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Abstract

The novel alkene polymerisation cocatalysts [Zr(CH,Ph),(ArDABP)] containing the biphenyl-bridged ligands 2,2’-di-(N-
benzyl)amino-6,6'-dimethylbiphenyl (ArDABP, Ar = CH,C4H, Bu-4 or CH,CH ,-Ph) display averaged C,-symmetry in solution and

an m2-benzyl coordination mode in the solid state.

Keywords: Zirconium; Diamide ligands; Olefin polymerization; Catalyses; Crystal structure

Non-metallocene complexes of Group IV metals have
recently attracted considerable attention as possible al-
ternatives for olefin polymerisation catalysts, employing
N,-macrocycles [1,2], porphyrins [3], tripodal amides
[4,5], mixed cyclopentadienyl-amides [6], or -benzami-
dines [7] and Schiff bases [8] as spectator ligands. Such
interest has, in part, stemmed from the principal that the
coordination sphere of such catalysts might be more
easily tuned by using non-cyclopentadienyl based lig-
ands, leading to systems capable of stereoregular olefin
polymerisation in a similar manner to metallocene cata-
lysts that incorporate C,-symmetric, constrained indeny]
[9], or biphenyl-bridged bis(cyclopentadienyl) ligands
[10}. In view of the utilisation of hard, chelating ligands
as chiral auxiliaries in enantioselective organic synthesis
by transition metal complexes [11], it seemed surprising
that a similar approach has only recently been employed
in order to exert stereochemical control on olefin poly-
merisation catalysts, using sterically hindered, chelating
phenoxides as ancillary ligands [12]. In this communica-
tion, we report the synthesis and preliminary results on
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the catalytic activity of novel zirconium bis(benzyl)
complexes that incorporate C,-symmetric diamide lig-
ands derived from 2,2'-diamino-6,6'-dimethylbiphenyl.

The benzyl-substituted diamine ligands (ArDABPH,,)
were synthesised in high yield via reduction of the
imines resulting from the condensation of the parent
diamine with aromatic aldehydes, as outlined in Scheme
1. Reaction of the known chelating amine 2,2’-diamino-
6,6'-dimethylbipheny [13] with either 4-tert-butylben-
zaldehyde or 4-phenylbenzaldehyde in EtOH at 70°C
resulted in the formation of the diimines 1 or 2 respec-
tively, which upon treatment with LiAlH, in Et,O were
reduced to the benzyl substituted diamines 3 or 4. The
analytical and spectroscopic data for these compounds
support their proposed formulation '. Amines 3 and 4
are sufficiently acidic to undergo protonolysis reactions
with {Zr(CH,Ph),], resulting in the elimination of
toluene and the formation of the air and moisture sensi-
tive dialkyldiamide complexes [Zr{CH,Ph),(ArDABP)]
(Ar = CH,C¢H,'Bu-4 [5], Ar= CH,C4H ,Ph-4 [6] re-
spectively) (see Scheme 1) 2.

The crystal structure of 6 has been determined * and
the molecular structure is shown in Fig. 1 together with
selected bond distances and angles. The ligand arrange-
ment around the Zr(IV) centre is best described as
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Scheme 1. Reagents and conditions: (i) (CHO)C¢H ,R-4, EtOH,
67°C, 1 h, 1 (R ='Bu, 85%), 2 (R = Ph, 89%); (ii) LiAlH,, Et,0,
25°C, 3 (83%), 4 (92%); (iii) [Zr(CH,Ph),], § petrol (40,/60), 96 h,
(100% by NMR spectroscopy), 6 toluene, 48 h, (100% by NMR
Spectroscopy).

distorted tetrahedral, although it is evident that one of
the benzyl ligands is coordinated in an m*-fashion,
characterised by an acute Zr-CH,—C,, angle [83.4(2)°]

and a short Zr-C ., contact [2.570(4) A]. Similar inter-
actions have been observed in structurally characterised
benzyl metallocene cations [14], trisbenzyl zwitterions
[15], and also neutral benzylalkoxide zirconium com-
plexes [16], and are associated with the presence of a
highly electrophilic metal centre. A short Zr—C28 con-
tact [2.678(4) A] and acute Zr-N1-C28 angle
[100.3(2)°] (c.f. >3 A and 124.6(2)° respectively for
those involving Zr, N2 and C42) are also observed,
which might be described as an m”-amide interaction
involving one phenyl ring of the biphenyl backbone.

In solution ', both dibenzyl complexes 5 and 6 show
averaged C,-symmetry at temperatures between 320
and 180 K, with AB doublets being observed for the
diastereotopic N-CH, and Zr-CH, protons. No evi-
dence for n2-benzyl coordination was observed by NMR
spectroscopy at low temperature. The magnitude of the
Jeu coupling constants for the benzyl CH,carbons of
ca. 130 Hz are not indicative of any agostic Zr-H-C
interactions.

We have made a preliminary study of the catalytic
properties of 5 and 6. For example, a solution of 5 (0.02
mmol) in toluene (200 ml) in the presence of a large
excess of methylaluminoxane polymerises ethene
(Al/Zr = 3130, 10 bar, yield 3.5 g, activity 1.3 X 10* g

Fig. 1. Molecular structure of {Zr(CH, Ph),(ArDABP)J6(Ar = CH,C,H ,Ph-4). Hydrogen atoms are omitted for clarity. Selected bond lengths
(A) and angles (°): Zr-N1 2.031(3), Zr-N2 2.075(3), Zr-C8 2.289(4), Zr-C1 2.296(4), Zr-C2 2.570(4), Zr-C28 2.678(4), N1-Zr-N2
109.36(13), N2-Zr—C8 101.76(14), N2—-Zr-C1 110.31(14), N1-Zr-C8 109.1(2), C1-Zr—C8 121.1(2), C2—C1-Zr 83.4(2), C9-C8~Zr 106.3(3),

Zr-N1-C28 100.3(2), Zr-N2-C42 124.6(2).
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' Satisfactory analyses have been obtained for all the new com-
pounds described. Selected spectroscopic data: NMR spectra recorded
at 360 MHz (‘H) or at 125 MHz ('3C) and given as & relative to
SlMe4 with coupling constants in Hz. C_ = quaternary C.

'H (CDC,): 8.20 (s, 2H, N=CH), 7.49 (d, 4H, J,y 83,
xBuPh) 737 (d, 4H, J,;; 8.3, 'BuPh), 7.22 (m, 2H), 7.08 (d, 2H,
Jun 7.5), 6.80 (d, 2H, Jy,; 7.7, backbone), 2.06 (s, 6H, CH 3, 1.32
(s, 18H, 'Bu).

2: 'H (CDCL,): 8.15 (s, 2H, N=CH), 7.51 (m, 12H, Ph), 7.37 (z,
4H, J,y 7.4), 7.30(d, 2H, Jyy, 7.2),7.16 (m, 2H), 7.05 (d, 2H, Jyy
7.6), 6.78 (d, 2H, J,;y 7.6), 2.02 (s, 6H, CH,).

3: 'H (CDCl,): 7.33 (d, 4H, J,yy, 7.2, ‘BuPh), 7.20 (d, 4H, J,;,
7.2, 'BuPh), 7.13 (m, 2H), 6.70 (d, 2H, Jyy 7.4). 6.55 (d, 2H, Jyy
7.8, backbone), 4.30 (d, 4H, J,,; 7.0, N-CH,), 404 (1, 2H, Juy
7.0, NH), 1.98 (s, 6H, CH,), 1.31 (s, 18H, 'Bu).

4: 'H (CDCl,): 7.55 (m, 8H), 7.43 (m, 4H), 7.36 (d, 6H, Jyy
7.2),7.17 (t, 2H, Jyy 7.7), 6.59 (d, 2H, Jy,, 8.2), 4.40 (d, 4H, J
6.0, N-CH,), 4.15 (t, 2H, J,;;; 6.0, NH), 2.04 (s, 6H, CH,).

5. '"H (C¢Dy): 7.17 (m, 10H), 7.00 (d, 4H, J,;,; 8.0), 6.90 (m,
4H), 6.76 (d, 2H, Jy,, 7.3), 6.60 (d, 4H, Jyy 7.7, Ph), [4.40, 2H and
427, 2H, AB doublets, Jy,, 14.1], [1.92, 2H and 1.50, 2H, AB
doublets, Jyyy 9.4), 1.50 (s, 6H, CH;), 1.21 (s, 18H, CH,). Be(HY:
149.8 (s, C ), 1452 (s, C o ]420(s C,). 1390, C ) 137.5 (s.
C,), 1326 (s, C) 131.0 (s, CH), 1292 (s, CH), 129.1 (s, CH),
127 0 (s, CH), 125 3 (s, CH), 124.3 (s, CH), 123.2 (s, CH), 118.3 (s,
CH), 64.93 (s, Zr—-CH,), 55.29 (s, N-CH,), 34.40 (s, CMe,),
31.44 (s, C{CH;}y). 2067 (s, CH,). "C: 64.93 (t, Joy 132), 5529
(t, JCH 134).

6: 'H (C,D,): 7.45 (d, 4H, Jyy, 7.3), 7.34 (d, 4H, J,,, 8.0),
7.3-7.1 (m, 12H) 7.03 (d, 4H, Jy, 8.0), 6.87 (m, 4H), 6.71 (d, 2H,
Jun 7.2), 6.62 (d, 4H, Jyy 7.4), [4.43, 2H and 431, 2H, AB
doublets, Jyy 14.5], [2.03, 2H and 1.54, 2H, AB doublets, Jy;; 9.41.
1.47 (s, 6H, CH3). ”C{'H}(CD CyDs): 1449 (s, C,), 141.8 (5, Cy),
141.4 (s, C,), 1402(5 C,), 1395(5 C,). 1390(5 (O 1326(s
C,), 1309 (s CH), 1294 (s, CH), 1291 (s, CH), 1288 (s, CH),
1272(s CH), 127.1 (s, CH), 127.0 (s, CH), 126.9 (s, CH), 124.4 (s,
CH), 1232 (s, CH), 118.4 (s, CH), 64.72 (s, Zr-CH,), 54.88 (s,
N-CH,). 20.53 (s, CH;). *C: 64.72 (1, Joyy 132), 54.88 (1, Jen
135).

* A typical preparation was as follows: a mixture of diamine 3 (3.0
g, 0.0059 mol) and [ZK{CH,Ph),] (2.7 g, 0.0059 mol) in pentane
(400 cm?) was stirred in the dark at room temperature under argon
for 96 h. The solution was then filtered via cannula, and concentra-
tion of the filtrate in vacuo and slow cooling to —50°C afforded
bright yellow crystals of 5 (yield: 2.64 g, 58%).

“ Crystal data for 6: C5,H,gN,Zr, M =816.2, triclinic, space
group P 1 (No. 2), a=10.860(2), &=13.037(6), c=14.677(3) A,
o = 86.96(3), B =89.60(2), y = 84.59(3)°, V = 2065.8(11) A z=
2, F(000)=852, D,=131gcm™*, u =031 mm~ "

Data were collected on an Enraf-Nonius CAD4 diffractometer
using a crystal of size 0.40 X 0.20<0.20 mm mounted in mineral oil
at 173 (2) K. A total of 7260 unique reflections were measured for
4 <28 < 50° 5404 reflections with | F?|> 20 (F?) being used in
the refinement where o(F2) ={o2(1)+(0.0417)21°3/ L,. A correc-
tion (maximum 1.00, minimum 0.94) was applied for absorption. The
structure was solved using SHEIXxS-86 [17], with all non-H atoms
refined anisotropically by full matrix least squares using SHELXL-93
{18]). H atoms were included in the riding mode with U, (H)=1.2

(C) Methyl groups were fixed at idealised geometries but with the
torsnon angle defining the H atom positions refined and U, ,(H) = 1.5
U,,(C). With a weighting scheme of w = o 2(F), the final residuals
were R =0.053, R' =0.109 with §=0.912.

Tables of hydrogen atom coordinates, thermal parameters, and
bond lengths and angles have been deposited at the Cambridge
Crystallographic Data Centre.

mol™' h™' bar™') and propene (Al/Zr = 8370, 5 bar,
yield 9.1 g, activity 7X10* g mol™' h™' bar™',
M,/M, =255 M, = 5000, atactic). Similar activities
for ethene polymerisation are observed when employing
[ZrX ,(binaphtholate)] cocatalysts [12]. Studies on the
effect of variation of the nitrogen substituents on the

tacticity of resultant polyolefins are currently in progress.
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