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Abstract. (MesCs)2 TiNH2 is a bent metallocene with the NH2 group oriented to maximize the n­

interaction between nitrogen and titanium. The Ti-N bond length is short [1.944(2) A], consistent 

with increased rt-bonding. 
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Comment. The title compound was synthesized as part of an investigation of metal-ligand 1t 

bonding in titanium(lll) compounds. Since the electronically favored orientation of the NH2 group 

is the most sterically hindered, the relative strength of the electronic and steric effects can be 

examined. If steric effects dominate, the plane of the NH2 ligand should be perpendicular to the 

plane formed by the titanium atom and the two centroids of the pentamethylcyclopentadienyl 

ligands. On the other hand, if electronic effects dominate, the titanium atom, and the two 

centroids, and the NH2 group, acting as an-donor, will all lie in the same plane. 

Atomic parameters are given in Table 1. Selected distances and angles are given in 

Table 2. An ORTEP (Johnson, 1965} drawing of (T\5_ MesCs)2 TiNH2 is given in Figure 1. The 

NH2 ligand is in the proper orientation for the filled p-orbital of nitrogen to interact with the empty 

b2 orbital of (T\5-MesCs)2 Ti enabling the NH2 ligand to act as a n-donor. The Ti - N distances is 

. also quite short at 1.944(2} A. Similar nitrogen to metaln-bonding is ;:ilso seen in (T\5 

MesCs)2Hf(H)NHMe (Hillhouse, Bulls, Santarsiero, and Bercaw, 1998} as evidenced by the 

similar orientation of the methyl amide group. In the only other crystallographically characterized 

bis(pentamethylcyclopentadienyl)-titanium(lll) amide, bis(pentamethylcyclopentadienyl}titanium 

N-methyi-N-pheriyl amide (Feldman and Calabrese, 1991 ), the amide ligand is perpendicular to 

the plane formed by the titanium atom and the two cyclopentadienyl ring centroids, preventing the 

nitrogen p-orbital from interacting with the b2 orbital of the (T\5 MesCs)2 Ti fragment. The Ti - N 

bond length of 2.054(2} A is considerably longer than that found in the title compound. 

The titanium(IV) metallocene, (T\5_ CsHs)2 Ti(NC4H4)2 (Bynum, Hunter, Rogers, and 

Atwood, 1980}, nicely demonstrates the difference in bond lengths due ton-bonding. The 

compound possess two pyrrole ligands, one of which is in the correct orientation for the nitrogen 

p-orbital to interact with the empty 1 a1 orbital of the metallocene. The other pyrrole ring is 

perpendicular to the first and thus unable to act an-donor towards the low lying 1 a1 orbital. The 

Ti-N bond length for the pyrrole acting as an-donor is 2.070(5) A while the T-N bond length for 

the non n-bonding pyrrole is 2.1 00(4) A. Curiously, in the analogous zirconium compound 

(Bynum, Hunter, Rogers, and Atwood, 1980}, the bond lengths are almost identical. 

* Address correspondence to this author. 
I 
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Table 1. Atomic Parameters 

Beq = 1/3LiLjBijaj*a(araj 

Starred Atoms Refined with Isotropic Thermal Parameters 

Atom X y z Beq(A2) 

Ti 0.11498{1) 0.23016{1) 0.4031 0(1) 1.529(5) 

N1 0.1327(2) 0.1761{1) 0.5261 (1) 3.69(4) 

C1 0.1354(2) 0.1684{1) 0.2533{1) 2.01 {3) 

C2 0.0893(2) 0.0911 (1) 0.3043(1) 2.00(3) 

C3 0.2006(2) 0.0696{1) 0.3794{1) 1.98(3) 

C4 0.3126(2) 0.1360(1) 0.3768{1) 2.00(3) 

C5 0.2730(2) 0.1971{1) 0.2989{1) 2.01 (3) 

C6 0.0606{2) 0.1994(2) 0.1592{1) 2.85(4) 

C7 -0.0451 (2) 0.0339(2) 0.2768{1) 3.22(4) 

C8 0.2035(2) -0.0152{1) 0.4433{1) 2.84(4) 

C9 0.4533(2) 0.1383(2) 0.4415(1) 3.08(4) 

C10 0.3702{2) 0.2698(2) 0.2667{1) 3.09(4) 

C11 -0.0822(2) 0.3342{1) 0.3476{1) 2.31 (3) 

C12 -0.0692{2) 0.3286(1) 0.4440{1) 2.04(3) 

C13 0.0605{2) 0.3724{1) 0.4849(1) 2.16(3) 

C14 0.1296{2) 0.4031 (1) 0.4135(1) 2.57{3) 

C15 0.0385(2) 0.3828(1) 0.3287{1) 2.58(3) 

C16 -0.2126(2) 0.3043(2) 0.2800{2) 4.53(5) 

C17 -0.1803{2) 0.2856{2) 0.4914{2) 3.76(4) 

C18 0.1126{2) 0.3910(2) 0.5854(1) 3.71 (4) 

C19 0.2647(3) 0.4613{2) 0.4263(2) 5.52(6) 

C20 0.0541 (3) 0.4264{2) 0.2375{2) 5.38(5) 
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Table 2. Selected distances and angles 

Ti-N1 1.944(2) A Ti-Cp1 2.011 A 
., 

Ti-Cp2 2.010 A Ti-Cp(ave) 2.40(1) A 
TI-C1 2.415(2) A Ti-C11 2.388(2) A 
Ti-C2 2.385(2) A Ti-C12 2.390(2) A 
Ti-C3 2.396(2) A Ti-C13 2.402(2) A 
Ti-C4 2.386(2) A Ti-C14 2.375(2) A 
Ti-CS 2.402(2) A Ti-C15 2.412(2) A 
H31-N1-H32 108(2) 0 H31-N1-Ti 126(2) 0 

H32-N1-Ti 126(2) 0 Cp1-Ti-Cp2 144.3 ° 

Cp1-Ti-N1 108.7 ° Cp2-Ti-N1 107.0 ° 

Cp1 and Cp2 are the centroids of the cyclopentadienyl rings. 

-6-



Figure 1 
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202 NOTES FOR AUTiiORS 

APPENDIX l 
Experimeatal form to be completed for each structure ~-copy submlssioa) 

Otemical formula 

M, 
33'-/. 3 8 

a (A) 9.bOI(J) 

b <A> 
}3.bCfO(~) 

c <A> 1 Lf. 8o ~ (~) 
z 

Radiation 

Mol<ol 
Wavelength (A) 

Absorption correction type (circle appropriate description) 

analytical integration empirica~ 
. sphere cylinder none 

No. of reflections measured 

No. of independent reflections 

No. of observed reflections 

Criterion for observed 

hmin 
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Crystal system l , . 
t'\'\CV"'OC IV\\(., 

Space group 
p~ /n 

p (") 

No. of reflections for 
lattice parameters 

e range for lattice parameters (") 

Absorption correction (T min. T ,....) 

...,-o.N\c..".: }. I 7 

-r:·~ ... = o. 8' s 

~/ .. s-

14 <. e '- 1 <;, 

No. of .-.:ucu•on5 (and interval) 
r-

Variation of standards 

lmu 



NOTES FOR AtrmORS 

Treatment of hydrogen atoms (circle appropriate entry, or 
describe in box below) 

refall refxyz refU noref 

R 
0.0353 

wR 
().O~fY7 

s 
/.9 ~~ 

( t:.fq )mu. 

F, F 2 or I -r-
No. of parameters refined 

No. of reflections used in refinement 

Weighting scheme 

(Ap)min (e A -J) -0. (/() 
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Experimental. The title compound was synthesized from (115_ MesCs)2 TiCH3 and NH3. Dark 

crystals were grown by slowly cooling a saturated hexane solution. A dark air-sensitive crystal 

was mounted on the end of a quartz capillary tube with a drop of Paratone N oil. Atomic 1 tor Ti, 

N, C and H from International Tables (1974); structure refinement using MOLEN (Delft 

Instruments, 1990) and local unpublished programs. 
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