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Mononuclear Amido and Binuclear Imido Zirconium Complexes Supported by
Dibenzotetraaza[14]annulene Ligands. X-ray Structure of [(Mataa)Zr(u-NR)>Zr(NHR) 2] (R
= But or 2,6-CsH3Mey)

Introduction

Georgii I. Nikonov, Alexander J. Blake, and Philip Mountford*

Department of Chemistry, University of Nottingham, Nottingham NG7 2RD, U.K.

Receied October 3, 1996

Reaction of 2 equiv of Li[NH-2,6-gH3R,] with [(Metaa)ZrCh] (MestaaH = tetramethyldibenzotetraaza[14]-
annulene) gives the bis(amido) derivatives [@@)Zr(NH-2,6-GH3Ry);] [R = Pr (1) and Me @)]. Addition of
Megtaakb to [Zr(N-2,6-CsH3Prio)(NH-2,6-GH3aPriz).(py),] also affordsl. The reaction of 2 equiv of aryl or alkyl
amines HNR with the bis(alkyl) complex [(Mgaa)Zr(CHSiMes),] is the most versatile method for preparing
[(Megtaa)Zr(NHR}Y] (R = 2,6-GsH3Pr,, 2,6-GHsMey, Ph, or Bl). Reaction of 1 equiv of MgaaH with the
binuclear complexes [(BNH)2Zr(u-NBuY),Zr(NHBUY);] or [(py)(HN-2,6-GH3sMe,) Zr(u-N-2,6-GHsMey)Zr-
(NH-2,6-GHsMey)2(py)] gives the asymmetrically substituted derivatives [(Ma)Zr{-NR),Zr(NHR),] [R =
Bu! (6) or 2,6-GHsMe; (8)], which have been crystallographically characterized.

taa)M(L),] invariably have the M(L) fragment lying out of the

The tetraazaannulene systems.Ma (= 4 or 8= tetra- ~ Na plane of the Mgtaa ring, and, in addition, (k)ancilliary
and octamethyldibenzotetraaza[14]annulene, respectively) havdigands adopt a mutuallgis-configuration. Partly because of
attracted renewed interest recently as useful coligands in earlythese characteristics, the Maa (and closely relatéd) ligands
transition metal chemistry:12 The Mataa ligands differ from have recently been studied as alternatives to the bis(cyclopen-

MegtaaHj, R = H; MegtaaH,, R = Me

tadienyl) ancilliary ligand set in group 4 chemist§57.°

Me__= Me The Meitaa ligands are also valuable supporting groups for
| transitior$1011.1417 metal-ligand and main grou§° metal-
NH N R ligand multiple bonds. We have been developing group 4 imido
chemistry#-16.20-23 gnd were interested in comparing the
N HN R chemistry and properties of M@aa-supported imido compexes

| with those of the bis(cyclopentadienyl)-supported complexes so
= successfully exploited by Bergmn?” and otherg®=0 In

Me pursuit of these objectives we recently reported the first tetraaza
macrocycle-supported group 4 imido complexes [(tda)Ti-

(13) Black, D. G.; Swenson, D. C.; Jordan, R. F.; Rogers, R. D.
Organometallics1995 14, 3539.

the porphyrins in having a saddle-shaped, nonplanar conforma-(14) Dunn, S. C.; Batsanov, A. S.; Mountford, .Chem. Soc., Chem.

tion and a slightly smaller (bga. 0.1 A) coordination cavity. - %Aomn#mjggg 23007|i 53, Chem. Soc.. Chem. Commugs
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(NR)] (n= 4 or 8; R= Bu! or aryl) and [(Mataa)Zr(N-2,6-

CeHaPr2)(py)] (py = pyridine) together with some theoretical
and reactivity studie¥*16 In parallel studies we have devel-

Nikonov et al.

removed under reduced pressure to leave an orange oil to which was
added hexane (15 mL). The mixture was stirred rapidly for 30 min,
and the supernatant was filtered off, leavihgas a yellow-orange

oped other new Mgaa-supported amido and imido zirconium ~Powder; yield, 1.027 g (81%).

chemistry and report here the synthesis and characterization o

mononuclear bis(amido) and binuclear pigfiido) derivatives.

Experimental Section

General Methods and Instrumentation. All manipulations were

f [(Mestaa)Zr(NH-2,6-CeHsMey),] (2). Method a. A mixture of Li-

[NH-2,6-CsHaMez] (0.5150 g, 2.027 mmol) and [(M@a)ZrC}] (1.023
g, 4.051 mmol) in THF (20 mL) was stirred for 3 h. The volatiles
were removed under reduced pressure and the residue was extracted
into toluene (45 mL) and filtered to remove LiCl. Removal of the
volatiles under reduced pressure gavas a yellow-orange powder;

carried out under an atmosphere of argon or dinitrogen using standardyield, 0.517 g (38%).*H NMR (CeDg, 400 MHz, 298 K): 6 7.0~

Schlenk-line or drybox techniques. Solventsrt-butylamine and

7.15 (m, 12 H, overlapping+CsHsMe, and GH,4 of Mestaa), 6.85 (t,

pyridine were predried over activated molecular sieves and distilled 2 H, J = 5.8 Hz, p-CeHaMey), 5.34 (br s, 2 H, NH), 5.21 (s, 2 H,
from the appropriate drying agent under an atmosphere of dinitrogen. C(EN)CHC(=N) of Mestaa), 2.08 (s, 12 HeC(=N) of Metaa), 1.93
Anilines were predried over calcium hydride and distilled under reduced (S, 12 H, GHsMep). *3C—{*H} NMR (C¢De, 62.9 MHz, 298 K): 6

pressure.
reduced pressure, and stored underifNa Young's ampule. NMR

¢De was dried over molten potassium, distilled under

159.9 (Me&C=N of Mestaa), 153.5 (ipsdzsHsMey), 137.4 (overlapping
C—N of CgH4 of Mestaa ando-CgHsMey), 125.3-125.4 (overlapping

samples were prepared in the drybox in 5 mm Wilmad tubes equipped 2 x C—H of CeHa of Mestaa andm-CeHsMe,), 118.4 0-CeHsMey),

with a Young’s NMR/5 valve. Celite 545 filtration aid was dried at

150 °C for at least 48 h before use.

105.1 (CEN)CHC(=N) of Mestaa), 22.8 1eC(=N) of Mestaa), 18.3
(CeHsMe,y). Anal. Calcd for GgHaoNeZr: C, 67.5; H, 6.3; N, 12.1%.

1H and *C NMR spectra were recorded on either a Bruker wm Found: C, 68.7; H, 6.9; N, 12.2%. _
250, DPX 300, or AM 400 spectrometer. The spectra were referenced Method b. To a solution of [(Metaa)Zr(CHSiMes),] (0.095 g,

internally to residual protiosolventH) or solvent {3C) resonances and
are reported relative to tetramethylsilade=t 0 ppm). Chemical shifts

are quoted ind (ppm) and coupling constants in hertz. Elemental

0.156 mmol) in toluene (10 mL) was addedNH2,6-GHsMe; (0.10
mL, 0.81 mmol). The solution was stirred for 3 h, and the volatiles
were removed under reduced pressure. The resultant red oil was

analyses were carried out by the analysis department of this laboratory.vigorously stirred with pentane (5 mL) to affoZias a red-orange

Literature Preparations. Li[NH-2,6-CgH3Pr;],3! Li[CH ,SiMe;],%?
[Zr(CH2SiMes)4],33 [Zr(N-2,6-CsH3Prz)(NH-2,6-CGsH3Prio)2(py)2],3*
[(BUuNH)2Zr(-NBuY)Zr(NHBUWY),], % Mestaahh, 8 [ZrCl(THF )37 (THF
= tetrahydrofuran), and [(M#&aa)ZrCh]® were prepared according to
literature methods. Li[NH-2,6-§3Me;] and Li[NH-2,4,6-GH,Bu']
were prepared in a way analogous to that used for Li[NH-28sC
Pr,].

[(Metaa)Zr(NH-2,6-CeH3Priy);] (1). Method a. A solution of Li-

[NH-2,6-CsH3Pr;] (0.360 g, 1.96 mmol) in THF (15 mL) was added

dropwise to a stirred, cold (TC) suspension of [(Mgaa)ZrC}] (0.499

g, 0.989 mmol) in THF (25 mL). The resultant red-cherry mixture
was stirred for 16 h at room temperature, the volatiles were remove ;
under reduced pressure, and the residue was extracted into diethyl ethet8 H, SiMe).

(50 mL). The solution was filtered, concentrated, and placed2&
°C overnight. Red crystals were filtered off and dridiacugq yield,
0.332 g (43%).H NMR (CgDs, 400 MHz, 298 K): 6 7.22 (d, 4 HJ
= 5.9 Hz,m-CsH3Pry), 7.00-7.10 (m, 10 H, overlapping-CsH3Pr»
and GH, of Mestaa), 5.65 (br s, 2 H, NH), 5.20 (s, 2 H,€N)CHC-
(=N) of Meqtaa), 2.95 (sept, 4 Hl = 7.1 Hz, HHMey), 2.09 (s, 12H,
MeC(=N) of Megtaa), 1.19 (d, 24 H} = 7.1 Hz, CHMey); 3C—{H}
NMR (CgDs, 100.6 MHz, 298 K):6 160.0 (MeC=N of Mestaa), 150.9
(ipso-CsH3Pry), 139.8 C-N of CsH, of Mestaa), 137.8 ¢-CsH3Pry),
125.4, 125.0 (2« C—H of C¢H4 of Mestaa), 122.01f+CgH3Pry), 120.0
(p-CsH3Pr5), 105.6 (CEN)CHC(=N) of Mejtaa), 28.1 CHMey), 24.0
(CHMgy), 22.5 MeC(=N) of Mestaa). Anal. Calcd for GsHssNeZr:
C, 70.3; H, 7.4; N, 10.7%. Found: C, 69.3; H, 7.9; N, 11.4%.
Method b. A mixture of [Zr(N-2,6-GH3zPry)(NH-2,6-GHs-
Pri2)x(py)z] (1.247 g, 1.156 mmol) and Me&aH (0.318 g, 1.156 mmol)
in toluene (80 mL) was heated at 7G for 16 h, affording a dark red

powder which was filtered off and dried vacug yield, 0.050 g (47%).
[(Mestaa)Zr(CH ;SiMes);] (3). Method a. A mixture of [(Mes-
taa)ZrCh] (0.694 g, 1.38 mmol) and Li[CkEiMe;] (0.259 g, 2.75
mmol) in toluene (20 mL) was stirred for 3 h. As the reaction
proceeded, a further volume of toluene (120 mL) was added to ensure
complete dissolution of the product. The solution was filtered, and
the volume was reduced ta. 10 mL. Pentane (5 mL) was added,
and the resultant yellow-orange precipitate was filtered off, washed
with pentane (5 mL), and drieth vacug yield, 0.475 g (53%).'H
NMR (CgDg, 250 MHz, 298 K): 6 7.40-7.50 and 7.167.20 (2x m,
2 x 4 H, GH, of Megtaa), 5.14 (s, 2 H, GEN)CHC(=N) of Mestaa),

g 2-13 (s, 12 HMeC(=N) of Me4taa), 0.25 (s, 4 H, B.SiMe3), 0.21 (s,

BC—{'H} NMR (CsD¢, 62.9 MHz, 298 K): ¢ 159.3
(MeC=N of Mestaa), 134.5C—N of CgH, of Mestaa), 103.7 (CEN)-
CHC(=N) of Mestaa), 46.5 CH,SiMe3), 23.3 (MeC(=N) of Mestaa),
3.8 (SiMe) (2 x C—H of CsH,4 of Megtaa obscured by solvent). Anal.
Calcd for GoHaaN4SkZr: C, 59.3; H, 7.3; N, 9.2%. Found: C, 60.4;
H, 7.3; N, 9.4%.

Method b. A mixture of [Zr(CH:SiMes)4] (3.76 g, 8.54 mmol) and
MestaaH: (2.86 g, 8.30 mmol) were stirred in toluene (40 mL) for 6
days at room temperature. The supernatant was separated, and the
yellow-orange residue was washed with hexane (10 mL) and dried
vacug vyield, 4.72 g (94%).

[(Megtaa)Zr(NHPh);] (4). To a solution of [(Metaa)Zr(CH-
SiMe;);] (0.514 g, 0.845 mmol) in toluene (20 mL) was addedNRh
(0.3 mL, 3.29 mmol). The solution was stirred for 24 h, and the
volatiles were removed under reduced pressure. The oily residues were
vigorously stirred with pentane (10 mL), filtered, and driedvacuo
to give4 as a yellow powder; yield, 0.250 g (48%jH NMR (CgDs,

solution. Removal of the volatiles under reduced pressure and 250 MHz, 298 K): 6 7.00-7.25 (m, 12 H, overlapping+C¢Hs and

recrystallization from diethyl ether at room temperature afforted
a yellow-orange powder; yield, 0.680 g (66%).

Method c. A solution of [(Metaa)Zr(CHSiMe;);] (0.983 g, 0.331
mmol) and HN-2,6-GH3Pr, (0.573 g, 0.333 mmol) in toluene (30

mL) was stirred for 16 h at room temperature. The volatiles were

(31) Chao, Y.-W.; Wexler, P. A.; Wigley, D. Anorg. Chem.1989 28,
3860.

(32) Tessier-Youngs, C.; Beachley, O.Iforg. Synth.24, 1986 95.

(33) Collier, M. R.; Lappert, M. FJ. Chem. Soc., Dalton Tran§973
445,

(34) Arney, D. J.; Bruck, M. A_; Huber, S. R.; Wigley, D. Fhorg. Chem.
1992 31, 3749.

(35) Bai, Y.; Roesky, H. W.; Noltemeyer, M.; Witt, MChem. Ber1992
125 825.

(36) Goedken, V. L.; Weiss, M. Gnorg. Synth.198Q 20, 115.

(37) Manzer, L. Elnorg. Synth.1982 21, 135.

CeH4 of Mejtaa), 6.95 (t, 2 HJ = 6.1 Hz,p-CsHs), 6.34 (d, 4 HJ =
5.9 Hz,0-CgHs), 5.75 (br s, 2 H, NH), 5.35 (s, 2 H, EN)CHC(=N)
of Mestaa), 2.08 (s, 12 HMeC(=N) of Megtaa). 3C—{*H} NMR
(CsDs, 62.9 MHz, 298 K): 6 159.7 (M&C=N of Mestaa), 147.1 (ipso-
CsHs), 141.4 C—N of CgH4 of Megtaa), 129.4 ¢-CgHs), 124.4, 123.3
(2 x CgHs of Mestaa), 118.3, 115.1n¢ and p-CeHs), 104.8
(C(=N)CHC(=N) of Megtaa), 23.2 eC(=N) of Mejtaa). Satisfactory
elemental analysis was not obtained.

[(Megtaa)Zr(NHBuUt);] (5). To a solution of [(Metaa)Zr(CH-
SiMe;);] (1.512 g, 2.486 mmol) in toluene (20 mL) was addegt H
NBuU (1.0 mL, 9.5 mmol).The solution was stirred for 5.5 h, and the
volatiles were removed under reduced pressure. The residues were
washed with pentane (5 mL) and driéd vacuoto give 5 as a red-
orange powder; yield, 1.36 g (95%}H NMR (C¢Ds, 250 MHz, 298
K): 6 7.28, 7.12 (2x m, 2 x 4 H, GH, of Megtaa), 5.16 (s, 2 H,
C(=N)CHC(=N) of Megtaa), 4.40 (br s, 2 H, NH), 2.13 (s, 12 MeC-
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(=N) of Mestaa), 1.30 (s, 18 H, By 3C—{'H} NMR (CsD¢, 62.9 Table 1. X-ray Data Collection and Processing Parameters for

MHz, 298 K): 6 158.9 (M&C=N of Mestaa), 125.2, 124.8 (% C—H [((Megtaa)Zr-NBUY),Zr(NHBUW!),]-C7Hsg (6-C7Hsg) and

of C¢Hy4 of Megtaa), 103.2 (GEN)CHC(=N) of Mestaa), 54.0 CMe3), [(Megtaa)Zr{u-N-2,6-CsHsMez).Zr(NH-2,6-GHzMey)2] - C7Hs
34.6 (QVley), 23.2 (MeC(=N) of Mestaa) C—N of C¢H,4 of Megtaa not (8-C7Hg)

observed). Anal. Calcd forHsNeZr: C, 62.4; H, 7.3; N, 14.5%. 6-C;Hsg 8-C7Hg
Found: C, 64.0; H, 7.4; N, 14.0%.

Reaction of [(Metaa)Zr(CH »SiMes);] with 1 equiv of HoN-2,6- f'\"NO' form 9(33%'*;01’\‘82”'(:7H8 Clség'go’;‘szrz'cﬁs
CeH3Pri;. A mixture of [(Mestaa)Zr(CHSiMes);] (0.201 g, 0.331 temp/K 150'_0(2) 150.6(2)
mmol) and HN-2,6-GHsPr, (0.059 g, 0.333 mmol) in toluene (10 cryst syst orthorhombic monoclinic
mL) were stirred for 14 h. The volatiles were removed under reduced gpace group Pnma le
pressure to yield an orange solid (0.151 g) showHhWMR to be a unit cell dimens:
ca. 50:50 mixture of [(Mgtaa)Zr(NH-2,6-GHzPr,),] (1) and unreacted alA 19.286(7) 25.353(11)
[(Mestaa)Zr(CHSIMe;),] (3). b/A 12.662(6) 15.394(4)

NMR Tube Reaction of [(Mestaa)Zr(CH 2SiMes),] with 1 equiv c/A 18.260(8) 16.423(4)
of H2N-2,6-CsHsPri; in the Presence of Pyridine. To a mixture of Bldeg 123.75(2)
[(Mestaa)Zr(CHSIMes);] (9.9 mg, 1.6umol) and pyridine (2.7%L, 3.2 ;OVAS 3459 5332
umol) in GsDg (0.75 mL) was added #-2,6-GH3Pr, (3 L, 1.6 umol). . _

After 3 h the'H NMR spectrum revealedaa. 50:50 mixture of [(Me- density(calcd)/(mgn™9)  1.346 1.366

, . absorpn coeff/mmt 0.510 0.440
taa)Zr(NH-2,6-GHsPr)o] (1), unreacted [(Mgaa)Zr(CHSIMes),] (3), cryst size/mm 0.75 0.75x 0.45 0.60x 0.53x 0.45
and pyridine. _ independ reflcns 3797 4339

[(Mestaa)Zr(p-NBu)2Zr(NHBU )] (6). A mixture of [(BUNH).Zr- reflcns with | > 20(1)] 3240 3515
(u-NBU)2Zr(NHBU)], (0.480 g, 0.783 mmol) and Meaah (0.271 g, RaR,P 0.044,0.043 0.042, 0.047
0.787 mmol) in toluene (25 mL) was heated ioh at 80°C. Cooling goodness-of-fit 0.952 1.196

the solution afforde® as well-shaped yellow crystals (0.292 g) which
were separated, washed with toluena.6 mL), and driedn vacua
Concentration of the combined washings and mother liguocst@0
mL gave a second crop 6f(0.062 g); combined yield, 0.354 g (56%).
Careful recrystallization from toluene afforded diffraction quality
crystals which were also suitable for elemental analydld. NMR

*Ru = Y |IFol = IFll/Z|Fol. * Ry = { T(W(IFo| — IFc))¥ZwFo%} 2

Crystal Structure Determinations of [(Mestaa)Zr(u-NBut),Zr-
(NHBuU'),]-C7Hs (6:C7Hs) and [(Me,taa)Zr(u-N-2,6-CHsMe,)Zr-

(C6D6y 300 MHz, 298 K) 0 7.27, 7.12 (2>< m, 2 x 4 H, CsH4 of (NH-Z,G-CﬁHgMez).z]'Cﬂ"g(8‘C7H3). Data collection and prOCGSSing
Meytaa), 5.06 (s, 2 H, s, 2 H, EN)CHC(=N) of Mejtaa), 2.82 (br s, parameters are given in Table 1. Crystals were mounted on a glass
2 H, NH), 2.04 (s, 12 HMeC(=N) of Mejtaa), 1.65 (s, 18 Hy-NBU), fiber with RS3000 oil and transferred to the goniometer head of a Stoe
1.30 (s, 18 H, NiBU). 3C—{'H} NMR (CeDs, 75.5 MHz, 298 K): 6 Stadi-4 four-circle dlffractometer equped Wlth an Oxford Cryosystems
160.1 (M&=N of Mestaa), 137.4 C—N of CeHs of Mestaa), 125.6, low-temperature devic€. Absorption corrections based an scans
125.1 (2 x C—H of CsHa of Mestaa), 102.5, (GEN)CHC(=N) of were app_lled to the data, an_d equn_/alent reflections were merged and
Meytaa), 61.2 4&-NCMes), 52.5 (NHCMes), 35.6, 34.5 4-NCMes systematically absent reflections rejected. The structures were solved

and NHQMes), 22.7 MeC(=N) of Mesgaa). Anal. Calcd for by _direct methods (SIRQ:% followed by difference Fourier syntheses
CasHeoNeZr2*C7Hg: C, 59.8; H, 7.6: N, 12.4%. Found: C, 58.9: H, which revealed the positions of all other non-hydrogen atoms: these
7.7: N, 12.6%. were refined anisotropically. In both instances the dizirconium species

Py N9 A Py lies on a crystallographic symmetry element. Further Fourier difference
Cel[-ﬁjl\il/)e(zl)\lzz_p‘)yz)]’ ?75612'\/';;{1252&&&2”26? [gquxﬁ_ﬁg)zz)]z(er'(?)l\(l)Hg’Zéio syntheses revealed residual electron density which was modeled as a
mmol) in THF (20 mL) at 0°C was added a cold solution of Li[NH- half-occupancy (per asyr_nmet_rlc unit) tgluene _molecule .Of cr_ystalllzat_lon
2,6-G:HaMes] (2.86 g, 22.5 mmol) in THF (20 mL). The mixture was that was sucessfully refined in the anisotropic approxmgmon (subject
stirred for 3 h, and an excess of pyridine (4 mL, 50 mmol) was added. to bond length and angle restraifi®r the toluene molecule & C;Hg).

After stirring for a further 16 h, the volatiles removed under reduced H_ a_toms were placed in calculated positions :_and'were refined using a
pressure and the residues were extracted into toluene (300 mL) and rldlng _model._ For 6-C7Hs a C_:hebyche‘i} weighting scheme was
applied in the final stages of refinement. For b6tB;Hs and8-C;Hs,

filtered through Celite. Removal of the toluene under reduced pressure o - o
examination of the refined secondary extinction pararétand

gave? as a yellow solid, which was washed with diethyl ether (10 - .
mL) and driedin vacug yield, 2.313 g (78%).H NMR (CsD¢, 300 comparison ofF,| and|F| for the strongest reflections suggested that

MHz, 298 K): 6 8.41 (d, 4 HJ = 5.1 Hz,0-NCsHy), 7.03, 6.96 (2x N extinction correction was required. _

d, 8 Hand 4 HJ = 5.8 and 5.9 Hzm-NH-2,6-G:HzMe, and m-(u- All crystallographlc_cglculatlons were per'formed using SIR%Ad
N-2,6-GsHaMey)), 6.81, 6.78 (2¢ t, 4 Hand 2 HJ = 5.8 and 5.9 Hz, CRYSTALS:® Afulllisting of atomic coordinates, bond lengths and
p-NH-2,6-CsHaMe, and p-(u-N-2,6-GsHaMe)), 6.71 (t, 2 H,J = 5.8 angles, and thf_ermal parameters have b_een deposited at the Cambridge
Hz, p-NCsHs), 6.55 (br s, 4 H, NH), 6.32 (apparent t, 4 H, appargnt ~ CTystallographic Data Centre. See Notice to Authors, Issue No. 1, of
= 5.8 Hz,mNGsHs), 2.70 (s, 12 Hu-(N-2,6-GsHsMey)), 2.33 (s, 24 this Journal.

H, NH-2,6-GHsMe;). Anal. Calcd for GgHesNsZr2: C, 65.7; H, 6.5;

N, 10.6%. Found: C, 66.7; H, 6.8; N, 10.6%. Results and Discussion
[(Me4taa)Zr(,u-N-2,6-C6H3Me2)22r(NH-2,6-CGH3Me2)2] (8) A
mixture of 7 (0.108 g, 0.102 mmol) and Meak (0.035 g, 0.102 Floriani has recently described the multigram synthesis of

mmol) in toluene (10 mL) was stirredif@ h at 70°C, and the volatiles [(Me4taa)ZrCh], which is a useful entry point to new Mma-

were removed under reduced pressure. The NMR spectrum of thesupported zirconium complex&sTreatment of [(Metaa)ZrCh]
residue was interpreted as a mixture of [&)Zr{-N-2,6-GHsMe,)--

Zr(NH-2,6-GHzMe,)J], [(Megtaa)Zr],® and8. Macroscopic separation
of the components of this mixture was not possible. However, a few

(38) Cosier, J.; Glazer, A. Ml. Appl. Crystallogr.1986 19, 105.
(39) Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagliardi, A.; Burla,

crystals of8-C;Hg suitable for'H NMR and X-ray analyses separated M. C.; Polidori, G.; Camalli, M.J. Appl. Crystallogr.1994 27, 435.

at room temperature from the reaction mixtuféd NMR (CsDe, 300 (40) Watkin, D. J. InCrystallographic Computing 4: Techniques and New
MHz, 298 K): 6 6.85-7.30 (overlapping m, 20 H, ¢&l; of Mestaa, Techniqueslsaacs, N. W., Taylor, M. R., Eds.; Oxford University
m and p-NH-2,6-GHsMe, and m and p-(u-N-2,6-GHsMe,)), 5.59 Press: Oxford, UK., 1988.

(brs, 2 H, NH), 5.04 (s, 2 H, GN)CHC(=N) of Mejtaa), 2.18 (s, 12 (41) Carruthers, J. R.; Watkin, D. Acta Crystallogr.1979 A35, 698.

-~ (42) Larson, A. CActa Crystallogr.1967, 23, 664.

H, MeC(=N) of Mejtaa), 1.93, 1.89 (2 s, 2 x 12 H, u~(N-2,6- (43) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.
CeHsMe;) and NH-2,6-GHsMey).  Insufficient quantities of pure Chemical Crystallography Laboratory; University of Oxford: Oxford,
material for elemental analysis were obtained. U.K., 1996.
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with 2 equiv of Li[NH-2,6-GH3P',] afforded the bis(arylimido)
derivative [(Mataa)Zr(NH-2,6-GHsPr»),] (1) in 43% recrystal-
lized yield (eq 1). Similarly, Li[NH-2,6-GHsMe;] reacts

Cl C ArHl\{ NHAr

~ N . ~ N

N 2 Li[NHAr] g @
QNN OO

L = )

Ar =2,6-CgH3Pr', (1)
or 2,6-C¢HsMe; (2)

smoothly with [(Mataa)ZrC}] to afford [(Mestaa)Zr(NH-2,6-
CeHsMe)2] (2). However, attempts to extend this route to the
synthesis obrtho-unsubstituted aryl aiert-butyl amido deriva-
tives were not successful, and addition of Li[NKHz] or
LIINHBu'] to [(Mestaa)ZrC}] afforded mixtures of several
products (although the bis(phenyl) amido complex [¢Ma)-
Zr(NHPh)] (4; vide infra) was present byH NMR spectros-
copy).

We have not been able to obtain good quality crystals of any
of the Metaa-supported bis(amido) complexes. However,
preliminary results for twinned crystals afdid show the Zr
atom lyingca 1.12 A from the N plane of the Mgtaa ligand,
with the two aryl amide ligands mutuallgis as anticipated*
We note that Jordaet al. have very recently reported the related
tetraazamacrocycle-supported complex [gden)Zr(NMe),]
(prepared from [Zr(NMg4] and Metaenhb; Mesjtaenh =

Nikonov et al.

Although the quantitative formation of [(M&a)Zr(NH-2,6-
CsHaPr2)s] (1) from [(Mestaa)Zr(CHSiIMes),] (3) and HN-
2,6-GH3Pr, proceeds readily at room temperature over 16 h,
attempts to form the “super-mesityl” homologue [(i&a)Zr-
(NH-2,4,6-GH,Bu'),] from 3 and HN-2,4,6-GH,Bu's were
unsuccessful and no reaction was observed dDgGt room
temperature. Heating this mixture led eventually only to
decomposition o83, as described above. Treatment of [(Me
taa)ZrCh] with Li[NH-2,4,6-CsH.Bul3),] gave a mixture of
unidentified products.

We have explored potential routes to imido zirconium
complexes starting from [(M&aa)ZrCh] and [(Mestaa)Zr(CH-
SiMe3);] (3). However, addition of 1 equiv of Li[NH-2,6-4E15-
Pr] to [(Mestaa)ZrCh] in THF gave only the bis(arylamide)
[(Megtaa)Zr(NH-2,6-GHsPr,),] (1) in ca. 50% yield—rather
than the desired monosubstituted derivative [{tda)Zr(Cl)-
(NH-2,6-GHsPri,)] which might have served as a precursor to
an imido complexvia dehydrohalogenation methodologies.
Similarly, addition of 1 equiv of bN-2,6-GHsPr, to [(Mes-
taa)Zr(CHSIiMes);] (3) again gave only the bis(amide)
together with unreacte® No evidence for an imido complex
of the type [(Mataa)Zr(N-2,6-GHsPr,)], or an amide-alkyl
derivative such as [(Mgaa)Zr(NH-2,6-GHzPr,)(CH,SiMes)]
was found. Repeating this reaction iR0g in an NMR tube
experiment in the presence of added pyridine again daive
ca 50% vyield, together with unreact&and free pyridine. The
known imido—pyridine complex [(Mgtaa)Zr(N-2,6-GHs-

tetramethyltetraazacyclotetradecatetraene) which is proposed td” 2)(py)]*® was not obtained under these conditions. Addition

havecis-coordinated dimethyl amido ligands.

A more general route to Mga-supported bis(amide) com-
plexes is by alkane elimination from [(M@a)Zr(CHSiMes),]
(3) on treatment with primary aryl dert-butylamines (eq 2).

Me;SiCH, CH,SiMes RHN NHR
e ~ N
NEAY 2 RNH, 71~
VAN TS @
AN PAEPAY
3 R =2,6-CgHsPr', (1),
2,6-CeH3Me; (2),
Ph (4), or Bu' (5)

Thus, addition of HNR to 3 gave [(Mataa)Zr(NHR}] [R =
2,6-GsH3Pr; (1), 2,6-GH3Me; (2), CeHs (4), or Bu (5)] in 47—
95% yield. When the reaction betweeaNH2,6-CGsHsPr; and

3 was followed by'H NMR in CgDg, the expected SiMeside
product was observed. The lsiho-substituted arylamido)
complexedl and2 are stable at 70C in CsDg solution, whereas
the bisfert-butylamido) homologu& decomposes to a mixture
of products similar in composition to that obtained from [(Me
taa)ZrC}] and 2 equiv of LI[NHBU]. The bis(phenylamido)
complex4 decomposes slowly in solution at room temperature,

of MegstaaH to the previously-describ&imononuclear imide
bis(amido) zirconium complex [Zr(N-2,6¢83Pr;)(NH-2,6-
CeH3Pr2) (py)2] only afforded [(Mataa)Zr(NH-2,6-GH3Pr5),]
(1) with free pyridine and free piN-2,6-GHsPr; being the only
detectable side-products in an NMR tube experimentgDsC
(eq 3).

o AHN  NHAr
rl\ll MegytaaH, \/\Z’ \\/
AtHN-, 21 ~py 2N 3
py NHAr
AP
Ar = 2,6-C¢HsPr', 1

The formation of the complexes [(M@a)Zr(NHR})] via our
halide metathesis (eq 1) or alkane elimination (eq 2) routes are
analogous to those described by Bergman and co-workers for
the synthesis of [GZr(NHR);] (R = alkyl or aryl)?® Berg-
man’s studies of the alkane elimination route for the zirconocene
system established that the intermediate JJCNHR)(Me)]
undergoes methane elimination at elevated temperatures to form
transient [CpZr(NR)], which may then add #NR across the
Zr=NR multiple bond. It is possible that some or all of the
reactions described in egs-3 involve the formation of transient

and this has hampered attempts to obtain analytically pure [(Mestaa)Zr(NR)] (or a Lewis base adduct thereof) but that the

samples.

The new compound [(Mgaa)Zr(CHSiMes)] (3) is analo-
gous to previously described complexes of the type [(ring)Zr-
(R)2] (ring = Megtaa, R= Me or CH,Ph; ring = Megtaa, R=
CH; or CH,SiMes;® ring = Megtaen, R= CH,Ph or CH-
SiMes!®) and may be prepared either by addition of 2 equiv of
Li[CH ;SiMej] to [(Mestaa)ZrCh] (53%) or by treating [Zr(Chk+
SiMes)4] 33 with MegtaaH, (94%). Complex3 is stable in GDg
solution at room temperature but slowly decomposesaa80
°C, possiblyzia an alkyl group migration reaction of the type
described previously by Floriani for [(M@a)ZrMe].”

(44) Naumov, D. Yu.; Nikonov, G. I.; Mountford, P. Unpublished results.

unavoidable presence of free anilines in these reaction mixtures
leads to the apparently irreversible formation of the bis(amides)
[(Megtaa)Zr(NHR)] (1-5). In support of this hypothesis we
have recently showfithat the imido zirconium complex [(Me
taa)Zr(N-2,6-GHsPro)(py)] reacts immediately and quantita-
tively with HoN-2,6-GHsPr» to form the six-coordinate [(Me
taa)Zr(NH-2,6-GHsPr,),] (1). Furthermore, attempts to prepare
imido zirconium complexes from [(M&aa)Zr(NHR}] (1-5)
via aniline elimination reactions in the presence of an excess
of pyridine in GDg gave no new products, again consistent with
our previous obvservatior§.

Although mononuclear zirconium imido complexes are not
accessible using the synthetic approaches described in-s 1
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Figure 1. Molecular structure of [(Mgaa)Zr{-NBut),Zr(NHBU"),] (6).

Hydrogen atoms and the toluene molecule of crystallization are omitted

for clarity. Thermal ellipsoids are drawn at the 20% probability level.
Atoms carrying the suffix “B” are related to their counterparts by the
symmetry operatorq /> — v, 2.

we have successfully isolated binuclear pigtido) derivatives
(eq 4). Addition of 1 equiv of Mgaak: to the previously

or

Ar

ArHI\{ NHAr

py—Zr\N/ Zr - py
R =Bu' (6) or
2,6-C¢HsMe; (8)

AtHN  Ar  NHAr

Ar = 2,6-CgH3Me,

described dizirconium complex [(HNBWZr(u-NBuY)Zr-
(NHBUY),]%® afforded the novel, binuclear bisfmido) complex
[(Megtaa)Zru-NBuUY),Zr(NHBUY),] (6). The NMR spectra for
6 support the structure shown in eq 4. Diffraction quality
crystals of toluene-solvatéiwere obtained, and the molecular
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Table 2. Selected Bond Lengths (A) and Angles (deg) for
[(Mestaa)Zr-NBUY)Zr(NHBUW),] (6)2

Zr(1)-Zr(2) 3.1575(6) Zr(2yN(3) 2.065(5)
Zr(1)—-N(1) 2.129(3) N(1)y-C(1) 1.490(4)
Zr(1)—-N(4) 2.250(3) N(2)-C(5) 1.461(6)
Zr(1)-N(5) 2.248(3) N(3)-C(8) 1.448(7)
Zr(2)-N(1) 2.048(3) Zr(1y-N, 1.17
Zr(2)-N(2) 2.082(4)
Zr(2)-Zr(1)-N(1)  39.95(8) N(1}Zr(2-N(3) 117.0(1)
N(1)-Zr(1)-N(1B)  79.8(2) N(2}Zr(2)-N(3) 104.0(2)
Zr(1)-Zr(2)-N(1)  41.86(8) zZr(IyN(1)-zr(2)  98.2(1)
N(1)-Zr(2)-N(1B)  83.7(2)  Zr(1}N(1)-C(1) 140.2(2)
Zr(1)-Zr(2-N@2) 130.1(1)  Zr(2FN(1)-C(1) 121.6(2)
N(1)-Zr(2)-N(@2)  117.6(1)  Zr(2¥N(2)-C(5)  140.3(4)
Zr(L)-Zr(2)-N@) 125.9(2)  Zr(2FN(3)-C(8)  146.6(4)

a Atoms carrying the suffix “B” are related to their counterparts by
the symmetry operatox| %, — y, Z. N4 denotes the computed least
squares plane for the M@a N atoms.

observation that the monomeric isopropylphenyl imido/amido
complex [Zr(N-2,6-GHsPr2)(NH-2,6-CGHaPris)(py),] exists as
the bis(pyridine) adducét The structure of the valence iso-
electronic, dititanium aryloxeu-oxo complef® [(py’)(NH-2,6-
CeHaPr2)2Ti(u-O).Ti(NH-2,6-CeH3Pr2)2(py)] (py' = 4-NCsHa-
NC4Hs) is analogous to that proposed for

Treatment of complex’ with either 1 or 2 equiv of Mg
taaH gave mixtures of compounds including [(Maa)Zr] and
an analogue o6, namely, [(Mataa)Zr{-N-2,6-GHsMey) Zr-
(NH-2,6-GHsMey)7] (8; see eq 4). The reactivity of toward
MegtaaH; is more like that of binuclear [(HNB)Zr(u-NBuU),-
Zr(NHBUY,] than of mononuclear [Zr(N-2,6+4EisPr2)(NH-2,6-
CsH3Pr2)a(py)2], thus supporting the binuclear structure pro-
posed for7.

The formation of [(Mgtaa)Zr] in the reactions of [(HNBU),-
Zr(u-NBUY),.Zr(NHBUY)] or 7 with Megqtaak is consistent with
the formation of transient [(Miga)Zri-NR),Zr(Mestaa)] (formed
from 6 or 8), which could then dissociate to give mononuclear
[(Megtaa)Zr(NR)]. Attack of Megtaak, at the (presumably
highly reactive) terminal imido linkage in this latter species
would account for the formation of [(M&a)Zr]. This mech-
anism for the formation of [(Mgaa)Zr] is probably more likely
than direct attack of MgaaH at theu-imido group in6 or 8.

We have attempted to cleave thamido bridges in6 with an
excess of pyridine, but unfortunately no reaction was observed
in CgDg at 70°C.

It was possible to separate a few crystals of the toluene solvate
of 8 for IH NMR spectroscopic and X-ray crystal structure

structure is shown in Figure 1, selected bond lengths and a”9|esanalyses. The molecular structure®fs shown in Figure 2
are given in Table 2, and data collection and processing gnq ‘selected bond lengths and angles are given in Table 3.

parameters are given in Table 1. The structural dat® fare
discussed below along with those &f Interestingly, reaction
of [(HNBuUY),Zr(u-NBUY),Zr(NHBUY),] with 2 equiv of MetaaH
gave only a mixture of and the previously describggandwich
compound [(MgtaapZr].

We also wished to prepare other aryl imido/amido zirconium

compexes as potential precursors to tetraaza macrocycle-

supported complexes. Thus, treatment of [4(CHF),] with
3—4 equiv of Li[NH-2,6-GHsMe;] followed by addition of an
excess of pyridine afforded the binuclear complex [(py)(NH-
2,6-(}3H3Mez)ZZr(,u-N-2,6-C6H3Me2)22r(NH-2,6-C23H3Me2)2-
(py)] (7) according to NMR and analytical data. THé NMR
spectrum of7 in CgDg shows a py:NH-2,6-gHsMez:N-2,6-
CeHsMe; ratio of 1:2:1. Although these data could, in principle,
indicate the four-coordinate mononuclear species [Zr(N-2,6-
CsHsMey)(NH-2,6-GHsMey)2(py)], we consider the binuclear
structure shown in eq 4 to be the most likely on the basis of
the reactivity of 7 toward MetaaH (vide infra) and the

Complexes and8 are the first binuclear group 4 bis{mido)
species with different terminal ligand sets. Three dizirconium,
bis(u-imido) derivatives have been crystallographically char-
acterized previously, namely, [€Fr(u-N-4-CsH4BuY),ZrCpy;], 2
[Cp'CIZr(u-N-2,6-GH3Pr),ZrCpCl] (Cp' = 7°-CsHsMe) 24 and
[(MegN)Zer-NBu‘)ZZr(NMeg)z].“e

The molecular structures o6 and 8 show comparable
features. Molecules o6 are bisected by a crystallographic
mirror plane containing Zr(1), Zr(2), N(3), and N(4); molecules
of 8 lie on a 2-fold axis which passes through Zr(1) and Zr(2).
The structures have Zr(1) lying out of the Nlane of the Mg
taa ligand byca. 1.17 and 1.09 A foi6 and 8, respectively.
These Zr(1)--N,4 displacements are somewhat larger than those
found for the two previously structurally characterized six-

(45) Hill, J. E.; Fanwick, P. E.; Rothwell, |. FActa Crystallogr.1991,
C47, 541.

(46) Nugent, W. A.; Harlow, R. LInorg. Chem.1979 18, 2030.
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Figure 2. Molecular structure of [(Mgaa)Zru-N-2,6-GHsMey),Zr-
(NH-2,6-GHsMey),] (8). Hydrogen atoms and the toluene molecule
of crystallization are omitted for clarity. Thermal ellipsoids are drawn
at the 20% probability level. Atoms carrying the suffix “B” are related
to their counterparts by the symmetry operator{X, y, ¥>» — 2.

Table 3. Selected Bond Lengths (A) and Angles (deg) for
[(Me4taa)Zr¢¢-N-2,6-Q3H3Mez)22r(NH-2,6-Q—H3Mez)2] (8)5l

Zr(1)-Zr(2) 3.205(4) Zr(2y-N(2) 2.14(2)
Zr(1)—-N(1) 2.21(2) N(1)-C(1) 1.39(3)
Zr(1)—-N(3) 2.17(2) N(2)-C(9) 1.39(3)
Zr(1)—-N(4) 2.24(2) Zr(1)-Ny 1.09
Zr(2)-N(1) 1.98(2)
Zr(2y-Zr(1)-N(1)  37.5(5) N(1}Zr(2)-N(2B) 110.2(8)
N(1)-Zr(1)-N(1B)  75.0(10) N(2}-Zr(2)-N(2B) 126.5(12)
Zr(1)y-Zr(2)-N(@1)  42.8(5) zZr(IFN(1)-zr2)  99.7(7)
N(1)-Zr(2)-N(1B)  85.7(11) 2zZr(1}N(1)-C(1)  124(2)
Zr(1)y-Zr(2)-N(@2) 116.8(6) Zr(2FN(1)-C(1)  135(2)
N(1)-Zr(2)-N(2)  108.4(8)  zr(2}N(2)-C(9)  140(2)

a Atoms carrying the suffix “B” are related to their counterparts by
the symmetry operator [+ X, y, %> — Z]. N4 denotes the computed
least squares plane for the Mga N atoms.

coordinate Mgtaa complexes of zirconium, namely, [(Maa)-
ZrCly] [Zr-=*Ns = 1.071(2) AP and [(Metaa)Zr(CHPh))]
[Zr-+*Ns = 1.019(2) A]?7 Consequently, the individual Zr-
(1)—N(macrocycle) distances ié and 8 are generally longer
than in these previously reported complexes [range 2.158(5)
2.193(8) A], while the N(1)-Zr(1)—N(1B) angles [79.8(2) and
75.0(10%] in 6 and8 are slightly more acute than the->Zr—X
angles in [(Mataa)ZrX] (X = Cl, 85.6(1}; X = CH,Ph, 80.2-
(4)°]. The remaining geometric features of the (&)Zr(N)
fragment in6 and8 are very similar to those of [(Migaa)ZrC}]
and [(Metaa)Zr(CHPh)].

The (Metaa)Zr centers i and 8 are linked to bis(amido)
zirconium moietiesvia u-imido bridges. The coordination
geometry at Zr(2) is approximately tetrahedral in both com-
plexes. The N(1)yZr(2)—N(1B) angles are slightly larger than
the corresponding angles at Zr(1), but all of the N{Z)—N-
(1B) angles in6 and 8 are comparable to those in the three
previously crystallographically characterized dizirconium bis-
(u-imido) complexegs-3446

The coordination geometry at the bridging N(1) atoms is

Nikonov et al.

respectively. The slightly greater pyramidalization of N(1) in
compoundB is revealed in the computed diplacements of C(1)
from the [Zr(1), N(1), N(1B), Zr(1B)] least squares plane of
0.08 (for 6) and 0.22 A (for 8). Due to the imposed
crystallographic symmetry, the displacements of C(1) and C(1B)
in 6 are in the same “direction”, while iB the displacements
are one “up” and one “down”. A search of the Cambridge
Structural Databadé*revealed similar features in most other
binuclear bisg-imido) compexes of group 4. The partial
pyramidalization of the:-imido nitrogen atoms in the amido/
bis(u-imido) complexes [(MgN),M(u-NBu"),M(NMey);] (M =

Ti or Zr) has been interpreted in terms of some lone electron
pair localization at the bridging N atom#°

The bond lengths from Zr(2) to the terminal amido nitrogen
atoms in6 and8 are slightly longer than those to theimido
nitrogen atoms. In the only dizirconium terminal amido/bis-
(u-imido) complex previously crystallographically characterized,
namely, [(MeN)2Zr(u-NBuY),Zr(NMey)], the situation is re-
versed®® In 6 and 8 the Zr(1)-N(1) bond lengths are
significantly longer than the Zr(2)N(1) distances [difference
= 0.081(4) and 0.23(3) A foB and8, respectively] which may
reflect either the higher coordination number of Zr(1) and/or
the greater steric influence of the Maa ligand set. In both
structures thes-imido organic substituent is bent away from
the Metaa ligand so that the Zr(HN(1)—C(1) angles are
greater than the Zr(2)N(1)—C(1) angles by 18.6(3) and
11(3Y for 6 and8, respectively. This certainly appears to be a
consequence of steric effects.

Finally we report that the complexes [(Maa)Zr(NHR)] are
reactive toward a range of unsaturated substrates, including
alkynes and a number of different cumulenes. Unfortunately
we have not yet been able to isolate any discrete metal
coordination complex product from these reactions.

Summary and Conclusions

We have described the synthesis of zirconium tetraaza
macrocycle-supported bis(amido) complexes from [{fsla)-
ZrXs] [X = Cl or CH;SiMe; (3)], together with the new bis-
((trimethylsilyl)methyl) specie8. Attempts to prepare mono-
nuclear imido complexes or suitable amielzhloride or amide-
alkyl precursors to such species have so far been unsuccessful.
The principal reason for the failure to produce isolable tetraaza
macrocycle-supported terminal imido derivatives is probably the
ready addition of free amines across the=RIR multiple bond
of any transient imido complex formed in these reactions.
However, bis(amido} (u-imido) dizirconium complexes react
with MegqtaaH to give novel asymmetrically substituted, tetraaza
macrocycle-supported binuclear derivatives.
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