
ELSEVIER Journal of Organometallic Chemistry 54X f 1997) l-7 

d oumal of Igino 
metallic 

Chemistry 

Synthesis of two tantalum complexes bearing cyclopentadienyl analogs 

Caroline K. Sperry, George Rodriguez, Guillermo C. Bazan * 

Received 3 October 1996; received in revised form 13 December 1996 

Abstract 

Reaction of Li[C,H,B-NMe,] with (TBMYI’aMe,CI (TBM = tribenzylidenemethane) gives (TBM)[C,H,B-NMe,]TaMe, (1). A 
single crystal diffraction study revealed a metallocene-like environment with the metal binding more strongly to the boratabenzene ring 
carbons furthest from the boron atom. Cp ’ [C,H,B-N(CHMe, I,]Ta(v’-CIH,J (2) (41~ * = C,Me,J is obtained from the reaction of 
Cp * [C, H, B-N(CHMe, J,]TaCI Z and (C, H,MgJ(THF),. The htene fragment binds :n a trans configuration. The oxidation state of 
tantalum in 2 can be considered as I, III or V if all resonance contributions are taken into account. 0 1997 Elsevier Science B.V. 

1. Introduction 

There is a significant and growing interest in seeking 
new ligands that behave similarly to cyclopentadienyl 
for synthesizing group 4 metallocene-like compounds 
(for a recent overview see ]I]>. This drive is fuelled, in 
part, by the potential of building unique catalysts for the 
polymerization of olefins. New catalysts may ultimately 
lead to polymers with novel structures which in turn 
may be of commercial importance. Recent progress in 
the chemistry of electrophilic metallocenes, of both d” 
transition metals and lanthanides, has also made an 
impact in diverse areas of chemical research. These 
areas include the development of organic reactions, 
catalytic reactions, such as hydrosilylation [2] and hy- 
droamination [3], C-H activation processes, and the 
polymerization of silanes [4] and stannanes [s]. The 
search for new metallocene environments is therefore 
likely to have an infhtence on many branches of chem- 
istry. 

Early synthetic, structural, and mechanistic studies 
focused on the dianionic dicarbollide ligand, 
([C z B, H , ,I’ - 1. By replacing a cyclopentadienyl ligand 
with [C 2 B,H, ,I’- the charge of the complex increases 
by one negative unit while the overall molecular geome- 
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try and frontier orbitals remain relatively unperturbed 
[6]. Complexes with general formula 
Cp’ [C, B,H,, ]MMe(THF) (Cp’ = C,Me,, M = Hf, 
Zr) were the first high valent compounds to be reported 
[7] and displayed chemistry similar to that of group 3 
bis-cylopentadienyl complexes such as Cpi ScMe [8]. 
‘The synthesis of (Cp ’ [C, B,H, ,]ScCH(SiMe,), ;-- 
(LiiTHFI, )’ and (C,H,CH,)[C,B,H,,]TaMe, contin- 
ued this line of research [9,10]. For the scandium com- 
plex, the hydridic B-H functionalities proved to be 
effective bases which prevented olefin insertion. Simi- 
larly, strong coordination to Zr was observed for 
Cp * [C 7 B, H , , ]ZrMe derivatives. Activation of the 
Ta-C bond to generate reactive cationic species was not 
reported in the case of (C, H ,CH 3 >[Cz B,H , , ]TaMe, 
[lo]. These problems, and in particular the propensity of 
boron hydrides to bind tightly to electrophilic metal 
centers, prompted the search for 6 r electron ligands 
which do not contain basic functionalities (for recent 
advances in the chemistry of related carborane metal 
complexes see [ 111). 

The trimethylenemethane (TMM) fragment is for- 
mally a dianionic 6 v electron donor which has found 
extensive use in Pow valent transition metal chemistry 
[ 121. The related fragment, tribenzylidenemethane 
(TBM), contains three phenyl rings on the periphery of 
the TMM framework and was used in the preparation of 
[Cp * (TBM)ZrCI ,][Li(TMEDA), ] [ 131 (TMEDA = c 

0022-328X/97/$17.00 0 1997 Elsevier Science B.V. All rights reserved. 
P/I SOO22-328Xi97)00054-5 



N ,N ,N ‘,N ‘-tetramethylethylenediam ine) and 
Cp l (TBM)TaMe, [ 141: 

p2 I 1 
2- 

il 

H2C 
&QCH 2 
TMM TBM 

Ethylene polymerization is possible by activation of 
[Cp * (TBM)ZrCl, ][Li(TMEDA), ] with methylalumi- 
noxane (MAO). -The reactive species is most likely 
neutral Cp + (TBM)ZrMe [ 151. Attempts to activate 
Cp * (TBMJTaMe,, and related comp!exes, using acids 
or oxidants have thus far failed to give well defined 
catalysts. Only when MAO is added to 
Cp * (TBM)TaMe? are polymerization activities ob- 
served, but catalyst lifetime is short [ 161. 

Complexes containing borollide heterocycles were 
also prepared within the context of polymerization 
chemistry. Borollide ligands are close structural rela- 
tives of Cp (Cp = C,H s) (for a recent review of borol- 
lide chemistry see [ 171). The dianionic charge in these 
molecular fragments is readily understood in terms of 
an isoelectronic boron anion for neutral carbon atom 
substitution in the five-membered aromatic ring: 

make the ligands similar to dienes. (For a detailed 
discussion see [20].) Structural characterization of 
aminoborollide metallocenes mimics consistently show 
long metal-boron distan$es and short B-N bond lengths 
(in the order of 1.40 A). These complexes are thus 
‘ambivalent’, requiring resonance contributions A and B 
to account for their metrical parameters: 

Eliminating the boron-exocyclic 7r interaction. either by 
protonation of the amine or by using a methyl sub- 
stituent, contracts the boron-metal distances and favors 
the high oxidation state description A. Therefore, it is 
possibie to control the electron density at the metal 
center using boron heterocycles in a way not readily 
achievable with cyclopentadienyl ligands. 

Relevant to the discussion here are diene complexes 
of general composition Cp * ($-diene)MCl, (M = Nb 
and Ta) [21]. In the presence of MAO, these serve as 
catalyst precursors for the living polymerization of ethy- 
lene [22]. These complexes are usually viewed as d”, 14 
electron complexes in which the diene fragment is 
formally dianionic. It is important to recall that dienes 
have two resonance forms: 

In [Cp’[C,H,B-N(CHMe,),]MCI,Li(OEt,),] (M 
= Zr, Hf) the metal center, -in’ conjunction with the 
basic amine, were shown to participate in heterolytic 
bond activation reactions: however, their reactivity to- 
ward olefins remains unreported [ 181. The tantalum 
complex Cp ’ [ r)“-C, H, B-N(CHMe, J1]TaMe2 is simi- 
lar in structure to CpE ZrMe, and displays similar iso- 
cyanide insertion and metal-alkyl hydrogenation chem- 
istry [ 191. Polymerization activity with MAO, however, 
is well belt .V those reported for standard group 4 
metallocenes. 

In borollide complexes the orbital overlap between 
boron and the metal depends on the v donating ability 
of the boron substituent. Nitrogen containing functional- 
ities participate in strong B = N r orbital overlap and 
weaken the metal boron interaction (this effect obeys 
the series N > 0 > P > other substituents on boron). 
These interactions weaken the boron-metal bond and 

Late transition metal complexes are usually described as 
n-complexes, while the early transition metal counter- 
parts have bond distances more consistent with metalla- 
cyclopentene binding [23]. 

Boratabenzene rings were used for the synthesis of 
[C,H,B-N(CHMe,),],ZrCl. [24]. This boracycle may 
be viewed as the six:membeied analog of the Cp ligand 
and has found extensive use in the preparation of low 
valent complexes [25]: 

u- 
IV 
N(I-Pr), 

In [C,H,B-N(CHMe,),],ZrCl, a strong B = N 7r in- 
teraction exists and boratabenzene binds in a pentadi- 



enyl-like fashion with boron projected away frcm the 
metal. This distortion allows for zirconium to interact 
more strongly with the electron-rich carbons opposite to 
boron. Boratabenzene metallocenes are excellent pre- 
cursors for olefin polymerization catalysts and hold the 
promise of controlling the reactivity by choice of exo- 
cyclic substituent [23]: 

In this contribution we report the synthesis and struc- 
tural characterization of (TBM)[C,H ,B- 
N(CHMe,),]TaMe2 (1) and Cp”[$-C,H,B- 
NMe,]Ta($-C,H,) (2). These complexes’ combine 
dianionic ligands and boron heterocycles within the 
coordination sphere of tantalum. Their structural charac- 
terization provides insight into metal-ligand bonding 
interactions. 

2. Results and discussion 

2.1. (TBM)[C, Hs B-NMP, ITMc, 

Addition of Li[C,H,B-NMe,] (Li[Bb-NMe$ to I 
erluiv of (TBM)TaMe,CI in tetrahydrol’uran followed 
by toluene extraction gives (TBM)[Bb-NMe! ]TaMe, 
(1) in 60%, isolated yield: 

LI[Bb-NMe:] 
* 

(I) 

Single crystals suitable for X-ray crystallography were 
grown from a concentrated diethyl ether solution. The 
results of this study are shown in Fig. 1 and Tables l-4. 
The overall molecular arrangement of 1 is similar to 
that of a group 4 metallocene with TBM and Bb-NMe, 
occupying the pseudotetrahedral cyclopentadienyl sites. 
Note that the angle defined by C ,-Ta-[Bb-NMe,],.,,,,,, 

Fig. I. ORTEP drawing of 1 at 50% probability. Hydrogen atoms are 
omitted for clarity. 

Table I 
Crystal. data collection and refinement parameters of I 

Empirical formula TaC,, H,,BN 
Formula weight (amu) 623.46 
Crystal size (mm) 0.20 x 0. IS x 0.20 
Color ruby-red 
Cryst syst triclinic 
Lattice type Primitive 
Space group piw) 
z 9 
(1 (A, x.-l&w I) 
1) 6, 13.3 I O( 1 

l(*,,& Q?/Clll t ) 

T(“C) 
Di ft’ractometer 
A M,, K ,, (graphic monochromated rxii;Ltion) 
Scan rate (Jeg/min) 
No. frames 
Time to acquire frames (sec/tiul~) 

No. of unique retlections collected 

No. of observations (I > 3.00fI)lr ) 

min peak 

No. of parameters varied 
;tbh. coeff. cm ’ 
Runpe of trunsm factors 
R’! 
Rh, 
Max. Shift/error in find cycle 
Goodness of fit’ 
Max. peak 

I ’ WO3( I 1 

-- I.48 

-. . 
I-% 17(Z) - -. 
03.‘K!( I 1 
VI. I .W I 1 
95.121(l) 
I .(I2 
- ho 
Siemcn+SMAR’I 
0.7 I Oh9 
1.X 
I321 
IO 
Total: 8 I X7Unique: 
57h-l (R ,,,, = 0.037 1 
5299 
307 
43. I 
0.43325-0.7830x 
0.032 
O.OhX 
0.0-l 
3.41 
0.X I 

‘I~, = CCIF,,l-- IF,I)/CI~,I. “R? =[Cw,(Il+- IF,.l,‘,‘C\rdF,,I’]’ ‘. 
‘S = goodness of tit =(C(IF,,l- (F,I)/tr)/(n-m). where n is the 
number of retlections used in the refinement and m is the number of 
variables. 



Table 2 
Atomic coordinates dnd B,, for I 
Atom x Y 2 B 

Tti 0.07324(4) 0.28419(2) 0.18209(2) 1 .‘;j(73(7) 
N 0.3339(9) 0.5 138(6) 0.3962(6) 2.5( 1) 
C(1) - 0.2012(S) 0.2789(6) 0.1617(6) 1.7(l) 
C(2) - 0.1786(9) 0.2941(6) 0.0541(6) 1.8(l) 
C(3) -0.1682(9) 0.1715(6) 0.1970(6) 1.8(l) 
C(4) - 0.1564(9) 0.3705(6) 0.2396(6) 1.7(l) 
C(5) - 0.2500(9) 0.2 176(6) -0.041266) 1.9(l) 
C(6) -0.192(l) 0.2267(7) - 0.1397(6) 2.6(2) 
C(7) - 0.266( I) 0.1626@) - 0.2330(7) 3.3(2) 
C(8) - 0.396( I) 0.0889(S) - 0.23 16(7) 3.3(2) 
C(9) - 0.457( 1) 0.0769(g) - 0.1368(8) 3.3(2) 
ct IO) - 0.383( I) 0.1406(7) - 0.04 15(7) 2.7(2) 
a1 1) -0.1871(9) 0.4862(6) 0.2225(6) 2.0( 1) 
C(12) - 0.309( 1) 0.5 155(7) 0.1434(7) 2.5(2) 
C(13) -0.341(! 1 0.6237(8) 0.1378(8) 3.3(2) 
C( 14) -0.251(l) 0.706d8) 0.2105(9) 3.7(2) 
C(15) -0.132(l) 0.6777(7) 0.2879(9) 3.5(2) 
C(l6) -0.101(1) 0.5704(7) 0.2930(7) 2.6(2) 
C(17) - 0.2089(9) 0.123816) 0.2948(6) 1.8(l) 
C(l8) - 0.162( I) 0.01 #x7) 0.3160(7) 2.3(2) 
C(l9) -0.196(l) - 0.03 1 l(7) 0.4043(7) 2.8(2) 
C(20) -0.281(l) 0.0203(7) 0.4743(7) 2.9(2) 
C(21) - 0.333( 1) 0.121&s(7) 0.4543(7) 2.5(2) 
C(22) -0.2967(10) 0.173:(6) 0.3654(6) 2.0(2) 
C(23) 0.11 l(1) 0.1702(8) 0.0472(7) 3-O(2) 
C(24) 0.1275( IO) 0.4478(7) 0.1255(7) 2.5(2) 
C(25) 0.161 l(l0) 0.3246(8) 0.3866(6) 2.5(2) 
C(26) 0.150(l) 0.2125(8) 0.3617(7) 3.1(2) 
C(27) 0.238(I) 0.1665(8) 0.288 l(9) 3.8(2) 
C(28) 0.347( 1) 0.2326(g) 0.2433(8) X4(2) 
C(29) 0.3672( IO) 0.3484(7) 0.2640(7) 2.5(2) 
Ct30) 0.268( I 1 0.563 l(8) 0.4846(8) 3.5(2) 
a311 0*452(l) 0.5899(8) 0.362lW 3.5(2) 
B 0.203( I) 0.4045(8) 0.3544(7) 2.3(2) 

Table 3 
Bond distances <A) of 1 
Atom Atom Distunce 

(A) 
Atom Atom BistitlNX 

(A) 

Ta C(I) 
TU C(2) 
Ti.l C(3) 
Til C(4) 
Til C(23) 
TLI C(24) . 

i-i 
C(25) 
C(26) 

Til C(27) 
Ta C(28) 
Ti\ C(29) 
N C(30) 
N C(31) 
N B 
C(l) C(2) 
C(1) C(3) 
C(1) C(4) 
C(2) C(S) 
C(3) C(17) 
C(4) C(I1) 
C(5) C(6) 
C(5) C(10) 

2.280(7) 
2.477(7) 
2.394(g) 
2.469(7) 
2.212(8) 
2.207(8) 
2.585(8) 
2.509(8) 
2.419(9) 
2.467(8) 
2.560(8) 
1.45(i) 
1*44(l) 
I .40( I) 
I .43( I ) 
I .4S( I) 
1.42(l) 
1.49(l) 
1.49(l) 
1.49(l) 
1.42(l) 
1.39(l) 

C(6) 
ct7, 
C(8) 
C(9) 
all) 
ail) 
C(l2) 
C(l3) 
C(l4) 
C(l5) 
C(17) 
C(17) 
C(l8) 
C(19) 
a201 
C(21) 
C(25) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 

C(7) 1.40( I ) 
C(8) 
C(9) 
alo) 
C(i2) 
C(l6) 
C(13) 
C(l4) 
C(lS) 
C(16) 
C(l8) 
C(22) 
C(l9) 
C(20) 
C(21) 
C(22) 
C(26) 
B 
C(27) 
C(28) 
C(29) 
B 

1.36(l) 
I .39( 1) 
1.42(l) 
1.41(l) 
I .39( I 1 
1.38(l) 
I .40(2) 
1.38(2) 
1.36(l) 
1.40( 1 I 
1.39(l) 
1.37( 1) 
1.3X( I ) 
1.38( 1) 
1.39(l) 
1.38(l) 
1.54(l) 
I .40(2) 
I .38(2) 
1.41(l) 
1.54(l) 

Table 4 
Selected bond angles (“) for 1 
Atom Atom Atom Angle Atom Atom Atom Angle 

C(23) Ta C(24) 102.8(4) 
C(30) N ~(31) I I I .2(8) C(30) N B 123.7(S) 
C(31) N B 125.1(s) c(2) C(1) C(3) 114.7(6) 
C(2) C( 1) C(4) 117.8(7) C(3) a 1) C(4) 116.5(6) 
C(26) C(27) C(28) 120.6(9) C(27) C(28) C(29) 122.1(9) 
Ct28) C(29) B 120.6(8) N B C(25) 125.3(8) 
N B C(29) 124.7(8) C(25) B C(29) 110.0(8) 

( 133.7(8)“) matches with the Cpc*entroid-Zr-Cp~~nrroid an- 
gle (132.5”) of Cpi ZrMe, [26]. Disruption of bo- 
ratabenzeone aromaticity is suggestedoby the long Ta-B 
(2.82(2) A) and short B-N (1.40( 1) A) distances, which 
are typical distortions in boron heterocycles ligated to 
high valent early transition metals. Tantalum binds pro- 

ively more tightly to the ring carbons furthest away 
boron (in A: Ta-C,, = 2.560(8), Ta-C2, = 

= 2.418(9)). Thus, as in [C,H,B- 
12, there is significant $-pentadienyl 

character in the boratabenzene ligand. 

2.2. Cp'[C,H,BN(CHMr,),lTa(rlJ-C,H;,) 

Rea$ion in THF of (C,H,Mg)(THF),, with 
Cp * [C,fH d B-N(CHMe? ),]TaCl, gives Cp * [C, H J B- 
N(CHMe, ),]Ta( trtras-r)“-C,H,) (2) in approximately 
70% yield, as shown in: 

CHMe, 
/ 

CI-IMe, 
/ 

NCHMe2 

2 

Determination of hapticity and stereochemistry for the 
diene fragment was not straightforward using solution 
spectroscopy and required solid state characterization. 
Table 5 gives relevant crystal and data collection pa- 
rameters. Atomic coordinates are given in Table 6 with 
important intramolecular distances and angles in Tables 
7 and 8. As shown in Fig. 2, all four carbons of the 
diene are firm!y bound io tantalum (Ta-C,, = $39( 1) 
A; Ta-C,, = 2.0344(10) A; Ta-C,, = 2.293(10) A; Ta- 
c21 = 2.4% 1) A)) and have equidistant_ C-C bonds 
(c24-c,, = 1.42(2) A; C,,-C,, 1.45(l) A; C,,-C,, = 
1.44(2) A [27]. The borollide-Ta interaction conforms 
to the usual ambivalent situation ( Ta-B = 2.73(l) A; 
B-N = 1.42( 1) A, sp* hybridized Nb. Therefore, the 



Table 5 
Crystal, data collection and refinement parameters of 2 

Empirical formula C?,H,,BNTa 
Formula weight (amu) 531.32 
Crystal size (mm) 0.08 X 0.02 X 0.08 
Color yellow 
tryst syst monoclinic 
Lattice type Primitive 
Space group P2, /c(#l4) 
Z 4 

a (A> 

c <A) 
P” 

b CA) 

v <A’> 
dCdlC (g/cm’) 
T (“0 
Diffractometer 
AM,, K (I (graphite monochromated radiation) 
Scan rate (deg/min) 
28 range (deg) 
Data collected 
No. of retlectlons measured 

No. of observations (I > 3.00(I)a ) 
No. of parameters varied 
abs. coeff (cm- ’ ) 
abs. correction 
Range of transm factors 
R”, 
Rh, 
Max. Shift/error in final cycle 
Goodness of fit’ 
Max. peak 
Min. peak 

I7.889(2) 
103.13o(l; 

I3.628( 1) 

2266.5(3) 
I .56 

I7.889(2) 

-50 
Siemens-SMART 
0.7 1069 
1.8 
o-so 
It. k, + 1 
Total: I344SUnique: 
5551 (R,,,, = 0.090) 
2511 
244 
39. I 
empirical 
0. I501 2-0.32388 
0.05 1 
0.038 
0.03 
I .54 
I .OO 
- I .os 

;It, = c(IF,,l- IF,.l)/CIF,,l. 
, = [Lw(IF,,I- IF,I,‘/Cwll~,l’]“‘. 

‘S i= goodness of fit =CCClt,l- lF,l)/v)/(n-III), where n is the 
number of rellections used in rhc refinement and m is the number ol 
variables. 

different resonance contributions allow fez considera- 
tion of oxidation states I, III and V: 

I ,CHMc7 

The ‘H NMR spectrum of 2 shows four signals for the 
borollide ring and six for the butadiene ligand. These 

Table 6 
Atomic coordinates and B,, for 2 

~~~ ~ 
Atom x Y 2 B cq 
Ta(l) 0.19014(3) 0.16387(S) 0.37322(3) 
N(l) 
C(I) 
Ct2i 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(lO) 
C(ll) 
C(l2) 
C(l3) 
C(l4) 
C(l5) 
C(l6) 
ct 17) 
C(l8) 
C(l9) 
C(20) 
C(2l) 
C(22) 
C(23) 
C(24) 
B(I) 

0.2893(6) 
0.29 I 8(7) 
0.1896(8) 
0.1615(8) 
0.2450(8) 
0.3229(8) 
0.3578(9) 
0. I272(9) 
0.0692(9) 
0.2532(9) 
0.4290(8) 
0. I279(8) 
0.1100(10) 
0.1999(9) 
0.2809(8) 
0.3957(8) 
0.23 I S(8) 
0.4684(8) 
0.4166(9) 
0.264( I ) 
0.2295(9) 
0.0 I 75(9) 
0.0934(8) 
0. I 642(9 ) 
0.2695(9) 
0.2405(9) 

- 0.0450(8) 
0.363( I ) 
0.387( I ) 
0.287( I ) 
0.196(l) 
0.241(l) 
0.458( I) 
0.512(l) 
0.289( I ) 
0.094( I 1 
0.186(l) 
0.096( I 1 
0.241(l) 
0.31 l(l) 
0.215(l) 
- 0.040( I ) 
-0.165(l) 
- 0.034( I ) 

0.078( I 1 
- 0.303 I 1 
-0.172(l) 

0.087( I 1 
- 0.008( I ) 
- 0.079( I ) 
- 0.059% IO) 
0.073( I ) 

0.2190(5) 
O-4352(6) 
0.4390(6) 
0.4875(6) 
0.5 143(6) 
0.4796(6) 
0.4054(7) 
0.4061(7) 
0.5 195(7) 
0.5784(7) 
O-4966(7) 
0.2396(6) 
0.25 I O(6) 
0.2735(6) 
0.277 l(6) 
0.2142(6) 
0.1809(6) 
0.2925(7) 
0. I628(7) 
0.2219(7) 
0.0961(6) 
0.3698(8) 
0.4102(7) 
0.3736(7) 
0.4026(b) 
0.242: (7) 

2.3 I2(8) 
2.2(2) 
2.3(2) 
2.5(3) 
2.7(3) 
2.8(3) 
2.5(3) 
4.3(3) 
4.4(3) 
5.2(4) 
4.3(3) 
4.1(3) 
3.1(3) 
3.6(3) 
3.3(3) 
2.9(3) 
3.2(3) 
3.5(3) 
4.9(3) 
4.7(3) 
5.2(-t) 
4.7(3) 
4.5(3) 
3.7(3) 
3.5(3) 
3.4(3) 
2.4(3) 

Table 7 
Bond distances <A> of 2 

Tn( I 1 
Tid I ) 
Tat I 1 
Tat I ) 
Tat I 1 
Tilt I ) 
Ta(l) 
Ta( I ) 
Ta(lJ 
Ta(l) 
Ta(l) 
Ta(l) 
Ta(I) 
N(l) 
N(I) 
N(l) 
C(l) 
C(I) 
C(l) 

ct I ) 
C(2) 
t-33) 
C(4) 
C(5) 
C(l I) 
C(l2) 
C(l3) 
C( 14) 
C(21) 
C(22) 
C(23) 
C(24) 
C(lS) 
C(l6) 
B(l) 
C(2) 
C(S) 
9(6) 

2.460(9) 
2.4349) 
2.47(l) 
2.48(l) 
2.42( I) 
2.34 I) 
2.33(I) 
2.30( I ) 
2.w I) 
2.4% I) 
2.29(I) 
2.34(I) 
2.39(I) 
1.47(l) 
1.47(l) 
I .42( I 1 
I .43( I) 
1.42(l) 
1.46(l) 

C(2) 
C(2) 
C(3) 
C(3) 
C(4) 
C(4) 
C(5) 
C(Il) 
C(ll) 
C(l2) 
C(l3) 
C(l4) 
C(l5) 
CXIS) 
C(l6) 
Ct 16) 
C(2l) 
C(22) 
C(23) 

C(3) 
C(7) 
C(4) 
C(X) 
C(S) 
C(9) 
Cl IO) 
C(l2) 
B(I) 
C(l3) 
C(l4) 
B( I 1 
C(l7) 
C(l8) 
C(l9) 
C(20) 
C(22) 
C’(23) 
a ‘4 1 L 

I .40( I ) 
l.Sl(l) 
I .42( I ) 
I .SO( I ) 
1.41(l) 
I .49( I ) 
I .SO( I ) 
I .42( I ) 
I .S4(2) 
! .3X( I ) 
I .43( I) 
I .S4( I ) 
I .S2( I) 
I .SY I ) 
I .52( I ) 
1.51(l) 
I .44(2) 
I .4S( I ) 
I .42(2) 

Table 8 
Selected bond angles (“) for 2 

C(l5) N(l) C(l6) IIS.% C(lS) N(l) B(I) 121.6(8) 
C(l6) N(l) B(I) 121.2(9) C(2l) C(22) C(23) 123(l) 
C(22) Cc231 C(24) 120(l) Ta(l) C(24) C(23) 70.6(6) 
Ta(!) C(21) C(22) 66.4(6) 



Fig. 2. ORTEP drawing 
omitted for clarity. 

of 2 at 50% probability. Hydrogen atoms are 

signals remain inequivalent up to 100°C, indicating a 
minimum activation energy of 1st I) kcal/mol for the 
automerization exchange: 

Analogous degenerate rearrangements in Cp? M(cis-q“- 
butadienes) (M = Zr, Hf) complexes have activation 
barriers in the range of 6-K kcal/mol, depending on 
metal and substituents on the diene ligand and are 
believed to proceed via a planar metallacyclopentene 
transition state [28]. 

It is also interesting that no evidence exists for 
Cp * [C,H,B-N(CHMe,),]Ta(cis-71J-C,H,), even after 
heating samples of 2 at 100°C for several hours. This 
tendency of the ‘Cp * [C, H, B-N(CHMe, ),]Ta’ frame- 
work for the trans diene is markedly different from 
‘Cp2Zr’ and ‘Cpz Hf’ which have a thermodynamic 
preference for the cis isomer [28]. 

3. Summary 

In summary, two syntheses are described herein 
which take advantage of cyclopentadienyl mimics to 
create metallocene-like environments using tantalum. 
The metal in complex 1 binds more strongly to the 
carbons in the boratabenzene ligand that are furthest 
from boron. Tantalum is thus electrophilic and prefers 
to avoid overlap with the electron poor boron. Unlike 
standard group 4 merallocenes the diene ligand in 2 

binds strongly and prefers a trans stereochemistry. Note 
that if the borollide ligand is considered as a cis-locked 
diolefin then 2 contains the two possible diene stereo- 
chemistries. The reactivities of both 1 and 2 are under 
investigation currently and will be reported in due 
course. 

4. Experimental 

4. I. Gener-ul consider-atiorzs 

All manipulations were carried out using either 
I-vacuum or glovebox techniques as previously de- 

scribed [29]. ‘H and ‘jC NMR spectra were recorded on 
a Bruker AMX-400 spectrometer at 400.1 MHz and 
100.6 MHz, respectively. Toluene, pentane, diethyl ether 
and tetrahydrofuran were distilled from benzophenone 
ketyl. The preparation of (TBM)TaMe,Cl [14], 
Cp * [C, HJ B-N(CHMe, )? ]TaCI z [ 19]b, [Li][Bb-NMe, 1 
[30] and Mg(C,H,)(THF), [3l] are available in the 
literature. 

4.2. (TBMItBb-NMe, lTuMe2 (I) 

To a tetrahydrofuran (THF) solution of 
(TBM)TaMe,CI (0.207 g, 0.391 mmol) was added 
[Li][Bb-NMe,] (0 045 g, 0.391 mmol) in THF. After 
stirring for 30 min, the solvent was replaced with 
toluene (20 ml) and filtered in order to remove the LiCl 
byproduct. Removal of the toluene affords the product 
as a dark burgundy oil (0. IS g, 60%) ’ H NMR W,D,): 
tS 7.26 (d, 6H, cj-Ph), 7.17 (t, 6H, rn-Ph), 6.92 (t, 3H, 
p-Ph). 6.48 (ddd, I H, /KJfCHB. J<.-,, = I .49, 6.51. 
I 1.35 Hz), 5.77 (ddd, 1 H, p-CH’CHB ./cm,, = I .49. 
6.51, I 1.35 Hz), 5.36 (ddd, IH, a-C H B, J, .-,., = 1.86, 
II.35 Hz) 5.23 (ddd, lH, wCH’B, Jc-,, = 1.86, II.35 
Hz) 4.92 (t. lH, ‘y-C HCHCHB, Jc-,, = 6.5 l), 4.44 (bs, 
3H, (PhC H),C’- h 2.52 (s, 3H, NC H,), 2.46 (s, 3H, 
NCH!& -0.12 (s, 3H, Ta-CH,), -0.10 (s, 3H, Ta- 
CM;): “C NMR (C,D,): 142.1 ( CY-CHB), 136.2, 135.9, 
129.5, 125.6 ( PkCH),C’-). I 16. I ( y-CHCHCHB), 95.9 
(P-CHCHB), 50.0 (NCH,), 44.4 (NCH’& 38.4 (Ta- 
CH,), 38.3 (Ta-CHYJ Anal. Calcd for TaC,,H,,BN: 
C, 60.69; H. 5.76; N, 2.28. Found: C, 60.31; H, S:41; N, 
2.12. 

4.3. Cp ’ /C, HJ B-NfCHMe, ), ]Ta(qJ-C, Hh) (2) - a. 

A slight excess of Mg(C, H,) -2THF (30 mg, 0.14 
mmol) suspended in THF was added dropwise to a 
stirring solution of Cp * [C, H ., B-N(CHMe, ), ]TaCI z (SO 
mg, 0 091 mmol). An instantaneous cola; change from 
green to orange was observed. After stirring for 16 h, 
the solvent was removed in vacua and the yellow 



product was extracted with pentane. Yield = 67%. Crys- 
talline material precipitated from a concentrated pentane 
solution at - 35°C. ’ H NMR <C,D,, 298K): S 4.85 (m, 
IH, CHCHB), 4.61 (m, lH, CH,CHCHCH,), 4.36 
(m, lH, CHCHB), 3.34 (sept, lH, CH(CH,)2), 3.27 
(sept, lH, CH(CH,),), 2.96 (m, lH, CHJHCHCH,), 
1.80 (m, lH, CH,CHCHCH,), 1.73 (m, lH, CHCHB), 
1.55 (m, lH, CH,CHCHCH,), 1.548 (m, lH, 
CHCHB), 1.53 (m, lH, CH,CHCHCH,), 1.47 (m, lH, 
CH,CHCHCH,), 1.43 (d, 3H, CH(CH,&), 1.41 (s, 
15H, C,A4e,), 1.32 (d, 3H, CH(C H,),), 1.26 (d, 3H, 
CH(C H,), ), 1.08 (d, 3H, CH(C H,), ); "C NMR (C, D,) 
S 102.6 (C,Me,), 90.6 (CHCHB), 88.9 (CHCHB), 
85.0 (CH,CHCHCH,), 82.5 (CH,CHCHCH,), 62.3 
(C~JCHB), 57.7 (CHCHB), 48.9 (cH(CH,).), 45.0 
(CH(CH,),), 25.0 (CI-NCH,),), 24.4 (CH(CH,M 
24.1 (CH(CH,),), 23.5 (CH(CH&), 22:7 
(cH,cHCHCH,), 14.2 (CH,CHCHCH2), i 1.3 
(C,Me,). Anal. Found: C, 54.00; H, 7.40; N, 2.62. 
CzJHJ9NBTa Calc.; C, 54.20; H, 7.34; N, 2.63. 
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