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Treatment of “"BuN=TiCl,Py; with 2 equiv lithium ketiminate compound, Li{OCMeCHCMeN(Ar)] (where Ar =
2,6-diisopropylphenyl), in toluene at room temperature gave "BuN=Ti[OCMeCHCMeN(Ar)], (1) in high yield.
The reaction of 1 with phenyl isocyanate at room-temperature resulted in imido ligand exchange producing
PhN=Ti[OCMeCHCMeN(Ar)], (2). Compound 1 decomposed at 90 °C to form a terminal titanium oxo compound
O=Ti[OCMeCHCMeN(An)]> (3) and "-BUNHCMeCHCMeNAr (4). Also, the compound 3 could be obtained by reacting
1 with CO, under mild condition. Similarly, while 1 reacts with an excess of carbon disulfide, a novel terminal
titanium sulfido compound S=Ti[OCMeCHCMeN(An)], (5) was formed via a C=S bond breaking reaction. A novel
titanium isocyanate compound Ti{OCMeCHCMeN(An)],(NCO)(OEt) (6) was formed on heating 1 with 1 equiv of
urethane, H,NCOOEt. Compounds 1-6 have been characterized by *H and *C NMR spectroscopies. The molecular
structures of 1, 3, 5, and 6 were determined by single-crystal X-ray diffraction. A theoretical calculation predicted
that the cleavage of the C—S double bonds for carbon disulfide with the Ti=N bond of compound 1 was estimated
at ca. 21.8 kcal-mol~! exothermic.

Introduction also interesting due to their role as intermediates of hydro-
desulfurization organo-sulfur compounds in fossil fuéls.
Moreover, the reactivity of metal sulfido compounds toward
other small organic molecules is of considerable importance
in understanding the mechanism of hydro-desulfurization.
Terminal metal sulfido compounds have been found in many
organometallic compoundsyut there are few examples of
terminal early transition metal sulfido compounds that have

Metal-ligand multiple bonds are of inherent, fundamental
interest, as well as of practical importance, due to their
versatile reactivity.Metal oxo, imido, and sulfido complexes
have been shown to undergo reactions with a variety of
unsaturated organic moleculEd. Among these, titanium
imido, oxo, and sulfido complexes have been extensively
studied by many grougs’ Metal sulfido compounds are
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Scheme 1

Li

been characterized by X-ray crystallograghy?&°Excep-
tions are the terminal titanium sulfido compounds, Ry Ti-
(S)/ [CpTi(u-S)(S)p?,'°[PhC(NSiMe),].Ti(S),** and other
system¥ that have been thoroughly studied by several
groups.

LN,

Ar = 2,6-diisopropylphenyl
r

t-BuN=TiC |2Py3

toluene solution of BUN=TICI,Pys>¢ at room temperature
for 16 h afforded a new titanium imido compound,
“BuN=Ti[OCMeCHCMeN(Arn}L (1) in 85% vyield as a
brown red solid. ThéH NMR spectrum ofl shows only
one set of ketiminate ligand signals and the methine proton

We have been interested in using ketiminates as ancillary of the ketiminate backbone appear®d.21. Four doublets

ligands for the synthesis of organometallic compoutids.
number of related N,O-donor complexes with=E bonds
have also been reportétiin this paper, we describe the
synthesis of substituted ketiminate titanium imido compounds
and the corresponding terminal titanium oxo, sulfido, and

for the methyl protons of the isopropyl groups were observed
at 6 0.89-1.45 and two septets for the methine proton of
the isopropyl groups appeared@®.15 and 3.93.

Imido ligand exchanges have been reported in the
literaturé®>c that involve the reactions of metal imido

isocyanate compounds, which are formed through metathesisompounds with different amine ligands. We have found that

reaction of the F=N—R moiety with the GX (X = O, S)
double bond.

Results and Discussion

Syntheses and CharacterizationThe reactions of the
titanium imido complexL with various substrates are sum-
marized in Scheme 1. Addition of 2 equiv of LI{OCMeCH-
CMeN(Ar)],*® where Ar = 2,6-diisopropylphenyl, to a
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the imido ligand exchange also takes place if phenyl
isocyanate is added to titanium imido compounds. Reaction
of 1 with 1 equiv of phenyl isocyanate produced a new
titanium phenylimido complex PrNTI[OCMeCHCMeN-
(AnN]2 (2), a small amount of &Ti[OCMeCHCMeN(ANL

(3), and several unidentified products. TieNMR spectrum

of 2 shows only one resonance for the methine proton of
the ketiminate backbone at5.28.

Compoundl eliminated the imido group on heating in
heptane at 95C for 12 h to afford3 and "BuNHCMe-
CHCMeNAr (@) with yields of 11% and 10%, respectively.

A proposed mechanism for the conversion &N to Ti=0

has been shown in Scheme 2. The low conversion yield has
been attributed to the side reactions of final stages of
protonations and ligand redistribution. Similar rearrangements
were reported elsewhete The organic compound was
characterized byH and**C NMR spectra and single-crystal
structure determination. Similarly, monitoring the decom-
position of compound2 in CgDs also resulted in the
generation of compound.

(15) Basuli, F.; Tomaszewski, J.; Huffman, J. C.; Mindiola, DJ.JAm.
Chem. Soc2003 125, 10170.
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. | un-identified
compounds

t-Bu/NH N\Ar

4

Scheme 3

H,NCOOEt

Moreover, compoun@ can also be obtained in 36% and
76% vyield, respectively, by reacting with 1 equiv of
PhNCO in heptane at 98 for 12 h or with an excess of
CO, in a toluene solution for 12 h. Compouri@l was
characterized byH, 3C{'H}, DEPT, *C Gated, andH-
13C HSQC NMR spectroscopy and a single-crystal X-ray
structure determination (vide infra). Thied NMR spectrum
of 3 exhibited only one resonance for the methine proton of
the ketiminate backbone &t5.35, indicating a symmetrical
geometry of the titanium oxo compound. The methyl groups
of isopropyl (CHMe;) and ketiminate backbone (M&CH-
CMeN) fragments were clearly distinguished by thi€
DEPT and'H-3C HSQC NMR spectra.

Terminal titanium sulfido compounds are commonly
prepared by dehydrogenation of hydrosulffi®r from
elemental sulfuf® The reactions of titanium imido com-
pounds with carbon disulfide to yield terminal titanium
sulfido compounds have not been reported. Reactioh of
with an excess of carbon disulfide formed a novel terminal
titanium sulfido compound=STi[OCMeCHCMeN(Ar)L (5)
with a 27% isolated yield via a<€S bond breaking reaction.
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The!H NMR spectrum ob is similar to that of3 where the
methine proton of ketiminate backbone appeared 2.57.
Metal isocyanate derivatives are common for the late
transition metal$® however, there are fewer examples of
structurally characterized early transition metals isocyanate
compounds’ Refluxing of 1 with 1 equiv of urethane,
H>NCOOEt, in heptane fo6 h resulted in the elimination
of ethanol, which subsequently reacted with the titanium
center to remove gert-butylamine. Upon removal of the
volatile materials a red solid was isolated which gave
titanium isocyanate compound, Ti{OCMeCHCMeN(A¥f)]
(NCO)(OEY) ), in 29% vyield after recrystallization from
acetonitrile. A suggested reaction mechanism is shown in
Scheme 3. The low yield 08 is attributed to the further
reaction of6 with the resulting ethanol that yielded ketimine
ligands and other unknown products. TheNMR spectrum

(16) (a) Hansen, H. D.; Maitra, K.; Nelson, J. kiorg. Chem.1999 38,
2150. (b) Maresca, L.; Natile, G.; Manotti-Lanfredi, A. M.; Tiripicchio,
A. J. Am. Chem. Socl982 104 7661. (c) Camenzind, M. J.;
Hollander, F. J.; Hill, C. LInorg. Chem1983 22, 3776. (d) Escuer,
A.; Font-Bardia, M.; Penalba, E.; Solans, X.; Vicente]irg. Chim.
Acta 1999 286, 189.
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Figure 1. Molecular structure of compountiwith thermal ellipsoids at
30% probability level. Hydrogen atoms were omitted for clarity.

C(26)

C13)

Figure 2. Molecular structure of compouriglwith thermal ellipsoids at
30% probability level. Hydrogen atoms were omitted for clarity.

Figure 3. Molecular structure of compourlslwith thermal ellipsoids at
30% probability level. Hydrogen atoms were omitted for clarity.

Figure 4. Molecular structure of compourglwith thermal ellipsoids at
30% probability level. Hydrogen atoms were omitted for clarity.

determined and the molecular structures are shown in Figures

of 6 displayed two singlets for the methine protons of the 1—4. The summary of data collections and selected bond

two ketiminate backbones at5.32 and 5.25, indicating an

distances and angles are shown in Tables 1 and 2, respec-

unsymmetrical arrangement of the two ketiminate fragments. tively. The molecule of titanium imido compouricgossesses

The 13C{*H} NMR spectrum of6 exhibited four distinct
signals for the &N and C-O bonds of the two ketiminate
fragments in the range @f 169—180; however, the carbon

a distorted square pyramidal geometry where the two
ketiminate ligands occupy the base and the imido nitrogen
atom takes the apical position. The two ketiminate ligands

signal of NCO fragment could not be located on a 300 MHz chelate the central titanium atom with acute bite angles of
NMR spectrometer presumably due to the overlapping with 83.25(6% and 83.70(6), respectively. The bond angle

the resonances of phenyl groups at €d.20. Therefore, a
spectrum of compoun@ was recorded again using a 600
MHz NMR spectrometer and the NCBC resonance was
located as a singlet @t124.0. Again, the methyl groups of
isopropy! (CHMe;) and ketiminate backbone (QM&CHC-
MeN) fragments were clearly identified by tHéC DEPT
and 'H-13C HSQC NMR spectra. The IR spectrum 6f
contains a strong stretching frequency at 2205coonsis-
tent with the existence of NCO fragmeélt.

Solid-State Structures of Compounds 1, 3, 5, and 6.
The X-ray single-crystal structures @&f 3, 5, and 6 were

Ti(1)—N(3)—C(35) of 169.75(16)and bond distance Ti(1)
N(3) of 1.7041(16) A are within the normal range for
titanium imido compound¥

The structures o8 and5 are similar to that ofl, where
the terminal oxo and sulfido ligands lie in the apical position
of the square pyramidal. It is interesting to compare deviation
of the titanium atom from the square planar base, formed
by the nitrogen and oxygen atoms of two ketiminate
fragments, of compoundk 3, and5 as shown in Scheme
4. The distanceg) of the titanium atom, above base plane,
are 0.6055 A for E= N'Bu, 0.5535 A for E= O, and 0.6242

(17) (a) Anderson, S. J.; Brown, D. S.; Finney, KJJChem. Soc., Dalton
Trans.1979 152. (b) Blake, R. E., Jr.; Antonelli, D. M.; Henling, L.
M.; Schaefer, W. P.; Hardcastle, K. |.; Bercaw, JadEganometallics
1998 17, 718. (c) Jeske, P.; Wieghardt, K.; Nuber,|Borg. Chem.
1994 33, 47. (d) Kaplan, A. W.; Polse, J. L.; Ball, G. E.; Andersen,
R. A;; Bergman, R. GJ. Am. Chem. S0d.998 120, 11649.

(18) (a) Duchateau, R.; Williams, A. J.; Gambarotta, S.; Chiang, M. Y.
Inorg. Chem 1991, 30, 4863. (b) Bai, Y.; Noltemeyer,; Roesky, H.
W. Z. Naturforsch.1991, 466, 1357. (c) Dunn, S. C.; Bastanov, A.
S.; Mountford, P.J. Chem. Soc. Chem. Commur994 2007. (d)
Huang, J.-H.; Chi, L.-S.; Huang, F.-M.; Kuo, P.-C.; Zhou, C.-C.; Lee,
G.-H.; Peng, S.-MJ. Chin. Chem. So00Q 47, 895.
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Table 1. Summary of Data Collections for Compountis3, 4, 5, and6

Hsu et al.

1 3 5 6
formula Q;8H57N302Ti C34H48N203Ti C34H43N202Ti5 C38H54,d\13,504Ti
fw 635.77 580.64 596.70 672.25
temp, K 150(2) 150(2) 150(2) 150(2)
cryst syst monoclinic rhombohedral _triclinic _triclinic
space group P2:/n R3 P1 P1
a A 8.7696(5) 36.3893(5) 10.2706(6) 13.2331(2)
b, A 21.4932(14) 36.3893(5) 12.5962(8) 14.9156(2)
c, A 20.3254(13) 13.0575(2) 14.3469(9) 18.9913(3)
o, deg 90 90 71.125(1) 88.9675(7)
B, deg 99.190(1) 90 88.106(1) 80.9697(7)
y, deg 90 120 71.686(1) 86.5625(7)
V (A3)/z 3781.9(4)/4 14974.0(4)/18 1662.43(18)/2 3695.23(9)/4
Dcalea (Mg/m?3) 1.117 1.159 1.192 1.208
abs coeff (mm?) 0.260 0.291 0.351 0.274

cryst size (mm)
no. of ind reflns

final Rindices | > 20(1)]

0.34 0.25x 0.22
8595R = 0.0314)

Ry, = 0.0479
wR, = 0.1391

0.30x 0.20x 0.20
7632Rn = 0.0494)

R; = 0.0601
WR, = 0.1685

Table 2. Selected Bond Lengths and Angles for Compouhd3, 4,

0.32x 0.28x 0.25
7340R = 0.0252)

Ry =0.0413
wR, = 0.1099

0.30x 0.20x 0.20
16961Rn = 0.0526)
Ry = 0.0534

WR, = 0.1364

Table 3. Comparisons of Bond Lengths of Structural Characterized

5, and6 Ti=S Compounds

1 compound bond length (FS) reference
Ti(1)—N(1) 2.1702(16) Ti(1)}N(2) 2.2102(15) _— ,
Ti(1)-0(1) 1.9558(13) Ti(1}O(2) 1.9580(14) 2_ ﬂog“lﬂeCHCMeN(Ar)]z 22-1211879§7) ‘;"S work
Ti(H)—N() 1.7041(16) L . 7 ev N 20201 10
O(1)-Ti(1)-0(2) 149.50(6)  N(I¥Ti(1)-N(2) 142.92(6) {Pﬁcl((/r\i:sn)v(lag% - 2'139((1)) 202y 1
O(1)-Ti(1)-N(1)  83.25(6) O(2)Ti(1)-N(2)  83.70(6) TiCIZ(S)w_S)Z;&(PE@:’ 2_'117(1) 19

3 [NEt][TiSCly] 2.111(2) 12
Ti(1)—N(1) 2.1882(19) Ti(1¥N(2) 2.1660(18)
Ti(1)—0(1) 1.620(2)  Ti(1)}0(2) 1.927(2) Scheme 4
Ti(1)—0(3) 1.9157(17)
O(2)-Ti(1)—O(3) 140.02(10)  N(HTi(1)-N(2) 156.12(7)
O(2-Ti(1)-N(1)  83.84(8) O3} Ti(1)-N(2)  83.61(7)

5
Ti(1)—N(1) 2.1366(17) Ti(1)}N(2) 2.1758(17)
Ti(1)—0(1) 1.9024(14) Ti(1)}0(2) 1.9069(14)
Ti(1)—S(1) 2.1189(7)
O(1)-Ti(1)—0(2)  149.36(7) N(IFTi(1)-N(@2)  139.53(7)
O(1)-Ti(1)-N(1)  83.60(6) O(2}Ti(1)-N(2)  82.98(6)

6
Ti(1)—N(1) 2.2200(16) Ti(1}N(2) 2.1556(16) 5.E=S
Ti(1)=N(3) 2.0096(19)  Ti(1yO(1) 1.9218(15) r= distance of titanium above the
Ti(1)-0(2) 1.9701(16) Ti(1)}O(3) 1.7868(16)
N(3)-C(37) 1.183(3)  C(3HO(4) 1.188(3) base plane
Egg:“% i:gggg&g; Eg;g((g)) i:éggg((ﬁ; The crystals of6 were obtained from a concentrated
Ti(2)—0(6) 1.9314(15) Ti(2O(7) 1.7785(14) acetonitrile solution. Two independent moleculessand
N(7)—C(75) 1.143(4)  C(740(8) 1.178(3) one acetonitrile solvent molecule are observed in one unit
8%:28;:38)) igg.'g;g)) ggﬂ:g;:“% 12?:3?8; cell. However, the two molecules @& have similar bond
O(1)-Ti(1)-N(1)  83.58(6) Ti(1)-N(3)-C(37) 160.50(17) distances and angles; therefore, only one of these is discussed
N(3)-C(37)-0(4) 179.0(3) Ti(1}O(3)-C(35) 158.91(17) here. The geometry about titanium cente6dfigure 4) is
8%:28:%2)) igg:igg)) ggggg;:m% 122:%2((2)) pseudo-octahedral and is composed of two ketiminate
O(6)-Ti(2—N(5)  83.49(6) Ti(2-N(6)—C(74) 166.49(18) fragments, a NCO, and an OEt group. The nitrogen atoms
N(6)—-C(74)-0O(8) 178.5(3) Ti(2)-0(7)-C(72) 156.55(15) of the two ketiminate ligands are arranged in trans positions

A for E = S. The sulfur atom 06 and NBu of 1 have the
same effects on the molecular geometries and give rise to aof the two ketiminate ligands are trans to NCO and OEt
larger deviation from the basal plane in comparison to that fragments, respectively, with the bond angles G(I)1)—

of 3.

The Ti—O bond distance (1.620(2) A) & is within the
normal range of titanium oxo compountd$he Ti—S bond
distance (2.1189(7) A) 06 is similar to that in [NEf],-

[TiSCly]; however, it is on the short end when compared

with those observed in CpPyTIi(S)/2 [CpTi(u-S)(S)}>,*°

and [PhC(NSiMg),].Ti(S).}?2 The comparisons of bond
lengths of structurally characterized=% compounds have
been collected in Table 3.
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(N(D)—Ti(1)—N(2) = 168.48(7j) and the two oxygen atoms

N(3) of 166.83(7) and O(2)-Ti(1)—O(3) of 169.87(7.

DFT Calculation for the Reaction of 1 with CS,. The
formation of titanium oxo and sulfido compounds and the
intriguing reactivity of compound toward CS were studied
carefully by means of density functional theory, which
includes Becke’s three-parameter nonlocal exchange potential
and the nonlocal correlation functional of Lee, Yang, and
Parr (B3LYP¥° with the 6-31G* basis sets. The computed
bond energies of N bond in1, C=S bond in Cg Ti=S
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Table 4. Comparisons of Theoretical and Experimental Data for
Compounds

theoretical experimental
Ti(1)—N(1) 2.2176 2.1702(16)
Ti(1)—N(2) 2.2815 2.2102(15)
Ti(1)—N(3) 1.6857 1.7041(16)
Ti(1)—0O(1) 1.9689 1.9558(13)
Ti(1)—0(2) 1.9697 1.9580(14)
C(1)-C(2) 1.5082 1.500(3)
C(2)-0(1) 1.2980 1.299(2)
C(2)-C(3) 1.3841 1.375(3)
C(6)—N(1) 1.4452 1.451(2)
C(23-N(2) 1.4480 1.452(2)
N(1)-Ti(1)—N(2) 142.12 142.92(6)
N(3)—Ti(1)—N(1) 104.17 103.46(7)
N(3)—Ti(1)—N(2) 116.21 113.58(7)
N(3)-Ti(1)—0(1) 101.96 102.10(7)
N(3)-Ti(1)—0(2) 106.44 108.22(7)
O(1)-Ti(1)—N(1) 83.16 83.25(6)
O(1)-Ti(1)—N(2) 86.84 87.33(5)
O(1)-Ti(1)—0(2) 148.04 149.50(6)
O(2)-Ti(1)— N(1) 87.70 86.53(6)
O(2)-Ti(1)— N(2) 83.20 83.70(6)

bond in5, and N=C bond in t-BuNCS are 115.8, 186.1,
123.4, and 196.2 kcahol™?, respectively. Therefore, the
reaction ofl + CS, — 5 + t-BuNCS is the result of the
preference of forming of S bond in5 (—7.6 kcatmol™)
and N=C bond in t-BuNCS +{10.1 kcaimol™'). The

glovebox. Toluene and diethyl ether were dried by refluxing over
sodium benzophenone ketyl. @El, was dried over FOs. All
solvents were distilled and stored in solvent reservoirs which
contained 4-A molecular sieves and were purged with nitrogen.
IH and'3C NMR spectra were recorded at 26 on a Bruker AC
200 or Avance 300 spectrometer. Chemical shifts'férand 13C
spectra were recorded in ppm relative to the residual proton and
13C of CDCk (0 7.24, 77.0), @ (0 7.15, 128.0), or CECl,
(60 5.24, 54.0). Elemental analyses were performed on a Heraeus
CHN-OS Rapid Elemental Analyzer at the Instrument Center,
NCHU. [OCMeCHCMeNH(Ar)] was prepared according to a
previously reported procedutéTiCl, was used as received.
Synthesis of " BUN=Ti[OCMeCHCMeN(Ar)] » (1). A Schlenk
flask charged with LIOCMeCHCMeN(Ar)] (5.112 g, 19.3 mmol)
and [t-BuN=TiCl,Pys] (4.06 g, 9.6 mmol) was cooled to TC,
and 30 mL of toluene was added. The mixture was stirred at room
temperature for 16 h and was filtered through Celite. The filtrate
was dried under vacuum and the product was recrystallized from
toluene resulting in 5.2 g (85% yield) of brown red solid. NMR-
(CDClg): 7.20-7.08 (m, 6H, phenyl &), 5.21 (s, 2H, CMeE-
CMe), 3.93 (m, 2H, EIMey), 2.15 (m, 2H, GIMey), 1.68 (s, 6H,
CMe), 1.49 (s, 6H, ®e), 1.45 (d, 6H, CHey), 1.12 (d, 6H,
CHMe,), 0.97 (d, 6H, CH\1e;), 0.89 (d, 6H, CHiley), 0.82 (s, 9H,
CMes). 13C NMR (CDCk): 179.0 (s,CO), 171.8 (s,CN), 147.9
(s, phenylCips), 141.8 (s, phenyCiso), 141.1 (s, phenyCipso),
125.0 (d,Jcy = 159 Hz, phenyICH), 123.3 (d,Jcy = 159 Hz,

predicted geometrical parameters at the B3LYP/6-31G* level phenyICH), 123.2 (d Jcu = 159 Hz, phenyCH), 101.2 (dJcn =
agree reasonably well with those obtained from X-ray data 161 Hz, CM&€HCMe), 70.6 (s,CMe3), 31.4 (q,Jcn = 129 Hz,
as shown in Table 4 The computations were performed usingCMes), 27.7 (d,Jen = 124 Hz,CHMe,), 27.6 (d,Jcy = 124 Hz,

the Gaussian98 series of prograths.

Conclusions

In summary, we demonstrated=©®© and G=S double
bonds cleavage by terminal titanium imido compounds,
which results in the formation of terminal titanium oxo and
titanium sulfido compounds, respectively. In addition, the
titanium oxo compound® can also be obtained from the
reactions ofl with PhNCO or by decomposition at 9&
for 12 h through an unusual FiO/Ti=N bond exchange.
The unusual T+NCO compound was obtained from the
reaction ofl with urethane through protonation and amine
elimination. Investigations with respect to the reactivity of
ketiminate titaniuml, 3, 5, and6 are currently under way.

Experimental Section
General ProceduresAll reactions were performed under a dry

CHMey), 24.7 (9,Jcn = 126 Hz, CHMey), 24.6 (9,Jch = 126 Hz,
CHMe,), 24.1 (q,Jc = 129 Hz, CHMe,), 24.0 (9,Jch = 129 Hz,
CHMe,). Anal. Calcd for GgHs7/N3O,Ti (635.77): C, 71.79; H,
9.04; N, 6.61. Found: C, 71.28; H, 8.98; N, 7.00.

Synthesis of PAN=TI[OCMeCHCMeN(Ar)] 2 (2). Method A.
A solution of 1 and PhNCO in CDGlwas transferred to a J. Young
NMR tube andH NMR spectra were acquired. The methine proton
for 1 (6 5.21) disappeared with 3 days and a new methine proton
resonance of (6 5.28) was observedviethod B. A solution of
PhNCO (0.17 mL, 0.78 mmol) in toluene (15 mL) was added at
room temperature to a stirred solution b{0.5 g, 0.78 mmol) in
toluene (20 mL). The resulting solution was stirred for 72 h. The
volatile materials were removed under vacuum and the resulting
mixture was recrystallized from a toluene solution to generate 0.046
g of colorless solids in very low yield (9%}H NMR(CDCly):
7.26-6.80 (m, 11H, phenyl 8), 5.28 (s, 2H, CMeE&CMe), 3.35
(m, 2H, HMey), 2.13 (m, 2H, GiMe;,), 1.66 (s, 6H, ®le), 1.37
(s, 6H, QVe), 1.19 (d, 6H, CHe,), 0.97 (d, 6H, CHe,), 0.87 (d,

nitrogen atmosphere using standard Schlenk techniques or in a6H, CHVey), 0.80 (d, 6H, CHiley). 23C NMR (CDCk): 178.2 (s,

(19) Komuro, T.; Matsuo, T.; Kawaguchi, H.; Tatsumi, &hem. Comm
2002 988.

(20) (a) Becke, A. DJ. Chem. Phys1993 98, 5648. (b) Lee, C.; Yang,
W.; Parr, R. GPhys. Re. B 1988 37, 785.

(21) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone,
V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.;
Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.;
Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.;
Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.; Martin, R.
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara,
A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen,
W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.; Head-Gordon, M.;

CO), 173.4 (sCN), 145.8 (s, phenyCips), 142.4 (s, phenyCipso),
140.7 (s, phenyCipso), 139.5 (s, phenyCipso), 128.7 (dJcq = 161
Hz, phenylCH), 125.9 (d,Jcy = 151 Hz, phenyICH), 123.9 (d,
Jen = 161 Hz, phenylCH), 123.2 (d,Jcy = 150 Hz, phenyCH),
119.0 (d,Jcy = 160 Hz, phenylCH), 102.3 (d,Jch = 160 Hz,
CMeCHCMe), 28.3 (d,Jcy = 128 Hz,CHMey), 27.9 (d,Jcn =
130 Hz,CHMey), 25.1 (q,Jcy = 121 Hz, QMe), 24.3 (q,Jcn =
126 Hz, QVle), 24.1 (q,Jcn = 128 Hz, CHMey), 23.4 (q,Jcn =
127 Hz, CHMe,), 23.3 (4,Jcn = 127 Hz, CHVe,).

Synthesis of G=TI[OCMeCHCMeN(Ar)] » (3). Method A. A
solution of1 (1.0 g, 1.56 mmol) in heptane (30 mL) was heated at
95°C for 12 h. A small amount of crystals was obtained while the
solution was cooled to room temperature. These were isolated and

Replogle, E. S.; Pople, J. A. Guassian, Revision A.12 ed.; Gaussian, "ecrystallized from methanol to yield 0.05 g 4{10% yield). The

Inc.: Pittsburgh, PA, 2001.

remaining solution was reducing to 5 mL and cooled-20 °C to
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generate 0.10 g 08 (11% yield). Method B. PhANCO (0.190 g,
1.573 mmol) was added to a heptane (20 mL) solutioh (.0 g,

Hsu et al.

(0.54 g, 0.78 mmol) in heptane (30 mL) was heated at@5or
6 h. The volatile materials were removed under vacuum and the

1.573 mmol) at room temperature. The resulting solution was heatedresidual was recrystallized from an acetonitrile solution to yield

at 95°C for 12 h and volatiles were removed under vacuum to
yield off-white solids. The solid was recrystallized from a toluene
and heptane mixing solvent to yield bright-yellow crystals (0.333
g, 36% yield). Yield loses occurred during isolaticviethod C.
A solution of 1 (0.5 g, 0.78 mmol) in toluene (30 mL) was
transferred to a FisheiPorter glass reactor. The reactor was
pressurized with C@gas at 14 psi for 12 h. The volatiles were
removed under vacuum to generate 0.343 § iof 76% yield. For
compound3, *H NMR(CDCL): 7.21-7.07 (m, 6H, phenyl @),
5.35 (s, 2H, CMe€&ICMe), 3.50 (m, 2H, EIMe,), 2.23 (m, 2H,
CHMe,), 1.77 (s, 6H, ®e), 1.47 (s, 6H, ®1e), 1.33 (d, 6H,
CHMe,), 1.19 (d, 6H, CHe,), 0.97 (d, 6H, CH/e;), 0.91 (d, 6H,
CHMe,). 3C NMR (CDCk): 178.1 (s,CO), 173.2 (sCN), 145.9
(s, phenylCiyso), 142.4 (s, phenyCisg), 140.6 (s, phenyCipso),
125.7 (d,Jcy = 159 Hz, phenylCH), 123.8 (d,Jcy = 155 Hz,
phenylCH), 123.1(d,Jcy = 153 Hz, phenylCH), 102.3 (d,Jcn =
161 Hz, CM&€HCMe), 28.3 (d,Jcq = 127 Hz,CHMey), 27.7 (d,
Jon = 127 Hz,CHMey), 25.2 (9,Jch = 127 Hz, CHVey), 24.4 (q,
Jen = 131 Hz, CHMey), 24.1 (q,Jch = 128 Hz, QMe), 24.0 (q,
Jen = 128 Hz, CHMey), 23.4 (q,Jcn = 127 Hz, QMe), 23.0 (q,
Jen = 127 Hz, CHVey). Anal. Calcd for G4H4gNO3Ti: C, 70.33;
H, 8.33; N, 4.82. Found: C, 69.79; H, 7.92; N, 4.21. For compound
4,1H NMR(CDCl): 11.19 (s, 1H, M), 7.11-6.99 (m, 3H, phenyl
CH), 4.57 (s, 1H, CMeEBICMe), 2.86 (m, 2H, EIMey), 2.12 (s,
3H, CMe), 1.58 (s, 3H, ®le), 1.31 (s, 9H, Me3), 1.18 (d, 6H,
CHMey), 1.11 (d, 6H, CHley). 13C NMR (CDCk): 165.7 (sCN),
155.6 (sCN), 147.1 (s, phenyCiso), 138.0 (s, phenyCipsg), 122.5
(d, Jch = 159 Hz, phenylcH), 122.3 (d,Jcy = 159 Hz, phenyl-
CH), 94.4 (d,Jch = 163 Hz, CM&€HCMe), 51.5 (sCMej), 31.3
(g, Icn = 130 Hz, QVle3), 28.1 (d,Jch = 132 Hz,CHMey), 23.9
(g, Jcn = 131 Hz, Qvle), 22.5 (g,Jch = 130 Hz, QMe), 21.6 (q,
Jcn = 126 Hz, Cl"\/lez), 21.4 (q:JCH = 126 Hz, Cl"\/lﬁz) MS
(M*): 314.

Synthesis of S=Ti[OCMeCHCMeN(Ar)] » (5). To a 50-mL
Schenk flask charged with(1.0 g, 1.56 mmol) and 20 mL toluene

0.147 g of red crystals (29% yield NMR(CDCl): 7.24-7.11
(m, 6H, phenyl ®), 5.32 (s, 1H, CMeE&CMe), 5.25 (s, 1H,
CMeCHCMe), 3.31-3.08 (m, 6H, GiMe, and OCH,CHjs), 2.03
(s, 3H, QMe), 2.01 (s, 3H, ®le), 1.98 (s, GiCN), 1.64 (s, 3H,
CMe), 1.61 (s, 3H, ®le), 1.32 (d, 3H, CHiley), 1.28 (d, 3H,
CHMe,), 1.22 (d, 3H, CHi1e,), 1.18 (d, 3H, CH\1ey), 1.09 (d, 3H,
CHMe,), 1.07 (d, 3H, CHi1e,), 0.98 (d, 3H, CH\1e;), 0.97 (d, 3H,
CHMe,), 0.74 (t, 3H, OCHCHj3). 13C NMR (CDCk): 180.8 (s,
C0), 174.4 (sCO), 170.3 (sCN), 170.0 (sCN), 149.7 (s, phenyl
Cipsa), 148.9 (s, phenyCipsg), 142.2 (s, phenyCipso), 140.8 (s, phenyl
Cipso), 140.7 (s, phenyCisso), 140.2 (s, phenyCiss), 126.0 (d,
Jen = 159 Hz, phenylCH), 125.8 (d,Jcy = 159 Hz, phenyCH),
124.8 (d,Jcy = 160 Hz, phenyICH), 124.1 (d,Jcy = 156 Hz,
phenylCH), 123.6 (dJcy = 161 Hz, phenylCH), 123.5 (s, NCO),
123.3 (d,Jcq = 158 Hz, phenyICH), 102.8 (d,Jch = 161 Hz,
CMeCHCMe), 102.1 (dJcy = 160 Hz, CM&€HCMe), 73.0 (t,
Jen = 144 Hz, (I:HzCHg), 27.5 (d,JCH =128 HZ,CHCMQZ), 27.2
(d, Jcn = 128 Hz,CHCMe,), 25.6 (q,Jdch = 128 Hz, QMe), 25.5
(9, Jch = 128 Hz, QVe), 25.2 (9,Jch = 126 Hz, CHMe,), 24.9 (q,
Jen = 126 Hz, CHVe), 24.8 (q,Jch = 126 Hz, CHMey), 24.7 (q,
Jen = 125 Hz, CHMey), 24.6 (q,Jcn = 125 Hz, CHVIe,), 24.5 (q,
Jen = 128 Hz, CHMey), 24.3 (9,JcH = 128 Hz, CHVIe; and QVie),
24.27 (q,Jch = 128 Hz, Me), 17.2 (q,Jcy = 126 Hz, OCHCHy),
0.99 (q,Jch = 126 Hz,CH3CN). IR (KBr): 2205 cnm(vneo). Anal.
Calcd for G7Hs3sN3O4Ti (651.70): C, 68.19; H, 8.20; N, 6.45.
Found: C, 66.98; H, 8.24; N, 5.84.

X-ray Structure Determination for Compounds 1, 3, 4, 5, and
6. All the crystals were mounted on a glass fiber using epoxy resin
and transferred to a goniostat. Data collections were preformed at
298 K for compoundt and 150 K under liquid nitrogen vapor for
compoundd, 3, 5, and6. Data were collected on a Bruker SMART
CCD or a Nonius Kappa CCD diffractometer with graphite-
monochromated Mo K radiation. Structure determinations were
perormed using the SHELXTL package of programs. All refine-
ments were carried out by full-matrix least squares using anisotropic

was added excess carbon disulfide via syringe at room temperaturedisplacement parameters for all non-hydrogen atoms. All the
The solution was stirred at room temperature for 36 h and volatiles hydrogen atoms were added at calculated positions. The crystal
were removed under vacuum. The resulting solid was recrystallized data for1, 3, 5, and6 are summarized in Table 1.

from a mixture of diethyl ether and methylene chloride to yield
0.27 g of5 (27% yield).'H NMR(CDCl): 7.23 (m, 4H, phenyl
CH), 7.03 (m, 2H, phenyl 8), 5.57 (s, 2H, CMeB&CMe), 3.70
(m, 2H, HMey), 1.82 (s, 6H, ®e), 1.67 (m, 2H, GiMe,), 1.62
(s, 6H, QMe),1.43 (d, 6H, CHi1ey), 1.68 (d, 6H, CHie,), 0.85 (d,
6H, CHMe,), 0.77 (d, 6H, CHley). 13C NMR (CDCk): 177.9 (s,
CO), 172.5 (sCN), 146.6 (s, phenyCiso), 142.4 (s, phenyCipso),
140.5 (s, phenyCipso), 126.1 (d Jcn = 159 Hz, phenylCH), 124.2
(d, Jen = 159 Hz, phenylCH), 123.1 (d,Jcq = 159 Hz, phenyl
CH), 103.7 (d,Jcyq = 161 Hz, CM&€HCMe), 28.3 (dJcy = 127
Hz, CHMe,), 27.9 (d,Jcy = 127 Hz,CHMey), 26.0 (q,Jch = 121
Hz, CHMe,), 24.6 (9,Jcy = 125 Hz, CHVey), 24.4 (q,Jch = 129
Hz, CMe), 24.3 (q,Jch = 125 Hz, CHVey), 23.0 (g,Jch = 130
Hz, CMe), 22.9 (g,Jcy = 130 Hz, CHMe,). Anal. Calcd for
C34H4gNO,STi (596.70): C, 68.44; H, 8.11; N, 4.70. Found: C,
68.44; H, 8.23; N, 5.09.

Synthesis of Ti[OCMeCHCMeN(Ar)],(NCO)(OEt) (6). A
solution of 1 (0.5 g, 0.78 mmol) and urethane,,MCOOEt,
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