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Tetrakis(diethylamido)zir co nium re acts with 2-(dimethylamino)methyl pyrrole (DMAMP) and 2,5-[bis-
(dimethylamino)methyl]pyrrole (BDMAMP) to give Zr(NEt)2(DMAMP)2 1 and Zr(NEt)3(BDMAMP) 2, re -
spec tively. Both 1 and 2 have been char ac ter ized by 1H and 13C NMR spectroscopies and 1 has also been char ac -
ter ized by X-ray crys tal log ra phy. Com plex 1 shows an agostic in ter ac tion be tween Zr and H(21A) in solid state
that is not sus tained in so lu tion. Re acting 1 with 2 equiv a lents of trimethylsilyl chlo ride in to lu ene yields
ZrCl2(DMAMP)2 3 in 75% yield which was char ac ter ized by 1H and 13C NMR spectroscopies.

IN TRO DUC TION

Metal com plexes re gard ing the cat a lytic ac tiv ity, stereo -
regularity and the ex tent of branch ing of ole fin poly mer iza -
tion can be fine-tuned by vary ing met als and sub sti tuted lig -
ands. It is well known that the early tran si tion met als have
been used in ten sively as cat a lysts, such as Ziegler Natta cat a -
lysts and metallocene cat a lysts,1 for -ole fin poly mer iza tion.
Among these cat a lysts, cyclopentadienyl sys tems are the most 
com mon lig ands used for syn the siz ing metal com plexes.
How ever, non-cyclopentadienyl sys tems, such as mono, bi -
dentate, and/or multi den tate alkoxides2 and am ide3 lig ands
have at tracted much at ten tion in the past decades; for ex am -
ple, the iminophosphonamide com plexes,4 [R2P(NR’)2]2ZrCl2

(R=Ph), re ported by Col lins re veal higher re ac tiv ity than
metallocene sys tems and oxo bridged zir co nium tridentate
diamide com plexes5 [((t-Bu-d6)N-o-C6H4)2]ZrMe2 re ported
by Schrock ex hibit liv ing -ole fin poly mer iza tion. The new
types of ole fin poly mer iza tion cat a lysts be yond metallocene
have been re viewed re cently by Gib son et al.6 Be sides the
alkoxide and amido lig ands, monoanionic bidentate and tri -
den tate aryl amine lig ands de vel oped by van Koten7 has
shown an other path for mim ick ing the metallocene cat a lysts.
How ever, to the best of our knowl edge, there is no re port of
any metal ha lide, metal am ide and/or metal alkoxide com -
plexes con tain ing an ionic sub sti tuted pyrrole lig ands. Though 
2-(dimethylaminomethyl)pyrrole8 (DMAMPH) and 2,5-bis-
(dimethylaminomethyl)pyrrole (BDMAMPH) have been syn -
the sized since 1947, only a very few ex am ples of com plexes
con tain ing the bi-, and tri-dentate lig ands have been re ported.
So far only one X-ray crys tal struc ture, Cr(DMAMP)3 in volv -
ing the monoanionic bidentate ligand has been de ter mined.9 In 

con tin u ing our ef forts of syn the siz ing metallocene-type metal 
com plexes, we adopt the monoanionic sub sti tuted pyrrolate as 
aux il iary lig ands for de vel op ing a sys tem of early tran si tion
metal com plexes ap plied in -ole fin poly mer iza tion. Hence,
here we re port the pre lim i nary re sults of syn the sis and char ac -
ter iza tion of new zir co nium com plexes con tain ing DMAMPH 
and BDMAMPH.

RE SULTS AND DIS CUS SION

Re ac tion of Zr(NEt2)4 with 2 equiv. of 2-(dimethyl -
aminomethyl)pyrrole (DMAMPH) in heptane at room tem -
per a ture by aminolysis, along with the elim i na tion of HNEt2

gen er ates Zr(NEt2)2(DMAMP)2 1 in 85% yield as shown in
Scheme I. Com pound 1 is very air sen si tive and de com poses
im me di ately when ex posed to air.

How ever, with the zir co nium am ide com plex with 1
equiv. of DMAMPH, no isolable prod uct was ob tained, pre -
sum ably due to the in sta bil ity of the mono-aminolysis prod -
uct, Zr(NEt2)3(DMAMP), which un der goes disproportiona -
tion to yield zir co nium amido and imido com plexes. Crys tals
of 1 suit able for X-ray struc ture de ter mi na tion were ob tained
from a chilled (-20 C) sat u rated to lu ene so lu tion. The air sen -
si tive, col or less sin gle crys tal was mounted on a SMART
CCD diffractometer and data were col lected at 150 K. The
ORTEP, se lected bond dis tances (Å) and an gles ( ) are shown
in Fig. 1 and crys tal lo graphic data are sum ma rized in Ta ble 1.

Com plex 1 adopts a dis torted oc ta he dral struc ture in
which the zir co nium atom is sur rounded with two diethyl -
amido lig ands and two chelated DMAMP. Two DMAMP were 
chelated to a zir co nium atom form ing two con strained five
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mem ber rings with N(1)-Zr-N(2) and N(3)-Zr-N(4) of
71.05(7)  and 70.37(7) , re spec tively. It is in ter est ing that the
N(5) is trans to N(2) of dimethyl amino of one DMAMP while

the N(6) is trans to N(3) of pyrrole of the other DMAMP. The
Zr…N bond dis tances are con sis tent with the Zr-amido (
bond) and Zr-amine (co or di nat ing bond) bond dis tances vary -
ing in the range of 2.05-2.23 Å and 2.52-2.66 Å, re spec tively.
Note wor thy, among the Zr-amido bond dis tances, the diethyl -
amido are bonded to zir co nium atom more strongly than the
pyrrolate ni tro gen at oms do pre sum ably due to the strong in -
ter ac tion of the amido ni tro gen lone pair with the empty d  or -
bital of Zr form ing par tial Zr…NEt2 dou ble bond ing. In ter est -
ingly, the bond an gle 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 ad di tion, the short 
bond dis tances of Zr-C(21) 2.808(3) Å and Zr-H(21A)
2.526(3) Å sug gest ing that the com plex 1 pos sesses an ago stic 
in ter ac tion be tween Zr and H(21A) which is con sis tent with
the re sults re ported in the lit er a ture.10  Elec tron den sity of
H21A and H21B were found in dif fer ent Fou rier maps. How -
ever, the JCH cou pling con stant of C(21) and H(21A) and
H(21B) 135 Hz is in the nor mal range of sp3 split ting sug gest -
ing the agostic in ter ac tion of Zr and H(21A) is no lon ger sus -
tained in so lu tion.

The 1H NMR spec tra of 1 are in ter est ing, es pe cially
when com pared with the solid-state struc ture which has been
de scribed in terms of a dis torted octahedron with two amido
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Fig. 1. The ORTEP of Com plex 1, ther mal el lip soids are 
drawn at the 50% prob a bil ity level and hy dro gen
at oms are omit ted for clar ity. Se lected bond dis -
tances (Å) and an gles ( ) are as fol lows: 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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Scheme  I Table 1. Crystallographic Data for Compound 1

Empirical formula C22H42N6Zr
Formula weight 481.84
Temperature 150(1) K
Wavelength 0.71073 Å
Crystal system Monoclinic
Space group p21/c
Unit cell dimension a = 10.0811(2) Å

b = 16.3462(1) Å
c = 15.5636(2) Å

= 103.947(1)
Volume, z 2489.08(6) Å3, 4
Density (Calculated) 1.286 Mg/m3

Absorption coefficient 0.461 mm-1

F(000) 1024
Crystal size 0.30 0.20 0.20 mm

range for data collection 1.84 to 26.39
Reflections collected 11448
Independent reflections 4993 (Rint = 0.0382)
Absorption correction empirical used sadabs
Max. and min. transmission 0.8944 and 0.8030
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 4993/0/263
Goodness-of-fit on F2 1.053
Final R indices [I > 2 (I)] R1 = 0.0391, wR2 = 0.0741
R indices (all data) R1 = 0.0593, wR2 = 0.0803
Extinction coefficient 0.0020(3)
Largest diff. Peak and hole 0.326 and -0.371 eÅ3



lig ands ar ranged in cis po si tions and trans to pyrrolate and
dimethylamine, re spec tively. In CDCl3, a sym met ri cal struc -
ture res o nance with 3.67 and 2.41 ppm for the meth y lene and
methyl group of DMAMP, re spec tively, and 3.56 and 0.86
ppm for the di ethyl amido groups is ob served. 13C-Gated and
DEPT-135 NMR spec tra also show the struc ture of com plex 1
with the JCH of CH2N and NMe2 of DMAMP at 134 Hz and 135 
Hz, re spec tively, which agrees with the sp3 hy brid iza tion of
C-H cou pling con stants. In or der to re solve the dy namic prop -
erty of com plex 1 in so lu tion, a vari able tem per a ture NMR ex -
per i ment was held from -60 C to room tem per a ture and the
spec tra are shown in Fig. 2. A char ac ter is tic fea ture of the
VT-1H NMR spec tra of 1 in CDCl3 at -60 C is the pres ence of
four ethyl, four methyl, and six pyrrole sig nals. As noted in
the de scrip tion of the solid-state struc ture, the mol e cule has
C1 sym me try and evi den tially this is main tained in so lu tion at

low tem per a ture. On warm ing the CDCl3 so lu tion of com -
pound 1, the fluxionality of 1 is clearly ob served and the ethyl
groups are co alesced at ca. 248 K which gives a cal cu lated ac -
ti va tion en ergy of G‡ = 11 Kcal/mole.12

Sim i larly, the re ac tion of Zr(NEt2)4 with 1 equiv. of
2,5-bis(dimethylaminomethyl)pyrrole (BDMAMPH) in hep -
tane at 70 C by aminolysis, along with the elim i na tion of
HNEt2 gen er ates Zr(NEt2)3(BDMAMP), gives 2 in 83% yield. 
The re sult ing com plex 2 is a sticky liq uid that can be so lid i fied 
by cool ing to liq uid ni tro gen tem per a ture for a course of two
hours. The 1H and 13C NMR spec tra of 2 re veal a sin gle set of
di ethyl amido res o nance even at 60 C sug gest ing a low en -
ergy bar rier for the ro ta tion of three diethylamido lig ands in
the oc ta he dral struc ture even at low tem per a ture. 2 is sta ble in
CDCl3 at -20 C for sev eral days but re acts with CDCl3 at
room tem per a ture within six hours form ing (BDMAMP)
ZrCl3, ac cord ing to 1H NMR spec tros copy. Re acting 1 with 2
equiv a lents of trimethylsilyl chlo ride in to lu ene at room tem -
per a ture for a course of two hours fol lowed by re mov ing vol a -
tile to yield ZrCl2(DMAMP)2 3 in 75%. Care fully con trol ling
the amount of trimethylsilyl chlo ride is needed while add ing
ex cess re sult ing unisolable prod ucts. The 1H NMR spec trum
of 3 shows a char ac ter is tic pat tern of dimethylaminomethyl at
2.86 and 4.24 ppm.

CON CLU SIONS

A new type of zir co nium com plexes con tain ing sub sti -
tuted pyrrolate lig ands has been syn the sized and X-ray struc -
ture has been char ac ter ized. Using sub sti tuted pyrrolate as
ligand in the early tran si tion metal com pounds has not been
seen be fore and we be lieve the novel com pounds have opened
a new area re gard ing metallocene type chem is try. Ex panding
the re ac tions of re sult ing bi- and tri-dentate Zr com pounds to -
ward small or ganic mol e cules, such as ole fin and po lar ized
mol e cules, are cur rently pro ceed ing, and re lated re ac tions
such as com pound 3 or ZrCl3(BDMAMP) from ZrCl4 and
their suc ces sive re ac tiv ity will be de scribed in the near fu ture.

EX PER I MEN TAL SEC TION

Gen eral Pro ce dure
All the re ac tions were per formed us ing stan dard

Schlenk tech niques in an at mo sphere of high pu rity ni tro gen
or in a glove box. Ethyl ether was dried over Na/ben zo phe none
ketyl and dis tilled be fore use. Zr(NEt2)4,11 DMAMPH and
BDMAMPH8 were syn the sized ac cord ing to pre vi ously pub -
lished re ports in the lit er a ture. CDCl3 was de gassed by us ing
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Fig. 2. VT NMR spec tra of com plex 1 in CDCl3 (400
MHz NMR). Sol vent im pu ri ties are marked with 
an as ter isk.



freeze-and-thaw and dried over 4 Å mo lec u lar sieves. 1H and
13C NMR spec tra were col lected on a Bruker AC200 and VT
NMR spec tra were per formed on a Bruker AC400 in stru ment.
El e men tal anal y sis was per formed on a Perkin-Elmer CHN-
 2400. All the com pounds are ex tremely air sen si tive; el e men -
tal anal y ses have been per formed sev eral times and the re sult
of com pound 1 is not in the er ror range and a 1H NMR spec -
trum is in cluded in the sup ple men tal ma te rial.

Zr(NEt2)2(DMAMP)2, 1
A 100 mL Schlenk flask charged with 20 mL heptane

and Zr(NEt2)4 (1 gram, 2.64 mmole) was added dropwise with
a DMAMPH (0.654 gram, 5.27 mmole) heptane (20 mL) so lu -
tion at room tem per a ture with stir ring. So lu tion be came
cloudy and pre cip i ta tion was formed dur ing the re ac tion. Sol -
vent was re moved in vacuuo af ter 18 hours stir ring and the re -
sult ing solid was recrystallized from to lu ene to gen er ate 1.08
gram of white solid in 85% yield. 1H NMR (CDCl3): 6.75 (s,
br), 6.06 (m), 5.89 (d), 3.67 (s, br), 3.53 (q), 2.41 (s), 0.86 (s).
13C NMR (CDCl3): 136.4 (s), 128.0 (d, JCH = 180 Hz), 107.6
(d, JCH = 166 Hz), 103.5 (d, JCH = 165 Hz), 63.0 (t, JCH = 137
Hz), 48.9 (q, JCH = 141 Hz), 41.1 (t, JCH = 135 Hz), 13.0 (q, JCH

= 126 Hz).

Zr(NEt2)3(BDMAMP), 2
A 100 mL Schlenk flask charged with 20 mL heptane

and Zr(NEt2)4 (2 gram, 5.28 mmole) was added dropwise with
a BDMAMPH (0.956 gram, 5.28 mmole) heptane (20 mL) so -
lu tion at room tem per a ture with stir ring. The re sult ing so lu -
tion was heated to 80 C for 20 hours and sol vent was re moved 
in vacuuo to yield an off-white sticky solid. White crys tals
were iso lated in 83% yield (2.2 grams). 1H (C6D6): 6.35 (s),
3.60 (s), 3.42 (q), 2.14 (s), 1.10 (t). 13C (C6D6): 137.7 (s),
108.0 (d, JCH = 165 Hz), 59.6 (t, JCH = 133 Hz), 46.6 (q, JCH =
130 Hz), 43.4 (t, JCH = 131 Hz), 15.9 (d, JCH = 125 Hz). Anal.
Calcd. for C22H48N6Zr: C, 54.16; H, 9.92; N, 17.23. Found: C,
54.61; H, 8.82; N, 16.25.

ZrCl2(DMAMP), 3
A 50 mL Schlenk flask charged with 20 mL to lu ene and

1 (0.475 gram, 0.99 mmole) was added dropwise with
Me3SiCl (0.25 mL, 2 mmole) at room tem per a ture with stir -
ring. The re sult ing so lu tion was stirred for 2 hours and
volatiles were re moved in vacuuo to yield 0.301 gram (75%
yield) of off white solid. 1H NMR (CDCl3): 6.69 (m), 6.03
(m), 5.96 (m), 4.24 (s), 2.86 (s). 13C NMR (CDCl3): 136.4 (s),
128.4 (d, JCH = 183 Hz), 109.0 (d, JCH = 168), 104.2 (d, JCH =
168 Hz), 63.3 (t, JCH = 140 Hz), 47.7 (q, JCH = 138 Hz). Anal.
Calcd. for C14H22N4ZrCl2: C, 41.17; H, 5.43; N, 13.72. Found:
C, 39.38; H, 5.55; N, 12.21.

X-Ray Struc ture De ter mi na tion of Com pound 1
The crys tal was mounted on a glass fi ber us ing ep oxy

resin and trans ferred to a goniostat and cooled to 150 K un der
liq uid ni tro gen va por. Data were col lected on a Bruker
SMART CCD diffractometer with graph ite-monochromated
Mo K  ra di a tion. Struc tural de ter mi na tions were made us ing
the SHELXTL pack age of pro grams. All re fine ments were
car ried out by full-matrix least squares us ing anisotropic dis -
place ment pa ram e ters for all non-hydrogen at oms. All the hy -
dro gen at oms are cal cu lated. A dif fer ent Fou rier Map was
taken and the elec tron den sity of H21A and H21B were both
found. The crys tal data are sum ma rized in Ta ble 1.
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