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60%. *H NMR (CsDs, 25°C): 6 1.17 (d, 12H,|Jy-n| = 7 Hz), 1.23

(d, 12H,|d4-n| = 7 HZz), 1.27 (d, 12H}Js—n| = 7 Hz), 3.48 (sept, 2H,
[Ju-n| = 7 Hz), 3.75 (sept, 4HIu-n| = 7 Hz), 6.24 (s, 5H), 6.92 (M,
3H), 7.06 (m, 6H), 8.93 (s, 1H)XC{*H} NMR (C¢Ds, 25 °C): o
24.3,24.5,27.7,28.7,116.7, 122.2,122.7, 123.8, 124.4, 137.7, 139.9,
152.0, 162.6. Calcd for £Hs7TION: (HRMS) 644.3709. Found:
644.3690. Anal. Calcd: C, 76.49; H, 8.92; N, 2.18. Found: C, 76.15;
H, 8.78; N, 2.01. 3: red crystals, yield= 86%. *H NMR (C¢Ds, 25
°C): 6 1.10 (d, 12H,/dy—n| = 7 Hz), 1.23 (d, 12H|J4—n| = 7 Hz),
3.72 (sept, 4HJu-nu| = 7 Hz), 6.10 (s, 5H), 6.866.92 (m, 11H), 7.80

(d, 2H). 3C{*H} NMR (CeDg, 25 °C): 0 24.7, 26.5, 117.3, 122.8,
123.8, 125.3, 128.8, 131.2, 138.4, 146.8, 162.7. Calcd fgHi
TiO,S: (HRMS) 576.2542. Found: 576.2533. Anal. Calcd: C, 72.89;
H, 7.69. Found: C, 72.59; H, 7.464: purple crystals, yield= 91%.

IH NMR (CgDs, —43°C): ¢ 1.29 (d, 12H,|J4-n| = 6.5 HZz), 1.25 (d,
12H, |J4—n| = 6.5 Hz), 3.60 (sept, 4HJu—u| = 6.5 Hz), 4.8 (d, 1H,
|Jp—n| = 189 Hz), 5.98 (s, 5H), 7.03 (br, 1H), 7.17 (br, 2H), 7.28 (br,
1H), 7.44 (br, 4H).*3C{*H} NMR (CeDs, —43°C): 0 23.3, 25.8, 116.4,
121.6, 122.8, 132.3(dJp—c| = 31.3 Hz), 136.7, 162.13'P NMR (THF,
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Introduction

In our recent studies of alkylated monocyclopentadienyl
titanium—thiolate complexes, we have observed complex and
competing reaction pathways? Among the products, we have
found evidence of €H and C-S bond activation as well as
reduction of Ti(IV) to Ti(lll). Incorporation of the bulky
oy g 2 dispropy e 1 aralogaus S/SETS 551G} 3430 .- 163 ) ApCh) (V. 250

o h . 43.0 (s). Calcd for HasTiIO.P: (HRMS) 576.2637. Found: 576.2622.
bond activation reactions to be studied separately. As part of a1 calca: C. 72.91: H. 7.87. Found: C, 72.73: H, 7.56.
a more general investigation of Faryloxide derivatives, we X-ray Data Collection and Reduction. X-ray quality crystals of
have prepared a series of derivatives containing at least two 0f1 4 were obtained directly from the preparation as described above.
these aryloxide ligands. Structural data for these compoundsThe crystals were manipulated and mounted in capillaries in a glovebox,
provided insight into the electronic and steric features of these a dry, Q-free environment thus being maintained for each crystal.

ancillary ligands. The implications of these data are considered.

Experimental Section

General Data. All preparations were done under an atmosphere of
dry, O-free N. employing either Schlenk line techniques or a Vacuum

Atmospheres inert atmosphere glovebox. Solvents were reagent grade

distilled from the appropriate drying agents under &hd degassed by
the freeze-thaw method at least three times prior to use. All organic
reagents were purified by conventional metho#ts.and*3C{*H} NMR
spectra were recorded on a Bruker Avance 300 and 500 MHz

instruments. Trace amounts of protonated solvents were used as

references, and chemical shifts are reported relative to SiMew-

and high-resolution El mass spectra were obtained employing a Kratos
Profile mass spectrometer outfitted with a flovebag enclosure for
the inlet port. CpTi(OGHs-2,6--Pr),Cl was prepared via a known
method® Elemental analyses were performed biyEMicroanalytical
Laboratory Inc., Corona, NY.

Synthesis of CpTi(OGH3-2,6--Pry); (1), CpTi(OCeH3-2,6-i-Pr)-
(NH(CeHg-Z,G-i-Prz) (2), CpTi(OCeHg—Z,G—i-Prz)z(SPh) (3), and CpTI-
(OCeH3-2,6--Pr3),PHPh (4). These compounds were prepared in a
similar manner, with the appropriate substitution of HBIE&2,6-i-Pr,,
HoNCeHs-2,6-i-Pr,, HSPh, or HPPh. Thus only one preparation is
described in detail. To CpTi(Qfls-2,6-i-Pr).Cl (95 mg, 0.19 mmol)
dissolved in hexane (2 mL) were added HOR* (33.8 mg, 0.19 mmol)
andt-BuLi dropwise (110.7L of a 1.7 M solution, 0.19 mmol). The
reaction mixture was stirred overnight and filtered, and the solvent was
removed to reduce the volume to 0.5 mL. Yellow crystald afere
obtained in 78% yield.1: *H NMR (CsDs, 25 °C) 6 1.22 (d, 36H,
|Jn-—n| = 6.8 Hz), 3.68 (sept, 6HJn-n| = 6.8 Hz), 6.30 (s, 5H), 6.94
(t, 3H,|In-n| = 7.6 Hz), 7.05 (d, 6H|Jy—n| = 7.6 Hz). *C{*H} NMR
(CsDg, 25°C): 0 23.3, 25.8, 116.4, 121.6, 122.8, 136.7, 162.1. Calcd
for C41Hs6TiO3: (HRMS) 643.3869. Found: 643.3844. Anal. Calcd:
C, 76.37; H, 8.75. Found: C, 76.25; H, 8.68. red crystals, yield=

(1) Firth, A. V.; Stephan, D. WOrganometallics1997, 16, 2183.
(2) Firth, A. V.; Stephan, D. WInorg. Chem.1997, 36, 1260.
(3) Firth, A. V.; Stephan, D. W. Unpublished results.
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Diffraction experiments were performed on a Rigaku AFC6 diffrac-
tometer equipped with graphite-monochromatized Moridiation or

on a Siemens SMART system CCD diffractometer. When the Rigaku
diffractometer was used, the initial orientation matrices were obtained
from 20 machine-centered reflections selected by an automated peak
search routine. These data were used to determine the crystal systems.
Automated Laue system check routines around each axis were consistent
with the crystal system. Ultimately, 25 reflections {28 26 < 25°)

were used to obtain the final lattice parameters and the orientation
matrices. Crystal data are summarized in Table 1. The observed
extinctions were consistent with the space groups in each case. The
data sets were collected in three shells {4526 < 45—50.(°), and

three standard reflections were recorded every 197 reflections. Fixed
scan rates were employed. Up to 4 repetitive scans of each reflection
at the respective scan rates were averaged to ensure meaningful
statistics. The number of scans of each reflection was determined by
the intensity. The intensities of the standards showed no statistically
significant change over the duration of the data collections. The data
were processed using the TEXSAN crystal solution package operating
on a SGI Challenger mainframe with remote X-terminals. The
reflections withFy? > 30(F.?) were used in the refinements.

Diffraction experiments performed on a Siemens SMART System
CCD diffractometer involved collecting a hemisphere of data in 1329
frames with 10 s exposure times. A measure of decay was obtained
by re-collecting the first 50 frames of each data set. The intensities of
reflections within these frames showed no statistically significant change
over the duration of the data collections. The data were processed using
the SAINT and XPREP processing package. An empirical absorption
correction based on redundant data was applied to each data set.
Subsequent solution and refinement was performed using the SHELXTL
solution package operating on a SGI computer.

Structure Solution and Refinement. Non-hydrogen atomic scat-
tering factors were taken from the literature tabulatibrithe Ti atom
positions were determined using direct methods employing either the

(4) International Tables for X-ray Crystallograph§knoch Press: Bir-
mingham, England, 1992.
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Table 1. Crystallographic Data

1 2 3 4
formula Q1H5503Ti C41H570zNTi C35H44025Ti C35H4502PTi
fw 644.796 643.811 576.700 577.624
a, A 10.519(6) 15.2195(2) 11.74(1) 10.8826(2)
b, A 19.28(1) 14.2922(2) 14.15(1)

c, A 19.093(5) 18.5400(4) 10.264(8) 49.7421(11)
o, deg 92.66(7)

B, deg 97.46(4) 107.610(7) 102.44(7)

y, deg 78.73(7)

V (A3) 3839(3) 3869.1(2) 1632(2) 5101.8(2)
space group P2:/n P2:/n P1 P6,

Z 4 4 2 6

u, cmt 2.57 2.68 1.73 3.25

data collected 7471 21120 6052 14195
dataF 2> 30(Fs?) 799 2147 825 4236

Deaica (g ) 1.12 1.32 1.17 1.13

R (%) 9.70 7.70 9.10 9.25
Ry(%) 8.30 6.70 6.90 22.94
goodness of fit 2.510 2.080 2.030 1.601

a All data were collected at 24C. The markedR value is based on all datR = 3 ||Fo| — |Fc||/Y |Fol, Ry = [S(IFol — |Fc|)?/3|Fol]%5 GOF=
Y (IFol — [Fc[)o)/(n — m).

SHELXTL or Mithril direct methods routines. The remaining non-
hydrogen atoms were located from successive difference Fourier map
calculations. The refinements were carried out by using full-matrix
least-squares techniques on F, minimizing the functi@ir o| — |Fc|)?
where the weightv is defined as B %20(F.?) andF, andF. are the
observed and calculated structure factor amplitudes. In the final cycles
of each refinement, the number of non-hydrogen atoms assigned
anisotropic temperature factors was determined so as to maintain a
reasonable data:variable ratio. The remaining atoms were assigned
isotropic temperature factors. Empirical absorption corrections were
applied to the data sets based eitherjoacan data or on a DIFABS
calculation and employing the software resident in the TEXSAN or
SHELXTL packages. Hydrogen atom positions were calculated and
allowed to ride on the carbon to which they are bonded assuming a
C—H bond length of 0.95 A. Hydrogen atom temperature factors were
fixed at 1.10 times the isotropic temperature factor of the carbon atom Figure 1. ORTEP drawing ofl; 30% thermal ellipsoids are shown,
to which they are bonded. The hydrogen atom contributions were 5ng hydrogen atoms are omitted for clarity. Distances (A): Fi(1)
calculated, but not refined. The final valuesR)fR,, and the goodness (1) 1.80(2), Ti(1)}-0(2) 1.79(2), Ti(1}-O(3) 1.80(2). Angles (deg):
of fit in the final cycles of the refinements are given in Table 1. The O(1)-Ti(1)—0(2) 102.7(8), O(1} Ti(1)—O(3) 101.7(8), O(2)} Ti(1)—
locations of the largest peaks in the final difference Fourier map 0(3) 103.8(8), Ti(13-0O(1)—C(6) 152(1), Ti(1}O(2)—C(18) 145(1),
calculation as well as the magnitude of the residual electron densities Ti(1)—0(3)—C(30) 163(1).

in each case were of no chemical significance. Tables of crystal-
lographic data have been deposited as Supporting Information.

Results and Discussion

Nucleophilic substitution reactions employing CpTi(§Ms-
2,61-Pr),Cl, base, and the appropriate reagent offer facile access
to the series of compounds CpTi(gH3-2,6-i-Pr)3 (1), CpTi-
(OCsH3-2,6i-Pr)2(NH(CgH3-2,6-i-Pry) (2), CpTi(OGH3s-2,6-
i-Pr)2(SPh) @), and CpTi(OGHs-2,6-i-Pr,),PHPh @) (Figures
1-4). H and!3C NMR data were consistent with the above
formulations. In the case @ 3P NMR revealed a resonance
at 43.0 ppm with a single-PH coupling of 189 Hz, consistent
with the formation of the Ti(IV) phosphide derivative.

It is noteworthy that, while reactions analogous to those Figure 2. ORTEP drawing o2; 20% thermal ellipsoids are shown,
described above are commonplace in early metal chemistry,(a)fg)hi/%rzg(eg)‘ a%Q(T; &fg) %mégg?G;‘OFT?gi;i%tl?islt%%%e(%(AA): Ti(l)

; ; ; P . , Ti . , Ti . . Angles
e ) 2 © G O T O 0150, Oy 0549, O

Ti(1)—N(1) 104. Ti(1 1)- 147. Ti(130O(2)—-C(1
o-bonded compounds are the di- and triphosphinato derivativeslll(7_)1(5)(’ -}i(?}ggig’_é((ggﬂ(g)&&g). 0(6). Ti(TrOl2)-C(18)

of the forms CpTi[(PR2),]°> and CpTi[(PR2)3.6 Thus, com-

pound4 is the first structurally characterized Ti(I'¥phosphide aryloxides as ancillary ligands helps to fend off reduction.
derivative. We have previously noted that the incorporation of Clearly, the isolation of supports this view.

(5) Xin. S. Woo, H. G.. Harrod, J. F.. Samuel, E.: Lebuis, A. MAm Crystallographic studies df—4 were performed, and in each
Chem.'Soc1997 119 5307. T T case the results confirmed the formulations above. The mo-
(6) Issleib, K.; Krech, FAngew. Chem., Int. Ed. Endl972 11, 527. lecular structure of each of these compounds is best described
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147.1(5y in 2. In contrast, the F+O—C angles ini, 3, and4
range from 150(T)to 171.6(5). While all of these T+O—C
angles are certainly greater than those expected from a pyramidal
oxygen atom, these angles do not correlate with the correspond-
ing Ti—O distances. Thus, the proposition of T z-bonding

is not supported by these structural data.

In the case of compounds-4 the Ti—N, Ti—S, and T+P
distances are 1.900(7), 2.349(7), and 2.543(3) A and are
comparable to those found in CpTiIHNMe,,” CpTi(OCGsH3-
2,6-i-Pr)CI(SPh)! and CpTi[(PPh)L,° respectively. The F
N—C angle in2 is 138.6(6), and the angles about N sum to
359.2. In addition, the NCH plane is correctly oriented so as
to permit arr interaction with the Lemolecular orbitals of the
CpTiLs unit. Certainly, in other systems early metaltrogen
7 bonding has been substantiated previodsljonetheless,
Figure 3. ORTEP drawing oB: 20% thermal ellipsoids are shown workers have demonstrated.that planarity at N is steri.cally
and hydrogen atoms are omitted for clarity. Distances (A): Fi(1) _fav_orat_)le for early _megte;lo amides and thus not necessarily an
S(1) 2.349(7), Ti(1}O(1) 1.80(2), Ti(1)}-O(2) 1.81(1). Angles (deg): ~ indication of:x bonding™'® In the case o#, the angles about

S(1)-Ti(1)—O(1) 105.9(5), S(B Ti(1)—O(2) 105.8(5), O(1) Ti(1)— P sum to 297. These metric parameters and the orientation of
0(2) 105.0(8), Ti(1)S(1)-C(30) 107.2(7), Ti(1}0O(1)—C(6) 150- the phosphorus substituents discount anyHir interaction.
(1), Ti(1)—0O(2)—C(18) 144(1). Similarly, for 3, the geometry about sulfur does not abide with

7 donation.

In general, the structural data show no correlation of the
angles about oxygen and the-1® distances. Furthermore, the
structures of compoundsand4 provide no evidence of HS
or Ti—P m bonding. It is clear that these observations support
the argument, originally put forward by others, that steric factors
play a large role in determining the geometry of early metal
complexe$~11 In this regard, it is interesting that the steric
congestion associated with three bulky ancillary ligands-id
gives similar ligand orientations. In each casele#, two of
the aryl rings of the ligands are very approximately parallel to
the cyclopentadienyl ring while the third ring is oriented almost
perpendicular to these planes. This packing arrangement
Figure 4. ORTEP drawing o#; 20% thermal ellipsoids are shown presumably dictates the TE—C angles (E= O, N, S, P) and
and hydrogen atoms are omitied for clarity. Distances (A): 'Fi(1)’ alleviates the steric congestion, accommodating the proximate

0(2) 1805(5)1 Tl(l)'o(l) 1819(5), TI(].)‘P(].) 2543(3) Angles iSOprOpyI groups which crowd around the metal center.

(deg): O(2>Ti(1)—O(1) 105.4(2),0(S Ti(1)—P(1) 97.3(2),0(1y .
Ti()—P(1) 98.6(2), C3OYP(1)-Ti(1) 100.7(3).C(6y-O(L-Ti(1) Acknowledgment. This work was supported by the NSERC

155.6(5).C(18) O(2)-Ti(1) 171.6(5). of Canada.
) ] ) ) Supporting Information Available: X-ray crystallographic files,
as that of a distorted “three-legged piano stool”. The-Oi in CIF format, for compound&—4 are available on the Internet only.

bonds inl, 3, and4 are comparable, averaging 1.80(2) A. These Access information is given on any current masthead page.
values compare to those found in a variety of related compounds

including CpTi(OGHs-2,6--Pr,)CI(SPh), [CpTi(OGHz-2,64- 2000841

PR)(SCHCH)]2, CpTi(OGHs2,61-Pr)(SCHPh, CpTi(OGH:- (7) Latham, I. A.; Leigh, G. JJ. Chem. Soc. [1986 385.
2,6i-Pr)(SCHCHg)2, and [CpTi(OGH3-2,6--Pr)(u-S). In (8) Breen, T. L.; Stephan, D. WOrganometallics1996 15, 4223.
contrast, the T#O distances in compouritiare slightly longer, (9) Howard, W. A.; Parkin, GJ. Am. Chem. S0d.994 116, 606.

; ; ; (10) Hill, J. E.; Profilet, R. D.; Fanwick, P. E.; Rothwell, I. Angew.
being 1.844(6) and 1.850(6) A, suggesting a weakerdi Chem., Int. Ed. Engl1990 29, 664,
interaction. These observations are also consistent with the(11) steffey, B. D.; Fanwick, P. E.; Rothwell, I. Polyhedron199q 9,
963.

diminished T+O—C angles, which are 147.0(6)and



