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Metathesis reactions between either Srl, or Bal, and 2 equiv of the potassium phosphanide [{(Me3Si),CH}-
(C4H4-2-OMe)PIK yield, after recrystallization, the complexes [{ ((MesSi],CH)(CeHs-2-OMe)P} ,M(THF),] [M = S,
n = 2 (5); Ba, n = 3 (6)]. Similar metathesis reactions between MI, and 2 equiv of the more sterically de-
manding potassium phosphanide [{ (MesSi),CH} (CsHs-2-OMe-3-Me)PK yield the chemically isostructural complexes
[{ (Me;Si],CH)(CeHs-2-OMe-3-Me)P} ,M(THF);] [M = Ca (9), Sr (7), Ba (8)]. Compounds 5-9 have been characterized
by multi-element NMR spectroscopy and X-ray crystallography. Complex 9 is thermally unstable and decomposes
at room temperature to give the tertiary phosphane {(MesSi),CH} (C¢Hs-2-OMe-3-Me)P(Me) and an unidentified
Ca-containing product. Compounds 5 and 6 also decompose at elevated temperatures to give the corresponding
tertiary phosphane { (Me3Si),CH} (CeHs-2-OMe)P(Me) and intractable metal-containing products. The decomposition
of 5, 6, and 9 suggests that these compounds undergo an intramolecular methyl migration from the O atom in one
phosphanide ligand to the P atom of an adjacent phosphanide ligand to give species containing dianionic alkoxo-
phosphanide ligands.

nomethanidés and a tertiary phosphane-substituted aryl
. , complex?

Although, accordmg_to Pearson’s HSAB thedrgonds We recently reported the synthesis and molecular structures
between the hard alkaline earth metal cations and soft phos-¢ 5 serjes of monomeric alkaline earth metal phosphanides

phorus-donor ligands should be disfavored, this can be rr 1o it CHY(CHLA2-CHNMe) P ML) IM(L) = M
mitigated by incorporating the phosphorus donor atom into [{(MeSil.CH)(CeHs HNMez)P ML)T IM(L) 9

Introduction

an anionic ligand; a significant number of complexes ex- (4) (&) We_stekrhausen,.ih(/l.; Digisers. l\/:c H.;Eroﬂa, M.; WitCJirg, Nggalo
i f H.; Knizek, J.; Ponikwar, W.; Seifert, TEur. J. Inorg. Chem1
hibiting suph contacts have now been isolated and structurally -, (b) Westerhausen, M.. Digiser, M. H.-to H.; Seifert, T.:
characterized:® In particular, Westerhausen and co-workers Pfitzner, A.J. Am. Chem. Sod998 120, 6722. (c) Westerhausen,
i + M.; Schwarz, W.Z. Anorg. Allg. Chem.1994 620, 304. (d)
hgve demonstrated that_comp_lexes of_the iong M@Ba? _ Westerhausen. M. Digiser. M. H.: No H Knizek J.2, Anorg,
with sterically demanding silyl-substituted phosphanide Allg. Chem.1998 624 215. (e) Westerhausen, M.; Digiser, M. H.;
ligands such as (M&i),P~ may be isolated readil{.In xVemeke,M B.;SNﬂw, H.E\L;\z J(.)Inorg- Cfgergﬁggggggaég VS\/fSEe;
. . . ausen, ., ©Chwarz, . Organomet. e . g
addition, Westerhausen has |s_olated a range_pf alkaline earth  \yegierhausen, M.; Digiser, M. H.; g H.: Ponikwar, W.: Seifert,
metal 1-aza-3-phosphapropenidgosphanediide’;-¢and T.; Polborn, K.Inorg. Chem1999 38, 3207. (h) Westerhausen, M.;
; i i i Lang, G.; Schwarz, WChem. Ber1996 129 1035. (i) Westerhausen,
heter_ometalllc phosphanide and phosphanedude gILfSTéFs. M.: Hartmann, M.. Schwarz, Winorg. Ghem 1998 35, 2421. ()
Alkaline earth metal Complexes with forma"y tertiary phOS' Westerhausen, M.; Low, R.; Schwarz, W.Organomet. Cheni996
phane centers are confined to a small number of phosphi- 513 213. (k) Westerhausen, M.; Birg, C.; Krofta, M.; Mayer, P.;
Seifert, T.; Nah, H.; Pfitzner, A.; Nilges, T.; Deiseroth, H.-d. Anorg.
Allg. Chem200Q 626, 103. (I) Westerhausen, M.; Krofta, M.; Mayer,
P.Z. Anorg. Allg. Chem200Q 626, 2307. (m) Westerhausen, M.
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Study of a Series of Hegier Alkaline Earth Metals

Scheme 1 2 2-OMe)R ,M(L)] [M(L) = Sr(THF), (5), Ba(THF}) (6)] in
good yields as yellow, air- and moisture-sensitive powders,
2©\OM3 Caly/THF y Q\O .\ Q\OMG which are soluble in ethereal solvents but only sparingly
/ 4 _/ soluble in light petroleum. Multi-element', 3C{H},
R K R Ca-THF s R Me 31p{1H}) NMR spectra ofs and6 are consistent with these
(1a) @) (3a) formulations, although the third molecule of THF &
a R = (MesSi),CH. appears to be held only weakl NMR spectra recorded

on samples 06 exposed to vacuum for 10 min correspond
Ca, Sr(THF), Ba(THF)° The Ca, Sr, and Ba complexes to the formula{([Me3Si],CH)(CsHs-2-OMe)R .Ba(THF)].
are subject to an unusual monomeimer equilibrium in The sharpness of these spectra indicates that, unlike the
solution which is not observed when M Mg, due to the corresponding amino-functionalized phosphanide derivatives
high Lewis acidity of the Md" ion. While these compounds  [{ ([Me3Si],CH)(CsH4-2-CH,NMe,)P} ,M(THF)] [M = Sr,
may be routinely synthesized by a metathesis reaction be-Ba],'° compounds$ and6 do not exhibit dynamic behavior

tween 2 equiv of the potassium phosphan{d®esSi),CH} - on the NMR time scale.

(CsHs-2-CH:NMe,)P]K and the respective diiodide Mithe Whereas the reaction between £ahd 2 equiv ofla
corresponding reaction between the closely related ani-results in rapid formation of the heterocubane clugét
sole-functionalized phosphaniddg ([MesSi),CH} (CeHs-2- reactions between Srbr Bal, andlashow no evidence for

OMe)PJK (1a) and Caj yields the novel heterocubane cluster the formation of alkoxo-phosphanide products at room

[{ (MesSi].CH)(GsH4-2-O)F Ca(THF)L.4ERO (2) asthe sole  temperature; samples 6fand6 are stable both in the solid

calcium-containing product (Scheme1)Compound?2 is state and in THF solution for several weeks under am-

formed via an unusual ligand cleavage reaction which yields bient conditions. Howeve?!P NMR spectroscopy indicates

the tertiary phosphang(Me;Si),CH} (CsHs-2-OMe)P(Me) that THF solutions ob and 6 decompose when heated to

(3a) as the only phosphorus-containing side-product. We 50—60 °C for several hours, yielding the tertiary phosphane

have also noted previously that the Grignard analogues3a and unidentified phosphorus-containing products. At-

[{ ([MesSi],.CH)(CsH3z-2-OMe-3-R)RBMgBU], [R = H (4a), tempts to isolate the alkaline earth metal-containing products

Me (4b)] are unstable in THF solution, decomposing to give from these thermolysis reactions were unsuccessful.

the corresponding tertiary phosphingdsand unidentified Metathesis reactions between either,Snt Bal, and 2

Mg-containing product& equivalents of the slightly more sterically hindered potassium
To understand better this ligand degradation reaction andphosphanide{[MesSi),CH} (CsHs-2-OMe-3-Me)PIK (Lb) in

the factors governing the stabilities of these complexes, we THF give the complexes{{[Me3Si],CH)(CsHs-2-OMe-3-

have now studied the synthesis, structures, and solutionMe)P.M(THF),] [M = Sr (7), Ba (8)] in good yield (eq 1).

behavior of a series of related heavier alkaline earth metal

phosphanides. We herein report the results of this study andMml, + 2[{ (Me,Si),CH} (C6H3-2-0Me—3—R)P]KE>

provide evidence to support our contention that the forma- [{ (IMe,Si],CH)(CHz-2-OMe-3-R)B,M(L)] + 2 KI

tion of 2 proceeds via an intramolecular methyl transfer

reaction involving the putative bis(phosphanide) intermediate [R = H, M(L) = Sr(THF), (5), Ba(THF), (6);

[{ (Me3Si],CH)(CsH4-2-OMe) R ,Ca(THF),]. R = Me, M(L) = Sr(THF), (7), Ba(THF), (8)] (1)

Results and Discussion However, in contrast to the facile preparation7cdnd8,

A straightforward metathesis reaction between &rBal, the synthesis of the calcium analoggMesSil.CH)(CeHs-
and 2 equiv of the potassium phosphanifesSi);CH} - 2-OMe-3-Me)R,Ca(THF}] (9) proved far less straightfor-

(CeHa-2-OMe)PIK (La) in THF (eq 1) gives the correspond- ward. Attempts to isolate a solid product from the reaction

; ; ; between Caland 2 equiv oflb in THF under the same
ing alkaline earth metal complex e3Si].CH)(CsHs4-

g plexed(IMesSil.CH)(CeH conditions as those used in the synthesi¥ @nd 8 were
(6) (a) Westerhausen, M.; Krofta, M.; Pfitzner, Aorg. Chem.1999 unsuccessfubP and'H NMR spectra of the crude reaction

38, 598. (b) Westerhausen, M.; Schneiderbauer, S.; Knizek,"I},No  mixture indicated the formation of the tertiary phosphane

H.; Pfitzner, A.Eur. J. Inorg. Chem1999 2215. (c) Westerhausen, i . .
M.; Birg, C.; Krofta, M.; Mayer, P.; Seifert, T.; Nb, H.; Pfitzner, {(MeSSI)ZCH} (,C6H3 2-OMe-3 Me)P(_M_e) 3b) and at le_aSt
A.; Nilges, T.; Deiseroth, H.-Z. Anorg. Allg. Chem200Q 626, 1073. one other major phosphorus-containing product, which we
g’)IWeSteg;]aUS‘;gbg"égth;i M.; Mayer, P.; Warchold, MitNo  \were unable to isolate. However, when the reaction between
. Inorg. Chem. , . . . s
(7) (a) Westerhausen, M.; Krofta, M.; Wiberg, N.: tioH.; Pfitzner, A. Cal, and 2 equiv ofLb in THF was carefully maintained at

Z. Naturforsch., BL99g 53b, 1489. (b) Westerhausen, M.; Weinrich, 0 °C for 8 h, a small quantity of crystallin® could be

S.; Kramer, G.; Piotrowski, Hlnorg. Chem.2002 41, 7072. (c) ; ~ ;
Westerhausen, M.; Enzelberger, M. M.; Schwarz,JMOrganomet. isolated, after a low temperature Workup. Compoﬁhd;

Chem.1995 491, 83. stable at OC for several hours; however, room-temperature
(8) Karsch, H. H.; Reisky, MEur. J. Inorg. Chem1998 905. i i i P rapid
(9) Pape, A.; Lutz, M.; Muller, GAngew. Chem., Int. Ed. Engl994 solutions qf.g in THF show SIgns pf ex.tgnswe and P

33,2281, decomposition to3b and other unidentified phosphorus-
(10) Blair, S.; Izod, K.; Clegg, Winorg. Chem.2002, 41, 3886. containing products. Th#H and3®'P NMR spectra of are

83 glgﬂ' g:f Sgedggk.y\éie'agd\'ﬁ’..S};l;ﬁ;gg?gﬁ”;?t\?éﬁzﬁg;gj gﬁi?ﬁ. consistent with the solid-state structure (see below); these

2003 3319. spectra were obtained by carefully maintaining the sample
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Scheme 2 @ The rate of decomposition appears to be dependent on both
Ary PAr the ?onic radius (Lewis qcidity) of the metal center an_q the_

P\le_og,t,fe cal; | steric demands of the ligands: whereas decomposition is

MeO~—Li_ T Ca—THF rapid for Mg and Ca, the corresponding Sr and Ba complexes

EO Ay, o 4 are stable at room temperature. The extra steric hindrance

(10) a1 associated with the presence of a methyl group in the
a Ar = p-tolyl. 3-position of the aromatic ring appears to slow the decom-

position reaction sufficiently that the bis(phosphanide)

Scheme 3 # intermediated may be isolated, albeit only at low temper-
Me atures and in small quantities; in comparison, the formation
Me o-Me of 2 is too rapid for the intermediate bis(phosphanide) to be
, Q[OMe CalyfTHF R,p\Cé/THF isolated. N o
I _— THFf/ ~p—R There are frequently striking similarities between the
R K Me7 O chemistry of the heavier group 2 cations Ca(ll), Sr(ll), and
(1b) Y Ba(ll) and the divalent lanthanide ions Sm(Il), Eu(ll), and
Me(g) Yb(Il) due to their similar hardness, the ionic nature of the
bonding in their complexes, and their comparable ionic radii;
the ionic radius of Sr(ll) differs from those of Eu(ll) and
Sm(ll) by approximately 0.01 A, whereas the ionic radii of
Me Me Yb(ll) and Ca(ll) differ by 0.02 A4 In accord with this,
Q:OMe A o there is a remarkable similarity between the group 2 phos-
P R,P\Cé\(THF) phanide chemistry described here and that of the corre-
Me “Jn sponding Sm(Il) and Yb(ll) phosphanides. The Sm(ll) com-
@b) plexes {([MesSil,CH)(CeHs-2-OMe-3-Me)R,Sm(DME)]
? R= (MesSiCH. and [ ((Me3Sil,.CH)(CsHa-2-OMe)R ,Sm(DME)(THF)J5 and

the Sr(ll) complexes$ and 7 are stable both in the solid
state and in THF solution at room temperature. In contrast,
reactions between 2 equiv b and either Ybj or Cak yield

- > k ) . heterocubane clustets!® Reactions between 2 equiv bb
laor 1b also failed to yield simple magnesium phosphanide ;4 aither Cal or Ybl, yield unstable bis(phosphanide)

products under any conditions Qf temperature and SO"_’entcompIexeS which decompose to give tertiary phosphanes and,
that we attempted. These reactions yield only the tertiary most likely, complexes of the corresponding alkoxo-phos-
phosphane8 and intractable phosphorus-containing species. phanide dianions.

The formation of the tertiary phosphang these reac- The identities of compound5—9 were confirmed by
tions suggests that complexes between the lighter alkalinex-ray crystallography. Single crystals & and 6 were
earth metals Mg and Ca and these anisole-functionalizedoptained from methylcyclohexane/THF (10:1)-80 °C or
phosphanides are unstable at room temperature and is conhexamethyldisiloxane/THF (10:1) at 5C, respectively;
sistent with ligand degradation to form a dianionic alkoxo-  single crystals o7—9 were obtained from cold diethyl ether.
phosphanide{[(MesSi),CH} (CeHs-2-O-3-R)P}~ similar to Compoundss—9 crystallize as discrete molecular species
that observed in the reaction betwebmand Caj. in which the phosphanide ligands bind the metal centers via

Muller and Knapp have previously reported that the their P and O donors to give five-membered chelate rings;
reaction between the lithium salt of an anisole-substituted the coordination spheres of the metals are completed by either
phosphinomethanide ligand@ and Caj yields the orga-  two (5, 7—9) or three 6) molecules of THF, depending on
nocalcium heterocubane clustéd) via an in situ demethyl-  the size of the metal cation and the difference in ligand steric
ation reaction (Scheme 2J.The formation of11 was bulk associated with the presence of H or Me in the
attributed to nucleophilic attack by iodide at the carbon atom 3-position of the aromatic ring.
of a calcium-coordinated methoxy group; the other product(s) The molecular structures &fand6 are shown in Figures
from this reaction were not identified. 1 and 2, respectively, and details of bond lengths and angles

In the present case, because decomposition occurs wher@re given in Table 1. The strontium atom &nhadopts a
an iodide-free sample o is dissolved in THF, the de- distorted alltrans-octahedral geometry, whereas @nthe
composition 0 cannot be mediated by nucleophilic attack barium atom is seven-coordinate; the geometry about the
by halide; instead, we propose that this reaction involves barium atom may best be described as distorted pentagonal
the intramolecular migration of a methyl group from the oxy- bipyramidal with the sterically hindered phosphorus atoms
gen atom of one phosphanide ligand in the bls(phospha-(lg) Muller. G.: Knapp, VAngew. Chem.. Int. €001, 40, 183,
nide) complex to the phosphorus atom of the other phos- (14) shannon, R. DActa Crystallogr., Sect. A976 32, 751.
phanide ligand (Scheme 3) [i.e., nucleophilic attack by a (15) Izod, K.; O'Shaughnessy, P.; Sheffield, J. M.; Clegg, W.; Liddle, S.
coordinated phosphorus at an adjacent, coordinated methoxy, 5) Elég%r’gw(ihgg‘fo}g? Ny O'Shaughnessy, P.. Sheffield, J.
group]. M. Organometallics200Q 19, 2090.

temperature below €C during both sample preparation and
spectra accumulation.

Metathesis reactions between Mgaind 2 equiv of either
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Study of a Series of Hegier Alkaline Earth Metals

Table 1. Selected Bond Lengths (A) and Angles (deg) foand 6

5

Sr—0(1) 2.5218(17) SrP(2) 3.0255(7)

Sr—0(2) 2.5504(17) P(£)C(8) 1.884(2)

P(1)-C(1) 1.809(2) SrO(3) 2.5393(16)

P(2)-C(22) 1.890(2) SrP(1) 3.0476(6)

Sr—0(4) 2.5333(17) P(2C(15) 1.804(2)
O(1)-Sr-0(4) 95.52(6) O(1ySr—0(3) 84.12(6)
O(4)-Sr—0(3) 179.64(7) O(L)ySr—0(2) 169.52(6)
O(4)-Sr-0(2) 94.96(6) O(3)ySr—0(2) 85.40(6)
O(1)-Sr-P(2) 117.27(4) O(4)Sr—P(2) 87.45(4)
O(3)—Sr—P(2) 92.70(4) O(2ySr—P(2) 63.36(4)
O(1)-Sr—P(1) 63.69(4) O(4ySr—P(1) 95.92(4)
O(3)—Sr—P(1) 83.93(4) O(2ySr—P(1) 114.99(4)
P(2-Sr—P(1) 176.419(17) C(HP(1-C(8) 104.52(10)
C(1)~-P(1)-Sr 89.16(7) C(8yP(1)-Sr 133.33(8)
C(15)-P(2)-C(22) 105.05(10) C(15)P(2)-Sr 91.39(7)
C(22)-P(2)-Sr 135.42(8)

6
Figure 1. Molecular structure o6 with 40% probability ellipsoids, and Ba—0(3) 2.725(2) P(1yC(1) 1.808(3)
with H atoms and one disorder component omitted for clarity. SZ_ICD)(%) éigé%) Eg?)%)zz) % ggg(%)

P(2)-C(15) 1.807(3) BaP(2) 3.1529(8)

Ba—0O(5) 2.749(2) P(1yC(8) 1.878(3)

Ba—0O(1) 2.878(2)
0O(3)-Ba—0(5) 79.80(8) O(5yBa—0(4) 78.68(8)
0O(3)-Ba—0(2) 128.59(8) O(4yBa—0(2) 70.70(8)
0O(3)-Ba—0(1) 77.15(8) O(4yBa—0(1) 124.20(8)
0O(2)-Ba—0(1) 64.25(7) O(3yBa—0(4) 158.24(9)
O(5)-Ba—0(2) 145.37(8) O(5yBa—0(1) 150.17(7)
O(3)-Ba—P(2) 94.30(6) O(5yBa—P(2) 105.79(6)
O(4)-Ba—P(2) 88.44(5) O(2yBa—P(2) 58.62(5)
O(1)-Ba—P(2) 94.63(5) O(3yBa—P(1) 86.33(6)
O(5)-Ba—P(1) 103.15(6) O(4yBa—P(1) 101.69(5)
0O(2)-Ba—P(1) 98.61(5) O(%yBa—P(1) 56.90(5)
P(2)-Ba—P(1) 150.70(2) C(HP(1)-C(8) 104.44(15)
C(1)-P(1)-Ba 105.74(11) C(8yP(1)-Ba 142.34(11)

C(15-P(1)-C(22)  105.39(14) C(15)P(2-Ba  107.90(10)
C(22)-P(2)y-Ba 146.71(10)

Figure 2. Molecular structure o6 with 40% probability ellipsoids, and  for these metald? The THF ligands in all three compounds
with H atoms omitted for clarity. are each subject to disorder over two orientations.

) ) . . Interestingly, despite the difference in ionic radius be-
occupying the axial positions [the oxygen atom$ afeviate tween C&", SR+, and B&", complexes, 8, and9 crystal-

from the mean_Ba@pIane by between 0.084 and 0.675 AJ. lize as chemically isostructural bis-THF adducts. This
The P-M—O bite angles are 63.69(4and 63.36(4) for 5 behavior parallels that of the alkaline earth metal amides
and 56.90(5)and 58.62(5)for 6, consistent with the greater [M{N(SiMey)} s> [M = Mg—Ba], which, in the absence of

ionic radius of Ba than Sr. The SP distances of 3.0255(7)  44nor solvents, crystallize as isostructural dimers with an
and 3.0476(6) A irb and the Ba-P distances of 3.1572(8)

and 3.1529(8) A in6 are typical for such contact$.For
example, the StP distances if (MesSi),P}.Sr(THF), are
3.035(6) and 3.006(6) A" whereas the BaP distances in
{(MesSi),P} ,Ba(THF), are 3.185(6) and 3.190(6) A The
Sr—0O and Ba-O distances are also similar to previously
reported examples.

Compounds7—9 are chemically isostructural, although
only 7 and9 are crystallographically isomorphous, and so
only the structure o is shown in Figure 3; details of bond
lengths and angles faf—9 are given in Table 2.

All three compoundd—9 crystallize as centrosymmetric
molecules having an atlans-octahedral geometry at the
metal centers. The phosphanide ligand bite angles are
63.62(97, 59.08(3}, and 66.86(8) for 7, 8, and9, respec-
tively, and the M-P distances of 2.897(2), 3.0099(15), and ¢
3'2516(5) A for M= Ca, Sr, and Ba, reSpeCtively’ fall, once Figure 3. Molecular structure o with 40% probability ellipsoids, and
again, within the range of previously reportedH® distances  with H atoms and the minor disorder component omitted for clarity.
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Table 2. Selected Bond Lengths (A) and Angles (deg) Ter9

7
Sr—P 3.0099(15) PC(8) 1.803(6)
P—C(1) 1.885(5) SrO(2) 2.538(4)
Sr—0(1) 2.536(4)

P—Sr—0(1) 63.62(9) P-S—0(2) 86.96(10)

O(1)-Sr—-0(2)  92.33(16) StP—C(8) 93.91(18)

Sr—P—C(1) 141.4(2) C(IyP-C(8)  104.9(3)

8
Ba—P 3.2516(5) P-C(9) 1.8882(18)
P—C(1) 1.817(2) Ba-0(2) 2.7461(16)
Ba—0(1) 2.7103(14)

P—Ba—0(1) 59.08(3) P-Ba—0(2) 97.20(4)

O(1)-Ba—0(2)  93.30(5) Ba-P—C(9) 124.41(6)

Ba—P-C(1) 86.37(6) C(IyP-C(9)  104.01(9)

9
Ca-P 2.897(2) P-C(9) 1.812(5)
P—C(1) 1.883(4) Ca0(2) 2.412(3)
Ca-0(1) 2.393(3)

P—Ca-0(1) 66.86(8) P-Ca-0(2) 87.95(10)

O(1)-Ca-0(2)  93.83(12) CaP—C(8) 104.7(2)

Ca-P-C(1) 143.98(14) C(HP-C(8) 104.7(2)

M:2N, core, irrespective of the ionic radius of the metal
center?

Experimental Section

All manipulations were carried out using standard Schlenk
techniques under an atmosphere of dry nitrogen. Ether, THF,
methylcyclohexane, and light petroleum (bp—8D °C) were
distilled under nitrogen from sodium, potassium, or sodium/
potassium alloy. With the exception of THF, which was stored over
activatel 4 A molecular sieves, all solvents were stored over a
potassium film. Hexamethyldisiloxane was distilled under nitrogen
from CaH and was stored over activate A molecular sieves.

Blair et al.

THF), 3.61 (m, 8H, THF), 4.01 (s, 6H, OMe), 6:36.91 (m, 8H,
ArH). BC{H} NMR (dg-THF, 22°C): 6 1.88 (SiMe), 5.32 (d,
Jpc = 51.6 Hz, CHP), 26.63 (THF), 56.52 (OMe), 68.50 (THF),
109.25, 116.38, 122.97, 127.16 (Ar), 149.11 Js; = 49.5 Hz,
Ar), 156.27 (Ar).3'P{*H} NMR (dg-THF, 22°C): 6 —61.8.
Preparation of [{([Me3Si],CH)(CeHs-2-OMe)P} ,.Ba(THF)3]
(6). To a stirred suspension of Ba(0.50 g, 1.29 mmol) in THF
(15 mL) was added, dropwise, a solution f¥lesSi),CH} (CsHs-
2-OMe)P]IK (0.87 g, 2.85 mmol) in THF (25 mL). This mixture
was stirred for 16 h, and then solvent was removed in vacuo. The
sticky solid was extracted into ether (20 mL) and filtered, and
solvent was removed from the filtrate in vacuo to give a sticky
yellow solid, which was washed with hexamethyldisiloxanex(2
20 mL). Single crystals o6 were obtained from cold (5C)
hexamethyldisiloxane/THF (10:1 mL). These crystals rapidly lose
THF under vacuum to give a compound of approximate compaosition
from NMR data [([MesSi],CH)(CsHs-2-OMe)R ,Ba(THF)).
Yield: 0.72 g, 59%.!H NMR (dg-THF, 22°C): ¢ 0.11 (s, 36H,
SiMe;3), 0.42 (s, 2H, CHP), 1.77 (my8H, THF), 3.62 (m,~8H,
THF), 4.00 (s, 6H, OMe), 6.336.89 (m, 8H, ArH).*3C{'H} NMR
(ds-THF, 22°C): ¢ 1.52 (SiMe), 5.00 (d,Jpc = 41.3 Hz, CHP),
26.32 (THF), 56.11 (OMe), 68.17 (THF), 109.45, 115.95, 122.69,
126.82, 130.53 (Ar), 135.55 (dpc = 18.6 Hz, Ar).31P{1H} NMR
(dg-THF, 22°C): 6 —44.8.
Preparation of [{([Me3Si],CH)(CsH3-2-OMe-3-Me)P} ,Sr-
(THF)] (7). To a suspension of Sr(0.29 g, 0.85 mmol) in THF
(5 mL) was added a solution of (Me3Si),CH} (CeH3z-2-OMe-3-
Me)P]K (0.57 g, 1.69 mmol) in THF (15 mL), and this mixture
was stirred for 16 h. Solvent was removed in vacuo, and the solid
was extracted into ether and filtered. Solvent was removed from
the filtrate in vacuo, and the solid was washed with hexamethyl-
disiloxane (2x 15 mL) to give7 as a yellow powder. Yellow blocks
of 7 were obtained from cold (8C) ether. Yield: 0.49 g, 67%.
Found: C, 53.17; H, 8.52%.4H7,04P,Si,Sr requires: C, 53.29;
H, 8.52.'H NMR (ds-THF, 22°C): 6 0.14 (s, 36H, SiMg, 0.32

Deuterated THF was distilled from potassium and deoxygenated (S, 2H, CHP), 1.76 (m, 8H, THF), 2.24 (s, 6H, Me), 3.58 (m, 8H,

by three freeze pump—thaw cycles and was stored over activated
4 A molecular sieves. The compoundqNlesSi),CH} (CeHy-2-
OMe)P]K (1a) and [ (MesSi),CH} (CgH3z-2-OMe-3-Me)PIK (b)
were prepared by previously published procedditesll other
compounds were used as supplied by the manufacturer.

IH and®3C NMR spectra were recorded on a JEOL Lambda 500

spectrometer operating at 500.16 and 125.65 MHz, respectively,

THF), 4.12 (s, 6H, OMe), 6.186.71 (m, 6H, ArH).13C{1H} NMR
(dg-THF, 22°C): ¢ 1.52 (SiMe), 3.98 (d,Jpc = 61.2 Hz, CHP),
16.13 (Me), 26.25 (THF), 59.24 (OMe), 68.10 (THF), 118.86,
125.77, 127.51, 132.41, 132.50 (Ar), 153.04 Jss = 53.2 Hz,
Ar). 31P{1H} NMR (dg-THF, 22°C): 6 —68.3.

Preparation of [{([Me3Si],CH)(CsH3-2-OMe-3-Me)F} ,Ba-
(THF) ] (8). To a suspension of Ba(0.23 g, 0.59 mmol) in THF

or a Bruker Avance 300 spectrometer operating at 300.13 and 75.47(5 mL) was added, dropwise, a solution §f¥le;Si),CH} (CeHa-

MHz, respectively; chemical shifts are quoted in ppm relative to
tetramethylsilane3P NMR spectra were recorded on a Bruker

WM300 spectrometer operating at 121.5 MHz, and chemical shifts
are quoted relative to external 85%sP0,. Where possible,

2-OMe-3-Me)P]K (0.42 g, 1.20 mmol) in THF (15 mL). This

mixture was allowed to stir for 24 h, and then solvent was removed
in vacuo. The solid was extracted into ether (20 mL) and filtered.
Solvent was removed from the filtrate in vacuo, and the solid was

elemental analyses were obtained by the Elemental Analysis Servicewashed with hexamethyldisiloxane 215 mL). Yellow needles

of London Metropolitan University; due to the exceptional air
sensitivity of6 and8 and the thermal instability &, satisfactory
elemental analyses of these compounds could not be obtained.
Preparation of [{([Me3Si],CH)(CsH4-2-OMe)P},Sr(THF) ;]
(5). To a suspension of Sr(0.19 g, 0.56 mmol) in diethyl ether (5
mL) was added, dropwise, a solution §f{}1esSi),CH}(CeH4-2-
OMe)P]K (0.37 g, 1.10 mmol) in THF (20 mL). This mixture was
stirred for 5 h, and solvent was removed in vacuo. The sticky solid

of 8 were obtained from cold (%C) ether. Yield: 0.27 g, 51%H
NMR (dg-THF, 22°C): ¢ 0.10 (s, 36H, SiMg, 0.27 (s, 2H, CHP),
1.77 (m, 8H, THF), 2.14 (s, 6H, Me), 3.61 (m, 8H, THF), 4.06 (s,
6H, OMe), 6.13-6.71 (m, 6H, ArH).13C{'H} NMR (dg-THF, 22
°C): 6 1.40 (SiMe), 3.88 (d,Jpc = 48.5 Hz), 16.11 (Me), 26.22
(THF), 59.14 (OMe), 68.11 (THF), 117.46, 125.14, 127.49, 127.84,
129.26, 135.12 (Ar)3P{1H} NMR (dg-THF, 22°C): ¢ —50.3.
Preparation of [{([Me3Si].CH)(C¢H3-2-OMe-3-Me)P},Ca-

was extracted into ether (15 mL) and filtered. Solvent was removed (THF) ] (9). To a cold (0°C) suspension of Cal(0.27 g, 0.92

in vacuo from the filtrate to givé as a bright yellow solid. Single
crystals of5 were obtained from cold<30 °C) methylcyclohexane/
THF (10:1 mL). Yield: 0.32 g, 69%. Found: C, 51.41; H, 8.27.
CaeHes04P2SisSr requires: C, 52.29; H, 8.29H NMR (ds-THF,
22°C): 0 0.12 (s, 36H, SiMg, 0.41 (s, 2H, CHP), 1.76 (m, 8H,
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mmol) in THF (10 mL) was added, dropwise, a cold@) solution

of [{ (Me3Si),CH} (CeH3-2-OMe-3-Me)P]K (0.65 g, 1.85 mmol) in
THF (15 mL). The mixture was stirred at this temperature for 8 h,
and then solvent was removed in vacuo, while maintaining the
temperature below 0C. The sticky solid was extracted into cold
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Table 3. Crystallographic Data fos—9

5 6 7 8 9

formula CasHGBOaPzSiA;SI’ QOH7aBaO5P25i4 ngH7204P28i4Sr C33H7zBaO4P2$i4 C38H72C8QP25i4
fw 826.8 948.7 854.9 904.6 807.3
cryst syst orthorhombic monoclinic monoclinic , triclinic monoclinic
space group Pca2; Cc P2:/n P1 P2:/n
a, 20.7600(16) 14.0099(5) 12.2184(18) 9.4765(6) 12.259(8)
b, A 12.3207(9) 18.5854(7) 17.818(3) 11.7093(8) 17.560(10)
c, A 18.0165(14) 20.2378(8) 12.5916(18) 12.9960(8) 12.588(14)
a, deg 107.935(2)
p, deg 103.401(2) 118.471(2) 100.147(2) 118.796(18)
y, deg 111.752(2)
vV, A3 4608.2(6) 5126.0(3) 2409.7(6) 1203.59(13) 2375(3)
z 4 4 2 1 2
Pealca g CNT 3 1.192 1.229 1.178 1.248 1.129
u, mmt 1.38 0.97 1.32 1.02 0.33
reflns collected 36 861 21230 10214 10075 4113
independent reflnsRn;) 10542 (0.0358) 11 036 (0.0212) 10214 5316 (0.0210) 4113
refins withF2 > 2¢ 8819 10701 7400 4800 3827
min., max. transmission 0.596, 0.734 0.700, 0.729 0.779, 0.827 0.579, 0.629 0.878, 0.936
R, Ry [F? > 20]2 0.0291, 0.0580 0.0295, 0.0627 0.0782, 0.1942 0.0282, 0.0700 0.0616, 0.1590
R, Ry (all data} 0.0411, 0.0607 0.0309, 0.0631 0.1070, 0.2113 0.0339, 0.0730 0.0763,0.1721
Sg 0.954 1.145 1.000 1.076 1.072
largest diff. peak and 0.41,-0.36 0.69,-1.28 1.58,-1.56 0.73-0.51 0.96,-0.33

hole, e A3
absolute struct. paraf. 0.018(4) 0.530(7)

aConventionaR = Y ||Fo| — |Fell/3|Fol; Ry = [SW(Fo2 — FAYYW(FA)AY2 S= [SW(F2 — FA)¥(no. data— no. paramsj]? for all data.? Reference
17.

(0 °C) ether (20 mL) and filtered. The filtrate was concentrated to before the refinement. Compourfland6 crystallize in polar space

a volume of~5 mL and cooled to-30 °C for 48 h to give9 as groups; the absolute polarity 6fwas confirmed in the refinement,
yellow blocks. Yield: 0.20 g, 27%H NMR (dg-THF, —10 °C): and6 was found to be inversion-twinned. Programs were Bruker
0 0.12 (s, 36H, SiMg), 0.28 (s, 2H, CHP), 1.75 (m, 8H, THF), AXS SMART (control) and SAINT (integration), and SHELXTL
2.15 (s, 6H, Me), 3.59 (m, 8H, THF), 4.23 (s, 6H, OMe), 623  for structure solution, refinement, and molecular grapHics.

6.74 (m, 6H, ArH).31P{1H} NMR (dg-THF, —10 °C): 6 —74.2. .
Crystal Structure Determinations of 5—9. For 5—9, measure- Acknowledgment. We thank the Royal SOC'er' th?
ments were made at 150 K on a Bruker AXS SMART ccp EPSRC, and the University of Newcastle for financial

diffractometer using graphite-monochromated Ma Kadiation ¢ support.
= 0.71073 A) and narrow (0°3in ) frame exposures. For all

k Supporting Information Available: For 5—9, details of
compounds, cell parameters were refined from the observed

o . . - structure determination, atomic coordinates, bond lengths and
positions of all strong reflections in each data set. Intensities were angles, and displacement parameters. This material is available free

corrected semiempirically for absorption, based on symmetry- ¢ ‘charge via the Internet at http://pubs.acs.org. Observed and
equivalent and repeated reflections. The structures were solved bye, e jated structure factor details are available from the authors
direct methods or Patterson synthesis and were refinéd values upon request.

for all unique data. Table 3 gives further details. All non-hydrogen
atoms were refined anisotropically, and H atoms were constrained |C048978A
with a riding model;U(H) was set at 1.2 (1.5 for methyl groups)
d (17) Flack, H. D.Acta Crystallogr.1983 A39, 876.

times Ueq for the parent atom. Disorder was resolved and refined ;g ()"giART ‘and SAINT software for CCD diffractometers; Bruker
for coordinated THF in5 and 7—9. Crystals of7 and 9 were AXS Inc.: Madison, WI, 1997. (b) Sheldrick, G. M. SHELXTL user

nonmerohedrally twinned, so equivalent data could not be merged manual, version 6; Bruker AXS Inc.: Madison, WI, 2001.
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