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Tetrakis(diethylamido)zirconium reacts with 2-(dimethylamino)methyl pyrrole (DMAMP) and 2,5-[bis-
(dimethylamino)methyl]pyrrole (BDMAMP) to give Zr(NEt),(DMAMP), 1 and Zr(NEt);(BDMAMP) 2, re-
spectively. Both 1 and 2 have been characterized by "H and '*C NMR spectroscopies and 1 has also been charac-
terized by X-ray crystallography. Complex 1 shows an agostic interaction between Zr and H(21A) in solid state
that is not sustained in solution. Reacting 1 with 2 equivalents of trimethylsilyl chloride in toluene yields
ZrCly(DMAMP); 3 in 75% yield which was characterized by 'H and *C NMR spectroscopies.

INTRODUCTION

Metal complexes regarding the catalytic activity, stereo-
regularity and the extent of branching of olefin polymeriza-
tion can be fine-tuned by varying metals and substituted lig-
ands. It is well known that the early transition metals have
been used intensively as catalysts, such as Ziegler Natta cata-
lysts and metallocene catalysts,' for a-olefin polymerization.
Among these catalysts, cyclopentadienyl systems are the most
common ligands used for synthesizing metal complexes.
However, non-cyclopentadienyl systems, such as mono, bi-
dentate, and/or multidentate alkoxides” and amide’ ligands
have attracted much attention in the past decades; for exam-
ple, the iminophosphonamide complexes,* [R,P(NR),],ZrCl,
(R=Ph), reported by Collins reveal higher reactivity than
metallocene systems and oxo bridged zirconium tridentate
diamide complexes’ [((#-Bu-ds)N-0-C¢H4),]ZrMe, reported
by Schrock exhibit living a-olefin polymerization. The new
types of olefin polymerization catalysts beyond metallocene
have been reviewed recently by Gibson et al.® Besides the
alkoxide and amido ligands, monoanionic bidentate and tri-
dentate aryl amine ligands developed by van Koten’ has
shown another path for mimicking the metallocene catalysts.
However, to the best of our knowledge, there is no report of
any metal halide, metal amide and/or metal alkoxide com-
plexes containing anionic substituted pyrrole ligands. Though
2-(dimethylaminomethyl)pyrrole8 (DMAMPH) and 2,5-bis-
(dimethylaminomethyl)pyrrole (BDMAMPH) have been syn-
thesized since 1947, only a very few examples of complexes
containing the bi-, and tri-dentate ligands have been reported.
So far only one X-ray crystal structure, Cr(DMAMP); involv-
ing the monoanionic bidentate ligand has been determined.’ In

continuing our efforts of synthesizing metallocene-type metal
complexes, we adopt the monoanionic substituted pyrrolate as
auxiliary ligands for developing a system of early transition
metal complexes applied in o-olefin polymerization. Hence,
here we report the preliminary results of synthesis and charac-
terization of new zirconium complexes containing DMAMPH
and BDMAMPH.

RESULTS AND DISCUSSION

Reaction of Zr(NEt,)s with 2 equiv. of 2-(dimethyl-
aminomethyl)pyrrole (DMAMPH) in heptane at room tem-
perature by aminolysis, along with the elimination of HNEt,
generates Zr(NEt;),(DMAMP), 1 in 85% yield as shown in
Scheme I. Compound 1 is very air sensitive and decomposes
immediately when exposed to air.

However, with the zirconium amide complex with 1
equiv. of DMAMPH, no isolable product was obtained, pre-
sumably due to the instability of the mono-aminolysis prod-
uct, Zr(NEt;);(DMAMP), which undergoes disproportiona-
tion to yield zirconium amido and imido complexes. Crystals
of 1 suitable for X-ray structure determination were obtained
from a chilled (-20 °C) saturated toluene solution. The air sen-
sitive, colorless single crystal was mounted on a SMART
CCD diffractometer and data were collected at 150 K. The
ORTEP, selected bond distances (A) and angles (°) are shown
in Fig. 1 and crystallographic data are summarized in Table 1.

Complex 1 adopts a distorted octahedral structure in
which the zirconium atom is surrounded with two diethyl-
amido ligands and two chelated DMAMP. Two DMAMP were
chelated to a zirconium atom forming two constrained five



1192  J. Chin. Chem. Soc., Vol. 47, No. 6, 2000
Scheme I
/A
N —
> T\I/I/:..Z,r»“\\\N /
a” | vy
a /D
ZrCl,(DMAMP),, 3
Me;SiCl Y
\
O e~
N (DMAMPH) Q T
H
ZaNEL), N, 1 NS
heptane EtzN/ | \N
NE, [ N
Zr(NEty),(DMAMP),, 1
—N H - N
;) N (BDMAMPH) =5 A
/g TN
heptane ElzN/ l \NEtz
NEt,

Zr(NEt,);(BDMAMP), 2

member rings with N(1)-Zr-N(2) and N(3)-Zr-N(4) of
71.05(7)° and 70.37(7)¢, respectively. It is interesting that the
N(5) is trans to N(2) of dimethyl amino of one DMAMP while

cig ci {
ceo Cl14)

Fig. 1. The ORTEP of Complex 1, thermal ellipsoids are
drawn at the 50% probability level and hydrogen
atoms are omitted for clarity. Selected bond dis-
tances (A) and angles (°) are as follows: Zr-N(1)
2.206(2), Zr-N(2) 2.662(2), Zr-N(3) 2.233(2),
Zr-N(4) 2.524(2), Zr-N(5) 2.050(2), Zr-N(6)
2.063(2), Zr-C(21) 2.808(3), Zr-H(21A) 2.526(3),
N(6)-Zr-N(3) 151.85(8), N(1)-Zr-N(4) 164.83(7),
N(5)-Zr-N(2) 161.73(7), Zr-N(6)-C(21) 103.9(2),
Zr-N(5)-C(15) 120.0(2)°, Zr-N(5)-C(17) 127.3(2)°,
Zr-N(6)-C(19) 143.0(2).
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Table 1. Crystallographic Data for Compound 1

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimension

Volume, z

Density (Calculated)
Absorption coefficient
F(000)

Crystal size

6 range for data collection
Reflections collected
Independent reflections
Absorption correction
Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?
Final R indices [1>206(1)]
R indices (all data)
Extinction coefficient
Largest diff. Peak and hole

C22H42N6Zr

481.84

150(1) K

0.71073 A

Monoclinic

p2i/c

a=10.0811(2) A
b=16.3462(1) A
c=15.5636(2) A
B=103.947(1)¢
2489.08(6) A%, 4

1.286 Mg/m’

0.461 mm’!

1024

0.30 x0.20 X 0.20 mm

1.84 t0 26.39°¢

11448

4993 (R, = 0.0382)
empirical used sadabs
0.8944 and 0.8030
Full-matrix least-squares on F*
4993/0/263

1.053

R1=0.0391, wR2 =0.0741
R1=0.0593, wR2 =0.0803
0.0020(3)

0.326 and -0.371 €A’

the N(6) is trans to N(3) of pyrrole of the other DMAMP. The
Zr---N bond distances are consistent with the Zr-amido (o
bond) and Zr-amine (coordinating bond) bond distances vary-
ing in the range of 2.05-2.23 A and 2.52-2.66 A, respectively.
Noteworthy, among the Zr-amido bond distances, the diethyl-
amido are bonded to zirconium atom more strongly than the
pyrrolate nitrogen atoms do presumably due to the strong in-
teraction of the amido nitrogen lone pair with the empty d; or-
bital of Zr forming partial Zr---NEt, double bonding. Interest-
ingly, the bond angle of Zr-N(6)-C(21) 103.9(2)° is much
smaller than those of Zr-N(5)-C(15) 120.0(2)°, Zr-N(5)-C(17)
127.3(2)°, and Zr-N(6)-C(19) 143.0(2)°. In addition, the short
bond distances of Zr-C(21) 2.808(3) A and Zr-H(21A)
2.526(3) A suggesting that the complex 1 possesses an agostic
interaction between Zr and H(21A) which is consistent with
the results reported in the literature.'” Electron density of
H21A and H21B were found in different Fourier maps. How-
ever, the Jcy coupling constant of C(21) and H(21A) and
H(21B) 135 Hz is in the normal range of sp’ splitting suggest-
ing the agostic interaction of Zr and H(21A) is no longer sus-
tained in solution.

The 'H NMR spectra of 1 are interesting, especially
when compared with the solid-state structure which has been
described in terms of a distorted octahedron with two amido
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ligands arranged in cis positions and trans to pyrrolate and
dimethylamine, respectively. In CDCls, a symmetrical struc-
ture resonance with 3.67 and 2.41 ppm for the methylene and
methyl group of DMAMP, respectively, and 3.56 and 0.86
ppm for the diethyl amido groups is observed. *C-Gated and
DEPT-135 NMR spectra also show the structure of complex 1
with the Jcy of CHaN and NMe; of DMAMP at 134 Hz and 135
Hz, respectively, which agrees with the sp® hybridization of
C-H coupling constants. In order to resolve the dynamic prop-
erty of complex 1 in solution, a variable temperature NMR ex-
periment was held from -60 °C to room temperature and the
spectra are shown in Fig. 2. A characteristic feature of the
VT-'H NMR spectra of 1 in CDCl; at -60 °C is the presence of
four ethyl, four methyl, and six pyrrole signals. As noted in
the description of the solid-state structure, the molecule has
C, symmetry and evidentially this is maintained in solution at
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Fig. 2. VT NMR spectra of complex 1 in CDCl; (400
MHz NMR). Solvent impurities are marked with
an asterisk.
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low temperature. On warming the CDCIl; solution of com-
pound 1, the fluxionality of 1 is clearly observed and the ethyl
groups are coalesced at ca. 248 K which gives a calculated ac-
tivation energy of AG* = 11 Kcal/mole."

Similarly, the reaction of Zr(NEt;)s with 1 equiv. of
2,5-bis(dimethylaminomethyl)pyrrole (BDMAMPH) in hep-
tane at 70 °C by aminolysis, along with the elimination of
HNELt, generates Zr(NEt,);(BDMAMP), gives 2 in 83% yield.
The resulting complex 2 is a sticky liquid that can be solidified
by cooling to liquid nitrogen temperature for a course of two
hours. The 'H and *C NMR spectra of 2 reveal a single set of
diethyl amido resonance even at 60 °C suggesting a low en-
ergy barrier for the rotation of three diethylamido ligands in
the octahedral structure even at low temperature. 2 is stable in
CDCl; at -20 °C for several days but reacts with CDCl; at
room temperature within six hours forming (BDMAMP)
ZrCls, according to "H NMR spectroscopy. Reacting 1 with 2
equivalents of trimethylsilyl chloride in toluene at room tem-
perature for a course of two hours followed by removing vola-
tile to yield ZrCl,(DMAMP), 3 in 75%. Carefully controlling
the amount of trimethylsilyl chloride is needed while adding
excess resulting unisolable products. The '"H NMR spectrum
of 3 shows a characteristic pattern of dimethylaminomethyl at
2.86 and 4.24 ppm.

CONCLUSIONS

A new type of zirconium complexes containing substi-
tuted pyrrolate ligands has been synthesized and X-ray struc-
ture has been characterized. Using substituted pyrrolate as
ligand in the early transition metal compounds has not been
seen before and we believe the novel compounds have opened
a new area regarding metallocene type chemistry. Expanding
the reactions of resulting bi- and tri-dentate Zr compounds to-
ward small organic molecules, such as olefin and polarized
molecules, are currently proceeding, and related reactions
such as compound 3 or ZrClz(BDMAMP) from ZrCls and
their successive reactivity will be described in the near future.

EXPERIMENTAL SECTION

General Procedure

All the reactions were performed using standard
Schlenk techniques in an atmosphere of high purity nitrogen
or in a glove box. Ethyl ether was dried over Na/benzophenone
ketyl and distilled before use. Zr(NEt,)s,"' DMAMPH and
BDMAMPH?® were synthesized according to previously pub-
lished reports in the literature. CDCl; was degassed by using
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freeze-and-thaw and dried over 4 A molecular sieves. 'H and
3C NMR spectra were collected on a Bruker AC200 and VT
NMR spectra were performed on a Bruker AC400 instrument.
Elemental analysis was performed on a Perkin-Elmer CHN-
2400. All the compounds are extremely air sensitive; elemen-
tal analyses have been performed several times and the result
of compound 1 is not in the error range and a '"H NMR spec-
trum is included in the supplemental material.

Zr(NEt),(DMAMP),, 1

A 100 mL Schlenk flask charged with 20 mL heptane
and Zr(NEt,)4 (1 gram, 2.64 mmole) was added dropwise with
a DMAMPH (0.654 gram, 5.27 mmole) heptane (20 mL) solu-
tion at room temperature with stirring. Solution became
cloudy and precipitation was formed during the reaction. Sol-
vent was removed in vacuuo after 18 hours stirring and the re-
sulting solid was recrystallized from toluene to generate 1.08
gram of white solid in 85% yield. "H NMR (CDCls): 6.75 (s,
br), 6.06 (m), 5.89 (d), 3.67 (s, br), 3.53 (q), 2.41 (s), 0.86 (s).
53C NMR (CDCls): 136.4 (s), 128.0 (d, Jou = 180 Hz), 107.6
(d, Jen = 166 Hz), 103.5 (d, Jcu = 165 Hz), 63.0 (t, Joy = 137
Hz),48.9 (q, Jcu =141 Hz), 41.1 (t,Jeu = 135 Hz), 13.0 (q, Jeu
=126 Hz).

Zr(NEt;)3(BDMAMP), 2

A 100 mL Schlenk flask charged with 20 mL heptane
and Zr(NEt,)4 (2 gram, 5.28 mmole) was added dropwise with
a BDMAMPH (0.956 gram, 5.28 mmole) heptane (20 mL) so-
lution at room temperature with stirring. The resulting solu-
tion was heated to 80 °C for 20 hours and solvent was removed
in vacuuo to yield an off-white sticky solid. White crystals
were isolated in 83% yield (2.2 grams). 'H (C¢Dg): 6.35 (s),
3.60 (s), 3.42 (q), 2.14 (s), 1.10 (t). *C (CeDs): 137.7 (s),
108.0 (d, Jeu = 165 Hz), 59.6 (t, Jou = 133 Hz), 46.6 (q, Jou =
130 Hz), 43.4 (t, Jou = 131 Hz), 15.9 (d, Jcu = 125 Hz). Anal.
Calcd. for Cy,HygNeZr: C, 54.16; H,9.92; N, 17.23. Found: C,
54.61; H, 8.82; N, 16.25.

ZrCL,(DMAMP), 3

A 50 mL Schlenk flask charged with 20 mL toluene and
1 (0.475 gram, 0.99 mmole) was added dropwise with
Me;SiCl (0.25 mL, 2 mmole) at room temperature with stir-
ring. The resulting solution was stirred for 2 hours and
volatiles were removed in vacuuo to yield 0.301 gram (75%
yield) of off white solid. "H NMR (CDCls): 6.69 (m), 6.03
(m), 5.96 (m), 4.24 (s), 2.86 (s). >C NMR (CDCl3): 136.4 (s),
128.4 (d, Jcu = 183 Hz), 109.0 (d, Jcu = 168), 104.2 (d, Jeu =
168 Hz), 63.3 (t, Jou = 140 Hz), 47.7 (q, Jcu = 138 Hz). Anal.
Calcd. for C14H2oN4ZrCly: C,41.17; H, 5.43; N, 13.72. Found:
C,39.38; H,5.55; N, 12.21.
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X-Ray Structure Determination of Compound 1

The crystal was mounted on a glass fiber using epoxy
resin and transferred to a goniostat and cooled to 150 K under
liquid nitrogen vapor. Data were collected on a Bruker
SMART CCD diffractometer with graphite-monochromated
Mo K, radiation. Structural determinations were made using
the SHELXTL package of programs. All refinements were
carried out by full-matrix least squares using anisotropic dis-
placement parameters for all non-hydrogen atoms. All the hy-
drogen atoms are calculated. A different Fourier Map was
taken and the electron density of H21A and H21B were both
found. The crystal data are summarized in Table 1.
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