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Zain Dawoodi,a Malcolm L. H. Green,a* Victor S. B. Mtetwa,b and Keith Proutb" 
a Inorganic Chemistry Laboratory, South Parks Road, Oxford OX7 3QR, U.K. 
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The X-ray crystal structure of Ti( Me2PCH2CH2PMe2) MeCI,oshows that a Ti-C-H angle and the corresponding 
Ti-H distance of the Ti-Me moiety are 70(2 )  ' and 2.03(4) A, respectively; the bonding of the 
Ti-H-Ctmethyl) system is described in terms of a two-electron three-centred covalent bond and it is proposed 
that such distorted transition metal-x- hydrogen interactions will occur quite widely. 

A continuing study of factors which lead to reversible 1,2- 
hydrogen shift equilibria in transition metal alkyl systems1 led 
us to proposeL that when a methyl group is attached to a do 
metal centre which has a less than 18-electron environment (an 
electronically unsaturated centre) then one of the C-H bonds 
of the methyl group might distort towards the metal centre. 

We have previously shown that a IS-C-H moiety of the ethyl 
group in TiEtCl,(dmpe) ( 1 )  can bond to the titanium centre 
rin a bridging hydrogen system, causing distortion of the 
Ti-C-C angle to 86 .s3 We now report the X-ray crystal 
structure of the methyl analogue, TiMeCl,(dmpe) (2). 

Ti RCl,,(dmpe) 

(2) R -- Me 
(1) R = Et 

dmpe = Me,PCH,CH,PMe, 

This was prepared, by addition of dmpe ( 1  equiv.) to 
TiMeCI,,' i n  light petroleum (b.p. 40-60 ' C )  at ~ 15 "C, as 
extremely sensitive red-black crystals. The variable tempera- 
tiire ' H  n.m.r.spectrumof(2)shows i t  to beafluxionalinolecule 
similar to (l);3 the spectra will be discussed in detail elsewhere. 

Crj~.s tu/(ht( / :  C;H,,CI,P,Ti, M = 3 19.5, orthorhombic, space 
group Phca, CI -- 13.242(2), h = 14.041(4), c =- 16.522(2) A, 
11 - 3071.7 A'], Z = 8, D, I .382 g cm 3 ;  p(Mo-K, )  = 

12.53 cm ; data were collected on an Enraf-Nonius CAD4F 
d ifTractonicter using graphite nionochromated M o - K ,  radia- 
tion up to 28 60 . The structure was solved by Patterson and 
Fourier methods and refined isotropically and then aniso- 
tropically by full-matrix least-squares using 2 193 absorption- 
corrected independent reflexions with / 3tr( l ) .  All the hydro- 
gens uerc located from a difference map. The hydrogens of 
C(l), which were the most prominent in the difference map, 

Figure I .  Cryslal \tructirre o f  (2)  showing the pl'tiie containing the 
P,'TiCt-i( 1 I )  atoml,; for  clarity, t he  hydrogens o f  thc dnipc lrgand 
aie omitted: the Cl(2) a t o m  (not \howii) I >  located \yiimerrically 
in the Cl(3) Ti axis below the plane. Sclected distance\ and  angles 
a l e :  Ti CI(1), 2.294(1), TI ("3) 2.310(1), Ti-CI(3) 2.305(1), 
I--c(I) 2.149(5), T I  W I I )  7.03(4), 1 1  ~ ( 1 2 )  2 . 5 6 ( 5 ) ,  rl ~ ( 1 3 1  
2.68(4), ('(1) H ( l  I )  1.00(2), C(1) H(12) 0.93(7), C(l)-H(l3) 
0.90( 2 )  A 
H(13) 117(3), H(I1)-C(I) H(12) 104(4), H(lI)-C(I)-H113) 146(4), 

Ti C( 1 )-H( 1 I ) 70( ?),TI C'( 1 ) -H( 17) 105(4),Ti C( 1 ) 

H(12)-C(I) H(13) 106(5) . 
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were refined isotropically and the rest of tlie hydrogens were 
assignedfixed isotropic temperature factors and their positional 
parameters refined with slack constraints;s the C-H bond 
lengths were constrained at the values observed on the differ- 
ence map, with an allowed estimated standard deviation of 
0.02A. The refinement has converged to an R value of 3.99(!,, 

The molecular structure is shoun in Figure I together with 
important dimensions. The titanium centre adopts a distorted 
octahedral stereochemistry which is largely similar to that in  
(3),:3 and in particiilar the C( I )  atom in both complexes is 
deflected am's) from C1( I ), although to a lesser extent in tlie 
present case. The C( I ) inetlij 1 group has a low thermal motion 
and clearly resol\ ed hydrogens. but it displays a s c ~  ere distor- 
tion such that one of the hydrogen atoms is i n  close proximity 
to the metal atom. The Ti-){( I 1 ) distance of 2.03(4) lies well 
within tlie slim of the van der Wards radii and is shorter than 
that in  (1 )  (2.29 A). The TiLC( I)-H( 1 1 )  angle of 70(2)- 
reflects the se\wity of the distortion required to bring H(  I I )  to 
its observed position. We conclude that a direct Ti-H-C 
interaction is present w.1iich can kc described in  terms of a two- 
electron t hree-cen t red bond. 

The geometry of ( 2 )  pro\,ides the first evidence for a highly 
distorted transition metal-2-1iydrogen interaction in a metal- 
alkyl system, and may be regarded as a model for tlie transition 
state of the 1,2-hydrogen shift (x-elimination) process. The 
distortion of the Ti-Me group in ( 2 )  may be compared with 
those in the alkylidene systems M--CHR where the M--C-H 
angle lies in the region 78-85 .ti 

Evidence for v-interactions between a transition metal and 
ol.-C--H systems has been obtained from lH n.1n.r. data' and 
e.s.r. data." There is also considerable evidence for direct 
bonding of ,@ and other aliphatic C-H hydrogetis to metal 
centres.:]$!' I' 

Taken together these data show that when a transition metal 
centre has a vacant orbital of suitable energy and direction, 
then C-H groups, even of aliphatic systems can act essentially 
as 'lone pairs' u,liich can donate to suitable empty metal 
orbitals. Suitable metal centres are likely to be found for 
< 16-electron transition metal-alkyl compounds. 

When tlie 'half-arrow' c o n ~ e n t i o n ~ ~  is used to represent the 
formal 'lone pair' donation then the Ti-methyl group of 12) 
(Figure 2) is seen to act formally as a three-electron donor to 
the titaniirm. Also, the hidentate nature of the methyl group i n  
( 2 )  is eniphasised and this proLides a means whereby a metal 
centre can govern the stereochemistry of an aliphatic alkyl 
ligand. The above observations are relewnt to our earlier 
proposal that the carbon-carbon bond-forming step i n  Ziegler- - 

(R, 3.82 %I.? 

-i The atomic co-ordinate\ for th i \  uoil, 'ire a\ailable on request 
f rom the Diiector of the Cambridge Crystallographic Data 
Centre, Ciniver\ity Chemical Laboratorb, Leiisfield Road,  
Cambridge CB2 I EW. An)  reque\t \ho~i ld  be acconipanied b j  the 
f u l l  literature citation fo r  this coiiimunication. 

H 
C I  / 

CI 

( i )  ( i  i 1 

Figure 2. ( i )  A formal  wiwesentatiori o f  the bonding in ( 2 ) .  ( i i )  A 
reprcsentation of a transition state for the carbon -cai%on bond-  
forming s t e p  in t h e  olefin inscrtion reaction iii\ol\ ing interaction 
of a n  x h y d r o g e n  \\ i t11 t h e  metal centre. 

Natta olefin polj merisation is assisted by tntgrdtion of an 
x-hydrogen from the growing polymer chain to the metal.' 
Most of the principles of this propo\al are \ t i l l  Lalid even if 
the x-hjdrogen migration to the metal centre i j  only partial 
rather than complete [see 1-igure 2 (ii)]. 

We thank the I+troIeuni Rese'ii-ch F~itid admini\tered by 
the American Chemical Society for partial slipport. We also 
thanh the S.E.R.C. for a post-doctoral fellowship ( to  Z.D.) arid 
the British Council for a research stiidentship ( to V.S.H.M.) .  
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