The reaction between trimethylphosphirfeorane 8) and 1 equiv of MeNa in diethyl ether gives the
polymeric complex{Me,P(BHs)CH,} Na(THF)]. (5@) in good yield after recrystallization from THF. In
contrast, the reaction betweé@and 1 equiv ofn-BuLi in diethyl ether gives the unusual complex
{Me,P(BHs)CHSIMe&,OLi} 4Li4(Et,0), 7 THF)1 25 (6), which crystallizes as a cluster containing
[Me,P(BH;)CHSIMe0]? siloxy-functionalized carbanions formed via the reaction betweea-ithiated
intermediatg Me,P(BHs;)CH,} Li (4) and silicone grease. Although the intermedét®uld not be isolated,
reactions betweein situ-generated! and sources of M&iO (Dow Corning silicone grease, silicone all,
hexamethylcyclotrisiloxanes)) proceed cleanly to give good yields&fno reaction was observed between
4 and hexamethyldisiloxane. Reactions betwéemd8 generate half an equivalent 8fper equivalent
of 4 consumed, and the clustérreacts with excess siloxane to gi8eand unidentified products that
contain silicon, but not phosphorus; thus, the optimum ratié t@f 8 in these reactions is 6:1. Variable-
temperature'H, “Li, 'B{'H}, and3'P{'H} NMR spectroscopy suggests thts subject to dynamic
equilibria in solution that involve deaggregation of the cluster.

Introduction acterized: the complex [Li(tmedd{Me,P(BH;) CHPMe&(BH3)]
(1), reported by Weiss and Schmidbaur in 1979, crystallizes as
a-Metalated phosphineboranes are important intermediates  a separated ion pair with no close contacts between the cation
in the synthesis of a wide range of both chiral and achiral mono- and anion [tmeda= N,N,N’,N'-tetramethylethylenediamind].
and polyphosphines? In the majority of cases these species We recently reported the unusual dicarbanion complex [i(Me
are generateth situ from the reaction of a phosphiréorane Si){ n-PrP(BHs)} CCHyLi(pmdeta)} (2),5 which exhibits con-
adduct with an alkali metal alkyl such as or s-BuLi. There tacts between the lithium ions and the borane hydrogen atoms,
have been very few structural studies of this class of Compound but not between lithium and the carbanion centers [pmdeta
(see belowf® and little consideration appears to have been N N,N',N’,N’-pentamethyldiethylenetriamine]. This structural

given to how their structures and reactivities might be related. motif has significant consequences for the reactions2;of
This is in contrast to borane-free phosphine-stabilized carbanionsprotonolysis of the {)-sparteine analogue &, i.e., [[(Mes-

[R:PCR] ™ and their oxide and sulfide counterpartsfE)CR] Si){n-PrP(BHs)} CCH]Li { (—)-sparteing],, under a variety of
(E = O, S), for which underlying trends in structure and conditions leads to a 1:1 mixture of theac and meso
reactivity have been quite well establistfed. diastereomers of the bis(phosphirorane) { n-Pr.P(BH)} (Mes-

Until recently only one alkali metal derivative of a phos- Si)CHCH,],, with no evidence for stereocontrol. This clearly
phine—borane-stabilized carbanion had been structurally char- implies that the structure observed in the solid state, in which
the lithium ion is remote from the carbanion center, is
* Corresponding author. E-mail: k.j.izod@ncl.ac.uk. maintained in solution.

(1) For recent reviews see: (a) Ohf, M.; Holz, J.; Quirmbach, M.; Borner, ic findi ; ; i ;
A. Synthesis1998 1391. (b) Brunel, J. M.; Faure, B.; Maffei, NCoord. This finding, combined with the acute lack of information
Chem. Re. 1998 178180, 665. (c) Carboni, B.; Monnier, [Tetrahedron regq@ng the structures and reactivities of phOSF’ht{’mane' '
1999 55, 1197. (d) Paine, R. T.; Nb, H. Chem. Re. 1995 95, 343. (e) stabilized carbanions generally, prompted us to begin a detailed
Gaumont, A. C.; Carboni, B. Ir§cience of SynthesiKaufmann, D., i inati initi i
Matteson’ D S.. Ede. Thieme: Stuttgart, 2004: Vol 6. pp L2, investigation of these compounﬂs‘-’. In our initial experlmeflts

(2) For examples see: (a) Muci, A. R.; Campos, K. R.; Evans, DL.A.  We concentrated on the carbanion [86C{PMex(BH3)}]™,

Am. Chem. S0d.995 117, 9075. (b) Imamoto, TPure Appl. Chem1993 in which the negative charge may be delocalized across both

6565. . . the silyl and phosphineborane groups and which is exactly
(3) Schmidbaur, H.; Weiss, E.; Zimmer-Gasse ABgew. Chem., Int. . . . . . .

Ed. Engl.1979 18, 782. isoelectronic with the well-established *“trisyl” carbanion
(4) Sun, X.-M.; Manabe, K.; Lam, W. W.-L.; Shiraishi, N.; Kobayashi, (MesSi)sC~. Our investigations have revealed that this carbanion

J-i(g?'lfo-dM-}éU't\;UfF“'le-i K\%’a@Sh', EQG\TTEIUF- J-\ZA(/)O5H11_36t1- . adopts a variety of coordination modes in its complexes with

zod, K.; McFarlane, W.; Tyson, B. V.; Clegg, W.; Harrington, R. . . . - - -

W. Chem. Commur2004 570. alkali and aIkgIme earth metal cations, including a chglatmg
(6) Izod, K.; Wills, C.; Clegg, W.; Harrington, R. WOrganometallics mode (), a variety of bridging modedI(—1V), and a terminal

2006 25, 38. BHs-donor mode Y) (Chart 1). In each case coordination of

(7) 1zod, K.; Wills, C.; Clegg, W.; Harrington, R. WOrganometallics
2006 25, 5326.

(8) I1zod, K.; Wills, C.; Clegg, W.; Harrington, R. Wnorg. Chem. jn (9) For recent reviews see: (a) Izod, Kdv. Inorg. Chem 200Q 50,
press. 33. (b) Izod, K.Coord. Chem. Re 2002 227, 153.
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Figure 1. Extended polymeric structure 6 with 40% probability
v v vi ellipsoids and with H atoms bonded to carbon omitted for clarity.

Selected bond lengths (A) and angles (deg):—I84l) 2.742(2),

the metal center by the borane hydrogen atoms appears to be &la—C(1') 2.583(2), Na-O 2.3261(15), NaH(1C) 2.53(2), Na

key feature of the structure. H(1C") 2.65(3), Na--B 2.987(3), Na-B" 2.872(2), P-C(1)

Although this ligand has yielded a range of interesting and 1:7368(19), P-B 1.923(2), O-Na—C(1) 90.69(6), G-Na—-C(1)

novel compounds, its binding modes are likely to be significantly 105.42(6), O-Na---B 124.91(7), O-Na+-B" 90.43(7), B--Nar--

influenced by the steric and electronic properties of the bulky, ﬁ;?%?gﬂia’\'@fgl‘gf' ?:(2'1?}0,\(]2:.CB:(l&Nf&g(l')l\l?g'(gﬁfg’

charge-stabilizing silyl groups. In order to obtain information 94.72(8), N&—C(1)—P 122.73(10). Symmetry operators/2—x
on a system in which charge stabilization would be solely y 1. " 3/2—x, 3/2-y, 32—z '

effected by a phosphireborane group, we have now examined

the metalation of the archetypal tertiary phosphiberane asynarrangement [C(HNa—C(1') 106.22(6y; Na—C(1)—Na
MesP(BH) (3). We report below the results of this investigation, 72.61(5¥; dihedral angle between the two Japlanes= 14.1°].
including the unexpected reactivity of the corresponding These squares are further linked into a polymeric arraysyia

a-metalated derivatives toward siloxanes. 7Lyt BHs—Na interactions to give planar centrosymmetrig-Na
(BH3)2 squares [B-Na---B" 93.30(7¥; Na---B---Nd' 86.70-
Results and Discussion (7)°1; the coordination sphere of each sodium ion is completed

by a molecule of THF to give five-coordinate metal centers.

Treatment of3 with 1 equiv of eithem-BuLi or MeNa in The NaC, and Na(BHs), squares alternate along the chain to

diethyl ether, When condupted in silicone grease-free appara'[usgive a sinusoidal, ribbon-type polymer. The carbanions thus
(see below), gives solutions whos$éP{'H} NMR spectra

indi | lati f the ph . ; adopt a new binding mode for this type of ligand in which the
indicate complete metalation of the phosphi@rane 0 give 534 chelates the metal center, while simultaneously bridging
the phosphineborane-stabilized carbanion complexéée,P-

(BH)CH} M [M = Li (4), Na B)]: these crudé!P{1H} spectra to adjacent metals via both the carbanion center and the borane
3~ N ' ’ I, Chart 1). This C-bridgi d be attributed
exhibit broad quartets at1.6 ppm (pg = 87.6 Hz) and—3.3 group {/ art 1) 'S riaging made may be atiriouts

€ | to the lack of charge-stabilizing, bulky silyl groups at the
ppm (Jpg = 93.4 Hz) for4 and 5’_ respectively [cf. 0.2 ppm carbanion center, which results in decreased steric hindrance
(Jps = 57.4 Hz) for MgP(BHg) in the same solvent]. The

. . L and increased charge localization at the C atom, in comparison

relatively small chem|9al shift dlffere'nces betwe@mnd 4/5 to the silyl-substituted ligand [(M&i);C{PMexBH2)}]".

and the largeJpg coupling constants in the latter compounds o Na-C distances iba are 2.583(2) and 2.742(2) A, the

a][e _consEtent W't_h d”eprotonat|on of one of thlt_e metfh%/F’IEg_roups longer distance corresponding to the ligand that directly chelates

?1 3, we I.ave typically obse:jved anear doufb mgho hi the sodium ion; this longer distance may be attributed to the

bB cogsp_)slng constant upon-deprotonation of a phosphife o mation of a strained pseudo-four-membered chelate ring. The
orane: . . Na—C(1) distance is similar to the bridging Na&C distances

Despite numerous attempts we were unable to isolate a solid;, [{ (MesSi),CH} Nal.. [2.551(4) and 2.549(5) A whereas

sample of4 for analysis; however, the sodium compléifeP- the Na-C(1) distance is similar to the NeC distance within
(BH3)CHz} Na(THF)}. (Sa) may be obtained in good yield by 6 four-membered chelate ring if(MesSi)(Me:MeOSi)CH -
crystallization of from cold THF. ThelH, 13C{1H}, 1B{H}, Na(PhH) g« [2.7692(18) AJ! The Na—H [2.53(2) and 2.65-

and *P{'H} NMR spectra ofSa are as expected; in thi] (3) A] and the Na--B [2.872(2) and 2.987(3) A] distances are
spectrum the Cpiprotons give rise to a moderately broad  gjmijar to the corresponding distances in a range of sodium
doublet at—0.92 ppm {py = 10.7 Hz) and the Chlprotons o hjexes of the Bit anion: for example, the NeH distances
give rise to a doublet at 0.99 pprde(; = 9.8 Hz), whereas the [(pmdeta)Nag-BH.)]» range from 2.49(3) to 2.58(3) A, and

BH;s protons give rise to a well-resolved quartet of doublets o 'Na--B distances in this compound are 2.727(4) and 2.867-
centered at 0.32 ppntJey = 13.2 Hz,Jgy = 89.4 Hz). The (4) A2

coordinated THF observed in the crystal structurébaf(see Although our attempts to isolate the lithium compléxn
_below) is rapidly lost gnder vacuum and is not obsegved in either solid form were unsuccessful, we find that when a solution of
|3tls l\iMR spectra or its elemental analyses. T#g{'H} and 4in diethyl ether is left to stand f& h in thepresence of Dow

P{*H} NMR spectra of5a consist of a doublet and a broad ¢ 4ring silicone grease (used to seal the ground glass joints of
quartet at-32.5 and—4.2 ppm, respectivelyég = 89.7 Hz). the glassware), crystals of the unusual cluster complex

Compound5_a crystalh_zes asan infinite ch_am polymer; the {Me;P(BHs)CHSIMe&OLi} aLi s(ELO), 74 THF)1 25 (6) deposit:
structure of5ais shown in Figure 1, along with selected bond i, ihe presence of an excess of silicone grease compdoray
lengths and angles. Each phosphkiberane-stabilized carbanion
binds to a sodium ion via its carbanion center and one of its  (10) Boesveld, W. M.; Hitchcock, P. B.; Lappert, M. F.; Liu, D.-S.; Tian,
borane hydrogen atoms to give a pseudo-four-membered chelates. Organometallics200Q 19, 4030.

i i i _to-tai i (11) Antolini, F.; Hitchcock, P. B.; Lappert, M. F.; Wei X.-KDrgano-
ring. Two such subunits are arranged in a head-to-tail fashion metallics2003 22, 2505.

around a 2-fold rotation axis, generating a slightly puckered (1) Giese, H.-H.; Habereder, T.:"Mg H.: Ponikwar, W.; Thomas, S.:
Na.C, square with the phosphiréorane substituents adopting  Warchold, M.Inorg. Chem.1999 38, 4188.




Metalation of TrimethylphosphireBorane

be isolated in good yield as colorless blocks suitable for X-ray

crystallography. Compoun@ contains a new siloxy-function-
alized alkyl ligand, [MeP(BHz)CHSiIMeO]%~, apparently de-
rived from the reaction betweehand poly(dimethylsiloxane)

from the grease. Reactions between organometallic compounds ==
and silicone grease are rare but have some precedent; these,

usually serendipitous, reactions have recently been reviétved.
Such reactions typically fall into six categories: (i) siloxane
chain cyclization into silacrown rings, (ii) siloxane chain
fragmentation and incorporation of di- and trisiloxane ufits;
(i) “dimethylsilanone” insertion into M-X bondsi® (iv)
inorganic ring formation through incorporation of 8O,
units7 (v) incorporation of dimethylsilylene grouggand (vi)
incorporation of trimethylsiloxy group¥.

The reaction betweefhand silicone grease appears to involve
the formal insertion of a MgSiO fragment into a L+C bond.
Similar “dimethylsilanone” insertion products are obtained from
the prolonged reactions of either CuCl/(M&NPMe)Li or Et,-

PLi with silicone grease, which generate{{[Me3;SiINPMeCH,-
CuCH(PMeNSiMes)(SiMeOLi)} ]2 and [LIOSIMePEb]s, re-
spectively, in low yield.6af

The NMR spectra 06 indicate the presence of a single ligand
and a single lithium environment ids-THF at 50°C. ThelH
spectrum at this temperature exhibits a broad doubletdat2
ppm Jpn = 18.3 Hz) due to the methine proton and a singlet
at—0.03 ppm and a doublet at 1.05 ppda = 9.8 Hz) due to
the SiMe and PMe groups, respectively, along with signals
due to THF and diethyl ether; the BHbrotons were detected
by a'H{1B} experiment as a broad doublet at 0.43 pan (

= 12.9 Hz). As the temperature is reduced to ambient, these
signals broaden and de-coalesce to give multiple, overlapping
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signals that are not amenable to meaningful interpretation, but Figure 2. Variable-temperaturé.i NMR spectra of6 in dg-THF.

which suggest thai is subject to dynamic equilibria in solution.
Variable-temperaturé'P{1H} spectra also indicate thétis

subject to multiple dynamic equilibria in solution. At 8C the

31P{1H} spectrum consists of a broad quartet-&9 ppm (ps

= 84.8 Hz), along with low-intensity peaks due to hydrolysis

spectrum consists of seven signals spanning the range2133
ppm (Figure 2). As the temperature is reduced further, these
signals sharpen and change in intensity such that,6t°C,

the spectrum consists of six major signals at 2.3, 2.1, 1.7, 1.6,

products. As the temperature is decreased, this peak broadens.5, and 1.3 ppm in the approximate ratio 1:2:2:6:2:4. These
and partially de-coalesces into overlapping multiplets, which it Spectra strongly suggest th&t undergoes at least partial
is not possible to assign unambiguously. The dynamic nature deaggregation to a variety of monomeric and/or oligomeric

of 6 is exemplified by its'Li spectra: at 50C the’Li spectrum

species in donor solvents and that the dynamic equilibria

consists of a singlet at 1.68 ppm; as the temperature is decreased€tween these species are fast on the NMR time scale at elevated

this signal broadens and de-coalesces, untik-4l °C, the

(13) Haiduc, I.Organometallics2004 23, 3.

(14) (a) Churchill, M. R.; Lake, C. H.; Chao, S. L.; Beachley, OJT.
Chem. Soc., Chem. Commur@93 1577. (b) Eaborn, C.; Hitchcock, P.
B.; Izod, K.; Smith, J. DAngew. Chem., Int. Ed. Endl995 34, 2679.

(15) (a) Steiner, A.; Lawson, G. T.; Walfort, B.; Leusser, D.; Stalke, D.
J. Chem. Soc., Dalton Tran2001, 219. (b) Harvey, S.; Lappert, M. F.;
Raston, C. L.; Skelton, B. W.; Srivastava, G.; White, A.JXdChem. Soc.,
Chem. Commuril988 1216. (c) Edwards, D. A.; Harker, R. M.; Mahon,
M. F.; Molloy, K. C. J. Chem. Soc., Dalton Tran$997 3509. (d) Evans,
W.; Ulibarri, T. A.; Ziller, J. W.Organometallics1991, 10, 134.

(16) (a) Jones, R. A.; Koschmieder, S. U.; Atwood, J. L.; Bott, SJ.G.
Chem. Soc., Chem. Commu®92 726. (b) Cole, M. L.; Jones, C.; Junk,
P. C.New J. Chem2002 26, 89. (c) Zhou, X.; Ma, H.; Huang, X.; You,
X. J. Chem. Soc., Chem. Commu®95 2483. (d) Zhou, X.; Huang, Z.;
Cai, R.; Zhang, L.; Zhang, L.-XOrganometallics1999 18, 4128. (e)
Alexander, M. R.; Mair, F. S.; Pritchard, R. G.; WarrenAppl. Organomet.
Chem 2003 17, 730. (f) Neumuller, B.; Mer, A.; Dehnicke, K.; Magull,
J.; Fenske, DZ. Anorg. Allg. Chem1997 623 1306.

(17) (a) Cervantes-Lee, F.; Sharma, H. K.; Haiduc, I.; Pannell, KI.H.
Chem. Soc., Dalton Tran&998 1. (b) Smith, D. M.; Park, C.; Ibers, J. A.
Inorg. Chem.1997, 36, 3798. (c) Bottomley, F.; Karslioglu, SDrgano-
metallics1992 11, 326.

(18) (a) Jones, C.; Junk, P. C.; Smithies, N.JA.Organomet. Chem.
200Q 607, 105. (b) Bock, H.; Sievert, M.; Bogdan, C. L.; Kolbesen, B. O.;
Wittershagen, AOrganometallics1999 18, 2387.

(19) Gourdel, Y.; Granimi, A.; Pellon, P.; Le Corre, Metrahedron
Lett. 1993 34, 1011.

temperatures.

The molecular structure @&is shown in Figure 3 along with
selected bond lengths. Compourtd crystallizes with two
independent molecules in the asymmetric unit, which differ in
the coordination of two of the lithium ions; in molecule 1 Li(4)
is coordinated by a disordered mixture of THF and diethyl ether,
each of which has 50% occupancy, and Li(5) is coordinated by
a molecule of THF, whereas in molecule 2 Li(9) is coordinated
by a molecule of diethyl ether and Li(10) by a molecule of THF,
giving 6 the overall formula {Me,P(BH;)CHSIMeOLi} 4Li 4-
(THF)1.25 Et,0)2.79. In all other respects the bond lengths and
angles within the two molecules differ only trivially, and so
the following discussion is confined to molecule 1. In an
investigation of another sample of this compound we have found
other combinations of THF and diethyl ether in these positions.

The cluster has exact, crystallograpl@g symmetry along
the axis joining Li(4) and Li(5) and is built around as04
adamantoid core in which the O atoms occupy the apexes
(Figure 3b). The core contains three distinct lithium environ-
ments; Li(1/1) is coordinated by the carbanion centers and
siloxide oxygen atoms of two of the dianionic ligands in a
distorted tetrahedral geometry. Lithium ions Li(3/2.i(4), and
Li(5) are coordinated by the O atoms of these ligands and have
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Table 1. Crystallographic Data for 5a and 6

5a 6
formula CGH10BNaOP GszoﬁgLi 16015P88i3b
fw 184.0 1995.3
cryst size/mm 0.54 0.45x 0.40  0.15x 0.12x 0.10
cryst syst monoclinic tetragonal
space group 12/a P4;bc
alA 12.534(2) 19.7951(6)
b/A 14.6996(12)

c/A 13.079(3) 31.9497(18)
pldeg 102.279(8)

VIA3 2354.5(7) 12519.4(9)
4 8 4

ulmm™t 0.223 0.234
transmn coeff range 0.88%.916 0.966-0.977
no. of refins measd 11 758 91 233
no. of unique reflns 2626 18 534

Rint 0.030 0.039

no. of reflns with 2061 16921

F2> 20

no. of params 122 704
R(onF, F2> 20)a 0.039 0.039

Ry (onF? alldatay  0.115 0.111
goodness of fit 1.119 1.028

min., max. electron  0.55,—0.29 0.82,-0.39
density/e A3

aConventionalR = 3||Fo| — |Fell/S|Fol; Ry = [SW(F> — FA¥
SW(F?)Y2 S = [IW(F2 — FAZ(no. data - no. paramd¥f for all data.
bThis formula is for the two slightly different molecules together.

(PMey)}sLi are 2.16(1) and 2.17(1) AL while the Li—C distance

in [Li(tmeda)][{ (MesSi)y(Me,SICH,)C},Li] is 2.156(4) A22
The Li—O(Si) distances it range from 1.890(4) to 1.902(3)
Figure 3. (a) Molecular structure of one of the independent A and lie in the typical range for such contaéisthe Li—H
molecules of6, with 40% probability ellipsoids; disorder compo-  distances ir6 [2.06(3) and 2.07(2) A] are similar to the+H
nents and H atoms bonded to C omitted for clarity. (b) The distances in the ate complex (THEY (MesSi),CPMex(BH3)} -
adamantoid core o6. Selected bond lengths (R): Li(3)0(1) Li, which range from 2.03(8) to 2.31(6) &.

1.890(4), Li(1)-0(2) 1.893(4), Li(1)-C(3) 2.660(4), Li(1)-C(8) In order to gain greater insight into the mechanism by which
ggéggg L|1$(22); Oég)lgo%?(4l)_l(i)|—((2))(_2|-)| éAg)OZZ(A('))G égZ)u(Bz()l—) 6is _formed, we h_ave inve_stigated the reactiod ofith a varie_ty
H(2C) 2.07(2), Li(3)-0(4) 1.932(3), Li(3}-C(3) 2.170(4), Li(3)- of sﬂoxane_ species. We find that,_ yvher@!as_eacts rapidly with
C(8) 2.177(4), Li(4-0(2) 1.881(3), Li(4}-O(5) 1.973(7), Li(5> Dow Qormng S|I|cqne grease, .SI|ICOI‘1€ oil, or hexameth_yllcy-
0(1) 1.884(3), Li(5)-0(3) 1.924(6), P(1C(3) 1.7364(19), P(H clotrisiloxane (M@SiO); (8), it is inert toward hexamethyldisi-

B(1) 1.931(2), P(2)C(8) 1.7456(18), P(3B(2) 1.925(2), Si(1} loxane, clearly implying that M&iO units are required in the
C(3) 1.8555(19), Si(1yO(1) 1.6277(12), Si(2)C(8) 1.8503(18), starting material; the cleanest reactions were observed between
Si(2)—0(2) 1.6262(13). Symmetry operator:—x, —Y, z 4 and 8, which in the correct stoichiometry (see below)

reproducibly give6 in good yield.

no contacts with the carbanion centers; the coordination sphere  Compound6 reacts with exces8 (or fragments thereof) in
of Li(2/2") is completed byy'-BH3 contacts to two different ~ THF over approximately 48 h to give unidentified silicon-
carbanion ligands, whereas the coordination sphere of Li(5) is containing products an@; no other phosphorus-containing
completed by a molecule of THF and that of Li(4) by a 50/50 products are evident in th8P{1H} NMR spectrum after this
mixture of THF and diethyl ether, as described above. The time. In contrast, in the absence of siloxateappears to be
remaining lithium ions, Li(3/3, are coordinated by the car- stable in solution for long periods.
banion centers of two phosphirnborane-stabilized carbanion We also observe that 1 equiv of the phosphkiberane3 is
ligands at the edges of the cluster and have their coordinationformed for each equivalent of [MB(BH:;)CHSiM&O]?~ di-
spheres completed by a molecule each of diethyl ether; thusanion produced; this clearly suggests that the optimum ratio of
Li(3/3") is three-coordinate and adopts a trigonal-planar geom- 4 to 8 is 6:1 (i.e., 2 equiv of the carbanion for each J8&
etry. Each carbanion center therefore bridges two adjacent Li unit), since half of the initial amount of is converted intd,
ions [Li(3) and Li(1)] to give LyC, squares in which the rather tharb. Indeed, the reaction betwe&mand 6 equiv of4
phosphine-borane substituents adopt anti arrangement. proceeds cleanly according to eq 1; however, this reaction is

The Li(3)—C distances of 2.170(4) and 2.177(4) A are significantly slower than the 2:1 reaction, taking several days
significantly shorter than the Li(£)C distances of 2.525(4) and .
2.660(4) A. These latter distances are rather long for this type Chgml). }é%ﬁﬁﬁgégf i\ggglt, A.; Deubelly, B; Mier, G. J. Chem. Soc.,
OT ContaCt’_ for which the_ty_p|cal average yalue IS 2:28°A'he (22) Eaborn, C.; Lu, Z.-R.; Hitchcock, P. B.; Smith, J.@rganometallics
Li(3)—C distances are similar to the+C distances in arange 1996 15, 1651.
of silicon- and/or phosphorus-stabilized carbanion complexes; (23) For examples see: (a) Hitchcock, P. B.; Buttrus, N. H.; Sullivan,

; ; ; AL A. C.J. Organomet. Cheni986 303 321. (b) Graalmann, G.; Klingebiel,
for example, the LC distances in (tmeda){{MesSi):C u.; Clegg,%lv.; Haase, M.; Sheldrick, G. Mngew. Chem., Int. Ed. Engl.
1984 23, 891. (c) Veith, M.; Rammo, APhosphorus, Sulfur, Silicon, Relat.

(20) Schade, C.; Schleyer, P. v. Rdv. Organomet. Chenil987, 27, Elem.1997 123 75. (d) Drost, C.; Jager, C.; Freitag, S.; Klingebiel, U.;
169. Noltemeyer, M.; Sheldrick, G. MChem. Ber1994 127, 854.
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Scheme 1
n-BuLi BH; (Me,SiO); (8) BH; Me
i
Me3P(BH;) Mezl|3—CH2—Li - = MezP—CHz—S:i—O—Li
3) 4) (9) Me
+4 | -3
" BH, e
B E— MezP-CIIH—SIi—O—Li
Li  Me

to reach completion, consistent wighexhibiting a preference  stabilized carbanion complexéde,P(BHs;)CH}M [M = Li
for reaction with the intact cyclic siloxan& rather than (4), Na (B)]. The less soluble sodium complex may be

fragments of this siloxane produced during the reaction. recrystallized from THF to give polymeri¢ [Me,P(BHs)CH} -
Na(THF)L (5a), whereas the more soluble lithium compound
24 Me,P(BH;)CH,Li + 4 (Me,SiO);, — 3{Me,P 4 reactsin situwith dissolved silicone grease to give the unusual

; g cluster compleX Me;P(BH;) CHSIMeOLi} 4Li 4(EtO)p 74 THF); 25
(BHCHSIMe,OLI} Li, + 12 MeP(BHy) (1) (6), which contains a novel siloxy-functionalized alkyl ligand;
in the absence of silicone grease we were unable to isdlate
cleanly. Compound is accessible from the reaction éfwith
a variety of MeSiO sources, but not from siloxanes containing
only Me;sSiO units; compoun8 also reacts with sources of Me
SiO when these are deliberately introduced into the reaction
solution. The formation o6 appears to proceed via the formal
insertion of dimethylsilanone into the iC bond of4, followed
by deprotonation at the methylene carbon of the resulting
intermediate {Me,P(BHs)} CH,SiMe,O]lLi (9), generating 1
equiv of the free phosphireéborane3 per equivalent of siloxy
alkyl dianion. The greater reactivity toward siloxanestaind
5 in comparison to the alkali metal derivatives of the silicon-
and phosphineborane-stabilized carbanion [(W&).{ MesP
(BH3)}]~ may be attributed to the greater degree of negative
charge at the carbanion center in the former, due to decreased
opportunities for negative hyperconjugation and a consequent
increase in nucleophilicity of the carbanion.

These data strongly suggest that the initial reaction between
4 and8 involves extraction of an M&iO unit from the cyclic
siloxane, i.e., formal insertion of an M@ O unit into the Li-C
bond of4, generating the phosphir®orane-substituted lithium
siloxide intermediate{Me,P(BHs)} CH,SiMeO]Li (9) (Scheme
1). This then reacts rapidly with a second equivalent4pf
resulting in deprotonation of the methylene carbon to give a
carbanion that is stabilized by both a silyl and a phosphine
borane group, along with 1 equiv & aggregation of these
dianions then gives.

The apparent difference in reactivity between the lithium and
sodium derivativegl and 5 toward siloxanes may reasonably
be attributed to differences in their solubility. Compouhds
soluble in THF and diethyl ether and so remains in solution for
sufficient time to react with dissolved polysiloxanes; however,
compound5 is rather insoluble in these solvents and so
crystallizes from solution before any reaction with the polysi-
loxane can take place. Thusis isolated cleanly from reactions . .
carried out in glassware sealed with silicone grease, whereas Experimental Section

solutions of4 yield crystals of the cluster speciésinder these All manipulations were carried out using standard Schlenk

conditions. Indeed, compouriireacts rapidly with siloxanes  echniques under an atmosphere of dry nitrogen. THF and diethyl
when these species are deliberately introduced; treatmet of gther were distilled under nitrogen from potassium or sodium/
with one-third of an equivalent d in THF gives a solution  potassium alloy, respectively. THF was stored over activated 4 A
containingd and an unidentified phosphorus-containing product, molecular sieves; diethyl ether was stored over a potassium film.
which we were unable to isolate. Although this compound could Deuterated toluene and THF were distilled from potassium and were
not be isolated cleanly, &P{*H} NMR spectrum of the crude  deoxygenated by three freezpump-thaw cycles and stored over
reaction solution exhibits, in addition to a strong signal due to activated 4 A molecular sieves. The compounds Méad MeP-

3, a poorly resolved quartet at9.21 ppm {pg = 95.1 Hz) [cf. (BH3)?® were prepared by previously published procedures. All other
the 31P{1H} spectra of3 and5a exhibit broad, poorly resolved  compounds were used as supplieduLi was supplied by Aldrich
quartets at-0.6 ppm (pg = 58.6 Hz) and—4.2 ppm (ps = as a 2.5 M solution in hexane.

89.7 Hz), respectively], which may be assigned to a new species *H, "Li, 'B{*H}, 3C{*H}, 2°Si INEPT, and®'P{*H} spectra were
containing a phosphireborane-stabilized carbanion, possibly recorded on a JEOL Lambda500 spectrometer operating at 500.16,
corresponding to the sodium analoguetof

(24) (a) Weiss, E.; Corbelin, S.; Cockcroft, J. K.; Fitch, A. Ghem.
Ber. 199Q 123 1629. (b) Al-Juaid, S. S.; Eaborn, C.; Hitchcock, P. B;

Conclusions Izod, K. Mallien, M.: Smith, J. DAngew. Chem., Int. Ed. Englo94 33,
. . . 1268.
Metalation of MgP(BHs) (3) by either n-BuLi or MeNa (25) Schmidbaur, H.; Weiss, E.; Mer, G. Synth. React. Inorg. Met.-

proceeds rapidly to give the corresponding phosphlmaane- Org. Chem.1985 15, 401.
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194.25, 160.35, 125.65, 99.25, and 202.35 MHz, respectilidly;
13C, and 2°Si chemical shifts are quoted in ppm relative to
tetramethylsilane!!B, 7Li, and 3P chemical shifts are quoted in
ppm relative to external BFOE®), 1.0 M LiCl, and 85% HPO,,

I1zod et al.

Crystal Structure Determinations of 5a and 6.Measurements
for 5awere made at 150 K on a Nonius KappaCCD diffractometer
using graphite-monochromated Maadiation ¢ = 0.71073 A),
whereas measurements férwere made at 120 K on a Bruker

respectively. Elemental analyses were obtained by the ElementalAPEX2 diffractometer using silicon-monochromated synchrotron

Analysis Service of London Metropolitan University.
[{Me,P(BH3)CH2} Na(THF)]« (5a). A solution of MeP(BHs)

(1.81 g, 20.13 mmol) in cold-10 °C) diethyl ether (30 mL) was

added to solid MeNa (0.81 g, 21.30 mmol). The mixture was

radiation § = 0.6712 A). For all compounds cell parameters were

refined from the observed positions of all strong reflections in each
data set. Intensities were corrected semiempirically for absorption,
based on symmetry-equivalent and repeated reflections. The

allowed to attain room temperature and was stirred for 16 h. The structures were solved by direct methods and were refine2on

solvent was removeith vacuq the product was extracted into THF
(20 mL) and filtered, and the filtrate was cooled+80 °C. After
several hours colorless crystals B4 suitable for X-ray crystal-
lography deposited. Isolated yield: 1.18 g, 52.5%. Anal. Calcd for
C3H1:BNaP (111.9) (coordinated THF lost under vacuum): C 32.20,
H 9.91. Found: C 32.11, H 9.82H NMR (dg-THF, 25°C): 6
—0.92 (d,Jpy = 10.7 Hz, 2H, PCH), 0.32 (q of d Jpy = 13.2 Hz,

Jen = 89.4 Hz, 3H, BH), 0.99 (d,Jpy = 9.8 Hz, 6H, PMg). 1°C-
{*H} NMR (dg-THF, 25°C): ¢ 0.50 (br, PCH), 20.74 (d,Jpc =
30.4 Hz, PMg). 11B{1H} NMR (dg-THF, 25°C): ¢ —32.5 (d,Jps

= 89.7 Hz).3P{H} NMR (dg-THF, 25°C): 6 —4.2 (q,Jps =
89.7 Hz).

{MezP(BHg)CHSIMeZOLI}4LI4(Et20)275(THF)125 (6) To a
solution of MeP(BHs) (0.38 g, 4.28 mmol) in THF (20 mL) was
addedn-BuLi (1.71 mL, 4.28 mmol), and the resulting solution
was stirred for 2 h. The solvent was removedacuoto yield an
off-white oil. This was dissolved in diethyl ether (20 mL), and an
excess of hexamethylcyclotrisiloxane (1.56 g, 7.01 mmol) was
added. Upon standing f@ h atroom temperature, colorless block
crystals of6 deposited. Isolated yield: 0.29 g, 54.2%. Anal. Calcd
for C35H101_EB4Li308P4Si4 (9977) C 4334, H 10.25. Found: C
43.13, H 10.12!H{*'B} NMR (dg-THF, 25°C): 6 —0.72 (d,JpH
= 18.3 Hz, 4H, PSiCH)—0.05 (s, 24H, SiMg), 0.42 (d,Jpy =
13.7 Hz, 12H, BH), 1.03 (d,Jpy = 9.8 Hz, 24H, PMg), 1.10 (t,
3Jyy = 7.0 Hz, 15H, E{O), 1.77 (m, 6H, THF), 3.37 (FJun =
7.0 Hz, 10H, E4O), 3.61 (m, 6H, THF)13C{1H} NMR (dg-THF,
25°C): 6 6.43 (br, SiMeg), 14.79 (E£O), 18.15 (d,Jpc = 23.02
Hz, CH), 21.40 (dJpy = 29.7 Hz, PCH), 25.47 (THF), 65.41
(Et,0), 67.33 (THF)Li NMR (dg-THF, 25°C): 6 1.6. 11B{H}
NMR (dg-THF, 25°C): ¢ —32.7 (d,Jpg = 84.8 Hz).3P{1H} NMR
(dg-THF, 50°C): 6 —9.9 (g, Jps = 84.8 Hz).?°Si NMR (THF,
25°C): 0 —10.48.

values for all unique data. Table 1 gives further details. All non-
hydrogen atoms were refined anisotropically, and H atoms were
constrained with a riding model, except those bound to boron, which
were freely refinedU(H) was set at 1.2 (1.5 for methyl groups)
timesUgq for the parent atom. Disorder was successfully resolved
and modeled for the THF/diethyl ether combination described
above. Programs were Bruker APEX2 (control) and SAINT
(integration), Nonius COLLECT and associated programs, and
SIR97 and SHELXTL for structure solution, refinement, and
molecular graphics?
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