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Abstract: The reaction of benzamidinato silicon trichloride [{ PhC(NR)} SiCl3] [R = But (1), SiMes (2)] with
2 equiv of potassium in THF afforded mononuclear chlorosilylene [{PhC(NBu?),}SiCl] (3) and [{PhC-
(NSiMe3),}2SiCl;] (4), respectively. Compound 4 was formed by the disproportionation of unstable [{ PhC-
(NSiMej3),} SiCl]. The reaction of [{ PhC(NBuUY),} SiCls] (1) with 1 equiv of LiIR (R = NMe,, OBUY, OPr/, PPrb)
in THF yielded [{ PhC(NBuY} SiCI;,R] [R = NMe; (5), OBu! (6), OPr’ (7), PPr’, (8)]. Treatment of 5—8 with
2 equiv of potassium in THF resulted in the novel heteroleptic silylene [{ PhC(NBu?,} SiR] [R = NMe; (9),
OBU! (10), OPr' (11), PPr’, (12)]. Compounds 4, 9, and 12 have been analyzed by X-ray crystallography.

Introduction are regarded as reactive intermedi&teRecently, we have
communicated the synthesis of the first stable mononuclear
chlorosilylene {PhC(NBU)2}SiCl] by reduction of {PhC-
(NBUY),} SiClg] (1).6 We anticipate that reactive silylene can be
stabilized with the aid of the bulky benzamidinate ligdfhC-
(NBu')2}. Herein, we report the synthesis and structures of

In the past 20 years the chemistry of stable silylene has
attracted much attention due to the carbene-like propériies.
first example of a stable silylene [$i(Bu) CHCHN(BW)}] was
reported by West's group in 1994-However, only a handful
of room-temperature stable silylene complexes were then . } ;
synthesized and structurally characterizddhey are kinetically [{PhC(NBU),} S'NM?Z]’ .[{ PhC(NBU)2} SIOR] (R = B, P),
stabilized by nitrogen-containing bulky ligands. One of the main and fPhC(NBu)z} SiPPf].
stabilizing factors is the donation of lone pair electrons from Results and Discussion
the nitrogen atom to the vacant p orbital at the silicon(ll) center.  In our previous communication, we reported the synthesis
All of them can be synthesized by the reduction of dihalidesilane of novel chlorosilylene{{PhC(NBU),} SiCl] (3) by the reaction
precursor with alkali metals, since mononuclear &iGInot of benzamidinato silicon trichloride{ PhC(NBU),} SiCly] (1)
available at room temperature. Gaseous silicon dichloride canwith 2 equiv of potassium in THE.Compound3 is stable in
be prepared by the reaction of silicon with silicon tetrachloride the solid and solution state under an inert atmosphere at room
at high temperatures. It is unstable and polymerizes to insolubletemperature. Similar benzamidinato silicon trichlorid®HC-
perchloropolysilane (Sig),.* It is well-known that silylene (NSiMes),} SiCls] (2) can be prepared from the reaction of [LiN-
complexes with small substituents such as Me, Ph, or evela NPr (SiMes);] with PhCN and SiG.” The reduction of2 with 2
equiv of potassium in THF for 1.5 days did not afford

T Institut fir Anorganische Chemie der Univergi@aottingen. ; ; i
* Institut fir Physikalische Chemie der Univergitacttingen. monon,uc'ear chlorosﬂylgnéIPhC(NSlM@)z} SICI}’ instead the
8 Freie UniversitaBerlin. formation of a six-coordinatg PhC(NSiMe)2} 2SiCl,] (4) was
Eg?tchnlscféen Unl(lvelzsrtﬁragitgachvgell?- observed, which is confirmed by NMR spectroscopy and single-
0-von-Guericke-UniversitaMagdeburg. ~ . . :
(1) (a) Haaf, M.: Schmedake, T. A.: West, Rcc. Chem. Re£00Q 33, 704. crystal X-ray structural anglyss (see the Supporting Information)
X (b) |4||(i||, N. J.; West, RJ. Orgﬁnomet. Chem2004I Gska 4165. (Scheme 1). The reaction pathway suggested thehC-
Denk, M.; Lennon, R.; Hayashi, R.; West, R.; Belyakov, A. V.; Verne, H. ; ; ; YT
@) P.; Haaland, A.; Wagner,yM.; Metzler, N. Am. C%]lem. S0d.994 116, (NSIM%)Z} S|C|] IS uns.table, maybe. due to thel SIMEJandS
2691. compared to the bulkier Bigroups in3. The 2°Si NMR of 4
(3) (a) Gehrhus, B.; Lappert, M. F.; Heinicke, J.; Boese, R.s&laD.J. Chem.
Soc., Chem. Commui995 1931. (b) West, R.; Denk, MPure Appl. Chem. (5) (a) Moiseev, A. G.; Leigh, W. J. Am. Chem. So2006 128 14442. (b)
1996 68, 785. (c) Haaf, M.; Schmedake, T. A.; Paradise, B. J.; West, R. Levin, G.; Das, P. K; Lee, C. lOrganometallics1988 7, 1231. (c) Levin,
Can. J. Chem200Q 78, 1526. (d) Heinicke, J.; Oprea, A.; Kindermann, G.; Das, P. K.; Bilgrien, C.; Lee, C. [OrganometallicsL989 8, 1206. (d)
M. K.; Karpati, T.; Nyulaszi, L.; Veszpfeni, T. Chem.-Eur. J1998 4, Tsutsui, S.; Sakamoto, K.; Kira, MIl. Am. Chem. S0d.998 120, 9955.
541. (e) Kira, M.; Ishida, S.; Iwamoto, T.; Kabuto, @.Am. Chem. Soc. (6) (a) So, C.-W.; Roesky, H. W.; Magull, J.; Oswald, R.Ahgew. Chem.,
1999 121, 9722. (f) Gehrhus, B.; Hitchcock, P. B.; Lappert, MZ=Anorg. Int. Ed. 2006 45, 3948. (b) Auner, N., Weis, J., Ed©rganosilicon
Allg. Chem.2005 631, 1383. (g) Driess, M.; Yao, S.; Brym, M.; van Chemistry Vi Wiley-VCH: Weinheim, Germany, 2005; pp 19201.
Willlen, C.; Lentz, D.J. Am. Chem. So006 128 9628. (7) Roesky, H. W.; Meller, B.; Noltemeyer, M.; Schmidt, H.-G.; Scholz, U.;
(4) Schmeisser, M.; Voss, . Anorg. Allg. Chem1964 334, 50. Sheldrick, G. M.Chem. Ber1988 121, 1403.
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Scheme 1. Synthesis of 3 and 4
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exhibits three resonances, which correspond to the,SiCl  The reaction ofl with 1 equiv of LIR (R= NMe,, OBU,
(—175.98 ppm) and two resonances for the nonequivalentSiMe OPY, PPt,) in THF afforded { PAC(NBU)2} SiCLR] [R = NMe;
groups (1.19 and 4.39 ppm). Similar six-coordinaf&¢C- (5), OBU (6), OPF (7), PPt (8)], respectively (Scheme 2).
(NP1),},SiCly] has been synthesized by the reaction{®ofi¢C- Compounds—8 were obtained as colorless crystalline solids
(NPr)2}oLi-THF] with SiCls.8 [{MeC(NPt)2}2SiCl] shows and have been confirmed by NMR spectroscopy, electron impact
remarkable stability. It cannot be reduced by potassium and is mass spectrometry (EI-MS), and elemental analysis Frend
stable upon heating in toluene at 100 for several days. 13C NMR spectra of5—8 correspond to the benzamidinate
Chlorosilylene { PhC(NSiMg)2} SiCl] was calculated by the  ligand. The2°Si NMR spectra o5—8 [6 —87.2 6), —112.2
B3LYP® hybrid functional as implemented in the Gaussian (6), —107.7 {7), —78.6 )] indicate pentacoordination at the
program packad@ with cc-pvtz basis sets for all the geometry  silicon !
optimizations at the DFT level of theory. The detailed coordi-  Treatment o5—8 with 2 equiv of potassium in THF for 17
nates of the resulting optimized structure are given in the  4¢torded the novel heteroleptic silylengPhC(NBU)2} SIR]
Supporting Informfa\tion. It shows thf';\t the dis.proportionatioln of [R = NMe; (9), OBU (10), OPF (11), PPh, (12)] (Scheme 2).
[{PhC(NSiMe)2} SICI] to [{PhC(NSiMe)z}2SiCl] (4) and Si Compound®—12 were isolated as colorless crystalline solids

is favorable W'thAH =65 kcal/mol. ) o with good solubility in diethyl ether, toluene, and tetrahydro-
Attempted reduction of less sterically hindered benzamidinato furan. They are stable in solution or in the solid state at room

SI!Iﬁon trlch!orlde I{dPhC(N.R)z}S|CI§. (Rr = Pr*,l c)éc!ohexy.l) temperature under an inert atmosphere. Heteroleptic silylenes
with potassium under various conditions resulted in a mixture ;oo |0 contrast, germanium analogues, such{BE]

of products. It is suggested that chlorosilylene cannot be (CMeNA),} GeX] (Ar = 2,6-PhCeHz: X = H, Me, BU', OH) 12
stabilized without sterically hindered substituents at the ben- [MamxGex] [Mamx= me,thylamino:methyt;n-xyl,yl' X = Me

zamidinate ligand. However, when the phenyl ring §PfiC- Bu, Bu, C=CPh, OBY Na, N(SiMey)s],3 [{ PHZATI}Ger
(NBuY)2} SiCl] (1) is replaced by alkyl substituents such as Bu (AT’I _ z;minotrop’oniminate" %= Ns OS'QCF3 19 are exten-
or Pt, the reduction is not successful. The results suggestedSively investigated ' '

that the phenyl ring at the benzamidinate ligand stabilizes the ’
electron density within the highly delocalized benzamidinato ] . oo

ring system. Therefore, the benzamidinate Iigar{cPh‘C- (11) 1CBeG”a1’3J.' A.; Cargioli, J. D.; Williams, E. Al. Organomet. Cheni98Q
(NBuY2}” is applied to stabilize the reactive silylene. (12) (@ Ding, Y.; Ma, Q. Roesky, H. W.; Herbst-Irmer, R. Wsol.;

Noltemeyer, M.; Schmidt, H.-GOrganometallic2002 21, 5216. (b) Ding,
Y.; Hao, H.; Roesky, H. W.; Noltemeyer, M.; Schmidt, H.-Gtganome-

(8) Karsch, H. H.; Schier, P. A.; Reisky, M.Eur. J. Inorg. Chem1998 tallics 2001, 20, 4806. (c) Pineda, L. W.; Jancik, V.; Roesky, H. W.;
433. Neculai, D.; Neculai, A. MAngew. Chem., Int. EQ®2004 43, 1419. (d)

(9) (a)Lee, C.; Yang, W.; Parr, R. ®hys. Re. B 1988 37, 785. (b) Miehlich, Pineda, L. W.; Jancik, V.; Starke, K.; Oswald, R. B.; Roesky, HANgew.
B.; Savin, A.; Stoll, H.; Preuss, HChem. Phys. Lett1989 157, 200. (c) Chem., Int. EJ200§ 45, 2602.
Vosko, S. H.; Wilk, L.; Nusair, MCan. J. Phys198Q 58, 1200. (d) Becke, (13) Jutzi, P.; Keitemeyer, S.; Neumann, B.; Stammler, HO€janometallics
A. D. J. Chem. Phys1993 98, 5648. 1999 18, 4778.

(10) Frisch, M. J.; et alGaussian O3revision C.02; Gaussian, Inc.: Wallingford, (14) (a) Dias, H. V. R.; Wang, 2. Am. Chem. So4997, 119, 4650. (b) Ayers,

CT, 2004. For the complete ref, see the Supporting Information. A. E.; Marynick, D. S.; Dias, H. V. RInorg. Chem.200Q 39, 4147.
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Table 1. Crystallographic Data for Compounds 9 and 12

9 12
formula C17H29N3Si C21H37N2P5i
molecular weight 303.5 376.6
color colorless colorless
cryst syst monoclinic monoclinic
space group Pc P2(1)

a(h) 9.147(8) 9.062(2)
b (A) 18.235(2) 10.209(2)
c(A) 12.117(1) 12.720(3)
p (deg) 111.94(4) 94.17(3)
V (A3) 1874.8(3) 1173.8(4)
z 4 2
ealca (g cn3) 1.075 1.066
M (mm1) 0.124 0.174
F(000) 664 412
cryst size (mm) 0.4 0.35x 0.25 0.50x 0.50x 0.20
26 range (deg) 2.1330.51 2.2529.16
index range —-13=<h=13, —-12<h <12,
—26=< k=26, —13=< k=183,
-17=1=17 0=<1=17
Figure 1. Molecular structure 09. Thermal ellipsoids are set at the 50%  no. of rfins collected 35157 6303
probability level. H atoms are omitted for clarity. R1, wR2 ( > 2(o)l) 0.0493, 0.0720 0.0283, 0.0671
R1, wR2 (all data) 0.0935, 0.0798 0.0322, 0.0683
goodness of fitF2 0.881 0.962

Compouan I.S the fIr.St example. of a room-temperature S.t"f‘b'e no. of data/restraints/params  11222/2/395 6303/1/374
system containing a dimethylamine group attached to a silicon- |argest diff peaks, e 0575and-0.280  0.202 and-0.151
() center. Until now, only cyclic diaminosilylenes have been
i a—d.f,g ' i
Isolated3: \.NEStS group has repqrted the synthesis of Table 2. Selected Bond Distances (angstroms) and Angles (deg)
[{(MesSi)2N}2Si], but this compound is only stable at Iow  for cCompounds 9 and 12

e . . .
temperaturé® Similarly, the existence of [(BN).Si] generated [(PhC(NBUY)} SINMed (9

photochemically from  3-bis(diisopropylamino)-1,2-bis(tri-  sj1)-n(1) 1.905(1)  Si(LyNQ) 1.893(1)
methylsilyl)-3-silacyclopropane was confirmed by trapping  Si(1)-N(3) 1.724(2) C(IyXN(1) 1.335(2)
experiment$? It is suggested that the benzamidinate ligand C(1)—N(2) 1.342(2)

stabilizes the reactive Si(H)NMe; bond. N(1)—Si(1)-N(3) 102.8(7) N(2)-Si(1)-N(3) 103.4(7)

N(1)-Si(1-N(2)  68.3(6) SiAyN(1)-C(1)  91.8(1)

29q; ibi i _
The 2°Si NMR spectrum 0B exhibits one singletd —2.62 N(L)—C(LI-N(2) 105.6(1)

ppm) which shows an upfield shift when compared with that

of [{PhC(NBU)2} SICI] (0 14.6 ppm)’: It is assumed that the 0P [{chgégl(le)DZ}SiPs'?(%ﬁ(zl)) L8s1(1)
lone pair electrons of NMeare donated to the vacant p orbital Si(1)-N(2) 1.'875(1) CyN(L) 1:345(2)
at the silicon(ll) center so that the deshielding of the silicon  c(5-N(2) 1.335(2)

atom is reduced. Th#H NMR spectrum at 298 K displays one N(1)—Si(1)-P(1) 107.4(4) N(2) Si(1)-P(1) 99.8(4)

broad resonanceé .59 ppm) corresponding to theMé;, group. N(1)—Si(1)-N(2) 69.3(5) Si(1}¥N(2)—C(5) 92.2(8)

This may be due to the rotation of the NMgroup at the silicon N@)-CE)-N(@1)  105.7(1)  C(5rN(1)-Si1)  91.6(8)

center in solution. At 233 K, the rotation slowed down and the
IH NMR spectrum exhibits two sharp singletsZ.43 and 2.70
ppm).
The molecular structure &is shown in Figure 1. Compound

9 crystallizes in the space groupc (Table 1); it is a
mononuclear heteroleptic silylene. The benzamidinate ligand
is bonded in a N,Nchelate to the silicon center, and the latter
displays a trigonal pyramidal geometry (Table 1). The sum o

additional double-diffuse functio8.The calculated structural
parameters (Si(BN(1) 1.941 A, Si(1>N(3) 1.758 A, N(1y-
C(10) 1.477 A, N(3}-C(8) 1.453 A; N(3)-Si(1)—N(2) 103.28,
N(2)—Si(1)-N(1) 67.24, C(1)-Si(1)-N(1) 91.92, C(8)—
N(3)—C(9) 113.03) are in good agreement with the crystal-
lographic data. The natural bond orbital (NBO) analysis shows
f that none of the bonds formed by silicon are stable since most

bond angles at the silicon center is 274ahd 274.1 in two of the electronic density is on the nitrogen atoms (Tablé& 3).

independent molecules. The four-membered SikI(L)—C(1)— Tlhe stat_)ilitél of _these b(?nis reﬁultslfrom the redi.;tribu_tion of
N(2) ring is planar, and the phenyl ring is orthogonally arranged electronic density out of the phenyl group over the nitrogen

to this plane. The Si(HN(3) bond distance (1.724(2), 1.722- atoms of the benzamidinate ring to the silicon and the attached
(2) A) in 9 is slightly shorter than the theoretical calculated NMej substitent. This strengthening can be seen in the donor

| f 1 (Me-SNT-Sil (1.779 A)I5 Similarly. it is short acceptor interactions. The Si(@N(1) and Si(13-N(2) bonds
Yﬁaﬁetﬁog ir?ac;)élic}ijig n(“ nosilyl e)n es &r;;(%rliéu:)s} Zscé)l_:jr are stabilized by 14 kcal/mol each through the interaction with

1,2-H-4] (1.752(3), 1.747(3) A and [HQ C(Me)NAR{ C(CHp)- an antibonding_C(l—)C(_Z) or_bital. The _Si(lfN(S) _bond gains
NAr} Si]] EAr _ (2,)6-F"sze$-|2) (31.734[, 573(5(1; ﬁ@}({rafale 2))_ 26 kcal/mol by interacting with the antibonding SiyI(1) and

Compound was investigated by means of quantum chemical Si(1)~N(2) orbitals.

calculations (Table 3). The molecule was first fully optimized (16) (a) Hay, P. J.; Wadt, W. R. Chem. Phys1985 82, 270. (b) Petersson,
R . ) . | dinthe G . G. A.; Al-Laham, M. A.J. Chem. Physl991, 94, 6081. (c) Petersson, G.
with the DFT-variant B3LYP as implemented in the Gaussian A Bennett, A.; Tensfeldt, T. G.; Al-Laham, M. A.. Shirley, W. A.;

rogram K mplovina the 6-31 i xpan with Mantzaris, JJ. Chem. Phys1998§ 89, 2193.

program pac ag‘ée ploying the 6-31G basis set expanded wit (17) (a) Foster, J. P.; Weinhold, B. Am. Chem. Sod98Q 102, 7211. (b)
Reed, A. E.; Weinhold, RI. Chem. Physl985 83, 1736. (c) Reed, A. E.;

(15) Lee, G.-H.; West, R.; Miler, T. J. Am. Chem. So2003 125 8114. Curtiss, L. A.; Weinhold, FChem. Re. 1988 88, 899.

J. AM. CHEM. SOC. = VOL. 129, NO. 39, 2007 12051



ARTICLES So et al.

Table 3. Selected Calculated Data of 9

bond occupancy MO 1 contr.2 type MO 2 contr.2 type

C(1)-N(1) 1.98157 C(1) 39.88% s(31.08%) N(1) 60.12% 5(35.09%)
p?2%(68.83%) B-8%64.86%)

N(1)—-C(1 0) 1.98153 N(1) 62.12% S(36.82%) C(10) 37.88% $(21.50%)
pt7463.15%) 15-6578.36%)

C(1)—-C(2) 1.97202 C(1) 49.53% S(36.12%) C(2) 50.47% 5(30.36%)
p7163.85%) 13-2969.61%)

Si(1)-N(1) 1.88686 Si(1) 10.07% s(8.41%) N(1) 89.93% 5(28.07%)
p’5463.21%) B-5471.91%)
d3-3828.39%)

Si(1)-N(2) 1.89098 Si(1) 9.74% s(8.41%) N(2) 90.26% s(27.61%)
p’5463.22%) B-5472.37%)
d33728.37%)

Si(1)-N(@3) 1.96381 Si(1) 14.41% S(13.47%) N(3) 85.59% s(38.47%)
p8283.87%) B-59461.50%)
d%292.66%0)

N(3)—C(8) 1.99250 N(3) 60.86% $(30.90%) C(8) 39.14% 5(25.08%)
p?2469.07%) 13-94(74.80%)

acontr.= contribution.

Compoundsl0 and11 are alkoxide-substituted silylenes. In
1989, Maier et al. synthesized the dimethoxysilylene intermedi-
ate [Si(OMe)] by the pyrolysis of hexamethoxydisilad&lts
existence can be demonstrated by the trapping reactions with
dimethylacetylene or 2,3-dimethylbutadiene. Recently, a siloxyl
silylene [HQ C(Me)NATr} ,SiOSi(HY NArC(CHy)}{ NArC(Me)} -

CH] has been synthesized by the reaction of {I@QVe)NAr} -
{C(CHp)NATr} Si] with H,0.1° Compoundd0and11 have been c) @
confirmed by NMR spectroscopy, EI-MS, and elemental
analysis. The'H and13C NMR spectra ofLl0 and 11 display

one set of resonances due to the ligand backbone and alkoxide
substituent. Thé®Si NMR spectra ofL0 and 11 exhibit one
singlet [0 —5.19 ppm 1L0), 6 —13.4 ppm 1L1)] which are slightly
upfield shifted when compared with that @fHowever, X-ray
structure analysis ofl0 and 11 were unsuccessful due to
nonmerohedral twinning. c(e1) CO19) €

Short-lived or stable diphosphino silylenes [SigPRare rare. Ci20)

Only bis(diphosphinomethanide) silylene{{&Me»),C(SiMe3)} 4] Figure 2. Molecular structure 012 Thermal ellipsoids are set at the 50%
has been reported, although this molecule has a tetracoordinated™Pability level. H atoms are omitied for clarity.

silicon atom?® With the aid of a benzamidinate ligand, a novel angle of N(2)-Si(1)-P(1) (107.4) is larger than that of N(B)
silylene consisting of a small phosphino substituef?hC- Si(1)-P(1) (99.8). The silicon center displays a distorted tri-
(NBU);} SiPPE] (12) with three-coordinate silicon was isolated.  gona| pyramidal geometry. The sum of bond angles at the silicon
The®!P NMR spectrum of.2 shows one singlet(—16.5ppm)  center is 276.5 The Si(1)-P(1) bond distance ihi2 (2.307(8)
which exhibits an upfield shift when compared with that of &) is slightly longer when compared with that in tetracoordinate
tetracoordinate [$(PMe,):C(SiMe)}2] (0 —5.2 ppm) and  jlicon of [Si (PMe,),C(SiMey)} 2] (2.271(4) AY° (Table 2).
pentacoordinate{ PhC(NBU)} SICLPP#;] (8) (6 1.86 ppm})E° Compoundl2 was analyzed by quantum theoretical calcula-
The #Si NMR spectrum ofl.2 exhibits a doubletd 56.2 ppm,  tion using DFT-variant B3LYP employing a basis set termed
Jsi-p = 154 Hz) which shows a downfield shift as compared 6.31G(d,p).2 The coordinates of the optimized structure are
with that of five-coordinate{[PhC(NBU)2} SiPPCl7] (6 —78.6 given in the Supporting Information. The NBO analysis was

ppm, Jsi-p = 68.6 Hz) and three-coordinat¢HhC(NBU)2} - carried out to explain the bonding betweer 8i and Si-P17
SiCl] silicon (6 14.6 ppm) The two-coordinate silicon chemical  The calculated bond can be described ascdiybrid1 + c2 x
shift of N-heterocyclic silylenes is in the range frofiY8 0 hyhrid2, where the coefficients c1 and c2 denote the polarization
+119 ppmz3 coefficient. The calculated NSi bond is 0.9296< sp>-5(N) +

The molecular structure df2 (Figure 2) is similar to that of ~ 0.3686 x sp74 whereas the calculated-SP bond is 0.5479
9. Compoundl2 crystallizes in the space grol2(1) (Table x sp5qSi) + 0.8365 x sp2YP). From the polarization
1); it is a mononuclear phosphino silylene. The benzamidinate coefficient, larger electronic density can be found on P than on
ligand is bonded in a N,Nchelate to the silicon center. The  Sj. The formation of ionic species in solution might be possible
due to the doneracceptor interactions between the localized
(18) Maier, G.; Reisenauer, H. P.; Sther, K., Wessolek-Kraus, U.J. orbitals. This may account for the downfield shift of tFSi

Organomet. Chenil989 366, 25. . . . .
(19) Yao, S.; Brym, M.; van Wien, C.; Driess, M.Angew. Chem., Int. Ed. NMR resonance of2. The interaction of a filled bonding donor

(20) L B 39 aller U Gamper, S.Ner, G. Angew, Chem. Int, ¢, O'bital with an empty antibonding acceptor orbital weakens the
Engl. 199Q 29, 295. o ' bond belonging to the acceptor NBO. One of the-Sibonds
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is weakened by the interaction with-8?, P-C, and Si-N' [{PhC(NBUY)2} SiCL.PPri;] (8). An analogous experimental proce-
bonding donor orbitals. In conclusion, this result indicates that dure as for5 was used. The reaction df(3.35 g, 9.16 mmol) with

the interaction of12 with metal carbonyl fragments will ~ LiPPr2(1.14 g, 9.16 mmol) in THF afforded as colorless crystals.
predominately occur at the phosphorus rather than at the silicon Yield: 1.07 g (26.2%). Mp 134.2C. Elemental Anal. found (%): C,

: : : PR 56.10; H, 8.07; N, 5.98. Calcd for,&13,Cl,N,PSi: C, 56.36; H, 8.33;
fatom. Interpretation for supporting this assumption is in progressN’ 6.26.1H NMR (THF-tk): 6 = 1.26-1.40 (+ d + d. 30 H, Bt
in our laboratory.

CHMe,), 2.32-2.51 (td, 2H, GiMe,), 7.41-7.53 (m, 5H, Ph)13C-
{*H} NMR (THF-dg): 0 = 23.5 CHMe,), 23.7 CHMe,), 25.0
(CHMe), 25.6 (CHMey), 32.5 (QMes), 57.1 CMes), 128.6, 130.0,

All manipulations were carried out under an inert atmosphere of 131.1, 134.6, (Ph), 172.5 @®N). 3'P{*H} NMR (THF-dg) 6 = 1.86.
dinitrogen gas by standard Schlenk techniques. Solvents were dried®*S{*H} NMR (THF-dg): 6 = —78.6 (d,Jsi-p = 68.6 Hz). EI-MS
over and distilled from Na/K alloy prior to use. LiP$#t was prepared m'z. 448 [M*].
as described in the literature. LiNMeLiOBW!, and LiOPI were [{PhC(NBUW)2} SiNMe;] (9). THF (50 mL) was added to a mixture
purchased from Aldrich Chemicals and used without further purification. of 5 (1.17 g, 3.12 mmol) and finely divided potassium (0.24 g, 6.24
The ™H, 13C, 3P, and?°Si spectra were recorded on a Bruker Avance mmol) at ambient temperature. The resulting red mixture was stirred
500 instrument. The NMR spectra were recorded in TddBr CsDs, for 17 h. The solvent was then removed in vacuo, and the residue was
and the chemical shift§ are relative to SiMgand 85% HPO, for 1H, extracted with BEXO (50 mL). The insoluble solid was filtered off, and
13C, 295, and3'P, respectively. Elemental analyses were performed by the red filtrate was concentrated to yield colorless crysta ¥feld:
the Institut fur Anorganische Chemie, Universit&ottingen. Melting 0.39 g (41.1%). Mp 87C. Elemental Anal. found (%): C, 67.13; H,
points were measured in a sealed glass tube and were not corrected9.41; N, 13.68. Calcd for GH,oNsSi: C, 67.27; H, 9.63; N, 13.84H

[{PhC(NSiMes)} 2SiCl,] (4). THF (50 mL) was added to a mixture =~ NMR (THF-ds, 25 °C): 6 = 1.01 (s, 18H, B, 2.59 (br, 6H, Me),
of 2 (2.10 g, 5.28 mmol) and finely divided potassium (0.41 g, 10.6 7.23-7.47 (m, 5H, Ph)*C{'H} NMR (THF-d, 25°C): 6 = 31.7
mmol) at ambient temperature. The resulting red mixture was stirred (CMes), 52.9 CMe;), 128.5, 128.6, 128.9, 130.1, 131.1, 135.6 (Ph),
for 1.5 days. The solvent was then removed in vacuo, and the residue161.7 (NCN). 'H NMR (THF-dg, —40 °C): ¢ = 1.10 (s, 18H, BY,

Experimental Section

was extracted with E©O/hexane (1:1, 20 mL). The insoluble solid was
filtered off, and the red filtrate was concentrated to yield colorless
crystals of4 at —30 °C. 'H NMR (CsDg): 6 = 0.11 (s, 9H, SiMg),
0.34 (s, 9H, SiMg), 6.88-7.02 (m, 3H, Ph), 7.257.38 (m, 2H, Ph).
29Sif1H} NMR (CeDg): 6 = —175.98 (SiCJ), 1.19 (SiMe), 4.39
(SiMey).

[{PhC(NBUWY)2} SiCl,NMe;] (5). A solution of LiINMe;, (0.44 g, 8.61
mmol) in THF (50 mL) was added dropwise 1d3.15 g, 8.61 mmol)
in THF (20 mL) at—78 °C. The reaction mixture was stirred at room
temperature for 2 days. Volatiles of the mixture were removed under
reduced pressure, and the residue was extracted wib. Efter
filtration and concentration of the filtrat®, was obtained as colorless
crystals at—30 °C. Yield: 1.17 g (36.3%). Mp 120.7C. Elemental
Anal. found (%): C, 54.36; H, 7.73; N, 11.07. Calcd foi78,oCl,N3-

Si: C, 54.53; H, 7.81; N, 11.22H NMR (CgDg): 6 = 1.18 (s, 18H,
BuY), 2.76 (s, 6H, Me), 6.736.98 (m, 5H, Ph)**C{*H} NMR (CsDs):

0 = 31.8 (QVley), 38.9 (NMe), 55.1 CMe3), 127.5, 127.7, 127.8, 128.5,
128.9, 129.8 (Ph), 170.9 ®N). 2°Si{*H} NMR (CgDg): 6 = —87.2.
EI-MS m/z. 374 [M*].

[{PhC(NBW),} SiCI,OBuUY (6). An analogous experimental proce-
dure as for5 was used. The reaction of LIOB(0.72 g, 8.97 mmol)
with 1 (3.28 g, 8.97 mmol) afforde@l as colorless crystals. Yield: 2.75
g (76.0%). Mp 117.8C. Elemental Anal. found (%): C, 56.41; H,
7.86; N, 6.74. Calcd for H3,CI,N,OSi: C, 56.56; H, 7.99; N, 6.94.
H NMR (CeDg): 6 = 1.24 (s, 18H, NBY, 1.68 (s, 9H, OBY, 6.72—
6.94 (m, 5H, Ph)23C{1H} NMR (C¢D¢): 6 = 31.7 (OQVley), 31.9
(CMey), 55.4 CMes), 75.7 (OCCMes), 127.7, 128.7, 129.8, 133.5 (Ph),
170.4 (NCN). 2°Si{*H} NMR (C¢Dg): ¢ = —112.2. EI-MSm/z. 404
M*].

[{PhC(NBuW),} SiCI,OPr'] (7). An analogous experimental procedure
as for5 was used. The reaction &f(3.49 g, 9.54 mmol) with LiOPr
(0.63 g, 9.54 mmol) in THF afforde@ as colorless crystals. Yield:
2.23 g (60.0%). Mp 103.2C. Elemental Anal. found (%): C, 55.29;
H, 7.43; N, 7.01. Calcd for H3CI.N,OSi: C, 55.52; H, 7.76; N,
7.19.'H NMR (CsDe): 6 = 1.23 (s, 18H, BY, 1.33-1.42 (d, 6H,
CHMe,), 4.93-5.08 (sept, 1H, BIMe;), 6.71-6.93 (m, 5H, Ph)*C-
{*H} NMR (Cg¢D¢): 6 = 25.9 (CHVIe;), 32.4 (QMie3), 56.1 CMey),
67.6 CHMe,), 128.3, 128.4, 128.5, 129.2, 130.4, 133.6 (Ph), 172.3
(NCN). 2°Si{*H} NMR (C¢Dg): ¢ = —107.7. EI-MSm/z 389 [M"].

(21) Atwood, D. A.; Atwood, V. O.; Cowley, A. H.; Gobran, H. R.; Jones, R.
A.; Smeal, T. M.; Carrano, C. Drganometallics1993 12, 3517.

2.43 (s, 3H, Me), 2.70 (s, 3H, Me), 7.3Z.53 (m, 5H, Ph)}*C{H}
NMR (THF-ds, =40 °C): 6 = 31.5 (Me3), 36.1, 41.3 (We,), 52.8
(CMey), 128.7, 128.8, 130.3, 131.1, 135.3 (Ph), 161.TKY. 2°Si-
{*H} NMR (CgDg, 25°C): 6 = —2.62. EI-MSm/z. 304 [M*].

[{PhC(NBuWY)} SiOBUY (10). THF (50 mL) was added to a mixture
of 6 (2.75 g, 6.82 mmol) and finely divided potassium (0.53 g, 13.6
mmol) at ambient temperature. The resulting orange mixture was stirred
for 17 h. The solvent was then removed in vacuo, and the residue was
extracted with BEO (50 mL). The insoluble solid was filtered off. The
orange filtrate was concentrated and stored &C4o yield colorless
crystals of10. Yield: 1.17 g (51.6%). Mp 114.8C. Elemental Anal.
found (%): C, 68.47; H, 9.52; N, 8.21. Calcd fordH3,N,OSi: C,
68.62; H, 9.70; N, 8.42'H NMR (CsD¢): 6 = 1.21 (s, 18H, B,
1.59 (s, 9H, OB, 6.78-6.97 (m, 4H, Ph), 7.057.12 (m, 1H, Ph).
BC{H} NMR (C¢Dg): 6 = 31.7 ((Mes), 32.8 (OQMe3), 52.8 CMey),
71.6 (OCMey), 127.3, 127.6, 127.7, 128.8, 129.7, 134.5 (Ph), 162.7
(NCN). 2°Si{1H} NMR (C¢De): 6 = —5.19. EI-MSn/z 333 [M'].

[{PhC(NBuW),} SiOPr] (11). An analogous experimental procedure
as for10 was used. The reaction @f(2.23 g, 5.73 mmol) and finely
divided potassium (0.45 g, 11.5 mmol) afforded colorless crystals of
11 Yield: 0.72 g (45.4%). Mp 73.9C. Elemental Anal. found (%):

C, 67.65; H, 9.21; N, 8.47. Calcd for:§H30N,0Si: C, 67.87; H, 9.49;
N, 8.79.2H NMR (CeDe¢): 0 = 1.17 (s, 18H, Bl), 1.33-1.42 (d, 6H,
CHMe,), 4.31-4.52 (sept, 1H, EMe,), 6.80-7.01 (m, 4H, Ph), 7.02
7.11 (m, 1H, Ph)233C{*H} NMR (C¢De): 0 = 26.9 (CHMVe,), 31.8
(CMe;), 52.89 CMey), 65.2 CHMe;), 127.6, 127.9, 129.3, 130.2, 134.4,
134.5 (Ph), 163.7 (NN). 2°S{'H} NMR (CeD¢): 6 = —13.4. EI-MS
mz. 319 [M*].

[{PhC(NBU)2} SiPPr;] (12). An analogous experimental procedure
as for9 was used. The reaction &f(1.07 g, 2.39 mmol) and finely
divided potassium (0.19 g, 4.78 mmol) afforded colorless crystals of
12 Yield: 0.47 g (52.2%). Mp 63.5C. Elemental Anal. found (%):

C, 66.71; H, 9.83; N, 7.27. Calcd for,#3/N,PSi: C, 66.98; H, 9.90;
N, 7.44."H NMR (C¢D¢): 6 = 1.21 (s, 18H, BY, 1.44-1.47 (d, 6H,
CHMey), 1.50-1.54 (d, 6H, CH/ey), 2.48 (m, 2H, GiMe), 6.87—
7.01 (m, 4H, Ph), 7.21 (m, 1H, PHFC{'H} NMR (CeD¢): 6 = 23.2
(CHMe,), 23.3CHMe;), 23.4 (CHVIey), 23.5 (CHVe,), 31.9 ((Mey),
53.6 CMey), 127.6, 128.3, 128.5, 129.6, 130.2 (Ph), 155.61. 3*P-
{*H}NMR (CsDg) 6 = —16.5.2Si{*H} NMR (C¢De): 0 = 56.2 (d,
Jsi-p = 154 Hz). EI-MSm/z 377 [M*].

X-ray Data Collection and Structural Refinement. Intensity data
for compound® and12 were collected using a Bruker SMART CCD
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area detector and Stoe IPDS 2T, respectively, using graphite-mono-schaften. C.-W.S. thanks the Alexander von Humboldt Stiftung
chromated Mo K radiation ¢ = 0.71073 A). The crystals & and for a Research Fellowship. The authors are grateful to Professor
12were measured at 133(2) and 170(2) K, respectively. The structuresgrank T. Edelmann for the measurement of X-ray data. C.-W.S.

were solved by direct phase determination (SHELXS-97) and refined thanks Mr. Ying Yang for the measurement of NMR data. We
for all data by full-matrix least-squares methods E#?? All non- thank the referees for their valuable suggestions
hydrogen atoms were subjected to anisotropic refinement. Methyl '

hydrogens were included using idealized rigid groups allowed to rotate  Supporting Information Available: Complete ref 10, com-
but not tip; other H were generated geometrically and allowed to ride plete atomic coordinates, anisotropic displacement coefficients,
on their respective parent atoms. A summary of X-ray data is given in an jsotropic displacement coefficients for hydrogen atoms and
Table 1. (X-ray structure and crystal data férare given in the g, mary of crystal data, data collection, and refinemen®for
Supporting Information.) and12, calculated structure atomic coordinates of the unstable
Acknowledgment. Dedicated to Professor Robert West. This silylenes,4 and 12, X-ray data (CIF) of9, 12, and 4. This
work was supported by the ‘@mger Akademie der Wissen-  material is available free of charge via the Internet at

: - http://pubs.acs.org.
(22) Sheldrick, G. MSHELXS-97Program for Crystal Structure Refinement;
University of Gdtingen: Gitingen, Germany, 1997. JAO74019E
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