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The sterically demanding bis(phosphinimino)methanide [CHRRIGH,-2,4,6-Me),]~, formed by
deprotonation of the bis(phosphinimino)methane jEHPNGH.-2,4,6-Me).], has been employed in
the synthesis of a variety of homo- and heteroleptic complexes of the group 2 metals Mg, Ca, Sr, and
Ba. The crystallographically characterized magnesium complexes, the di@E(FRPNGH,-2,4,6-
Mes)2} MgCl], and the monomef CH(PhPNGH2-2,4,6-Me),} MgCI(THF)], were synthesized in a similar
manner by deprotonation of the ligand precursor with MeMgCI but crystallized either without or in the
presence of THF. The synthetically usef@iCH(PhPNGH.-2,4,6-Me),} K], formed from [CHy(Ph-
PNGH2-2,4,6-Me),] and [KN(SiMe;);] in toluene, was shown in the solid state to consist of dimeric
species formed by K-mesityl multihapto interactions. HomolegticH(PhPNGH2-2,4,6-Me),} 2Ae]
(Ae = Ca and Ba) and heterolepti€GH(PhPNGH»-2,4,6-Me),} AeN(SiMe&;),(THF)] (Ae = Ca, Sr)
complexes of the heavier alkaline earth metals Ca, Sr, and Ba were most readily provided by a “one-pot
procedure utilizing the appropriate Aetagent and variation of [CXPhPNGH2-2,4,6-Me),] and [KN-
(SiMes),] stoichiometry in THF. The complexes were shown 3p{*H} NMR to adopt variable and
hemilabile AG* = ca. 50 kJ moi?) coordination geometries involving, most likely,NC, coordination
and re-coordination. The ionic nature of the bonding was also implicated in our lack of success in the
application of these complexes in reactivity studies with a variety of bulky protic reagents. This behavior
was investigated by DFT (B3LYP/LANL2DZ) methods to highlight the differences in NBO charge
distribution between model ionic bis(phosphinimino)methanide f&diketiminato complexes.
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Introduction Chart 1
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Numerous recent advances in coordination chemistry and m thPmPth
catalysis have been dependent upon the application of stable N N ' ,L
N,N-bidentate monoanions (Chart 1). Especially prominent A Sar AR” SRAr
among these ligands have been variations upoiptiéetimi- I: —diketiminate  II: bis(phosphinimino)methyl
nato framework,I, which has proved to be extraordinarily o iff,‘j"ﬁeg_MegCSHz
amenable to precise adjustment of steric demands and charge h
donation! Indeed our own research has employed a variety of OY\rO
p-diketiminates to explore unusual catalytic reactivity and NmNJ
bonding patterns within the heavier s- and p-block métds. 7 2
A topological relationship to thes-diketiminates has led a R—N N—R R R
number of groups to explore ligands derived from the bis- aminotropiniminate bis(oxazolinyl)methyl

(phosphinimino)methanide frameworl, which offer appar- o ) . . )
ently similar potential for kinetic and electronic tuning about a denticity, donor identity, and steric demands, the data available

chelated metal centér? Despite similarities in charge, potential ~ for this class of ligand have highlighted some notable contrasts
in the provision of the coordination environment. Most evident
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5804. Tel: +44 (0)207 594 5709. E-mail: mike.hill@imperial.ac.uk. pronounced interaction between the metal center and the
1 Imperial College London. methanide (¢) carbon (Figure 1). A range of derivatives of
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Figure 1.

Cavell has exploited the possibility of further deprotonation of
this species in the isolation of a variety of methanediide
complexes? Our own work has concentrated upon N-aryl-
substituted variants, such as the mesityl derivalioe® We
have noted that occurrence of eithgr or »3-coordination is
subtly dependent upon both the identity of the metal center and
the nature and disposition of the co-ligands. Caulton has made
a similar observation with regard to Ru(ll) chemistry and has
indicated that the existence of a pronounced transannutaCm
interaction designates compounds containing this class of ligand
as true organometallic derivatives and places these ligands within
a similar category as other heteroatom (e.g., Si, S)-substituted

methanide§k This pronounced carbanionic character clearly
discriminates the bis(phosphinimino)methanides from the
p-diketiminates, where distortion of chelate ring planarity most
commonly occurs by an out-of plane folding of the ligated metal
from the coordination plane while the planarity of the (exclu-
sively sg hybridized) NCCCN chelate is maintain€dilthough

the seemingly facile annihilation of theMC, interaction hints

at an intriguing possibility for a “methyl hemilability”, we have
found that a consequent increase in the basicity and nucleophi
licity of C, also mitigates against more extensive application
of bis(phospinimino)methanide ligands as supporting environ-
ments in a catalytic and synthetic context. This submission
presents a complete account of our studies of these ligands fo
the preparation of derivatives of the group 2 metaRelated
compounds supported by stabfediketiminato ligation have
provided a starting point for many of our recent explorations
of novel heteroleptic group 2 species and our demonstration of
calcium-mediated hydroamination cataly&ié. Others have
reported the properties of homolepfiadiketiminato species as
promisingly robust and volatile precursors for the chemical
vapor deposition of alkaline earth materizgdd? We also
therefore present a critique of the potential of bis(phos-

(9) Examples of d-block bis(phosphinimino)methanide complexes: (a)
Katti, K. V.; Seseke, U.; Roesky, H. Wnorg. Chem.1987, 26, 814. (b)
Imhoff, P.; Elsevier, C. JJ. Organomet. Chen1989 361, C61. (c) Imhoff,

P.; Guelpen, G. H.; Vrieze, K.; Smeets, W. J. J.; Spek, A. L.; Elsevier, C.
J.Inorg. Chim. Actal995 235, 77. (d) Imhoff, P.; Van Asselt, R.; Elsevier,
C. J.; Zoutberg, M. C.; Stam, C. Hhorg. Chim. Actal991, 184 73. (e)
Avis, M. W.; Elsevier, C. J.; Veldman, N.; Koojiman, H.; Spek, A.lhorg.
Chem.1996 35, 1518. (f) Kasani, A.; Babu, R. P. K.; McDonald, R.; Cavell,
R. G.Organometallicsl999 18, 3775. (g) Al-Benna, S.; Sarsfield, M. J.;
Thornton-Pett, M.; Ormshy, D. L.; Maddox, P. J.;'Br®.; Bochmann, M.
Chem. Soc., Dalton Tran200Q 4247. (h) Hill, M. S.; Hitchcock, P. BJ.
Chem. Soc., Dalton Tran002 4694. (i) Evans, D. J.; Hill, M. S;
Hitchcock, P. B.Dalton Trans.2003 570. (j) Wei, P.; Stephan, D.
Organometallic2002 21, 1308. (k) Bibal, C.; Pink, M.; Smurnyy, Y. D.;
Tomaszewski, J.; Caulton, K. @. Am. Chem. So004 126, 2312.
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Chem.2001, 617, 158.
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and ref 12 for examples from heavier alkaline earth chemistry), this behavior
is considerably more pronounced in the bis(phopsphinimino)methanides.
For example, the compounds reported in ref 12 are describgé agth
short contacts to all three carbon centers in the ligand “backbone”. This is

ostensibly not the case in the bis(phopsphinimino)methanides, where the
distortion at the P(V) centers is markedly more pronounced (angles between

the PCP and NPPN planes ca’%2rsus ca. 25for the CCC and NCCN
planes).

(12) El-Kaderi, H. M.; Heeg, M. J.; Winter, C. KDrganometallic004
23, 4995,
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Figure 2. ORTEP drawing (30% ellipsoids) of the dimeric structure
of compound2a. Hydrogen atoms are omitted for clarity.

phinimino)methanides to provide comparable supporting ligation
in the exploration of novel group 2 reaction chemistry.

Results and Discussion

The synthesis of the homoleptic compourdig, and5 and
the heteroleptic compoun@s6, and7 was straightforward and
involved either the metalation of th¥-mesityl bis(phosphin-
imino)methane], with a single equivalent of MeMgCPRg,b)
or in situ metalation ol by potassium bis(trimethylsilyl)amide

(to form the potassium derivativé) and metathesis with the
appropriate alkaline earth iodide (Scheme 1) in THF. For the
heteroleptic bis(trimethylsilyl)amide6,and7, the synthesis was
carried out in a 1:1 stoichiometry and in the presence of a further
reacting equivalent of potassium bis(trimethylsilyl)amide. All
compounds with the exception &b (vide infra) were crystal-
lized from toluene solution and isolated as colorless or pale
yellow crystalline materials.

The constitution of the magnesium chloride compxyas
found to be dependent upon the conditions employed during
the synthesis and the solvent system selected for crystallization.
The reaction ofL. and a 1.0 M solution of MeMgCl performed
entirely in toluene resulted in the production of methane and
isolation of the solvent-free dime2a. Addition of THF and
crystallization from a toluene/THF mixture provided X-ray
quality crystals of the THF-coordinated monor@ér This latter
complex, once crystallized, is only sparingly soluble in aromatic
hydrocarbons. For this reason the NMR spectroscopic data listed
in the Experimental Section refer exclusively2a We interpret
this observation to reflect the maintenance of the more lipophilic
dimeric structure in noncoordinating solvents. Similar variability
in the constitution of magnesium halide derivativeslbf was
noted in the only previous report of magnesium bis(phosphin-
imino)methanidegd The NMR spectroscopic data faéaat 298
K are comparable to those of the similarly dimeri@aMg(u-

Cl)]; and are consistent with retention of {Bgsymmetric dimer

on the NMR time scale. The results of an X-ray diffraction
analysis performed cRaare illustrated in Figure 2, while details

of the analysis and selected bond length and angle data are
presented in Tables 1, 2, and 3, respectively.

(13) (a) Chisholm, M. H.; Gallucci J.; Phomphrai, &hem., Commun.
2003 48. (b) Chisholm, M. H.; Gallucci J.; Phomphrai, Kiorg. Chem.
2004 43, 6717. (c) Harder, SOrganometallic2002 21, 3782.
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Table 1. Selected Crystallographic and Data Collection Parameters for Compounds 2a, 2b, 4, 6, and 7

2a 2b 5 6 7
chemical formula @6H36C|2M92N4P4'2(C7H3) C47H51C|M9N20P2'(C7Hs) CgGngBaN4P4'0.5(C7H3) C53H69C3N30P25i2 C53H59N30P2$i28r
fw 1603.26 873.73 1482.88 922.31 969.85
T(K) 173(2) 173(2) 173(2) 173(2) 173(2)
cryst size (mrd) 02x0.1x0.1 0.30x 0.15x 0.15 0.1x 0.1x 0.1 0.30x 0.05x 0.05 0.2x 0.1x 0.1
cryst syst monoclinic tetragonal _triclinic monoclinic monoclinic
space group P2;/c (No. 14) 14 (No.82) P1 (No. 2) P2:/c (No. 14) P2;/c (No. 14)
a(h) 12.0127(3) 30.8401(2) 13.0294(2) 12.6861(6) 12.7105(1)

b (A) 11.8443(3) 30.8401(2) 13.3312(2) 22.9406(11) 23.1523(2)
c(A) 30.8127(8) 10.2288(1) 25.5773(4) 18.2982(10) 18.4217(1)

o (deg) 90 90 100.566(1) 90 0

f (deg) 96.916(1) 90 92.303(1) 104.334(2) 104.566(3)

y (deg) 90 90 118.149(1) 90 90

z 2 8 2 4 4

V (A3) 4352.2(2) 9728.73(13) 3809.47(10) 5159.5(4) 5246.85(7))

d. (Mg m=3) 1.22 1.19 1.29 1.19 1.23

w (mm-1) 0.21 0.20 0.65 0.27 1.17

6 range (deg) 3.75t0 23.02 3.741027.51 3.72t0 27.53 3.731023.03 3.751027.48
R1; wR2 ] >20(1)] 0.051,0.105 0.038, 0.083 0.047,0.088 0.089, 0.142 0.039, 0.082
R1; wR2 all data 0.076, 0.115 0.047, 0.087 0.080, 0.098 0.174,0.172 0.056, 0.089

no. of measd/indep 17 213/5578/0.062 61 840/11 117/0.064 45010/17 111/0.063 28 754/7073/0.226 66 071/11 945/0.057

rfins/R(int)
no. of rflns with 4307 9918 12 563 4054 9793
I >20(1)
Scheme 1
/Mes
PAS Ph,P—N Mes, Ph;
Ph,P PPh 2 (N—
ZI /‘\I 2 3 0.5 Ael, << \Ae‘\\\N )P>
N N / IN—F
Mes” k7 M PhZP—N Mes Ph,
4: Ae = Ca
5: Ae =Ba
KN(SiMe3), 0.5 Ael,
KN(SiM
thPﬁPth (SiMes) o) Pﬁpphz
'!l h|l MeMgCl Pth PF’hg 'L
es” Sug” s < /'LI N i Mes/ 7@/ es
e Mes Mes KN(SiMe P
x/ % 1 (sveg (MesSi)N'  THF
2a: X =p-Cl Y = —CIMgIIa 6: Ae=Ca
2b:X=ClY = 7:Ae=Sr

Compound?2a crystallized as a bis-toluene-solvated cen- by the Mg-C(1) distance of 2.787(3) A, which represents a
trosymmetric dimer from toluene solution containing a small lengthening of some 13% in comparison to that observed in
quantity of residual diethyl ether that was introduced during the N-silylated analogue [2.460(8) A]. We interpret this vari-
the synthesis. The most notable contrast within the structure of ability as a reflection of the hemilability of the highly polarized

2ato that of the previously reportetig Mg(u-Cl)]2 is provided

Table 2. Selected Bond Lengths (A) for Compounds 2a, 2b,

covalent G—Mg interaction and to indicate that relatively subtle
factors, such as crystal-packing effects and the relative delo-
calization of anionic charge into the respective mesityl versus

5,6,and 7 . . X ) . .
- " trimethylsilyl nitrogen substituents, are responsible for the ligand
2 2b ¥ 6 7 binding mode observed in the solid-state structures of these
m-mg; g-g%gg %-838% g;gg% %-ié%gg ggggzg% group 2 derivatives (vide infra). As a result of this weakened
M—CIN@3) 24151y 2.315(1) 2.331(6) 2.4740(18) {gtilﬁtéﬁn’ztzgsg??\] %(‘)%%ﬂg; tzﬁg?i%(j')aé] ;ng_f_l\/lg(ill
M—0 2.028(2) 2.433(5) : y 2 _ eng aa gnificantly
M—C(1) 2.787(3) 3.059 2.713(7) 2.861(2) shorter than the respective distances in its N-trimethylsilyl-
P(1y-N(1) 1.617(3) 1.618(2) 1.612(2) 1.609(5) 1.6042(17) substituted analogue [MeN 2.104(7), 2.163(7) A; MgCl
P(1)-C(1) 1.706(3) 1.715(2) 1.713(3) 1.733(6) 1.740(2) 2.427(3) A; Mg-ClI' 2.440(3) AJ.
P(1-C(8) 1.821(3) 1.833(2) 1.823(3) 1.807(7) 1.823(2) ) )
P(1-C(2) 1.824(3) 1.831(2) 1.822(3) 1.830(7) 1.828(2) A view of the structure of the THF-solvated monon2ris
P(2-N(2) 1.624(3) 1.625(2) 1.609(2) 1.601(5) 1.6048(17) illustrated in Figure 3. It is clearly apparent that the bis-
Eg)):ggz) iﬁgg)) i;g% gggg iégi((g igg(é)) (phosphinimino)methanide adopts a much less pronounced boat
P(2)-C(20) 1:825(3) 1:831(2) 1:841(3) 1:818(6) 1:831(2) conflgura_tlon tha_n was the case in t_he previously desc_rlbed
N(1)-C(26) 1.436(4) 1.439(2) 1.410(4) 1.444(8) 1.422(3) chloro-bridged dimers. The MgCy distance [3.059 A] IS
N(2)-C(35) 1.447(4) 1.438(2) 1.431(4) 1.415(8) 1.413(3) considerably elongated in comparison with thabf such that

a Symmetry transformations used to generate equivalent aterrs:1,
—y+1, —z+1. PMg—CI' 2.4375(13)¢ Ba—N(3) 2.756(2), Ba-N(4) 2.754(2),
P(3)-N(3) 1.604(3), P(3)C(44) 1.722(3), P(3)C(51) 1.818(3), P(3)
C(45) 1.825(3), N(3YC(69) 1.417(4), P(4yN(4) 1.602(2), P(4¥C(44)
1.702(3), P(4)-C(57) 1.817(3), P(4)C(63) 1.835(3), N(4} C(78) 1.424(4).
4Si(1)-N(3) 1.693(6), Si(2)N(3) 1.691(6).cSi(1)-N(3) 1.6866(19),
Si(2)~N(3) 1.6868(19).

the ligand is best described as providing (N)coordination.
Stephan has previously attributed the (NCiNjcoordination
mode observed in both mono- and dinuclear magnesium
complexes oflla to the Lewis acidity of the metal centét.
Although the pseudo-boat conformation of the ligand is retained
in all of the current complexes, it is again apparent that relatively
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Table 3. Selected Bond Angles (deg) for Compounds 2a, 2b, 5, 6, and 7

2a 20P 5¢ 6¢ 7e
N(1)-M—N(2) 113.44(11) 110.07(7) 89.30(7) 103.31(18) 98.97(5)
P(1)-C(1)-P(2) 130.9(2) 138.09(12) 131.40(17) 133.2(4) 132.11(12)
N(1)—-P(1)-C(1) 107.60(15) 110.09(8) 119.55(13) 107.4(3) 108.94(9)
N(1)—P(1)-C(8) 112.25(15) 114.56(8) 107.41(13) 114.3(3) 113.57(9)
C(1)-P(1)-C(8) 114.66(17) 102.89(9) 108.14(14) 107.5(3) 106.28(9)
N(1)—-P(1)-C(2) 118.55(14) 111.57(8) 110.12(13) 111.9(3) 111.90(9)
C(1)-P(1)-C(2) 101.84(16) 114.89(9) 108.46(13) 111.8(3) 112.36(10)
C(8)-P(1)-C(2) 101.76(16) 102.48(8) 101.66(12) 104.0(3) 103.64(10)
N(2)—P(2)-C(1) 108.27(15) 111.27(8) 112.68(13) 106.6(3) 108.21(9)
N(2)—P(2)-C(14) 114.36(15) 116.08(8) 111.15(12) 114.7(3) 114.50(9)
C(1)-P(2)-C(14) 107.10(16) 100.40(9) 113.95(14) 112.4(3) 112.56(10)
N(2)—P(2)-C(20) 113.21(14) 107.97(8) 116.10(13) 116.5(3) 115.65(9)
C(1)-P(2)-C(20) 110.59(16) 118.07(9) 101.50(13) 103.8(3) 102.42(9)
C(14)-P(2)-C(20) 103.11(16) 102.98(9) 100.67(13) 102.4(3) 102.92(9)

aN(1)-Mg—Cl 111.97(9), N(2-Mg—Cl 122.86(9), N(1}Mg—CI' 107.88(8), N(2-Mg—CI' 107.55(9), C-Mg—ClI' 89.25(4), Mg-Cl—Mg’ 90.75(4).
b O—Mg—N(2) 105.97(8), G-Mg—N(1) 102.95(7), G-Mg—Cl 102.38, N(2)-Mg—Cl 115.87(6), N(1}Mg—Cl 117.67(6).c N(2)—Ba—N(4) 126.95(7),
N(2)—Ba—N(3) 110.86(7), N(4)-Ba—N(3) 96.10(7), N(4)Ba—N(1) 114.74(7), N(3}Ba—N(1) 121.45(7) 3 N(3)—Ca—N(1) 133.1(2), N(3}-Ca—0 94.80(19),
N(1)~Ca—0 84.86(18), N(3)}-Ca—N(2) 109.68(19)¢ N(3)—Sr—N(1) 132.85(6), N(3}-Sr—0 96.72(6), N(1)-Sr—0 85.99(6), N(3}-Sr—N(2) 109.74(6).

Figure 4. Ball-and-stick drawing of one of the dimeric molecules

Figure 3. ORTEP drawing (30% ellipsoids) of compourat. yvithin the structure of compoungl AII_P-phenyI ca_rbons (except
Hydrogen atoms are omitted for clarity. ipso-C) and hydrogen atoms are omitted for clarity.

minor perturbation to the coordination environment is respon-  Variable-temperature NMR studies da-toluene provided

sible for significant reorganization of the ligand conformation €vidence for likely dynamic behavior in solution. At 298 K the
in the crystalline state. observedH, 13C, and®*!P{*H} NMR spectra of3 were entirely

consistent with aC,-symmetric formulation. ThéH NMR
assignments of the P-phenyl and N-mesityl methine protons
listed in the Experimental Section were confirmed by irradiation
of the various aromatic signals and NOE difference spectra. At
298 K the 3P{'H} NMR spectrum consisted of a single
resonance at 16.2 ppm. As the temperature was reduced below
ca. 230 K, however, this signal first broadened and then spilt
into an AX pattern of two resonances in a 1:1 ratio of intensity
centered at 16.5 and 15.1 ppm. At 203 K these resonances were
sufficiently well resolved to observe a homonucledpp
coupling of 20.0 Hz. At this limiting temperature thd NMR
fspectrum was considerably more complex. Dinho mesityl
Jnethyl signals split into at least four broadened signals, which

that 3, in contrast to the only previously reported potassium were shown to be interconverting on the NMR time scale by

; PR ; p A ) spin saturation transfer experiments. We tentatively interpret
t,z;;(lf\)ﬂh;i ?3”}3‘;?&“ \?it:&llg:nge? ;hz] I&O_SE S(I)nn]tea{{cgtlz_';zzr%h e these data as evidence that a dimeric structure similar to that

monomeric THF-solvate [(THEX{ CH(PPhNSiMes);}],7e" observed in the X-ray crystallographic analysis is maintained
dimerizes viaz-K—aryl interactions between the I\,I1N2- to some degree in aromatic solvent. The largely ionic and, hence,

chelated potassium center and the N1-bound mesityl group ringglenctrrons(;atrlc (r\r/1|det 'l?lzr?) ir;]a:tur:ﬁ cl)f th? Irlgail:dottarssl,ltjmrlntirigc:d N
of an adjacent chelate ligand (Figurela). on renders, mostfikely intermolecular, structural reorganizatio

Successful synthetic approaches to organometallic derivatives
of the heavier alkaline earth metals are commonly dependent
upon clean Kl elimination from a group 2 iodide and a
potassium derivative of an organometallic anfoiddition of
a single equivalent of potassium bis(trimethylsilyl)amide in
toluene to 1 resulted in the formation of the potassium
bis(phosphinimino)methanide, compouddSlow cooling of a
concentrated toluene solution®provided large, colorless, and
analytically pure crystals suitable for an X-ray diffraction
analysis. Although the crystals appeared to be well formed, they
diffracted only weakly and refinement was hampered by the
presence of three poorly defined and disordered molecules o
toluene. The results, however, were unambiguous and reveale

(15) For examples of other K-arene interactions see: Smith, AdDR.
(14) Hanusa, T. PCoord. Chem. Re 200Q 210, 329. Organomet. Cheml998§ 43, 267.
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resonance of the room-temperatdke NMR spectrum at 2.31
ppm, ascribed to thpara-mesityl methyl groups, split into at
least four broadened signals. These resonances were shown to
be undergoing chemical interconversion by spin saturation
transfer experiments, and their appearance was accompanied
by a dramatic increase in the overall complexity of the spectrum.
Attempts to isolate the corresponding homoleptic strontium
derivative have, thus far, been unsuccessful. We have noted that
the repeated success of some of the heavier alkaline earth
preparations detailed in this study was, somewhat unpredictably,
dependent upon the nature and source of the starting reagents.
For example, Sglin bead form from commercial suppliers did
not react with3, while use of an “in-house” strontium reagent
prepared from strontium metal and di-iodoethane provided either
a similar outcome or the heteroleptic compléxin contrast,
Figure 5. POVRAY representation of the calcium coordination the barium analogue @, compoundb, was easily prepared by
geometry within compound emphasizing the approximatg, reaction of CommerCIa”y available Badnd3 in THF solution
symmetry. or a “one-pot” procedure involving addition of THF to a solid
mixture of Bab, 1, and KN(SiMe).. It was discovered that the
facile, as evidenced by the activation energy for this process, formation of5 was independent of the ratio of Bab 3, 1, or
52.5 kJ mot?, calculated from the estimated coalescence KN(SiMe3), employed in the synthesis, and all variations upon
temperature (228 K) of th&P{*H} NMR signals. this procedure intended to facilitate the synthesis of heteroleptic
Overnight reaction of 2 molar equiv 8fand Caj} or Bak in derivatives resulted in the isolation Bf
THF solution at room temperature followed by crystallizati_on Analysis by multinuclear NMR spectroscopy indicated that
from toluene yielded well-formed crystals of the respective 5as free of THF, while an X-ray structural analysis confirmed
homoleptic complexeg} and5. Although crystallization from  that5 was the homoleptic barium derivative illustrated in Figure
this solvent produced large clear crystals, repeated attempts tog, Although 5 does not crystallize with crystallographic,
obtain a high-quality single-crystal X-ray structure of the symmetry, the C(1)- and C(44)-containing ligands differ only
calcium complex4 were unsuccessful. Disorder within the slightly in conformation. In contrast td, the Ba-C(1) [3.949
chelated structure and three molecules of toluene solvent resulteqx\] and Ba—C(44) [3.580 A] distances are too long to indicate
in unacceptably high thermal parameters and residuals (ca. 17%)the formation of a direct Bamethyl carbon interaction. Prior
while attempts to obtain suitable single crystals from other to our isolation of4, we ascribed this observation to the
solvents or combinations of solvents were unsuccessful. Al- prevention of formation of a homoleptic six-coordinate complex
though discussion of bond length and angle data is thereforepy intraligand steric interactions. This now seems unlikely,
precluded, the binding mode of the two chelated bis(phosphin- however, when consideration is given to the relative sizes of
imino)methanide ligands withist may be described ag? the C&" and B&" cations. We instead prefer to ascribe the
whereby the third contact is provided by the methanide carbon gpserved solid-state coordination geometrnp b the hemila-
center at a distance of ca. 2.8 A. A representation of the pjlity of the Ba—C, binding and the relative influence of crystal-
approximatelyC,-symmetric core geometry about Ca within  packing forces. Although the bis(phosphinimino)methanide
is shown in Figure 5. The view presented is down the |igands are effectively bidentate, the BN distances of are
approximateC, axis and allows for straightforward visualization longer than those observed in both the homoleftatiketimi-
of the two different phosphorus environments (designated Panato barium complex [(CHMe),CN-2,6iPr.CgHa} 2),Ba] [range:
apd Pb) ar_ising from each of the two magnetically equivalent 2.695(2)-2.742(2) Al?°and the termingB-diketiminato ligand
tridentate ligands. _ of a related heteroleptic cluster complex formed from reaction
The'H, 3C{*H}, and®'P{*H} NMR spectra oBin dg-toluene o [Ba{ N(SiMes)z} 2(THF),] and the N-cyclohexyl-substituted
at 298 K indicated complete equivalence of both ligands on analogue of thg-iminoamine precursor tb[2.689(4), 2.635-
the NMR time scale. Thé'P{*H} NMR spectrum at this  (4) A].26
temperature displayed a single sharp peak centered at 18.6 ppm, Cooling a sample 05 in dg-toluene and monitoring of the
indicating that theC, symmetry observed in the solid state is  31p{1y NMR signal did not reveal any spliting of the peaks
not retained at this temperature. Upon cooling below 260 K, ghserved for. Rather, the single resonance observed at 298 K
however, this signal again broadened and split into an AX 4t g 5 ppm merely broadened down to the low-temperature limit
pattern with resonances centered at 19.1 and 18.0 ppm. At 213uf the deuterated solvent. This contrasting behavior is, most
K both these peaks displayed a homonucfdas coupling of likely, a reflection of the increased hemilability of the baritim

20.1 Hz, similar to that observed in the low-temperature |igand combination and a consequence of decreased charge
spectrum of compoun@and confirmed that the two phosphorus  gensity versus that of Ga

centers describe different magnetic environments within two Although the larger size of the barium cation would also
magnetically equivalent ligands. We tentatively interpret these appear to predicate more open access to the metal center,
data as evidence for the maintenance of the crystallographicalIyattempts to synthesize heteroleptic speci&H(PPN-2,4,6-
determined coordination geometry and hence of the metha”ideMegceHz)z}Ael] (Ae = Ca or Ba), via redistribution oquaﬁd
carbor-calcium contacts at low temperature. Above this g yith the respective alkaline earth di-iodides, were unsuccess-
temperature an intramolecular dynamic process involving ¢ - sioichiometric reactions ot or 5 with Cak or Bab

con_tinual _Ca—CV de-coordination and re-coordination may be respectively, even when conducted in refluxing THF, gave no
defined with aAG* of 50.3 kJ mot?. The low-temperaturéH

NMR data corroborated this view of the hemilabile nature of (1) clegg, W.: Coles, S. J.; Cope, E. K.; Mair, F.Sgew. Chem.,
the methanide carbercalcium interaction. At 218 K the  Int. Ed.1998 37, 796.
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Figure 7. ORTEP drawing (30% ellipsoids) of compourt
Hydrogen atoms are omitted for clarity.

undefined mechanism. The nature of these dynamic processes
could not be further elucidated because solid compounds
precipitated upon lowering the temperature of NMR samples
in dg-toluene. Crystals of botéand7 suitable for single-crystal
X-ray diffraction analyses were grown by slow cooling of
toluene solutions, and details of the crystallographic analyses
and selected bond length and angle data are provided in Tables
1, 2, and 3, respectively. Althoughprovided only very weak
diffraction with limited higher angle data, it was clear ttat
and7 were isostructural and, for brevity, only the structure of
6 is illustrated in Figure 7. Both structures contain five-
coordinate alkaline earth metal centers, which form part of a
boat-shaped six-membered MNPCPN metallacycle. In both
cases the bis(phosphinimino)methanide ligand acts as a tridentate
Figure 6. (a) ORTEP drawing (30% ellipsoids) of compoufd donor through both the phosphinimino nitrogen centers and the
Hydrogen atoms are omitted for clarity. (b) POVRAY-generated C(1) methyl carbon atom. The respective-k8(1) distances of
space-filling representation of compoufd 2.713(7) and 2.861(2) A fo and 7 are longer than those of
) ) ) ) other structurally authenticated compounds containing #&C

reaction, most likely due to the steric protection afforded the ; ponds, for example the G&C bond of the two-coordinate
metal centers by the sterically demanding bis(phosphinimino)- [Ca{ C(SiMey)3} 5] [2.459(9) A7 and the S+C bonds of the
methanide ligands. This is graphically illustrated by the space- homoleptic strontium benzyl complek(R-MeN(a-MesSiCH)-
filling diagram of5 (Figure 6b) pictured in the same orientation ¢ H,),Sr(THF)Y] [2.798(2), 2.770(2) AJ® They are however
as that depicted in Figure 6a. comparable to those observed in the “ate” complexe$AGa

Heteroleptic derivatives of both Ca and Sr were accessible (CH,(SiMes).} o{ N(SiMes)2} 7] [2.678(3), 2.638(3) Al and [Sr-
through use of the sterically demanding hexamethyldisilazide (THF),{ Zn(CH,SiMes)3} 2] [2.857(7), 2.806(8) A, in which the
co-ligand. This was most straightforwardly achieved by room- methyl carbon atom bridges between the two dissimilar metal
temperature addition of THF to a solid mixture of 2 molar equiv  center£® We have noted previously that the-NN bond lengths
of [KN(SiMes),] together with a single equivalent of both Gal  ghserved when the anion formed by deprotonatiot atts as
or Sri and the ligand precursdr. This procedure resulted in 3 strictly bidentate chelate to either three- or four-coordinate
the formation of the heteroleptic bis(phosphinimino)methanide metal centers are almost identical to those of analogous
complexes{CH(PIPN-2,4,6-MgCeH>)2} Ca{ N(SiMes)z} - THF] complexes supported ifrdiketiminato ligands. 16 and7 the
and f CH(PhPN-2,4,6-MeCeH;)2} S{N(SiMes)2} “THF], com-  corresponding bond lengths are significantly longer than those
pounds6 and?7, respectively, in good yields. Alternatively the  reported in both the heteroleptic calcium derivative [CH-
syntheses can be performed equally successfully by addition (me),CN-2,6iPr,CgHz} ,C& N(SiMes)»* THF] [2.352(1), 2.370-
of the preformed potassium derivati@do a slurry containing
the appropriate alkaline earth iodide and a single equivalent of (17) Eaborn, C.; Hawkes, S. A.; Hitchcock, P. B.; Smith, J.bem.
[KN(SiMe3z),]. Multinuclear NMR spectra of botle and 7 at Commun1997 1961.
298 K were consistent with time-averaget),-symmetric (18) Feil, F.; Harder, SOrganometallics2001, 20, 4616.
structures in solution. This observation may be explained by | f,}fﬁgwéﬁf&“féég"éz“gg Birg, C.;'Mo H.; Knizek, J.; Seifert, TEur.
rapid dissociation and re-coordination of the THF molecule and ™ (20y'\westerhausen, M.: ®kel, C.; Habereder, T.: Vogt, M.; Warchold,
a reorganization of the bis(phosphinimino)methyl ligand by an M.; Néth, H. Organometallics2001, 20, 893.
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(1) AJ*2aband the homoleptic derivative§GH{ (Me),CN-2,6- The success or failure of this protolytic approach is apparently
iPrCeHsl2}oM] [M = Ca, 2.374(1), 2.384(1) A; M= Sr, dependent upon the steric demands and consequent protection
2.506(2), 2.513(2) A}2¢signifying diminished charge donation  of the metal center as well as the electronic nature of the
as a result of the additional MC(1) interactions. N-chelated anionic ligand. The spectacular growth in popularity
As mentioned above, all attempts to synthesize the corre- of theS-diketiminate class of ligands for the support of unusual
sponding barium amide were unsuccessful and resulted inmodes of bonding and the observation of previously unknown
isolation of the homoleptic compleXx regardless of order of  reactivity is based upon ease of synthesis as well their ability
reagent addition or temperature of reaction. This is most likely to provide a robust and coordinatively stable supporting
a reflection of the increased size of the?Baation and increased  environment under oxidative, reductive, and even mildly acidic
propensity of the heteroleptic silazide, if formed at all, to conditions. In simple valence bond terms, delocalization about
undergo solution redistribution to the more kinetically stable a S-diketiminate ligand occurs via an effectively planar and
homoleptic complex. We have recently made similar observa- exclusively sg-hybridized NCCCN chelate, whereas the meth-
tions with respect tgs-diketiminato derivatives of heavier anide charge resulting from the formal deprotonation of a bis-
alkaline earth amides and anilid®s. (phosphinimino)methane occurs by (negative) hyperconjugative
Roesky and co-workers have very recently reported the interaction between the methanide center and, most likely, P(V)
successful syntheses of a series of heteroleptic bis(phospinimi-o* orbitals of appropriater-symmetry23 These differing modes
no)methanide complexes utilizing the N-trimethylsilylated anion of charge distribution are likely therefore to have profound
lla with the composition IJa Ael(THF)J, (Ae = Ca,x = 2, consequences for the relative basicity and nucleophilicity of the
y=1;Ae=Srx=1y=2; Ae=Ba,x=2,y=2).""While two classes of monoanion.
these compounds were synthesized by straightforward reaction In an attempt to shed light upon the effects of these
of Ael, with a single equivalent oflaK in THF, analogous constitutional differences, we have carried out DFT calculations
reactions of3 and Aeb did not produce any evidence for the upon the model complexes [HVe)C(Me)N; K], 8, and [HC-
formation of the desired heteroleptic iodides. A number of {(Me)}P(Me)N}K], 9, using the B3LYP density functional
variations upon this basic procedure were attempted for the theory and LANL2DZ pseudopotentials (and basis set) imple-
smallest member of the series, calcium. However the only mented in Gaussian (33 Examination of the charge distribution
isolable calcium derivative was the homoleptic specigs,  Within 8 and9 by a natural bond orbital (NBO) analysis provided
independent of the precise reactions conditions. Evidently, qualitative insight into the effects of these differences (Figure
replacement of the trimethylsilyl substituents It with the 8). The data illustrate a similarly ionic nature for the metalla-
bulky but planar mesityl results in less efficient protection of cyclic structures. Although the potassium ion bears a similar
the group 2 metal center. Presumably the formatiofiofthese ~ charge in both case$,(+0.952;9, +0.942), the nature of the
reactions occurs through the intermediacy of the target iodide, delocalization of anionic charge about the chelate ligands
which is insufficiently stabilized to prevent further reaction, and contrasts greatly. In the case @fthere is a dramatic increase
is reminiscent of our previously reported synthesis of the in the negative charge borne by the &@rbon center, emphasiz-
analogous Sm(ll) derivativel)b ,Sm?! In the latter case all ing the methanide character of the bis(phosphinimino)methanide
attempts to synthesize heteroleptic derivatives, even with aligand. The effect of this charge accumulation will be to greatly
sterically demanding hexamethyl disilazido co-ligand, were enhance the potential reactivity (in terms of both nucleophilicity
unsuccessful and were reasoned to result from the large (sevenand basicity) at this carbon center and to impede the successful

coordinate) ionic radius of the S cation [1.36 A]?2 For application of this class of anion as a readily “tunable” spectator
comparison, the respective (seven-coordinate) ionic radii of ligand. Whereas reaction at theposition of s-diketiminato
Ca*, SPt, and B&" are 1.20, 1.35, and 1.52 A. anions is a rarity and restricted toGeCk and —PPh deriva-
Reactivity of Compound 5.We have recently demonstrated tives?># the significantly more limited data relating to bis-
that the homoleptic calciunp-diketiminate [C&(NDipp- (phosphinimino)methanides suggest that insertion into the latent

CMe),CH}{ N(SiMes)-} (THF)] [(Dipp = CeHsPr-2,6)] can M---C, i_nteraction _and/or protonation o_fyOs !ikely to be a
function as a useful and readily accessible starting material for Predominant reaction pathway in reaction with a much wider
explqrgtu;rj:: of C{ilq.um-cerjter'ed stoichiometric and catalytic (23) (a) Schleyer, P.von R.; Clark, T.; Kos, A. J.; Spitznagel, W.; Rohde,
reacp_vlty. O_ur_ initial motivation for the current \_/vork was ¢, Arad, D.; Houk, K. N.; Rondan, N. Gl. Am. Chem. Sod984 106,
to utilize the similar topology and comparable steric profile of 6467. (b) Brinkmann, E. A.; Berger, S.; Braumann, J.lAm. Chem. Soc.
; nimi ; ; ; i 1994 116, 8304.
]Eher:)ls(phcl)lsghfl.nln’(ljlno)methar:lde anltbt(; n fh.e SyntheZI.S Of. (24) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
urther well-defined organocalcium and calcium coordination ; “a -’ cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
compounds. We had previously applied a protolytic strategy to N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
the synthesis of a range of alkoxy and aryloxy zinc derivatives Rl/'ecntUCQLHB-;HCé’SS,'\’A 'V'E-Zh Scakﬂnaf}" Gt-? I?(egg, kNd; Pste{_fson' G. Aj-?
f : . _ akatsuji, A.; Hada, M.; ara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.,;
lib ZOOR/A"’ Wh',Ch Were of 'mereSt as catalysts for th,e_”ng Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
opening polymerization ofac-lactide® NMR-scale reactivity X.: Knox, J. E.; Hratchian, H. P.: Cross, J. B.; Bakken, V.: Adamo, C.;
studies of6 with stoichiometric quantities of a variety of bulky E]:arami_lloF,eJ-:P Gomlrlﬁ_eg& g-:hStraLmélJnan.AE-: IYaéye\\(/, C'\>/.I; Atf(stin, AkJ.;
: H : H ammi, R.; Pomelli, C.; Ochterski, J. ., Ayala, P. Y.; iMorokuma, K.;
or pOtemla!ly bldentate.pronc (hydroxy and aiml.no? reggents Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich,
(see Experlmental Sgctlon) ho.vv.ev'er resulted in indiscriminate S.: Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A.
protonation of the bis(phosphinimino)methanide or hexmeth- D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A.
icilazi i i i G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A;
yléjéstl_laZId_?h_llgand, |rrg$pect|ve Ol; ftemptirature or Orderf?rf] Piskorz, P.; Komaromi, |.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,
addrion. This Wa§ readily appa_lren rom_ .e gppearance orthey, a. Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W,;
resonances ascribed to the bis(phosphinimino)methBnat Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, Hdussian
—16.1 and 3.90 ppm in the respectit®®{'H} and'H NMR 03, revision C.02; Gaussian, Inc.: Wallingford, CT, 2004. The validity of

; ; the optimized structures as true energy minima was confirmed by the
spectra and dictated the abandonment of this strategy. absence of any imaginary frequencies within the computed vibrational

spectra.
(21) Hill, M. S.; Hitchcock, P. BDalton Trans.2003 4570. (25) Ragogna, P. J.; Burford, N.; D’eon, M.; McDonald, Bhem.
(22) Shannon, R. DActa Crystallogr., Sect. A976 32, 751. Commun2003 1052.
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Figure 8. Gaussview representation of NBO charges withingand

range of electrophilic or protic substrates. The observation by

(b)9.

chloride (1.7 mL, 1.0 M in BEO) was added at room temperature

Cavell and co-workers of insertion of heterocumulenes such asto a solution ofl (1.10 g, 1.69 mmol) in toluene (25 mL). The

adamantyl isocyanate between Zn anddt [llaZnMe] with
retention of the Zr-CHj3 bond is a notable example of this

pale yellow, but slightly turbid solution was stirredrfd h before
filtration. The resultant solution was concentrated to incipient

expected reactivity in the presence of a less electropositive metalcrystallization, warmed to dissolve precipitated solids, and allowed

center?27.28 OQur own work has sought to apply alkoxy- and
aryloxy-zinc complexed)b ZnOR/Ar, as catalysts for the ring-
opening polymerization ofac-lactide®" In contrast to the
striking molecular weight and tacticity control provided by
similar S-diketiminato derivatives? these compounds were
shown to be of only limited utility, most likely because of the
noninnocent nature of the chelate ligand. This carbanionic
character, in conjunction with the hemilability of the-\C,
interaction when M is a large and electropositive mono- or
dication, is likely to be the key-determining feature of the
structural and reaction chemistry of the compounds reported in
this study3°

Experimental Section

General Procedures All manipulations involving alkaline earth
metals were carried out using standard Schlenk and glovebox
techniques under an inert atmosphere of dinitrogen. All solvents
were distilled under dinitrogen and dried from conventional drying
agents. 2,4,6-Trimethylaniline, bis(diphenylphosphino)methane, and
alkaline earth reagents were purchased from Sigma-Aldrich and
used as received. NMR spectra were recorded at 270 or's)p (
125.8 £2C), and 99.9 £Si) MHz from samples in either D¢ or
dg-toluene; chemical shifts are given relative to SIMEP NMR
(109.4 MHz) were referenced externally tgRD, (85% aqueous
solution). Repeated attempts to accumulate mass spectral data o

isolated compounds were unsuccessful due to their air and moisture)

sensitivity. Elemental analyses were performed by Mr. Stephen
Boyer of London Metropolitan University. Samples were thoroughly
ground and subjected to a dynamic vacuum prior to submission.
Mesityl azide and the ligand precursérwere synthesized by
literature procedure¥.

[{ CH(Ph,PNCeH Mes-2,4,6} MgCl] », 2a; [{ CH(Ph,PNCeH -
Mes-2,4,6)} MgCI(THF)] 2b. A solution of methylmagnesium

(26) Rake, B.; Zulch, F.; Ding, Y.; Prust, J.; Roesky, H. W.; Noltemeyer,
M.; Schmidt, H.-G.Z. Anorg. Allg. Chem2001, 627, 836.

(27) Cavell has also observed cummulene insertion into theCAbonds
of bimetallic aluminium diides: Aparna, K.; McDonald, R.; Ferguson, M.;
Cavell, R. G.J. Am. Chem. So200Q 122, 9314.

(28) Jordan has reported reversibletp] cycloaddition/insertion into
Al—C, of ethylene with cationig-diketiminato aluminum alkyls: Radze-
wich, C. E.; Coles, M. P.; Jordan, R. B. Am. Chem. Soc998 120
9384.

(29) Cheng, M.; Attygalle, A. B.; Lobkovsky, E. B.; Coates, G. W.
Am. Chem. Sod999 121, 11583.

(30) Although previous studies of ligand structures have reached similar
conclusions regarding charge distribution within phosphinimine and imine
donor centers, this is the first work that has dealt with the potential outcome
of these differences so explicitly. See: Spencer, L. P.; Altwer, R.; Wei, P.;
Gelmini, L.; Gauld, J.; Stephan, D. WOrganometallics2003 22, 3841.

to cool to provide pale yellow crystals @& as a bis-toluene solvate
(0.85 g, 63%). Crystals of the monomeric THF coordination
complex2b were obtained by crystallization from a toluene/THF
mixture. Anal. Calcd for sHgsCloMgoN4Ps: C, 72.78; H, 6.12;

N, 3.95. Found: C, 73.33; H, 6.09; N, 3.781 NMR (CzD¢, 25
°C): 6 2.10 (s, 1H, PCHP) 2.13 (s, 6H, 4-Me), 2.20 (s, 12H, 2,6-
Me), 6.90 (s, 4H, 3,5-H,mes), 6.60 (m, 8H, 3,5-H, PhP), 7.19 (m,
4H, 4-H,PhP), 7.41 (m, 8H, 2,6-H,PhPJC NMR (CsDs, 25 °C):

0 20.7 (4-Me,mes), 21.1 (t, PCHP) 22.0 (2,6-Me,mes), 127.5 (Ar),
129.6 (Ar), 129.9 (Ar), 131.9 (Ar), 132.4 (Ar), 137.0 (Ar), 146.8.0
(Ar). 31P{IH} NMR (CgDg, 25°C): 6 18.1.

[{CH(Ph,PNCsH Me3-2,4,63} K], 3. Toluene (20 mL) was
added at room temperature to a solid mixturelofl.0 g, 1.54
mmol) and [KN(SiMg),] (0.31 g, 1.54 mmol) to give an exothermic
reaction and the formation of a colorless suspension in a pale yellow
solution. This was stirred overnight before complete removal of
all volatiles. The cream-colored solution was redissolved in hot
toluene and concentrated to incipient crystallization. Slow cooling
of a hot concentrated solution produced large colorless crystals of
3(0.85 g, 80%). Anal. Calcd for SH43KN,P,: C, 74.96; H, 6.30;

N, 4.07. Found: C, 75.03; H, 6.36; N, 3.9%1 NMR (CgD¢, 25
°C): 0 2.00 (s, 12H, 2,6-Me), 2.24 (s, 1H, PCHpy = 3.3 Hz),
2.31 (s, 6H, 4-Me), 6.62 (m, 8H, 3,5-H,mes), 6.75 (s, 4H, 3,5-H,
PhP), 6.78 (m, 8H, 2,6-H, PhP), 7.22 (m, 4H, 4-H, PAR}.NMR
(CeDs, 25°C): 0, 20.1 (4-Me,mes), 21.2 (t, PCHP) 22.6 (2,6-Me,-

es), 127.3 (ArH), 129.4 (ArH), 129.9 (ArH), 132.2 (ArH), 134.3

Ar), 137.3 {-Cg¢Hs,PPh), 145.9i¢mes,N).3'P{*H} NMR (C¢Ds,
25°C): ¢ 16.3.

[{CH(Ph,PNCsH Mes-2,4,6)},Ca], 4. THF (30 mL) was added
at room temperature to a solid mixture of €€01.45 g, 0.77 mmol),

1 (1.00 g, 1.54 mmol), and [KN(SiMg] (0.31 g, 1.54 mmol).
The resultant slurry was stirred overnight, before in vacuo removal
of solvent. Extraction into toluene (20 mL), filtration, and concen-
tration to incipient crystallization produced large colorless crystals
of 4 (0.73 g, 71%). Anal. Calcd for ggHgeCaNPs: C, 82.64; H,
6.95; N, 2.24. Found: C, 82.43; H, 7.17; N, 2.39.NMR (CgDs,
25°C): 6 2.09 (s, 12H, 2,6-Me), 2.32 (s, 6H, 4-Me), 2.42 (s, 1H,
PCH,2Jpy = 2.8 Hz), 6.59 (m, 8H, 3,5-H,mes), 6.73 (s, 4H, 3,5-
H, PhP), 6.75 (m, 8H, 2,6-H, PhP), 7.20 (m, 4H, 4-H, PHRRQ.
NMR (CgDg, 25 °C): 6, 19.9 (4-Me,mes), 21.1 (t, PCHP) 23.0
(2,6-Me,mes), 125.2 (ArH), 127.1 (ArH), 128.3 (ArH), 132.7 (ArH),
135.1 (Ar), 137.3 itCeHs,PPh), 145.9i¢mes,N).31P{1H} NMR
(CeDg, 25°C): 0 18.6.

[{CH(Ph,PNCsH Me3-2,4,6)} ,.Ba], 5. This compound was
made by the same general method as that described &ord
isolated as colorless crystals from toluene in typically 70% yield.
Mp: 210-212 °C. Anal. Calcd for GgHgsBaN,sP4-0.5(GHg): C,
72.49; H, 6.13; N, 3.78. Found: C, 72.61; H, 6.18; N, 3.84.
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NMR (CgDg, 25°C): 0 2.03 (s, 12H, 4-Me), 2.10 (s, 2H, PCHP),
2.30 (s, 24H, 2,6-Me), 6.82 (m, 16H, 3,5-H, PhP), 6.88 (s, 16H,
3,5-H,mes), 6.90 (m, 8H, 4-H,PhP), 7.50 (m, 16H, 2,6-H,PHE).
NMR (CgDs, 25°C): 6 16.2 (t, PCHPJpc = 146 Hz), 20.9 (4-
Me,mes), 22.3 (2,6-Me,mes), 127.6 (Ar), 129.1 (Ar), 129.8 (Ar,
Jpc = 33 Hz), 132.3 (Ar), 134.1 (Ar), 138.8 (Adpc = 94 Hz),
145.8 (Ar).31P{1H} NMR (CsDg, 25°C): 0 8.44.

[{ CH(Ph,PNCgH Me3-2,4,63} CaN(SiMes),(THF)], 6. A solu-
tion of [KN(SiMej3);] (1.35 g, 6.80 mmol) in THF (10 mL) was
added at room temperature to a slurry of Jal00 g, 3.40 mmol)
in a THF (30 mL) solution ofl (2.21 g, 3.40 mmol). The resulting
slurry was stirred at room temperature for 14 h before in vacuo
removal of volatiles and extraction into toluene. Filtration and
concentration followed by slow cooling of a concentrated toluene
solution produced as large colorless crystals suitable for X-ray
diffraction analysis (1.76 g, 56%). Mp: 18991 °C (dec). Anal.
Calcd for GzHgsCaNsOP,Si: C, 69.01; H, 7.56; N, 4.56. Found:
C, 68.86; H, 7.68; N, 4.59*H NMR (CgDg, 25 °C): ¢ 0.39 (s,
18H, SiMey), 1.04 (m, 4H, THF), 2.11 (s, 1H, PCHP) 2.16 (s, 6H,
4-Me), 2.24 (s, 12H, 2,6-Me), 3.36 (m, 4H, THF), 6.78 (s, 4H,
3,5-H,mes), 6.84 (m, 8H, 3,5-H, PhP), 6.92 (m, 4H, 4-H,PhP), 7.61
(m, 8H, 2,6-H,PhP)!3C NMR (CsDg, 25°C): o 6.1 (SiMe), 16.0
(t, PCHP,Jpc = 137 Hz), 20.7 (4-Me,mes), 22.6 (2,6-Me,mes),
24.8 (THF), 68.6 (THF), 127.7 (Ar), 129.3 (Ar), 129.9 (Alsc =
20 Hz), 132.1 (Ar), 132.7 (Ar), 137.4 (Adec = 89 Hz), 146.0
(Ar). 3P{*H} NMR (CgDs, 25°C): 0 8.03.2°Si NMR (CsDs, 25
°C): 6 —16.3.

[{ CH(Ph,PNCsH;Mes-2,4,6)} SIN(SiMes)(THF)], 7. This com-

pound was synthesized by the same general method as that outlined Supporting Information Available:

above for6 and isolated as colorless crystals after crystallization
from toluene solution (68%). Mp: 195198°C (dec). Anal. Calcd
for Cs3HegCaNsOP,SIST: C, 65.63; H, 7.19; N, 4.33. Found: C,
65.63; H, 7.23; N, 4.172H NMR (CgD¢, 25°C): ¢ 0.44 (s, 18H,
SiMe;), 1.05 (m, 4H, THF), 2.15 (s, 6H, 4-Me), 2.21 (s, 1H, PCHP),
2.27 (s, 12H, 2,6-Me), 3.48 (m, 4H, THF), 6.79 (s, 4H, 3,5-H,-
mes), 6.84 (m, 8H, 3,5-H, PhP), 6.92 (m, 4H, 4-H,PhP), 7.59 (m,
8H, 2,6-H,PhP)13C NMR (GsDs, 25°C): 6 6.3 (SiMe,Jsic = 52
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Hz), 15.9 (t, PCHPJpc = 132 Hz), 20.6 (4-Me,mes), 23.0 (2,6-
Me,mes), 24.7 (THF), 68.7 (THF), 127.7 (Ar), 129.9 (Ar), 130.2
(Ar), 132.4 (Ar), 133.3 (Ar), 137.0 (ArJec = 89 Hz), 145.7 (Ar).
31P{1H} NMR (CgDg, 25°C): 6 10.79.2°Si NMR (C¢Ds, 25 °C):

0 —14.0.

General Procedure for NMR-Scale Reactions of 6To a
solution of 6 (30—40 mg) in GDs (ca. 0.5 mL) prepared in the
drybox was added a stoichiometric quantity of the appropriate
alcohol (GHsOH, PRCOH), phenol (2,4,6-Mg&sH,0OH, 2,4-
Bu,CsH3s0H, 2,6'BuCsHz0H), aniline (2,6PrLCsH3NHo), or amine
(‘BuNH,, CH;0(CH,),NH,). Liquid reagents were added via a
calibrated micropipet. The resulting solution was shaken before
being transferred to an NMR tube fitted with a Youngs’ tap. Spectra
were recorded immediately afterward.

Crystal Structure Determinations. Data for2a, 2b, 4, 6, and
7 were collected at 173 K on a Nonius KappaCCD diffractomer,
A(Mo Ka) = 0.71073 A. An absorption correction (MULTISCAN)
was applied tdb, 6, and7. The structures were solved by direct
methods (SHELXS-97} and refined by full matrix least squares
(SHELXL-97)2 with non-H atoms anisotropic and H atoms
included in riding mode.
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