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The synthesis of the novel diorganosilajdst-Bu-2,6-[P(O)(OR)].CsH2} Si(H).Ph 6, R = Et; 6, R
= i-Pr) is reported. Compourtireacts with lithium chloride in the presence of air moisture to give the
complex5:-LiCl-2H,0O (5a). The crystal and molecular structures of the diorganosihaad complex
5awere determined by single-crystal X-ray diffraction analysis. The latter compound shows unprecedented
(5-Li*)e hexamers which are further linked by water to give a two-dimensional coordination polymer.
The reaction of compouné with [PhsC]"PFRs~ provided in situ a mixture of the triorganosiliconium
salts{4-t-Bu-2,6-[P(O)(OrPr)] ,.CsH} Si(X)PhtPR~ (7, X = H; 8, X = F), whereas reaction with C£I
gave a mixture of the benzoxasilaphosphole®)]B(Si)-P(O)(Oi-Pr)OSi(X)Ph-6t-Bu-4-P(O)(O-Pr)]-
CeH2 (9, X = H; 10, X = CI).

Introduction Results and Discussion

Recently, we reported the syntheses and molecular structures The ethoxy- and isopropoxy-substituted diorganosil&resd
of the [4 + 2]-coordinateér tetraorganosilane§4-t-Bu-2,6- 6, respectively, were obtained by reaction of the in situ generated
[P(O)(ORY].CsH2} SiPh (1, R = Et; 2, R = i-Pr)1P2In both organolithium compoung4-t-Bu-2,6-[P(O)(ORy] 2CeH2} Li with
cases in the solid state the silicon atom is intramolecularly phenylchlorosilane, PhSp€l (eq 1). Compound is an oil at
coordinated by four carbon and twe=® oxygen atoms. In

contrast, in each of the triorganosilang4-t-Bu-2,6-[P(O)- P(O)(OR),

(OR)]2C6H2} SiPhH (3, R = Et; 4, R=i-Pr) one P=O group

points away from the silicon atom, with the consequence that #Bu Li + PhSiHyCI o

the latter adopts a [4 1] coordinatior® Moreover, compounds

3 and4 show different rotamersGiven these observations, it P(0O)(OR),

was a logical consequence to prepdré-t-Bu-2,6-[P(O)- P(O)(OR),

(OR),]2CeH2} SiPhH: (R = Et, i-Pr), in which a further phenyl
group at silicon is replaced by hydrogen, and to look at the

impact this reduction of steric crowding would have on the tBu SiPhH (1)
P=0—Si coordination. In course of our studies we noticed the

ability of the diorganosilang4-t-Bu-2,6-[P(O)(OER)],CeHz} - P(O)(OR)2
SiPhH to complex lithium cation and, by including water and 5 R =Et

chloride ion, to form a two-dimensional sheetlike coordination 6, R =i-Pr

polymer.
room temperature, whereas the diorganosikisea crystalline

T Dedicated to Professor Martin Dger on the occasion of his retirement.  solid. Both compounds are quite soluble in common organic
This work contains part of the Ph.D. thesis of K.P. and of the planned solvents

Ph.D. thesis of K.D. Parts of this work were first presented at the 2nd . - . . . .
European Organosilicon Days, Munich, Sept—1P, 2003, Book of The identity in solution of the diorganosilanes was confirmed

Abstracts P148, and the 11th International Conference on the Coordinationby NMR spectroscopy (see Experimental Section). The

and Organometallic Chemistry of Germanium, Tin, and Lead, Santa Fe, 1H-coupled29Si spectra show triplet-of-triplet resonancesdat

NM, June 27-July 2, 2004, Book of Abstracts O54. _ 129G 200 31Dy _
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predominantly ionic rather than covalent. See: Kocher, N.; Henn, J.; ; 29Qi) — i _ i ili
Gostevskii, B.; Kost, D.; Kalikhman, I.; Engels, B.; Stalke,DAm. Chem. PeSiH; (6(*Si) —33.6) and hint at [4- 1]-coordinated silicon
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Figure 1. General view (SHELXTL) of a molecule & showing
the atom numbering. Symmetry transformations used to generaterigure 2. Section of the structure of complésa showing the
eqiuvalentzatoms: (fy) + s, —x+y+ Y, —z+ Y5 (D) x—y coordination at the lithium cation and at silicon (SHELXTL), with

= s X — 3 —z+ s 30% probability displacement ellipsoids and the atom numbering
Table 1. Selected Bond Lengths (A) and Bond Angles (deg) shown. Symmetry transformations used to generate equivalent

atoms: (@Q)y + %3, —X+y+ Y5, —z+ Yz (D) x —y — Yz, x —
for 6 2/3, —-Z+ l/3.

Si(1)-C(1) 1.906(2) P(2y0(2) 1.5686(14)
S:&giﬁﬁ)l) 11.'3813((12%) gfa%ég é%%i((ll?) 33 the corresponding distances Qf1:H(1) (2.47(2) A) and
Si(1)-H(2) 1.421(15) Si(1}0(2) 3.1086(15) O(1")-+H(1) (2.51(2) A) are shorter. The Si(H(1) and
P(1)-0(1) 1.4662(14) Si(B0(2") 3.5848(16) Si(1)-H(2) distances differ by 0.073 A and exhibit different
Egi)):ggi:)) i-gg%gﬂ; 8%7‘_:((12)) gsgggg coordination sides. This is reflected in the IR spectrum of
P2)-0() 1‘_4649(15) 0@—HQ) 2:624(16) compoundb (KBr pellet) showing twor(Si—H) bands at 2176

and 2164 cm!. Two Si—H distances (1.389 and 1.404 A) were
H(1)=Si(1)-H(2) 104.1(9)  C(13C(2)-P(1) 121.55(15) also reported for [2,4,6-(OMegJeH,]2SiH,? and were associated

H(1)-Si(1)-C(1) 109.4(6)  C(L}C(6)-P(2) 125.23(16) : . S
H)-SI(1)-C(11)  111.06) C@yo(1)-Si() 121.08(15) with two IR absorptions (KBr pellet) at(Si—H) 2190 and 2155

H(2)—Si(1)-C(1) 107.2(6)  C(6)C(1)-Si(1) 123.20(15) cm L, However, given the low accuracy of the-Sil distance
H(2)-Si(1-C(11) 106.5(6) C(1BHSi(1)-C(1) 117.68(9) determination by X-ray crystallography, tracing the IR data back
H(2)-Si(1)-0(1) 165.5(6) to such small differences of the -SH distances remains

guestionable. This view is supported by the findings on

Notably, in contrast to both the ethoxy- and isopropoxy- compoundba (see below). Th&(Si—H) values in compouné
substituted triorganosilan& and4* no hindered rotation about  suggest larger force constants for the-Hi bonds than in
the P-C bond was observed for the diorganosiléne solution PhSiH, (7(Si—H) 2135 cn1®; Nujol)® and intramolecularly
on the3P NMR time scale down to 203 K. coordinated diorganosilanes such as {[26-(CH.NMey),-

The molecular structure of the diorganosila&es shown in CsH3]SiH2} 2CeH4 (¥(Si—H) 2114, 2157 cm; KBr),0 [2,6-
Figure 1, and selected bond distances and bond angles are givefCH2NMe,),CeH3)-SiH, (2174 cm?l; CHCL),!! and [2,6-
in Table 1. (CHzNMEQ)zceHg]Si(H)QPh (2111 le; CC|4).12

The configuration of the silicon atom is best described as In a first attempt to prepare the ethoxy-substituted compound
that of a tetrahedron (mean angle 109,3dariation between 5, we had chosen a nonaqueous workup procedure and noticed
117.7(1) and 104.1(9). The O(1) atom is approaching the formation of a solid material, the elemental analysis of which
Si(1) atom via the tetrahedral face defined by H(1), C(1), roughly fit the formula5-LiCl. We then treated compoungl
and C(11), giving rise to intramolecular Of%5i(1) and with a stoichiometric amount of lithium chloride and, after
O(1)++H(1) distances of 3.0204(14) and 2.66(1) A, respectively. recrystallization from THF in the presence of air moisture,
These distances are shorter than the sum of the van der Waalsbtained analytically puré:-LiCl-2H,O, hereafter referred to
radii®” of silicon (2.10 A) and oxygen (1.50 A) and of oxygen asb5a, as a single-crystalline material.
and hydrogen (1.261.45 A), respectively. The Si(&)O(1) The molecular structure of compoubd is shown in Figure
distance is longer than the corresponding Si€D(2) distances 2, and selected geometrical data are given in Table 2. Relevant
in {4--Bu-2,6-[P(0)(Q-Pr)].CeHz} SiPhH (4; 2.7378(18) A) crystallographic parameters are listed in Table 3.
and {4-t-Bu-2,6-[P(O)(OE}]2CeH2} SiPhH (3; 2.918(2) A). In contrast to the triorganosilan@snd4 and the isopropoxy-
Compound6 exhibits a rotamer similar to that for the ethoxy-  substituted diorganosilaeboth P=0 oxygen atoms point away
substituted triorganosilar&s? that is, one PO oxygen points
toward the silicon atom, whereas the other one is turned () Braddock-Wilking, J.; Levchinsky, Y.; Rath, N. B. Organomet.
away, giving rise to O(2---H(2) and O(2)---H(2) distances Chem.1999 588 51-59. ‘
of 2.793(15) and 2.624(16) A, respectively. In compound () Aitken, C.iHarrod, J. F.; Gill, U. SCan. J. Cheml987 65, 1804-

(10) Henderson, K. W.; Kennedy, A. R.; MacDougall, D. J.; Strachan,
(6) Holleman, A. F.; Wiberg, NLehrbuch der Anorganischen Chemie, D. Acta Crystallogr., Sect. @003 C59 M49—M51.

101st ed.; de Gruyter: Berlin, New York, 1995. (11) Carfe F.; Chuit, C.; Corriu, R. J. P.; Mehdi, A.; Rey€E. Angew.
(7) Huheey, J.; Keiter, E. A.; Keiter, R. LAnorganische Chemie: Chem.1994 106, 1152;Angew. Chem., Int. Ed. Endl994 33, 1097.
Prinzipienvon Struktur und Reakiitét, 2nd ed.; Walter de Gruyter: Berlin, (12) Chuit, C.; Corriu, R. J. P.; Mehdi, A.; Reye, Aagew. Chenml993

New York, 1995. 105 1372 Angew. Chem., Int. Ed. Engl993 32, 1311.
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Table 2. Selected Bond Lengths (A), Bond Angles (deg), and
Torsion Angles (deg) for 5&

Si(1)-C(1)
Si(1)-C(11)
Si(1)-0(1)
Si(1)-0(1")
Si(1)-0(2)
Si(1-0(2")
Si(1)-H(1)
Si(1)-H(2)
P(1)-0(1)
P(1)-0(1)
P(1)-0(1")
Cl(1)-0(1W)

C(11)-Si(1)-C(1)
C(1)-Si(1)-H(1)
C(1)-Si(1)-H(2)
C(11)-Si(1)-H(1)
C(11)-Si(1)-H(2)
H(1)—Si(1)-H(2)
C(2)-P(1)-0O(1)
C(2)-P(1)-0(1)
C(2)-P(1)-0O(1")
O(1)—-P(1)-O(1)
O(1)—-P(1)-O(1")
O(1)—-PR)-0O(1")

1.920(4)
1.864(4)
3.427(3)
3.190(3)
3.091(4)
3.427(3)
1.52(3)
1.41(3)
1.463(3)
1.558(3)
1.560(3)
2.391(12)

112.0(2)
113(1)
103(1)
106(1)
111(1)
111(2)
113.1(2)
109.7(2)
102.5(2)
112.1(2)
115.3(2)
103.4(2)

O(1)-P(1)-C(2)-C(3)
Si(1)-C(1)-C(2)-P(1)
Si(1)-C(1)-C(6)-P(2)
OR)-PR)-C(6)-C(5)
Si(1)-C(1)-C(2)-C(3)
H(1)—Si(1)-C(1)~C(2)
H(2)—Si(1)-C(1)-C(2)

a Symmetry transformations used to generate equivalent atomy:+a)
2z X = 2z, —z+ Y3, (D)X —y — Y3, X — 23, =2+ Y.

P(2y0(2) 1.466(3)
P(Z0(2) 1.551(4)
P(2}0(2") 1.529(4)
O()—H(1) 2.52(3)
O(1)—H(1) 2.93(3)
0(2-H(2) 2.49(3)
0(2)-H(2) 2.38(3)
O(2)-Li(la) 1.925(6)
Li(1-0(1) 1.911(7)
Li(1-O(2b) 1.925(6)
Li(1)-0(3) 2.383(8)
Li(1y-CI(1) 2.424(10)
C(1¥C(6)-P(2) 123.4(3)
C(1y-C(2)-P(1) 125.1(3)
C(6)-C(1)-Si(1) 122.6(3)
C(2-C(1)-Si(1) 121.6(3)
C(2)-C(1)-C(6) 115.7(3)
C(3)-C(4)-C(5) 115.4(3)
C(1¥C(2)-C(3) 120.8(3)
C(2)-C(3)-C(4) 123.5(3)
P(13-O(1)-Li(1) 141.3(2)
O(3)-Li(1)—CI(1) 99.6(5)
O(1)Li(1)-O(2b)  105.9(3)
O(IW-CI(L)—Li(1)  144.3(4)
1.1(3)
~5.3(4)
9.0(4)
5.1(3)
172.2(2)
34(1)
154(1)

Table 3. Crystallographic Data for 5a and 6

5a 6
formula CiadH206CleLi 6036P12Sis*  CogHaeOpP2Si
12H,0
fw 3545,98 568.68
cryst syst trigonal triclinic
cryst size, mm 0.25% 0.25x 0.23 0.13x 0.10x 0.10
space group R3 P1
a, 22.9449(5) 9.9842(14)
b, A 22.9449(5) 12.0381(14)
c, A 30.6051(5) 14.063(2)
o, deg 90 95.873(7)
B, deg 90 108.262(5)
y, deg 120 96.767(6)
vV, A3 13953.9(5) 1576.5(4)
z 3 2
Pealca Mg/md 1.266 1.198
w, mmt 0.306 0.213
F(000) 5652 612
6 range, deg 3.3627.45 2.98-25.36
index ranges —29=< h <= 29, —12<h=12,
—25< k=< 25, -14< k=14,
—39=<1=<39 —-16=<1=<15
no. of rflns collcd 31915 22 426
completeness tmax, % 99.6 99.6
no. of indep rfinsRin; 7095/0.031 5752/0.032
no. of rfins obsd 2730 3233
with | > 20(1)
no. of refined params 418 369
GOFF? 0.859 0.833
R1F) (I > 20(1)) 0.0625 0.0369
WR2(F?) (all data) 0.1768 0.0793
(A/0)max 0.001 0.001
IargeAst diff peak/hole, 0.758/0.444 0.414+0.295
elA3

from the silicon atom, leaving the latter in a distorted-tetrahedral
configuration (mean angle 109.3%ariation between 103 and
113) by coordination of two carbon and two hydrogen atoms.

#aing et al.

In addition, the tetrahedral faces are capped with the ethoxy
oxygen atoms O(}, O(1"), O(2), and O(2) at Si—0O distances
ranging between 3.091(3) and 3.427(3) A, which are shorter
than the sum of the van der Waals radii of silicon and oxygen.

As for the isopropoxy-substituted lithium chloride free
compounds, the Si(1)}-H(1) (1.52(3) A) and Si(B-H(2) (1.41-

(3) A) distances are different, but both hydrogen atoms show
the same coordination environment. Apparently, the latter is the
dominating feature, as the different distances are not reflected
in the IR spectrum of5a (KBr pellet), showing only one
absorption at’(Si—H) 2205 cntl. The P=O oxygen atoms
coordinate to the lithium cation with Li(H)O(1) and
Li(1)—O(2B) distances of 1.911(7) and 1.925(6) A, respectively,
giving rise to formation of a ring structure composed of six
diorganosilane moleculesand six lithium cations (Figure 3).

The Li—O distances are in the same range as those in the
complexes { Li-2H,0-[O=P(NMey)3]} 22"-2CI~ (1.936(4)-
2.013(3) A)13 ([(NMe2)sP=0r-LiCl]4 (1.86(1)-1.88(1) A)l4
{ CHJ[P(O)(O4-Pr)]-LiCl} (1.928(3)-2.056(3) Ay and [LiCF-
2THF], (1.937(3)-1.956(3) A)!® The tetrahedral coordina-
tion sphere at each lithium cation is completed by one chloride
anion (Li(1y--Cl(1) = 2.424(10) A) and one water oxygen
(Li(1)—0O(3) = 2.241(11) A). Within the large5Li*)s ring the
SiPhH moieties point to the center of the latter and lie
alternating above and beneath the ring plane. The silicon-bound
phenyl groups are orthogonal to the ring plane. One water
molecule links three 5-Li*)s rings via hydrogen bridges
(O(AW)y---Cl(1) = 2.391(12) A) to give a two-dimensional
network with local propeller-type structures (Figure 3).

Reactivity of 6 toward Trityl Hexafluorophosphate,
[PhsC]TPFs~, and Tetrachloromethane, RespectivelyThe
29Si NMR spectrum of a §Dg solution of the diorganosilang
to which had been added 1 molar equiv of §&hPFR~ and
which had been kept at room temperature for 24 h displayed a
singlet atd —77.7 (signal A) and a doublet-of-triplets resonance
atd —88.6 (J(?°Si—19%F) = 255 Hz,J(*°Si—31P) = 13 Hz; signall
B). Signal A is assigned to the intramolecularly coordinated
siliconium sal{ 4-t-Bu-2,6-[P(O)(Oi-Pr)] ,CeH2} Si(H)Ph PRs~
(7) (Scheme 1).

This assignment gets support from tRE-coupled 2°Si
spectrum, showing a doublet witd(2°Si—H) = 305 Hz. The
latter value is larger than that of the diorganosiliconium salt
[2-(CH.PMey)CgHa] :SIHTOSQCRs~ (W(H—29Si) = 251 Hz)}6
but is comparable with the value of 302 Hz reported for ([8-
(OMe)C1oHg] ,SIHTOSQ,CF;7).17 Signal B is assigned to the
fluorine-substituted siliconium ion{4-t-Bu-2,6-[P(O)(Oi-
Pr)].CeHa} Si(F)PH (8) (Scheme 1). This assignment is sup-
ported by (i) the3P NMR spectrum showing a doublet
resonance at 25.6 J(31P—1%F) = 11 Hz) and (ii) the"*F NMR
spectrum showing a triplet resonancedat151.5 J(*°F—31P)
= 11 Hz,J(*F—2%Si) = 254 Hz). Furthermore, the electrospray
mass spectrum of the reaction mixture shows two mass clusters
of similar intensities (65% and 75%) centeredrét 585.3 and
543.2, respectively. These clusters are assigned to the fluorine-
substituted siliconium catiof¥-t-Bu-2,6-[P(O)(OPr)],CeH2} -
Si(F)Ph (8) and to the protonated fluorine-substituted benzox-

(13) Barr, D.; Clegg, W.; Mulvey, R. E.; Snaith, R.Chem. Soc., Chem.
Commun.1984 974-975.

(14) Barr, D.; Clegg, W.; Mulvey, R. E.; Snaith, R.Chem. Soc., Chem.
Commun.1984 79-80.

(15) Hahn, F. E.; Rupprecht, &. Naturforsch., BL991 46b, 143-146.

(16) Berlekamp, U.-H.; Jutzi, P.; Mix, A.; Neumann, B.; Stammler, H.-
G.; Schoeller, W. WAngew. Chem1999 111,2071;Angew. Chem., Int.
Ed. 1999 38, 2048.

(17) Cosledan, F.; Castel, A.; Riviere,ain Group Met. Chenl 997,
20, 7-9.
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Figure 3. View of the two-dimensional structure &a composed of %-Li™) hexamers, chloride anions, and water molecules. Methyl
groups are omitted for clarity.

Scheme 1 8 and hydrogen. The observation of gas bubbles in course of
P(O)(OF-Pr), the reaction supports this idea. That organosilanes do indeed

_ react with hydrogen fluorides has been known for a long fitne,

tBu SiPhH, and in the case of compouritithis is even more favored, as

siliconium ions are known to have a rather high affinity toward
fluoride ion?°

Attempts at separating and isolating compourfdand 8
failed. Notably, other intramolecularly coordinated-$i-con-
- PhsCH taining siliconium salts such as [2,6-(@RMe;),CsH3]SiH"-
BF,~ (6(%°Si) —29.0)}! [2-(CH2NMe;)CeH4]Si(H)PHFOSG-
CRs~ (0(*°Si) —56.2)21 [8-(OMe),C;oHg2SIHTOSO,CRs™
(0(*°Si) —30.0)" [2-(CH,OMe)CGH4]Si(H)PhFOSO,CFRs~

P(O)(Oi-Pr)2

[PhsCI*[PFe]", toluene, 12 h

n ! ;
ipro QP ” ipro. QFPr (6(298!) —48.7)%2 [2-(CH28Me)Q;H.4]S|(H)Ph+OSQCF3.*
Pf? PT? (0(29Si) —42.8)23 [2-(CH,SMe)GH] ,SIHTOSQ,CF5~ ((29Si)
+BU SKPh PFs + | tBu Si(Ph PFe —47)%  [2-(CHPMe,)CsHaISi(H)Ph"OSOCFs~  (3(*°Si)
} H \ F —32.4)2 and [2-(CHPMe&)CeH4]oSiHT OSQ,CR~ (8(2°Si)
tpro RO pro RO —104.3¥5 have been reported, whereas triorganosiliconium ions
Oi-Pr OFPr containing Si-F bonds were identified by photoionization mass
7 8 spectrometry only?
aS”aphc,)SphOIe{ [1(P),3(S)-P(0)(0i-Pr)COSi(F)Ph-6-Bu-4- (18) Fernandez-Gata R.; Manzano, B. R.; Otero, A.; Lanfranchi, M.;
P(O)(Oi-Pr)]CeHz} -H™. Pellinghelli, M. A. Inorg. Chem.1994 33, 2309-2312.

The mechanism that accounts for the formation of the (%g) FritthG-:Kummef, DZ-tfHOFQ-Allg-Cheﬂgﬁﬁl 3058 135—133-
fluorine-substituted siliconium ion is not clear to us, and it was zoés—)zl\élgg;p y, M. K.; Beauchamp, J. L1. Am. Chem. Sod977 99,
not our intention to investigate this in more detail. One (21) Belzner, J.; Schar, D.; Kneisel, B. O.; Herbst-Irmer,GRgano-
possibility is the generation of hydrogen fluoride by partial metallics1995 14, 1840-1843. _
hydrolysis of hexafluorophosphate anion,sPf with trace (22) Mix, A.; Berlekamp, U. H.; Stammler, H. G.; Neumann, B.; Jutzi,

. . . P.J. Organomet. Chenl996 521, 177-183.
amounts of water present in the solvent. The hydrogen fluoride (23) Berlekamp, U. H.; Mix, A.; Neumann, B.; Stammler, H. G.; Jutzi,

reacts with the SiH function of compound to give compound P.J. Organomet. Chen2003 667, 167—175.
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Scheme 2
P(O)(Oi-Pr), P(O)(Oi-Pr),
£Bu siphH, 04 daylight |, o, SiH(CI)Ph
“CHCl
P(0)(OLPr), P(0)(OF-Pr),
o “EPrCl
HPro~p_q HPro~p_o
il cCly il
tBu SiH)Ph =4 — > tBu Si(Cl)Ph
} _CHCl3 f
i-Pro-f=0 wpro-f=0
OiPr OiPr

9 (mixture of two epimers) 10 (mixture of two epimers)

The3!P NMR spectrum of a solution of the diorganosildhe
in CCly which had been kept in the daylight for 20 days showed
a singlet atéo 18.1 (integral 33, unreacte@) and two pairs
of doublets (ratio between the two pairs approximately 3:2,
total integral 57) ato 19.2 ((3'P—38'P) = 3.9 Hz)b 22.7
(JCP—31P) = 3.9 Hz) and) 19.3 J(¥P—31P) = 3.9 Hz)b 22.7-
(J(3TP—31P) = 3.9 Hz). These pairs of doublets are assigned to
the two epimers of the benzoxasilaphosphol®]J(Si)-P(O)-
(O-i-Pr)OSi(H)Ph-6t-Bu-4-P(0)(O#-Pr)]CeH2 (9) (Scheme 2).

This assignment is supported by thd NMR spectrum,
showing for the SiH protons two doublet-of-doublet reso-
nances, with again a ratio of 3:2, at5.65 g(*H—31P) = 6.7
and 5.1 Hz) and 5.63J(H—31P) = 7.0 and 3.6 Hz).

In addition, there are another two pairs of doublets (ratio
between the two pairs approximately 2:1, total integral 9) at
15.7 GP—31P) = 7.5 Hz)b 18.2 J(3P—31P) = 7.5 Hz) and
6 15.8 Q(P—-31P) = 7.5 Hz)H 18.00(3'P—-3P) = 7.5 Hz)
which are tentatively assigned to the two epimers of the chloro-
substituted benzoxasilaphospholeH}.8(Si)-P(O)(Oi-Pr)OSi-
(Cl)Ph-64-Bu-4-P(O)(OPr)]CeH2 (10) (Scheme 2). The latter
is formed by reaction of compourlwith CCl,.

The electrospray mass spectrum (positive mode) of the
reaction mixture shows high-intensity, and almost equally
intense, mass clusters centereth&t567.5, 525.3, 483.3, 441.3,
and 399.3, which are assigned{#t-Bu-2,6-[P(O)(OrPr)].-
CeH2} Si(H)Ph (generated fronf4-t-Bu-2,6-[P(O)(OPr)] -
CeH2} SIH(CI)Ph by loss of chloride ion; see Scheme 2), the
protonated benzoxasilaphosphddeH]*, and the corresponding

species generated by subsequent loss of three 2-methylethen8'0nochrom 1
f data collection covered almost the whole sphere of reciprocal space

dWith 2 (58) and 5 @) sets at differenk angles with 218%a) and
351 ©) frames viaw rotation A/w = 1°) at 2 x 150 s fa) and 2

molecules, respectively. In addition, there is a another set o
low-intensity, but almost equally intense, mass clusters centere

atm/z583.5, 541.3, 499.3, 457.2, and 415.2. These mass cluster

are assigned t§4-t-Bu-2,6-[P(O)(OPr),].CsH2} Si(OH)PhF

and the corresponding species generated by subsequent loss (?i{tnt

four 2-methylethene molecules.

The mechanism that accounts for the formation of the
benzoxasilaphosphole derivatives involves participation of sili-
conium ions and was discussed in some of our previous vé6rks.
The ability of siliconium ions to cleave NC and G-C bonds
was also reported by other authdvs?”

(24) Peveling, K.; Henn, M.; Lw, C.; Mehring, M.; Scfitmann, M.;
Costisella, B.; Jurkschat, KOrganometallic2004 23, 1501-1508.

(25) Mickoleit, M., Synthese, Struktur und Reaktititinorstabilisierter
Silene. Dissertation Universit&ostock, Rostock, Germany, 2002.

(26) Kost, D.; Gostevskii, B.; Kocher, N.; Stalke, D.; Kalikhman, I.
Angew. Chem2003 115 1053;Angew. Chem., Int. ER003 42, 1023.

(27) Berlekamp, U. H.; Mix, A.; Jutzi, P.; Stammler, H. G.; Neumann,
B., Oxygen, Phosphorus or Sulfur Donor Ligands in Higher-Coordinated
Organosilyl Chlorides and Triflates. [@rganosilicon Chemistry IMAuner,
N., Weiss, J., Eds.; Wiley-VCH: New York, 2000; p 2489.
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Conclusion

A systematic investigation, including the results reported in
refs 3 and 4, on the organosilangét-Bu-2,6-[P(O)(OR)] >
CeH2} Si(H)Phs—rn (R = Et, i-Pr; n = 1, 2)),containing a
potentially intramolecularly coordinating pincer-type ligand,
reveals that the extent of=RO—Si coordination and the type
of rotamer actually observed in the solid state depend on the
substituent pattern at silicon as well as on the identity of the
substituent R. In the diorganosilaethere is no substantial
intramolecular P=O—Si interaction but a short, structure-
determining Si-H---O distance of 2.66(1) A is found. In
complex5a, the Lewis acidic Lt cation competes with the
silicon-bound hydrogen atom for thes® Lewis base and, by
assistance of chloride anion and water, generates an unprec-
edented supramolecular framework. This suggests that the
nonmetalated arylphosphonic esterBu-1,3-[P(O)(ORy],CsH3
also should hold potential as ligand in supramolecular chemistry.

Experimental Section

General Considerations.All solvents were dried and purified
by standard procedures. All reactions were carried out under an
inert atmosphere (argon or nitrogen) using Schlenk techniques.

IR spectra (cm?') were recorded on a Bruker IFS 28 spectrom-
eter. Bruker DPX-300 and DRX-400 and Varian Mercury 200
spectrometers were used to obtéih 13C, 19F, 3P, and?°Si NMR
spectralH, 13C, 19, 31P, anc?°Si NMR chemical shifts) are given
in ppm and were referenced to &, CCkEF, and HPO, (85%),
respectively. NMR spectra were recorded at room temperature
unless otherwise stated. Elemental analyses were performed on a
LECO CHNS-932 analyzer.

Electrospray mass spectra were recorded in the positive and
negative mode on a Thermoquest-Finnigan instrument using
CH3;CN as the mobile phase. The compourtdand 8, respec-
tively, were dissolved in acetonitrile and then diluted with the
mobile phase to give a solution of approximate concentratiofi 10
mol L~1. The sample was introduced via a syringe pump operating
at 30uL min~1. The capillary voltage was 2.5 kV, while the capil-
lary temperature was set to 200. Identification of all major ions
was assisted by comparison of experimental and calculated isotope
distribution patterns. Thavz values reported correspond to those
of the most intense peaks in the corresponding isotope pattern.

Crystallography. Intensity data for the colorless crystals were
collected on a Nonius KappaCCD diffractometer with graphite-
hromated Mo & (0.710 73 A) radiation at 173(1) K. The

x 70 s @) per frame. The crystal-to-detector distances were 3.4
Crystal decays were monitored by repeating the initial frames
he end of data collection. The data were not corrected for
absorption effects. On analysis of the duplicate reflections, there
were no indications for any decay. The structure was solved by
direct methods (SHELXS$9) and successive difference Fourier
syntheses. Refinement was applied by full-matrix least-squares
methods in SHELXL97.

The H atoms (H(1), H(2)) bonded to Si(1) %@ were located in
the difference Fourier map and refined isotropically. The other H
atoms were placed in geometrically calculated positions using a
riding model with isotropic temperature factors constrained at 1.2
for nonmethyl and at 1.5 for methyl groups times thg value of
the carrier C atom.

In 5athree OEt groups are disordered over two positions with
occupancies of 0.33 (C(27, 0.5 (C(21), C(22), C(25), C(21L

(28) Sheldrick, G. MActa Crystallogr., Sect. A A48167—473.
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C(22), C(28)), and 0.66 (C(27)). The chloride anion as well as 3H; Hyyp), 7.65 (complex pattern, 2H; 4 8.37 (complex pattern,
the water molecule bonded to the lithium cation are also disordered 2H; Hz 5). 13C{*H} NMR (100.63 MHz, THFédg): 6 17.5 (complex
over three positions (sof values: CI(1), 0.3; QJ(0.5; CI(1"), 0.2; pattern 3J(:3C—31P) = 3 Hz, 4C; CH), 32.2 (s, 3C; Ch), 36.6 (s,
0O(3), 0.4; O(3), 0.25; O(3), 0.35). The water molecule O(1W) 1C; C), 63.5 (complex patterf](13C—3P)= 3 Hz, 4C; CH), 128.7
was anisotropically refined with an occupancy of 0.166, and O(2W) (s, 2C; G,), 130.0 (s, 2C; ¢), 130.4 (s, 1C; §), 135.3 (complex
was isotropically refined over three positions (sof values: O(2W), pattern, 2C; gs), 138.1 (s, 1C; @, 139.9 (t,2J(*3C—3P) = 20
0.166; O(2W), 0.33; O(2W), 0.33). In6 the tert-butyl group is Hz, 1C; G), 140.7 (dd,}J(**C—31P) = 188 Hz,3J(**C—31P) = 19
disordered over two positions (C(8) C(10)) with occupancies Hz, 2C; Gg), 153.6 (t,3J(13C—31P) = 13 Hz, 1C; G). Si
of 0.5. NMR (59.63 MHz, THFeg): & —41.3 (tt, J(2°Si—3P) = 5 Hz,
Atomic scattering factors for neutral atoms and real and J(*H—2%Si) = 207 Hz).3P{H} NMR (161.98 MHz, GDe): o
imaginary dispersion terms were taken from ref 29. The figures 19.9. IR (KBr): #(P=0) 1250 cnt?, #(Si—H) 2205 cnt?. Anal.
were created by SHELXTE? Crystallographic data are given in  Calcd for G4H4:CILiIOgP,Si: C, 48.8; H, 7.2. Found: C, 48.3; H,
Table 3 and selected bond distances and angles in Tablks) 1 ( 7.6.
and 2 6). [{ 2,6-Bis(diisopropoxyphosphonyl)-4tert-butyl } phenyl]di-
[{2,6-Bis(diethoxyphosphonyl)-4tert-butyl } phenyl]dihy- hydridophenylsilane (6). To a solution of 1,3-bis(diisopropoxy-
dridophenylsilane (5). Chlorophenylsilane (1.78 g, 12.44 mmol)  phosphonyl)-Zert-butylbenzene (8.00 g, 17.30 mmol) in diethyl
was added dropwise, at78 °C, to a solution of {2,6-bis- ether (200 mL) was added, dropwise-at0 °C, LiN-i-Pr; in diethyl
(diethoxyphosphonyl)-4ert-butyl} phenyl]lithium (1; 23.59 g, 8.70 etherh-hexane (31 mL, 2:1, 0.59 M). The reaction mixture was
mmol) in diethyl ether (100 mL). The reaction mixture was stirred stirred fa 8 h at —30 °C. To the stirred solution of{PR,6-bis-
for 16 h (=78 °C to room temperature), and then the solvent was (diisopropoxyphosphonyl)-tert-butyl} phenyl]lithium was added
evaporated. The residue was suspended in THF (50 mL) anddropwise a solution of chlorophenylsilane (2.59 g, 18.17 mmol) in
filtrated with a diatomaceous earth filter. After extraction of the diethyl ether (20 mL) at-35 °C. The reaction mixture was stirred
diatomaceous earth filter with THF (2 25 mL) the solvent was  for 12 h (—70 °C to room temperature), and then the solvent was
evaporated. The oily residue was extracted with diethyl ether (4  evaporated. The residue was poured into water, and the resulting
50 mL) to remove 5-Bu-1,3-[P(O)(OEH].CsHs, resulting in 2.98 mixture was extracted with diethyl ether 280 mL). The organic
g of (62%)5-LiCl as a hygroscopic colorless solid. Subsequently, layers were combined, washed with waterx1150 cn?), dried
water (25 mL) was added to this solid and the resulting solution over NaSQ,, and filtered. The diethyl ether was removed in vacuo
was extracted with EO (25 mL). The organic part was dried over  to give an oily residue. Column chromatography ($EIXOAC) of
Na,SQ; followed by filtration of the latter. Evaporation of the  this residue afforded 2.46 g (25%) 6fas a colorless solid, mp 71

diethyl ether in vacuo afforded 1.72 g (61%) ®fas a colorless
oil. *H NMR (400.13 MHz, GDg): ¢ 0.99 (t,3J(*H—H) = 7 Hz,
12H; CH), 1.23 (s, 9H; CH), 3.87 (complex pattern, 4H; GH
4.00 (complex pattern, 4H; G} 5.68 (s,2J(*H—2°Si) = 206 Hz,
1H; Si—H), 7.19 (unresolved, 3H; ki), 7.90 (unresolved, 2H; §i
8.56 (unresolved, 2H; ). 3C{*H} NMR (100.61 MHz, GDg):
0 16.2 (complex patterr?J(:3C—31P) = 3 Hz, 4C; CH), 30.8 (s,
3C; Chg), 34.9 (s, 1C; C), 62.1 (complex pattefd(13C—31P) = 3
Hz, 4C; CH), 127.5 (s, 2C; ), 129.1 (s, 2C; ¢), 134.1 (complex
pattern, 2C; @s), 136.5 (s, 1C; &), 138.0 (s, 1C; ¢, 138.4 (t,
2)(13C—31P) = 19 Hz, 1C; G), 139.4 (dd 2J(*3C—31P) = 187 Hz,
3)(13C—31P) = 18 Hz, 2C; Gg), 152.2 (t,3)(*3C—31P) = 13 Hz,
1C; Gy). 29Si NMR (79.49 MHz, GDg) 0 —41.0 (tt,J(3°Si—31P) =
5 Hz, WU(H-2%i) = 207 Hz). 3P{*H} NMR (161.98 MHz,
CeDe): & 19.6. IR (Nujol): #(P=0) 1251 cnt?, #(Si—H) 2185
cm L. MS: m/z (%) 512 (33, M), 511 (100, M- H), 435 (29, M
— Ph), 434 (29, M= Ph— H), 391 (24, M— Ph— OEt-+ H), 361
(30, M — Ph— OEt — Et). Anal. Calcd for G4H3g06P-Si: C, 56.2;
H, 7.5. Found: C, 55.6; H, 7.9.
[{2,6-Bis(diethoxyphosphonyl)-4tert-butyl } phenyl]dihy-

°C.1H NMR (400.13 MHz, CRCly): ¢ 1.13 (d,3J(H—H) = 6.2
Hz, 12H) and 1.26 (BJ(*H—1H) = 6.2 Hz, 12H) (C(®i3)(CH3)’'
(P)), 1.38 (s, 9H; El3), 4.62 (unresolved, 4H; O), 5.26 (s,
LJ(*H—29Si) = 205 Hz, 2H; SH), 7.28 (m, 3H;Hmyp), 7.62 (M, 2H;
Ho), 8.17 (unresolved, 2HH35). 13C{*H} NMR (100.61 MHz,
CD.Cly): 6 23.5 (d,3J(*3C—3P) = 2.0 Hz, 8C; CCH3)y), 30.8 (s,
3C; C(CH3)3), 35.0 (s, 1CC(CHa)3), 71.08 (d,2J(*3C—31P) = 2.9
Hz, 2C) and 71.11 (RI(*3C—3P) = 2.9 Hz, 2C) (QCH), 127.1 (s,
2C; Cp), 128.7 (s, 1CCp), 133.3 (unresolved, 235, 134.2 (s,
1C; ), 136.0 (s, 2CCo), 137.7 (t,2J(*3C—3P) = 2.0 Hz, 1C;
Cy), 139.6 (dd}J(*3C—3P) = 188 Hz,3J(*3C—31P) = 19 Hz, 2C;
Cu), 151.9 (t3J(33C—31P) = 13 Hz, 1C; G). 3P{1H} NMR (121.49
MHz, CH,CI,/D,0O capillary): ¢ 17.71.2°Si NMR (59.63 MHz,
CH,CI,/D,O capillary): 6 —42.2 (tt, 1J(**Si—*H) = 206 Hz,
3J(>°Si—31P) = 5.9 Hz). IR (KBr): #(Si—H) 2176, 2164 cm};
P(P=0) 1244 cm. Anal. Calcd for GgH4eO6P,Si: C, 59.1; H,
8.2. Found: C, 58.8; H, 8.3.

Reaction of [ 2,6-Bis(diisopropoxyphosphonyl)-4tert-butyl } -
phenyl]dihydridophenylsilane (6) with Triphenylcarbonium

Hexafluorophosphate. To a suspension of triphenylcarbonium
) 1o7IL hexafluorophosphate (0.41 g, 1.06 mmol) in toluene (20 mL) was
1.00 mmol) was added to a solution df2(6-bis(diethoxyphos-  aqded at O'C a solution of { 2,6-bis(diisopropoxyphosphonyl)-4-
phonyl)-4tert-butyl} phenyl]dihydridophenylsilanes(0.51 9, 0,99 tertputyl} phenylldihydridophenylsilane (0.60 g, 1.06 mmol) in
mmol) in THF (35 mL) and stirred under atmospheric moisture at yo|yene (20 mL). After the reaction mixture had been stirred for
20°C to give a colorless solution. Crystallization-af °C afforded 12 h (0°C to room temperature), the solvent was evaporated and

dridophenylsilane-LiCl -2H,0 (5a). Lithium chloride (0.043 g,

0.32 g (55%) of5a as colorless crystals, mp 16C. 'H NMR
(400.13 MHz, THFég): 6 1.11 (t,3J(*H—1H) = 7 Hz, 12H; CH),
1.37 (s, 9H; CH), 3.87-3.94 (complex pattern, 4H; G 3.97—
4.06 (complex pattern, 4H; Gi 5.22 (s,53J(*H—2°Si) = 206 Hz,
1H; Si—H), 7.23 (complex pattern, 3H;4), 7.68 (complex pattern,
2H; H,), 8.30 (complex pattern, 2H;44). 'H NMR (400.13 MHz,
THF-dg, —70°C): 6 1.05 (12 = 30 Hz, 12H; CH), 1.40 (s, 9H;
CHa), 3.91 {1/, = 45 Hz, 4H; CH), 4.06 (11 = 44 Hz, 4H; CH),
5.16 (s 1J(*H—2°Si) = 205 Hz, 1H; Si-H), 7.30 (complex pattern,

(29) International Tables for X-ray CrystallographyKluwer Aca-
demic: Dordrecht, The Netherlands, 1992; Vol. C.

(30) Sheldrick, G. MSHELXTL. Release 5.1 Software Reference Manual

Bruker AXS: Madison, WI, 1997.

the yellow residue was dissolved ins[@s and characterized by
NMR spectroscopy®F{1H} NMR (188.29 MHz): 6 —151.5
(t, JOF—3P) = 11 Hz, W(*°F—2°Si) = 254 Hz,8), —72.2 (d,
J(*F—31P) = 711 Hz; Pk"). 2°S{H} NMR (59.63 MHz): o
—88.6 (dt,XJ(*°Si—*°F) = 255 Hz,J(*°Si—3P) = 13 Hz,8), —77.7
(7). 2°Si NMR (59.63 MHz): 6 —88.7 (doublet of multi-
plets, 1J(2°Si—19%F) = 257 Hz), —77.8 (doublet of multiplets,
1J(?°Si—1H) = 305 Hz).3'P{*H} NMR (121.49 MHz): 6 28.6 (7),
25.6 (d,J(3'P—19F) = 11 Hz, 8), —142.25 (septettJ(3P—19F) =
711 Hz; Pk).

Reaction of [ 2,6-Bis(diisopropoxyphosphonyl)-4tert-buty! } -
phenyl]ldihydridophenylsilane (6) with CCl,. At room tempera-
ture, a sealed NMR tube containing a solution 62,p-bis(di-
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isopropoxyphosphonyl)-tert-butyl} phenyl]dihydridophenylsilane
(0.049 g, 0.09 mmol) in tetrachloromethane (0.6 mL) an®{L
(0.004 mL) was exposed to daylight for 20 day®{'H} NMR
(121.49 MHz): 6 18.1 (s,6), 19.2 (d,J(P—31P) = 3.9 HZz)/22.7
(d, JG'P—31P) = 3.9 Hz)) and 19.3 (dJ(3'P—381P) = 3.9 Hz)/22.7
(d, J(3*P—3P) = 3.9 Hz), belonging to the two epimers &f15.7
(JEGP-31P) = 7.5 Hz)/18.2 J(3P—-3P) = 7.5 Hz) and 15.8
(JCP—-31P) = 7.5 Hz)/18.0 J(*'P—3P) 7.5 Hz), belonging to
the two epimers ofl0. 2°Si{*H} NMR (59.63 MHz): 6 -42.1 (t,
3J(?°Si—31P) = 5 Hz) (6), —40.9 (d,J(**Si—3%P) = 13 Hz) and
—39.7 (d;J(2°Si—31P) = 12 Hz) (10), —40.8 (d;J(2°Si—31P) = 13
Hz) and—39.6 (d;J(?°Si—3P) = 12 Hz) (10), —38.1 (unresolved),
—36.7 (unresolvedJ(?°Si—3P) = 6 Hz) (9). 2°Si NMR (59.63

#aing et al.

MHz): 6 -45.6 (unresolved3J(**Si—3P) = 5 Hz) (6), —40.6
(unresolved) and-39.3 (unresolved)1(0), —39.2 (unresolved) and
—38.6 (unresolved);-35.1 (unresolvedJ(?*Si—1H) = 79 Hz) ©).
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