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The interaction of (MeSiNBu)x(N'BuLi), with MCl, in hot toluene produceg(MeSiNBu),(N'Bu)z} MCl,, M =
Zr (1), Hf (2), in good yields. The light-yellow and colorless solids are isostructural and crystallize in the monoclinic
crystal system, space gro#2;/n, with four molecules in the unit cell. The unit cell dimensions 10{293 K)
area=9.174(6) A,b = 18.027(13) Ac = 16.515 A, = 98.81(6}, and those foR (213 K) area = 9.1871(1)

A, b=17.8553(2) Ac = 16.4770(3) A = 99.

by cyclodisilazane and chloride ligands but have one additional weak bonding interaction with a cyclodisilazane

339(1). The metal atoms are pseudotetrahedrally coordinated

ring-nitrogen atom. Treatment dfor 2 with 2 equiv of MeMgCl in ether affords the corresponding dimethyl
specieq (MeSiNBu)y(N'Bu)2} MMe,, M = Zr (3), Hf (4). These isostructural, colorless organometallic compounds
are remarkably stable to atmospheric oxygen and moisture. They crystallize in the monoclinic spacg2group
Z = 4. The cell parameters f& (298 K) area = 18.867(2) Ab = 9.361(1) A,c = 18.059(3) A 8 = 119.49-

(2)°, and those fort (212 K) area = 18.8066(4)

Ab=9.3208(2) A,c = 17.8725(3) A = 119.508(1). The

dimethyl species are structurally very similar to the dichloro compléxasd 2, with the notable exception that
the metal centers in these organometallic compounds are truly four-coordinate.

Due to the economic importance of the Zieglétatta
polymerization of olefins there is currently considerable research
interest in transition metal compounds that can catalyze this
reactior? Although the Ziegler-Natta process was initially run
with rather ill-defined heterogeneous catalyst mixtirésis
now increasingly practiced homogeneously with modified mono-
or dicyclopentadienyl group 4 metal complexes and various
cocatalystZ Among the most active and selective compounds
for these polymerization reactions are cationic species derived
from ansametallocenesand the so-called constrained-geometry
catalysts (CGC)ypiz., [{(#°>-CsMes)SiMex(N'Bu)} MCl,]° (see
Figure 1).

The impressive catalytic activity of constrained-geometry
catalysts-hybrid compounds of organometallic and classical
coordination chemistrrhas caused renewed interest in the well-
established group 4 metahmide chemistr§. Despite a flurry
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Figure 1. Structural comparison of amnsametallocene (left) and a
constrained-geometry catalyst (right), two of the best homogeneous
Ziegler—Natta precatalysts.

of research activity in this area, however, many of the recent
attempts to synthesize amide-based catalysts usingatnid
tetradentateamides have failed to provide truly four-coordinate
molecules, a structural feature considered important for poly-
olefin catalysts. Very recent examples of group 4 compounds
with chelating diamide ligands have yielded species whose
structures more closely resemble those of organometallic
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For a complex closely related to CGCs, see: du Plooy, K. E.; Moll,
U.; Wocadlo, S.; Massa, W.; Okuda, Organometallics1995 14,
3129.
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precatalysts, but even in these complexes the metal atoms aregnolecular oxygen by distillation from sodium or potassium benzophe-
often in five- or six-coordinate environments, due to dimeriza- none ketyl immediately before use. Mass spectra were recorded in
tion or solvent coordinatiof. the chemical ionization mode on a VG Micromass 7070E-HF double-
Active polyolefin catalysts are pseudotetrahedral, but nitrogen- f0Cusing spectrometer, using methane as the ion source. Except for
donor ligands based on ethylene and ortho-disubstituted areneéhe molecular ions, peaks are quoted only if their relative intensities

tend to have bite anales that are too small for tetrahedral exceeded 10%. NMR spectra were recorded on a Varian VXR-300
v ! gles S spectrometer.*H NMR spectra are referenced relative tsDgH (7.15

coordination. Longer alkyl or disilyl chains, by contrast, ,,m) andic NMR spectra are referenced relative 4D6(128.0 ppm).
introduce too much flexibility into the ligand backbone, causing elting points were obtained on a Mel-Temp apparatus; they are

coordinative lability. Because the two amide groups should uncorrected. Elemental analyses were performed by Desert Analytics
ideally be separated by about 3.8'%the large and rigid Laboratory, Tucson, AZ, and Robertson Microlit Laboratories, Madison,
cyclodisilazanes would seem well-suited as ligands for early NJ.

transition metals. These ligands also offer the possibility of  The tetrachlorides of zirconium and hafnium were purchased from
electron donation through the cyclodisilazane ring, and this Aldrich and Aesar, respectively, and were used as received. The THF
should provide an additional stabilizing feature for electron- adducts ZrG{THF), and HfCL(THF), were synthesized by published
deficient metal centers. On the basis of these general structuraProcedures? Methyimagnesium chloride was obtained from Aldrich

: : . : and used as received or diluted to the desired concentration. The
and electronic ConSIde.ratlonS,' we set out to. SyntheSI;e group 4cyc|odisi|azane:is-{ (MeSiNBu)(N'BuH),} and its dilithium salt were
metal complexes ofcis-2,4-bisfert-butylamino)-1,3-difert-

prepared using improved versions of published procedd?é%. They

butyl-2,4-dimethylcyclodisilazan¢(MeSINBU)(N'BuH)}, A, can also be prepared according to the original literature refeféhce.
a molecule with a ]ong record as a stabilizing ligand in main- {(MeSiNBu)(N'BuLi)»-2THF} was prepared by an unpublished
group metal chemistri# method??

Synthesis of{ (MeSiN'Bu)z(N'Bu)z} ZrCl , 1. In a 100-mL, three-
neck flask equipped with an inert gas inlet, a reflux condenser, and a
magnetic stirring bar, 0.245 g (1.05 mmol) of Zz@hd 0.400 g (1.05
mmol) of { (MeSiNBu),(N'BuLi),} were heated in 25 mL of toluene
at 80°C for 24 h. Removal of LiCl by filtration on a medium-porosity
frit and concentration of the light-yellow solution to 15 mL, followed
by cooling to—12 °C for 3 days, yielded 0.304 g of a light-yellow
crystalline solid. The supernatant was concentrated to 7 mL and stored
at —12 °C for 2 days to give an additional 0.121 g of product for an
overall yield of 79.9%. Note: i(MeSiNBu)(N'BuLi),-2THR}, ZrCl,-
(THF),, or both are used as source materials, the reaction mixture must
be filtered cold (°C) in order to remove unreacted Z§IHF),, which

A is somewhat soluble in toluene at room temperature.

. . Mp: 254 °C dec. *H NMR (300 MHz, benzenek, 21 °C): 6 =

Experimental Section 1.46 (s, 18H, KBu), 1.21 (s, 18H, MBU), 0.46 (s, 6H, SiMe).1H NMR

General Considerations. All operations described herein were (300 MHz, toluene-gl —80 °C): 0 = 1.45 (s, 18H, NBu), 1.15 (s,
performed under an atmosphere of purified nitrogen or argon in standard18H, NBu), 0.27 (s, 6H, SiMe).13C NMR (75 MHz, benzengs, 21
Schlenk-type glassware. The solvents were dried and freed of dissolved°C): ¢ = 57.8 (s), 52.6 (s), 34.1 (Ghc = 125 Hz), 33.5 (qJuc =
- 125 Hz), 4.9 (gJuc = 122 Hz). Mass Spectrum (PCI, methane)/z
®) (Aa) Birger, H.; Wannagat, UMonatsh. Chem1963 94, 761. (b) (%) 494.99 (100.0), 495.99 (53.2), 496.98 (83.6), 497.99 (32.2), 498.99

rioldi, C.; Bradley, D. C.; Chudzynska, H.; Hursthouse, M. B.; Abdul
Malik, K. M.; Raithby, P. R.J. Chem. Soc., Dalton Tran98Q 2010. (54.2), 499.99 (16.3), 500.97 (21.6), 514.94 (63.1), 515.93 (32.70),
(c) Andersen, R. Alnorg. Chem1979 18, 2928. (d) Planalp, R. P.; ~ 516.94 (72.9), 517.94 (29.9), 518.94 (50.5), 519.95 (15.8), 520.95
Andersen, R. A.; Zalkin, AOrganometallics1983 2, 16. () Cummins, (24.1), 530.97 (26.9), 531.97 (16.7), 532.96 (27.9), 533.96 (13.8),
C. C; Van Duyne, G. D.; Schaller, C. P.; Wolczanski, P. T. 534.96 (18.3). Anal. Calcd forH42NsCl.SiZr: C, 40.60; H, 7.95;

Organometallicsl991, 10, 164. (f) Fryzuk, M. D.; Williams, H. D.; N. 10.52. Found: C. 40.56: H. 8.24: N. 10.20
Rettig, S. JInorg. Chem1983 22, 863. Nugent, W. A.; Harlow, T I S
R. L_gmorg_ Chgm.1979 18, 2030. (@) Nug Synthesis off (MeSiN'Bu)z(N'Bu)z} HfCl ;, 2. This compound was

(7) (a) Cloke, F. G. N.; Hitchcock, P. B.; Love, J. B.Chem. Soc., Dalton prepared in a manner analogous to that used for the synthekidrof
Trans.1995 25. (b) Clark, H. C. S.; Cloke, F. G. N.; Hitchcock, P.  a 100-mL, three-neck flask, 0.584 g (1.82 mmol) of Hf@hs heated
B.; Love, J. B.; Wainwright, A. PJ. Organomet. Cheni995 501, (100°C) with 0.700 g of (MeSHNBuU)(N'BuLi), in 25 mL of toluene
333. (c) Horton, A. D.; de With, J.; van der Linden, A. J.; van de  for 2 days. Overall yield: 0.754 g (66.7%). Note: {(MeSiNBu),-

Weg, H.Organometallics1996 15, 2672. (d) Memmler, H.; Walsh, t N :
K.. Gade, L. H.; Lauher, J. Winorg. Chem.1995 34, 4062. () (N'BuLi)2:2THF}, HfCI4(THF),, or both are used as source materials,

Cummins, C. C.: Schrock, R. R.; Davis, W. Rrganometallic€992 the reaction mixture must be filtered cold {Q) in order to remove
11, 1452. (f) Friedrich, S.; Gade, L. HDrganometallics1995 14, unreacted HfG(THF),, which is somewhat soluble in toluene at room
5344. (g) Reger, D. L.; Tarquini, M. Enorg. Chem1983 22, 1064. temperature.

(&) (3) Pl .. Ciurl, S ChiestVila A Guastin, Ggen Chem Mp: 256 1C dec. TH MVIR (300 MHz, benzenes, 2170): 0 —
Int. Ed. Engl.1987, 26, 70. (b) De Angelis, S.: Solari £ Gallo, £, 145 (s, 18H, KBu), 1.22 (s, 18H, MBu), 0.47 (s, 6H, SiMe).**C
Floriani, C.; Chiesi-Villa, A.; Rizzoli, Clnorg. Chem1992 31, 2520. NMR (75 MHz, benzenek, 21 °C): 0 = 56.4 (s), 52.7 (s), 34.8 (q,

(c) Brand, H.; Arnold, JJ. Am.Chem. Soc1992 114, 2266. (d) Juc = 125 Hz), 33.4 (QJnc = 125 Hz), 5.6 (qJuc = 122 Hz). MS

Uhrhammer, R.; Black, D. G.; Gardner, T. G.; Olsen, J. D.; Jordan, (PCIl, methane): m/z (%) 581.97 (37.9), 582.97 (67.7), 583.98 (58.6),

R. F.J. Am. Chem. S0d993 115 8493. 584.99 (100), 586.00 (40.3), 587.01 (34.05), 601.97 (21.1), 602.96
(9) (a) Aoyagi, K.; Gantzel, P. K.; Kalai, K.; Tilley, T. BDrganometallics (37.4), 603.96 (37.7), 604.95 (65.0), 605.95 (31.0), 606.94 (35.0),

1996 15, 923. (b) Warren, T. H.; Schrock, R. R.; Davis, W. M.
OrganometallicsL996 15, 562. (c) Dias, H. V. R.. Jin, W.; Wang, Z. 607.94 (11.8), 617.99 (13.4), 618.99 (21.2), 620.00 (19.3), 621.01

Inorg. Chem199§ 35, 6074. (d) Scollard, J. D.; McConville, D. H.:  (25.1),622.02 (12.9), 623.03 (12.5). Anal. Calcd fQeHoN4Cl, Hf

Vittal, J. J.Organometallics1995 14, 5478. Si: C, 34.86; H, 6.83; N, 9.03. Found: C, 34.90; H, 7.13; N, 8.89.
(10) This number is based on metalitrogen distances of 2.10 A and an Synthesis of{ (MeSiN'Bu),(N'Bu);} ZrMe ,, 3. To a cooled (O°C)
N—M—N angle of 130. solution of 0.201 g (0.377 mmol) df(MeSiNBu),(N'Bu),} ZrCl, in

(11) (a) Veith, M.; Goffing, F.; Becker, S.; Huch, V. Organomet. Chem. :
1991 406, 105. (b) Veith, M.. Goffing. F.: Huch. VChem. Ber1988 20 mL of ether was added 0.3 mL of a 3.0 M ethereal MeMgCl solution.

121, 943. (c) Veith, M.; Becker, S.; Huch, \Angew. Chem., Int. Ed.
Engl. 1989 28, 1237. (d) Veith, M.; Goffing, F.; Huch, VZ. (12) Manzer, L.Inorg. Chem 1977, 16, 525.
Naturforsch.1988 43b, 846. (13) Grocholl, L.; Stahl, L. Manuscript in preparation.
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On warming, the initially turbid solution became cloudy. It was then retrieved using SMAR™ software and refined using SAINTon all
stirred at room temperature for an additional 12 h and filtered on a observed reflections. Data reduction was performed with the SAINT
medium-porosity frit. The clear, colorless solution was concentrated software which corrects for Lp and decay. An absorption correction
to 3 mL and stored in a freezer for 5 days. This procedure afforded was applied using SADABS,which was supplied with the program.
0.141 g of colorless, thin plates corresponding to a 76% yield based The structure was solved in the uniquely determined space @2uip

onl (No. 14) by using the direct methods of the SHELX-9@rogram and
Mp: 235 °C dec. 'H NMR (300 MHz, benzengk, 21 °C): 6 = refined by the least-squares method hwith SHELXL-93, incor-
1.53 (s, 18H; NBu), 1.19 (s, 18H, MBu), 0.69 (s, 6H, ZrMe), 0.53 (s, porated in SHELXTL-PC V 5.03% Hydrogen atoms were calculated
6H, SiMe). 13C NMR (75 MHz, benzenel, 21 °C): 6 = 56.2 (s), by geometrical methods and refined as a riding model. The crystal
51.5 (s), 43.5 (gJuc = 110 Hz), 34.7 (qJuc = 125 Hz), 34.0 (QJHc used for the diffraction study showed no decomposition during data

= 125 Hz), 5.3 (0,hc = 122 Hz). MS (PCl, methane): m/z (%)  collection.

68.99 (37.6), 118.99 (10.5), 130.05 (11.0), 130.99 (17.4), 131.05 (19.2), {(MeSiN'Bu)z(N'Bu).} ZrMe », 3. A colorless plate of approximate
132.04 (15.4), 171.13 (14.4), 180.99 (10.5), 228.14 (16.7), 284.20 dimensions 0.5x 0.2 x 0.1 mm was glued inside an argon-filled
(17.4), 285.20 (11.3), 300.23 (17.9), 358.29 (100.0), 359.29 (36.8), capillary tube and was optically aligned on an Enraf-Nonius CAD 4

372.30 (24.5), 490.25 (1.0), 491.25 (1.1). Anal. Calcd feyHagN.- diffractometer with graphite-monochromated MaxKadiation ¢ =

Si,Zr: C, 48.84; H, 9.83; N, 11.38. Found: C, 48.53: H, 9.53: N, 0.710 73 A). A monoclinic unit cell of dimensiorss= 18.867(2) A,

11.09. b=9.361(1) A,c = 18.059(3) A8 = 119.49(1) was obtained from
Synthesis of{ (MeSiN'Bu)x(N'Bu);} HfMe, 4. To a solution of a least-squares fit of 24 centered reflections. The measured intensities

0.197 g (0.317 mmol) of(MeSiNBu),(N'Bu),} HfCl in 20 mL of ether of two independent octants-@0 < h < 17, 0= k =< 10, 1= | = 19)
was added 0.740 mmol of MeMgCl in 10 mL of ether. After a few Of the reciprocal lattice were collected Wia—20 scans over 20=
drops of the Grignard reagent had been added, the initially clear solution2© = 45.0°. Of the 1817 data collected, 1279 witte 1.50(1) were
became cloudy. It was stirred for an additional 12 h and then filtered used in the structure refinement. The probable space gzatqp(No.
on a medium-porosity frit. The clear, colorless filtrate was concentrated 15) was later corroborated by the successful structure refinement.

to 5 mL and stored at-12 °C for 7 days. This procedure afforded The data were corrected for Lorentz and polarization effects and

0.095 g of colorless, thin plates (52% yield based2pn for decay (3.9% based on the measured intensities of two check
Mp: 242 °C dec. 'H NMR (300 MHz, benzenek, 21 °C): 6 = refleptions). An empirical absorption correction basedyescans was

1.47 (s, 18H, KBu), 1.20 (s, 18H, MBu), 0.54 (s, 6H, HfMe), 0.52 (s, ~ applied.

6H, SiMe). 13C NMR (75 MHz, benzenek, 21°C): 6 = 56.8 (q,Juc Patterson methods were used to locate the zirconium atom. Suc-

=110 Hz), 55.3 (s), 51.6 (S), 35.1 (@c = 128 Hz), 33.9 (qJuc = cessive Fourier syntheses coupled with least-squares refinement yielded

129 Hz), 6.0 (gJuc = 120 Hz). MS (PCI, methane): m/z (%) 68.99  the positions of all remaining non-hydrogen atoms. Idealized coordi-
(119.3), 99.99 (13.2), 118.99 (33.0), 130.99 (56.1), 168.99 (19.3), Nates for the hydrogen atoms of the methyl groups were calculated
180.99 (31.63), 230.99 (14.1), 357.29 (100.0), 358.29 (30.2), 359.29 With site occupations tied to the associated carbon atoms. Isotropic
(10.7), 372.31 (12.2), 578.27 (0.6), 581.28 (0.8). Anal. Calcd for refinement of all nonhydrogen atoms was followed by anisotropic
CooHagN4HfSi: C, 41.47; H, 8.35; N, 9.67. Found: C, 41.52: H, 8.41; refinement of all non-hydrogen atoms, with the exception of C(8), which
N, 9.26. had a nonpositive definite value upon initial anisotropic refinement.
X-ray Diffraction Studies. {(MeSiN'Bu)x(N'Bu);} ZrCl 5, 1. Dif- Refinement converged witR= 0.084,R, = 0.086.. A final difference
fraction intensities on a light yellow bar-shaped crystal were collected Map revealed no unusual features. The foIIow!ng software was used
at 293 K on a Siemens-Stoe AED2 four-circle diffractometer, using fOr data reduction, solution, and reynement. NRCVAX  Datrdr,
graphite-monochromated Modk(i = 0.7107 A) radiation. Of 4749 ~ NRCVAX Solver, and NRCVAX LstS¢t o
unique data collected in the 3:30.1° 20 range (index ranges:10 {(MeSiN'Bu);(N'Bu)z} HfMe, 4. Hardware, software, acquisition,
<h=10,0<k=<21,0< | < 19), 3836 were observed ¢ 20()) and data reduction parameters were identical to those.foh thin,
and used in the refinement. Lorentz and polarization corrections and colorless plate of approximate dimensions 8.9.15x 0.15 mm was
a semiempirical absorption correctiop-6cans) were applied to the ~ 9lued to aglass capillary with silicone grease. A total of 1271 frames
data set. The structure was solved in the unambiguous space grougVith 7662 reflections in the index ranges25 < h = 22, -8 = k =
P2:/n (No. 14) with the direct methods option of the SHELXSH86 12, —21 =1 < 23 were collected with a final resolution of 0.75 A of
program package. The positions of the zirconium atom and the atomsthese reflections, 3280 were unique and observed  o1)), Rnc =
comprising the four-membered ring were taken from the inEiahap. 0.0373. The first 50 frames were re-collected at the end of data
lterative difference Fourier maps yielded the positions of all remaining cquisition to monitor for decay; none was observed. The structure
heavy atoms and of some of the hydrogen atoms. A final difference Was solved in space group2/c (No. 15) by direct methods. The
map showed no peaks greater than 0.351% Arhe atomic scattering centrosymmetric space group was indicated by the diffraction intensity
factors were provided by the program and their sources are referenceddistribution and confirmed by the successful refinement of the structure
therein. All 249 parameters were refined (non-hydrogen atoms In this space group. The structure was solved with direct methods.
anisotropically and hydrogen atoms isotropically in calculated positions) Carbon-bound hydrogen atoms were placed in idealized positioris (C

by using full-matrix least-squares methods &gt in the SHELXL- = 0.96 A) with fixed thermal parameters proportional to the thermal
935 program package. parameter of the carbon atoms to which they are attached (riding model).

{(MeSiN'‘Bu)z(N'Bu)2} HfCl,, 2. Data were collected using a The hydrogen atom parameters were not refined.
Siemens SMART CCD (charge coupled device) diffractometer equipped
with an LT-2 low-temperature apparatus operating at 213 K. A
colorless cube of dimensions 0.350.15 x 0.15 mm was chosen and The interactions of (MeSiNBu)(N'BuLi)-} species with
mounted on a glass capillary with silicone grease. Intensities were MCl, (M = Zr (1), Hf (2)) in hot toluene according to eq 1
measured usingy scans of 0.3frame for 10 s, until a complete

heﬂmlstphere was lcio”tecéed.'th A f.tOt?I Ofl 1t'271 ]frgrgjsA a_r|1_ﬁ 10 d688 (16) SMART V 4.043 Software for the CCD Detector SystS8ramens
refiections were collected with a inal resoiution or U. : € Index Analytical Instruments Division: Madison, WI, 1995.

ranges were-10 < h < 11, -20 < k < 23, -21 < | < 20. These (17) SAINT V 4.043 Software for the CCD Detector Syst&iemens

Results and Discussion

data were mergedR{;; = 0.0258) to provide 4637 unique observed Analytical X-ray Systems: Madison, WI, 1995.
data. The first 50 frames were re-collected at the end of data acquisition(18) SADABS program for absorption corrections using the Siemens CCD
to monitor for decay, which was less than 1%. Cell parameters were gftggmr System. Based on: Blessing/Ata Crystallogr, 1995 A
(19) SHELXTL-PC V 5.03 (PC-Version), Program Library for Structure
(14) Sheldrick, G. M.Program for the Solution of Crystal Structures , Solution and Molecular Graphi¢sSiemens Analytical X-ray Sys-
SHELXS-86University of Gdtingen: Gitingen, Germany, 1990. tems: Madison, WI, 1995.

(15) Sheldrick, G. MProgram for Crystal Structure Refinement SHELXL- (20) Gabe, E. J.; Le Page, Y.; Charland, J.-P.; Lee, F. L.; White, P. S.
93; University of Gadtingen: Gitingen, Germany, 1993. Appl. Crystallogr, 1989 22, 384.
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Table 1. Crystallographic Data fot—4

1 2 3 4
empirical formula GgH42CIoN4SiZr C18H42CILN,4SipHf CooH4gN4SiZr CaoH4gN4SipHf
formula weight 532.86 620.13 492.03 579.30
space group P2:/n (No.14) P2:/n (No.14) C2/c (No.15) C2/c (No.15)
lattice constants:
a, A 9.174(6) 9.1871(1) 18.867(2) 18.8066(4)
b, A 18.027(13) 17.8553(2) 9.361(1) 9.3208(2)
c A 16.515(14) 16.4770(3) 18.059(3) 17.8725(3)
B, deg 98.81(6) 99.339(1) 119.49(1) 119.508(1)
vV, A3 2699(4) 2688.4(4) 2776.4(4) 2726.53(9)

A 4 4 4 4

p(calc), g cn® 1.31 1.544 1.177 1.411

A, A 0.71073 0.71073 0.71073 0.71073

temp, K 293(2) 213(2) 293(2) 213(2)

u, cnrt 7.05 42.13 4.8 39.26

R 0.0311 0.0315 0.084 0.0424

R.° 0.0992 0.0754 0.086 (F) 0.0911

aFor1—4: R=Y|Fo — Fol/S|Fol. "Forl, 2, and4: R, = {[SW(F — FOA[SWFAA}LP, w = U[o%(Fo)2 + (xP)? + yP], P = (F& + 2F2)/3.
For3: Ry = {YW|Fo — F/IW|Fo|3 Y2 w = 1/0?|(Fo)|.

Table 2. Selected Bond Distances and Angles foand 2

produced{ (MeSiNBu)(N'Bu),} MCl; in ca. 70% vyields. The 1
light-yellow (1) and colorless3), hydrocarbon-soluble solids Bond Distances (A)
can be handled in air for brief periods of time but hydrolyze on ~ Zr—N(4) 2.075(3) Z-N(3) 2.089(3)
prolonged exposure to the atmosphere. Flame tests on a variety g:ﬁl((ll)) 332;1),% é&lc;(ﬁz@ %%g%
of samples were consistently negative for the presence of gj1)-n(2) 1.750(3) Si(1¥N(1) 1.767(3)
lithium. Both compounds have simpltH NMR spectra Si(1)-C(1) 1.843(4) Si(2yN(3) 1.714(3)
Si(2)-N(2) 1.746(3) Si(2)-N(1) 1.770(3)
Si(2-C(2) 1.855(4) N(1>C(3) 1.490(4)
N(2)—C(7) 1.474(4) N(3}-C(11) 1.483(4)
\C.-’ N(4)—C(15) 1.486(4)
N/ Bond Angles (deg)
Ng— N(4)—Zr—N(3) 124.41(11)  N(4rZr—CI(1) 111.88(8)
/\ . \ N(3)-zr—Cl(1)  112.72(9) N(4}Zr—CI(2) 99.46(8)
N~ Bu _a N(3)—Zr—CI(2) 98.96(8) CI(1}Zr—CI(2)  105.47(7)
N / M\C, N(4)—-Zr—N(1) 68.35(10)  N(3)¥Zr—N(1) 68.13(10)
‘Bu \Si Cl(1)—Zr—N(1) 107.12(8)  CI(2yZr—N(1) 147.41(6)
AR N(4)-Si(1)-N(2) 111.77(13) N(4}Si(1)-N(1)  96.75(12)
N N(2)-Si(1)-N(1)  84.92(13) N(4}Si(1-C(1) 120.1(2)
\C/ N(2)—-Si(1)-C(1) 115.7(2) N(1)}Si(1)-C(1) 121.4(2)
EAN N(3)-Si(2-N(2) 112.32(13) N(3}Si(2-N(1)  96.94(14)

N(2)-Si(2-N(1)  84.96(13) N(3¥Si(2-C(2) 120.1(2)
N(2)-Si(2-C(2) 114.6(2)  N(I}Si(2-C(2) 121.9(2)

M=Zr(1), Hf (2) C(3)-N(1)-Si(1) 130.0(2) C(3¥N(1)-Si(2) 129.3(2)
Si(1)-N(1)-Si(2)  94.30(13) Si(2FN(2)-Si(1) 95.76(14)
consisting of one sharp line each for tteet-butylamido,tert- Bond Disztances A
butylimido, and methyl groups. For the zirconium complex Hf—N(4) 2.075(4) HE-N(3) 2.084(4)
these signals appeardt..46, 1.20, and 0.46, respectively, while ~ Hf—CI(1) 2.378(1) Hf-CI(2) 2.398(1)
the analogous hafnium complex displays these signadldats, gif(z)’\—l(lil)(Z) i";gggf{g S:Egmgg ﬂgégg
1.22, and 0.47. These data and the virtually identical five-line  sj(1)-c(1) 1.857(6) Si(2)yN(3) 1.723(5)
13C NMR spectra suggested that these compounds are isostruc- Si(2)-N(2) 1.748(4) Si(2)-N(2) 1.782(4)
tural and haveC,, molecular symmetry in solution. The Si(2-C(2) 1.850(6) N(1)-C(3) 1.500(7)
robustness of these amiddichlorides is convincingly dem- “gg:gg)s) i-iggg)) N(3)rC(11) 1.481(7)
onstrated by their relatively high air and thermal stabilities and ’
the presence of molecular ion peaks in the mass spectra. Single Bond Angles (deg)
N(4)—Hf—N(3) 124.2(2) N(4y-Hf—CI(1)  113.82(13)
N(3)—Hf-CI(1) 112.75(13) N(4yHf—CI(2) 97.81(13)
. . toluene, 8C°C N(3)—Hf—CI(2 99.03(13) CI(1yHf-CI(2 104.17(5
{(MeSiNBu),(N'BuLi);} + MCl, ——=— N§4;—Hf—N((1)) 69.1(2() ) N((S)?—Hf—N(i)) 69.1(2())

. Cl(1)—Hf—N(1 107.31(11) CI(2rHf—N(1 148.52(11
{(MeSiNBU),(N'Bu),} MCl, (1) N((4))—Si(1)—§\l()2) 113.8(2() ) N(Elz)?Si(l)—Fvgl) 95.1(2() )
M = Zr (1), Hf (2) N(2)-Si(1)-N(1)  85.1(2) N(4¥-Si(1)-C(1) 121.0(3)

N(2)-Si(1)-C(1) 113.2(3) N(1}Si(1-C(1) 122.4(3)
N(3)-Si(2)-N(2) 113.8(2) N(3)FSi(2-N(1)  95.7(2)

crystals of excellent quality were obtained from cold, concen- N(2)—Si(2)—N(1) 85.2(2) N(3}-Si(2-C(2) 120.0(3)

trated toluene solutions, and these afforded the opportunity for ('\jlgg—ﬁl(%)—;g; i%g-ggg gggﬁl(%)—ggg géggg

X-ray structural investigations on both compounds. Relevant Zv>/ °t-/ 2k : A o :

crystal data forl and 2 are collected in Table 1. Selected SI-N@D—SI2) - 935(2)  SirN@)-Si(1)  96.0(2)

interatomic distances and angles for these compounds arecyclodisilazane complexes crystallize as close-packed molecular

summarized in Table 2. The isotypic Hes(t-butylamido)- solids with four molecules in the monoclinic unit cells having
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Figure 5. Frontal view of a space-filling representation{gMeSiN-

Bu)z(NlBU)z}Zrclz, 1.
cl13) ;o
%J%(M) atoms is indicative of Sphybridization, and this, together with
the relatively short bond distances, suggests that these nitrogen

Figure 2. Molecular structure and labeling scheme f¢iveSiNBu).- . h
(N?Bu)z}Zer. g T ) atoms function as 3-electron donors in these molecules. The

Cl—zr—Cl angle of 105.5(T)is significantly larger, by about
10°, than the corresponding angle in£&ZpCl,2 and much closer

to the ideal tetrahedral value. This opening of the-&I—Cl
angle in these cyclodisilazane complexes is likely an indication
of lesser steric crowding in the equatorial plane of these
compounds. The N(amideM—Cl angles are decidedly non-
equivalent as a result of an additional donor interaction between
a ring nitrogen and the zirconium atomide infra) and range
from 99 to 110C.

The Zr—N(amido) distances of 2.075(3) and 2.089(3) A are
normal for these three-coordinate, planar nitrogen atoms, and
. they compare well with those of truly four-coordinate mono-
Figure 3. Space-filling drawing of (MeSiNBu),(N'Bu),} ZrCl,, 1, that chlorotrig bis(trimethylsilyl)amidg zirconium compounds for
shows the coordination gap in the equatorial plane of the complex. which an average ZN bond distance of 2.070(3) A was
determined® The Zr—Cl distances, 2.403(2) and 2.413(2) A,
are relatively short and asymmetric. They are shorter than both
the sum of their covalent radii and the zirconitchloride
bonds in CpZrCl,. The shortness is likely due to the lesser
crowding and perhaps also the greater Lewis acidity of the metal
centers inl and 2 and is suggestive of some Cl to metal
m-donation. The apparent asymmetry, on the other hand, is
likely the result of the N(imido}Zr interaction(vide infra)
which has lengthened the Z€I bondtransto itself.

One of the most intriguing aspects of these structures is the
proximity of the cyclodisilazane plane to the metal and the extent
to which this ring interacts with the metal. The four endocyclic
Si—N bonds are of equal length (1.76 A) and considerably
shorter than the sum of the covalent radii of silicon and nitrogen
(1.87 A)22 both features indicate electron delocalization in the
ring.

This conclusion is also supported by the planarity of the ring,
with atomic displacementssilicon toward and nitrogen away
from the metat-being less than 0.015 A, and the endocyclic
angle sum being 360.0(2) The Zr—(SiN), separation of 2.472
Figure 4. Perspective view of (MeSiNBu)(N'Bu)z} HfMe;, 4, that A places the metal almost within bonding distance of the ring’s
demonstrates the truly four-coordinate metal center of the dimethyl ~qonstituent atoms. Because thond framework of the amide
complexes. groups holds the zirconium atom at an essentially fixed distance
space grouP2:/n. Representative drawings dfare depicted to the cyclodisilazane ring, however, it is difficult to determine
in Figures 2, 3, and 5. the relative importance of the ringzirconium interaction.

The structures of the pseudotetrahedral molecules are domi-Given the electron-deficient nature of the zirconium atom in
nated by the foutert-butyl groups, which almost completely this complex, this secondary interaction between metal and
surround one hemisphere of the metal. The U-shape(Ek- ligand is not surprising, and it may also explain the short
N),—N moiety wraps tightly around the zirconium atom and nonbonding distances. In the related cyclophosphazenmetal
brings all its constituent atoms into close contact with the metal,
cf. Zr---Si=2.81 A. Of special interest is theA\M—N angle, (21) Prout, K.; Cameron, T. S.; Forder, R. A,; Critchley, S. R.; Denton,
which at 124.4 s amostidentical o the centroir-—centioid ) &, Rees O VAT Cslear WAB 0280
angles inansametallocene dichlorides and metallocene dichlo- University Press: New York, 1960.
rides. The coordination geometry about the amido nitrogen (23) Koga, N.; Morokuma, KJ. Am. Chem. Sod.988 110, 108.
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adducts where the rinrgmetal donor interaction is the only form  Table 3. Selected Bond Distances and Angles Soand4

of bonding between cyclophosphazene and metal, this interaction 3

is clearly quite strong? Here the X-ray structural evidence, Bond Distances (A)

Zr—N = 2.523(3) A, suggests that inthe nitroger-zirconium Zr(1)=-N(2) 2.128(8) Si(1yN(1A) 1.753(8)

donor bond is relatively weak. Despite its weakness this %:EB_(N:% %33?{?) ﬁ'((llig(%) izg%

interaction has caused a reduction of_the_ mqlecular symmetry SI(-N(2) 1.73(1) N(2)-C(7) 1.45(2)

from Cy, to Cs and a noticeable pyramidalization of the donor  gj(1)-N(1) 1.752(8)

nitrogen atom (angle sum 353.6). We were unable to freeze Bond Angles (deg)

out this ground state in solution at temperatures as low&® a

°C, but are able to estimate an upper limit of ca. 7.9 kcal/mol “gg:ggg:ggﬁ; ig;'ﬁi)) Ng;g:ggi“&ﬁg lgg_'g((:g

for the activation energy of the equilibration process. N(2A)—Zr(1)-C(1A) 104.1(4) C(7¥N(2)—zr(1)  130.8(8)
The isotypic relationship betwedrand?2 obviates a detailed C(1A)-Zr(1)—C(1) 104.7(4)  Si(1¥XN(2)—2Zr(1) 95.9(4)

structural discussion of the hafnium analogue. Meligland N(2)—Si(1)-N(1) 106.2(4) Si(1}rN(1)—Si(1A)  97.0(4)

bond distances are in line with the trends typically observed in 4

isostructural zirconium and hafnium compour@sThus the Bond Distances (A)

metak-ligand distances in the hafnium complex are slightly, Hf(1)—N(2) 2.097(4) Si(1¥N(1A) 1.753(4)

but consistently, shorter than those{ifMeSINBuU),(NBu),} - Hf(1)—N(1) 2.835(4) Si(1yC(2) 1.860(5)

ZrCl, . The Hf=N and Hf-Cl distances average 2.080(4) and ~ Hf(1)—C(1) 2.218(8) N(1}C(3) 1.483(6)

2.388(1) A, respectively, and these values are quite comparable 2:8%:“% ﬂgggig NE@FC() 1.486(6)

to those in{(MesSi),N}sHfCI, for which Hf—N = 2.040(10)
A and H—CI = 2.436(5) A were found® It is important to N@)_HID)-NEA) 1Bz%ng(§)ngle|\|5((20)l?g')(1) NLA)  10582)
i i i - - . i(1)- .

note, however, that th_e hafmum:hlo_rlde distances are sh_orter NQ)-HI(1)—-C(1A) 106.7(2) N(1}-Si(1)~N(1A) 84.1(2)
in 2 whereas the hafniumnitrogen distances are shorter in the N(2)—Hf(1)—C(1) 105.1(2) C(7FN(2)-Hf(1) 130.1(4)
bis(trimethylsilyl)amido complex. C(1A)-Hf(1)—C(1) 104.8(4) Si(1¥N(2)—Hf(1) 97.1(2)

Because dialkyl species are important precursors for active N(2)—Si(1)-N(1) 105.1(2) Si(13N(1)—Si(1A)  95.9(2)
polyolefin catalysts, we synthesized dimethyl derivatives of these compound's X-ray diffraction study subject to relatively high
diamido-dichloro compounds. This transformation is easily statistical uncertainty. Because of the complications which had

accomplished by treating and2 with 2 equiv of MeMgClin - accompanied the early structural investigations of metallocene
ether (eq 2). The resulting organometallic complei@eSiN- dimethyl complexes of zirconium and hafnit#each batch of
Bu)(N'Bu)z} ZrMe; , 3, and{(MeSiNBu)(N'Bu)} HMe;, 4, X-ray crystals was tested to confirm the absence of chloride.

were isolated as colorless crystalline solids in fair yields. In Tne resuits of the X-ray structural investigationsdoare shown

contrast to the often incomplete methylations of metallocene j, Figure 4. Selected bond distances and angles for these

dichlorides, alkylation appears to be fast for these complexes, compounds are summarized in Table 3.

as indicated by the rapid appearance of Mg@lthe reaction The bis(alkylamido)cyclodisilazanelimethyl complexes crys-

mixture. tallize as close-packed molecular solids in the monoclinic space
groupC2/c. Like the dichloro analogues, these compounds are

{(MeSiNBu),(N'Bu),} MCI, + 2MeMgClI FL0.0°C isotypic, i.e., they have virtually identical cell parameters and
—2MgCl atomic positions. The following discussion on the structures
{ (MeSiNBu),(N'Bu),} MMe, (2) of these compounds pertains to the hafnium dimethyl complex,

M = Zr (3), Hf (4) because its derived metric parameters have greater accuracy.

The isolated molecules af are situated on crystallographic
The organometallic products of this reaction are more air- 2-fold axes that pass through the hafnium atom and render the
stable and almost as thermally stable as the dichlorides, havingsymmetry strictlyC,, although the molecules are almdsj,
decomposition points of ca. 23€. Qualitative tests on solid ~ Symmetric.
samples oB and4 were consistently negative for the presence  Figure 4 shows a perspective drawing4ofhat emphasizes
of chloride. The dimethyl complexes have the very siniple the coordination geometry about the hafnium atom. While a
and’3C NMR spectra expected for molecules@f, symmetry structural similarity between the two sets of compoun<(
with one signal each for theert-butylamido, tert-butylimido, and3, 4) is readily apparent, the truly four-coordinate nature
and Si-methyl groups ai 1.53 (1.45), 1.19 (1.20), and 0.53 of the metal center in the latter two compounds provides a
(0.52) respectively foB (4). Both 3 and4 display one sharp noteworthy difference. Due to the missing rirgnetal donor
signal atd 0.69 (0.54) for the methyl ligands in théid NMR interaction in4, the hafnium atom is ca. 0.13 A farther from
spectra. the cyclodisilazane ring than in the dichloro derivative. All
Single-crystal X-ray studies on these compounds were carriedmetal-ligand bonds in the dimethyl compound are slightly but
out in order to have a complete set of structural parameters forconsistently longer than those B Thus, for example, the
1—4and to determine to what extent these molecules are similar Hf —N distances average 2.097(4) A versus 2.077(7) A.in
to the corresponding dimethylmetallocenes and the related The hafnium-methyl distance of 2.218(8) A appears normal
amido—methyl compounds of these metals. Table 1 contains for a four-coordinate metal center and is quite comparable to
the crystal data for these complexes. Single crystaBwére that in dimethylhafnocene (2.236(12)Aand the monomethy!
of relatively poor quality, making all metric data of this derivative BusSiNH)sZrCH; 2.231(7) A% Bond distances and
angles within the cyclodisilazane moiety are essentially identical
(24) See, for example: (a) Coxon, G. E.; Sowerby, DJBChem. Soc. A to those in1-3.

08,207 D T O ke The et amice bond angles 10 and e agen much

Chem. Soc., Dalton Trand973 61. T T closer to those in metallocenes arsametallocenes than those
(25) Cardin, D. J.; Lappert, M. F.; Raston, C. Chemistry of Organo-

Zirconium and Organo-Hafnium Compoundshn Wiley: New York, (26) Hunter, W. E.; Hrncir, D. C.; Bynum, R. V.; Penttila, R. A.; Atwood,

1986. J. L. Organometallics1983 2, 750.
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side due to the presence of the comparatively small chloro and
methyl substituents, as shown in Figures 3 and 5. This deviation

1 2 3 4

M—N(av) 2.082(3) 2.077(7) 2128(8)  2.097(4) from_ ideal tetr_ahedral geometry is due to th_e rigid structure of
M—Cl(av) 2.407(2) 2.382(3) the ligand, which constrains the geometry of its metal complexes
M—C(av) 2.22(1) 2.218(8) much like the Cp-SiMe,—N'Bu group does.
g!—mgamédg) 11-775}5((3?3) 11-77gg(%f3)) 117753?(’%2%) 1177g§((21)) While the title compounds share many structural character-

I—N(Imido . . . . P . . . . R
siic 1.849(4) 1855(11)  1.85(1) 1.860(5) |st|(isdyv|_t|h corg\egtlon?l bis(amido) compltexeds, tthslé:\g?vllatmg
N—M—N 124.4(1) 124.0(3) 127.7(4) 126.6(2) cyclodisilazane\ does form a very compact and stablghs
Cl-M—cl 105.47(7)  104.2(1) moiety whose differences may prove advantageous in some
CcC-M-C 104.7(4)  104.8(4) situations. The encapsulating ability {{MeSiNBu)(N'Bu),} 2,
M—N(ring) 2523(3)  2.466(4)  2.836(8) 2.835(4)  for example, obviates the presence of extremely bulky substit-
M—ci(ring) ~ 2.472(2)  2417(2)  2.564(5)  2.565(2)  yents on the amidenitrogen atoms, thereby enhancing substrate

in four-coordinate complexes of monodentate-amido complexes.
For example, the NHf—N angle of 126.6(2) approaches the

value found for the centroidHf—centroid angle of 133in

dimethylhafnocene. This is ca® Rrger than that of the dichloro
speciesl and 2 and likely arises from electronic influences,
since it is difficult to explain in steric terms. The angle enclosed

by the methyl groups is 104.8(and therefore ca. 2darger

than in the related dimethylhafnocene; this increase presumabl
reflects the lesser steric crowding in the equatorial plang of

A comparative listing of the salient bond parameterd-6#
in Table 4 shows that these novel bést-butylamido)cyclo-

access to the metal center and thus reactivity.

According to the neutral-ligand formalism the nitrogen atoms
of the bis(alkylamido)cyclodisilazane ligand are 3-electron
donors, making the title complexes 12-electron species. This
high Lewis acidity, paired with a four-coordinate metal center
and a well-defined steric pocket, should render these molecules
catalytically active. Reactivity studies on the title compounds
and related molecules with a variety of cocatalysts are currently

Yunderway.
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