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A ti ta nium imido com plex, ButN=TiClPy2[2-Me2NCH2-(C4H3N)] 1, was syn the sized through me tath e sis
by re act ing ButN=TiCl2Py3 with lith ium 2-(dimethylaminomethyl) pyrrolate (LLi) in di ethyl ether at room tem -
per a ture.  The dark brown red crys tals were ob tained from a con cen trated di ethyl ether so lu tion of com pound 1
at -20 C and the monoclinic crys tal shows a dis torted oc ta he dral struc ture with two py ri dines tak ing trans po si -
tions.  Hy dro ly sis ButN=TiCl2Py3 with 2,2’-methylene-bis(6-t-butyl-4-methylphenol) (HO~~CH2~~OH) gen -
er ates a bis phenoxide ti ta nium com plex, (O~~CH2~~O)TiCl2Py 2, by elim i nat ing one equiv a lent of ButNH2. 
Sim i larly, the re ac tion of LH with PhN=WCl4(OEt2) in di ethyl ether at room tem per a ture gen er ates
PhN=WCl3(L) 3, in mod er ate yield.  3 has been char ac ter ized by NMR spectroscopies and X-ray crys tal log ra -
phy.

IN TRO DUC TION

Early tran si tion met als con tain ing mono and/or di- an -
ionic lig ands have been used in ole fin poly mer iza tion ex ten -
sively, and func tions of the sup ported lig ands have been fo -
cused on their steric and elec tronic ef fects.1  Among these sup -
ported lig ands, cyclopetadienyl,2 alkoxides,3 and amido4 lig -
ands have been used com monly due to their elec tron do nat ing
abil ity of d  to the electrophilic early tran si tion met als.  Imido
lig ands (RN=) have been in tro duced in the high ox i da tion
state early tran si tion met als5 based on: (1) the good elec tron
do nat ing abil ity of sta bi lized elec tron de fi cient met als; (2) the
good sol u bil ity of metal imido com plexes in po lar/non-polar
sol vents; and (3) the elec tronic and steric tunableness of the R
group of imido lig ands.  Re ac tions of organoimido com plexes
in volv ing monoanionic monodentate lig ands6 have been com -
monly ob served; how ever, monoanionic bidentate organo -
imido com plexes7con tain ing sub sti tuted pyrrole have not
been re ported.  ButN=TiCl2Py3 has been syn the sized in a sim -
ple method and in a large quan tity by Mountford8 in 1997. 
The two chlo rides and three py ri dines are pre sum ably good
can di dates for bi and/or tridentate lig ands to pro ceed me tath e -
sis sub sti tu tion re ac tions.  Of rel e vance to the sup ported bi-
and/or tri-dentate lig ands are the 2-(dimethyl amino methyl)-
 pyrrole,9 LH, that fea ture a monoanionic  bond ing and a co -
or di nat ing bond ing re sult ing in a bidentate four elec trons do -
nat ing mode to tran si tion met als.  Ex am ples con tain ing MLn

frag ments have been seen in the lit er a ture. How ever, only one

X-ray crys tal struc ture, CrL3,10 was char ac ter ized.  Here we
re port our lat est re sults re gard ing the re ac tions of ti ta nium and 
tung sten imido com plexes with the monoanionic bidentate
ligand, L and their X-ray struc tures.

RE SULTS AND DIS CUS SION

The re ac tions re gard ing 2-(dimethylaminomethyl) -
 pyrrole (LH) and its re ac tions with ti ta nium and tung sten
com plexes were sum ma rized in Scheme I. 2-(Dimethyl amino -
methyl)pyrrole (LH) was pre pared ac cord ing to a pub lished
method and was pu ri fied via sub li ma tion or recrystallization
from di ethyl ether so lu tion.  The iso la tion yield of LH is ca.
75%, and its X-ray crys tal struc ture has been de ter mined.  In
the solid state, LH forms a dimeric struc ture with mono mers
linked through N H hy dro gen bond ing.  The 1H NMR chem -
i cal shift of the hy dro gen on the pyrrole ni tro gen var ies with
the con cen tra tion of LH in CDCl3.  The ORTEP and bond dis -
tances and an gles of LH are shown in Fig. 1 and Ta ble 1, re -
spec tively.  LH was dis solved in heptane and cooled to 0 C
fol lowed by dropwise ad di tion of hex ane so lu tion of n-butyl
lith ium to yield a white sus pen sion.  The so lu tion was stirred
for three hours at room tem per a ture fol lowed by fil tra tion.
The fil trate was vac uum dried to yield a white solid (LLi) that
can be used for the suc ceed ing re ac tion di rectly.  Me tath e sis of 
ButN=TiCl2Py3 with LLi in ether at 0 C and eight hours stir -
ring at room tem per a ture fol lowed by fil tra tion yielded
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ButN=TiClPy2L, 1 in ca. 80%.  The dark brown red mono -
clinic crys tals were ob tained from con cen trated Et2O at -20 C 
and data col lec tion was per formed at 150 K.   The ORTEP
struc ture and se lected bond dis tances and an gles of com pound 
1 are shown in Fig. 2 and Ta ble 2, re spec tively.   The mono -
clinic com pound 1 fea tures a dis torted oc ta he dral struc ture
with the Ti atom sur rounded by two pyridine mol e cules, one
imido, one chlo ride, and one sub sti tuted pyrrole ligand L in
which the L and imido tak ing a mer-co or di nat ing ge om e try. 
The bond an gle of Ti-N(3)-C(8) at 169.7(3)  and bond dis -
tance of Ti=N(3) at 1.695(3) Å are in the nor mal range of
metal imido com plexes as shown in Ta ble 3.  Due to the strong 

in ter ac tion of Ti and N(3), the Ti atom and N(2) of amine part
of L re sulted in a long bond dis tance at 2.523(3) Å.  The 1H
and 13C NMR spec tra of com pound 1 are con sis tent with the
solid state struc ture show ing a sin gle res o nance of the meth y -
lene pro tons of L at 3.08 ppm.

Hy dro ly sis of ButN=TiCl2Py3 with the pro ton source of
2,2’-methylene-bis(6-t-butyl-4-mehylphenol)(HO~~CH2~~
OH) in CH2Cl2 at room tem per a ture for 18 hours yields a bis
phenoxide ti ta nium com plex 2, (O~~CH2~~O)TiCl2Py, in
mod er ate yield with the loss of one equiv a lent of t-butyl
amine. A cou ple of sim i lar com pounds have been re ported by
Floriani13 and Okuda14 with ei ther no co or di nat ing ligand or
ether at tach ing to the ti ta nium metal.  At tempting re ac tions of
1 with AgBF4, benzyl al co hol, and LiAlH4 all re sult in un-
 isolable prod ucts.

Re acting PhN=WCl4(OEt2)15 with 1 mole equiv. of LH
in ether at room tem per a ture af fords PhN=WCl3L 3 in mod er -
ate yield.  3 is ob tained as a black, air sen si tive solid af ter pu ri -
fi ca tion.

An al ter na tive method for pre par ing the de sired com -
plex 3 is by re act ing PhN=WCl4(OEt2) with one equiv. of LLi
and the re sult ing prod uct is ob tained with a small amount (ca.
10%) of un iden ti fied by prod uct that has two 1H NMR sig nals
ap pear ing at 2.75 and 2.90 ppm in CDCl3.

Com plex 3 is sol u ble in CH2Cl2, ar o matic sol vents and
ethers, but in sol u ble in aliphatic hy dro car bon sol vents.  The
1H NMR spec trum shows the pro tons of the meth y lene and
methyl groups of L ap pear ing at 4.10 and 3.08 ppm, re spec -
tively.  These res o nances are shifted downfield with re spect to
those in the free ligand due to the elec tron de ple tion of the
ligand by the high-valent tung sten atom.  Cu bic, black crys tals 
suit able for X-ray struc tural anal y sis were grown by cool ing a
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Fig. 1. The ORTEP of LH.  Ther mal el lip soid was
drawn at the 50% prob a bil ity level.

Fig. 2. The ORTEP of 1, ther mal ellipoid was drawn
at the 50% probability level and hy dro gen at -
oms were omit ted for clar ity.



con cen trated ether so lu tion of 3 at -20 C.  The struc ture de ter -
mi na tion of 3 re veals ap prox i mately oc ta he dral ge om e try at
the tung sten atom, which is sur rounded by a phenylimido,
three chlo rides and a monoanionic bidentate ligand, L. The
ORTEP and bond dis tances and an gles of 3 are shown in Fig. 3 
and Ta ble 4, re spec tively.  The an gle around imido ni tro gen of 
170.5  is sim i lar to those re ported for high-valent tung sten
imido com plexes.16  The trans-chlo rides, Cl(1) and Cl(3) are
ar ranged with a bond an gle of 169.8  at the tung sten atom,
while the che lat ing pyrrole ligand is co or di nated to the tung -
sten atom with a N(1)-W-N(2) an gle of 74.3 .  The bond dis -

tances of W-N(1), W-N(2), and W-N(3) are 1.950(10) Å,
2.466(8) Å, and 1.722(9) Å, re spec tively, which are typ i cal
bond dis tances for high-valent tung sten(VI)-amido, ter tiary
amine, and imido lig ands.  3 shows a sim ple 1H NMR spec -
trum with a sin glet for the two methyl group of NMe2 and a
sin glet for the two meth y lene pro tons of CH2N at room tem -
per a ture, which is con sis tent with the X-ray struc ture de ter mi -
na tion.  Sim i larly, 13C NMR spec trum of 3 re veals NMe2 and
CH2N res o nances at 51.8 and 61.0 ppm, re spec tively.  The
com plex 3 is a po ten tial start ing ma te rial for syn the siz ing
metal alkylidene com plexes con tain ing imido and bidentate
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Table 1. Selected Bond Distances (Å) and Angles ( ) of LH

N(1A)-C(lA) 1.369(2) N(1A)-C(4A) 1.373(2)

N(2A)-C(7A) 1.465(2) N(2A)-C(6A) 1.470(2)
N(2A)-C(5A) 1.474(2) C(1A)-C(2A) 1.374(2)
C(2A)-C(3A) 1.423(2) C(3A)-C(4A) 1.372(2)
C(4A)-C(5A) 1.495(2)
C(1A)-N(lA)-C(4A) 109.33(11) C(7A)-N(2A)-C(6A) 110.11(10)
C(7A)-N(2A)-C(5A) 110.69(11) C(6A)-N(2A)-C(5A) 109.32(10)
N(lA)-C(1A)-C(2A) 108.19(12) C(1A)-C(2A)-C(3A) 107.09(12)
C(4A)-C(3A)-C(2A) 107.39(12) C(3A)-C(4A)-N(1A) 107.99(11)
C(3A)-C(4A)-C(5A) 131.27(12) N(1A)-C(4A)-C(5A) 120.68(11)
N(2A)-C(5A)-C(4A) 113.83(10)

Table 2. Selected Bond Distances (Å) and Angles ( ) for Complex 1

Ti-N(3) 1.695(3) Ti-N(1) 2.075(3) Ti-N(5) 2.268(3)
Ti-N(4) 2.287(3) Ti-Cl 2.4141(12) Ti-N(2) 2.523(3)
N(3)-Ti-N(1) 100.91(14) N(3)-Ti-N(5) 89.35(13)
N(1)-Ti-N(5) 91.16(11) N(3)-Ti-N(4) 94.75(14)
N(1)-Ti-N(4) 86.39(12) N(5)-Ti-N(4) 175.56(12)
N(3)-Ti-Cl 101.41(11) N(1)-Ti-Cl 157.62(10)
N(5)-Ti-Cl 90.68(8) N(4)-Ti-Cl 90.19(9)
N(3)-Ti-N(2) 173.61(13) N(1)-Ti-N(2) 72.91(11)
N(5)-Ti-N(2) 89.13(11) N(4)-Ti-N(2) 86.61(11)
Cl-Ti-N(2) 84.82(8)

Table 3. The Comparison of Ti=N Bond Distance and Ti=N-C Bond Angle of Complexes
Containing [ButN=Ti]

Compound Ti=N Ti=N-C Ref.
bond distance (Å) bond angle( )

ButN=TiCl2([9]aneN3) 1.703(3) 174.3(2) 11
ButN=TiCl2([9]aneS3) 1.694(3) 178.3(3) 11
ButN=TiCl2(Me3[9]aneN3) 1.694(3) 171.0(2) 11
ButN=TiCl2(Me2[9]aneN2S) 1.708(8) 166.4(6) 11
ButN=TiPy[N3] 1.724((2) 175.10(17) 12
ButN=TiCl2(pmdien) 1.69(1) 167.3(3) 8
ButN=TiCl(L)Py2 1.695(3) 169.7(3) this work

N3= MeC(2-C5H4N)(CH2NSiMe3)2



pyrro late ligand which can be used as ring open ing me tath e sis
poly mer iza tion (ROMP)  cat a lysts.  Com plex 3 can also un -
dergo nucleophilic ad di tion with alkyl and hy dride sources,
and we are cur rently study ing these re ac tions.

EX PER I MEN TAL SEC TION

Gen eral Pro ce dure
All re ac tions were car ried out un der an at mo sphere of

dinitrogen us ing ei ther stan dard Schlenk-line or glove box. 
Sol vents were dried over so dium/ben zo phe none and stored in
sol vent res er voirs con tain ing 4 Å mo lec u lar sieves; C6D6 and
CDCl3 were de gassed us ing freeze-and-thaw tech nique and
dried over 4 Å mo lec u lar sieves.  2-(dimethylamino methyl)-
 pyrrole,9 ButN=TiCl2Py3

8, and PhN=WCl4(OEt2)15 were syn -
the sized via pub lished pro ce dures.   1H and 13C NMR spec tra
were re corded on a Brucker 200M Hz spec trom e ter and all 13C 
NMR spec tra were con firmed by Gated de coup ling and
DEPT- 135 ex per i ments.  Protio sol vent res o nances (CDCl3,
7.24 ppm; C6D6, 7.15 ppm) were used as in ter nal sol vent for
cal i bra tion.  El e men tal anal y ses were car ried out on a Perkin-
 Elmer CHN-2400.

2-(Dimethylamino)methylpyrrole, LH9

A mod i fied pro ce dure was de scribed as fol lows.  A 250
mL Erlenmeyer flask was charged with formaldhyde (37%, 6
grams, 75 mmole) and dimethylamine hy dro chlo ride (6.1g, 75 
mmole) and cooled to 0 C in an ice bath for more than 10 min -
utes with stir ring.  To the stirred so lu tion, pyrrole (5 grams, 75
mmole) was added dropwise and the com bined so lu tion was
warmed to room tem per a ture and stirred for 12 hours.  The
brown so lu tion was neu tral ized with an aque ous 20% NaOH
so lu tion un til two lay ers were ob served.  The or ganic layer
was sep a rated, and the aque ous layer was ex tracted with 30
mL di ethyl ether in three por tions.  The com bined or ganic por -
tion was dried over MgSO4 and sub limed to yield 7.0 grams of
white crys tals with 75% yield.  1H NMR (CDCl3): 2.25 (s,
6H), 3.45 (s, 2H), 6.09 (t, 2H), 6.69 (s, 1H), 9.18 (s, 1H).

LiL
A n-BuLi hex ane so lu tion (2.5 M, 17 mL) was added

dropwise to a heptane (20 mL) so lu tion of LH (5 grams, 40
mmole) at 0 C un der ni tro gen.  The so lu tion be came cloudy
while the n-BuLi so lu tion was be ing added.  The milky white
sus pen sion was stirred at room tem per a ture for two hours, and 
the solid was iso lated via fil tra tion and dried un der vac uum to
gen er ate 5.2 grams of de sired lith ium salt in al most quan ti ta -
tive yield.

[ButN=TiClLPy2] 1
A so lu tion of LLi (1.12 gram, 8.6 mmole) in 20 mL of

di ethyl ether was added dropwise to a so lu tion of [ButN=
TiCl2Py3] (3.64 gram, 8.6 mmole) in 30 mL di ethyl ether at 0
C and stirred at room tem per a ture for an other eight hours af -

ter the ad di tion was com pleted.  The so lu tion was fil tered
through Celite and the fil trate was dried in vacuo.  The prod uct 
is pure enough for the suc ceed ing re ac tions.  Recrystallization 
was made by dis solv ing the brown red solid in di ethyl ether
and cooled at -20 C to yield 2.97 grams of brown red solid.
(79% yield).  1H NMR (C6D6): 9.07 (s), 8.26 (s), 7.19 (s), 6.86
(m), 6.58 (d), 6.44 (s), 3.08 (s, 2H), 1.89 (s, 6H), 1.01 (s, 9H). 
13C NMR (CDCl3): 152.2, 137.4, 136.2, 132.2, 123.8, 109.2,
104.0, 61.0, 47.4, 30.8.  Anal. Calcd. for C21H30ClN5Ti: C,
57.87; H, 6.88; N, 16.06.  Found: C, 57.18; H, 6.77; N,15.72.

[(O~~CH2~~O)TiCl2Py] 2
A so lu tion of HO~~CH2~~OH (1.6 gram, 4.7 mmole) in

15 mL of CH2Cl2 was added dropwise to a so lu tion of [ButN=
TiCl2Py3] (2.0 gram, 4.7 mmole) in 20 mL CH2Cl2 and stirred
at room tem per a ture for 18 hours.  The so lu tion was fil tered
through Celite and fil trate was dried in vacuo.  Recrys tal -
lization was made by dis solv ing the red solid in CH2Cl2 and
cooled at -20 C to yield 1.88 grams of red solid. (60% yield). 
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Table 4. Selected Bond Distances (Å) and Angles ( ) of Complex 3

W-N(1) 1.950(10) W-N(2) 2.466(8)
W-N(3) 1.722(9) W-Cl(1) 2.352(3)
W-Cl(2) 2.363(3) W-Cl(3) 2.376(3)
W-N(3)-C(8) 170.5(7) N(3)-W-N(2) 170.2(4)
Cl(1)-W-Cl(3) 169.48(12) N(1)-W-Cl(2) 161.9(3)
N(1)-W-N(2) 74.3(4)

Fig. 3. The ORTEP of com plex 3.  Ther mal el lip soid
was drawn at the 30% prob a bil ity level and
the hy dro gen at oms were omit ted for clar ity.



1H NMR (CDCl3): 8.62 (d), 7.66 (m), 7.12 (m), 6.91 (m), 4.59
(d, 1H), 3.75 (d, 1H), 2.29 (d, 6H), 1.32 (d, 18H).  13C NMR
(CDCl3):160.7, 160.2, 149.7, 136.2, 134.8, 133.7, 131.2,
131.0, 128.9, 128.1, 125.8, 123.6, 35.5, 35.0, 34.6, 30.2, 30.0,
21.0.

PhN=WCl3L, 3
Method A

A so lu tion of LH (0.89 g, 7.18 mmole) in ethyl ether (10
mL) was added dropwise to a stirred so lu tion of PhN=WCl4

(OEt2) (3.0 g, 6.1 mmole) in ethyl ether (20 mL) at room tem -
per a ture.  The green so lu tion be came dark black dur ing the ad -
di tion.  The mix ture was stirred for 2 hours and fil tered
through Celite.  The black fil trate was con cen trated and stored 
at -20 C for a cou ple of days to yield 1.1 g of black cu bic crys -
tals in 26 % yield.  1H NMR (CDCl3):  7.59 (m), 7.42 (m), 7.24
(m), 6.00 (m), 4.10 (s, 2H), 3.08 (s. 6H)  13C NMR (CDCl3):
150.1 (s), 140.3 (s), 51.8 (q, JCH = 135.5 Hz), 61.0 (t, JCH =
140.5 Hz), 109.4 (d, JCH = 173.6 Hz), 117.9 (d, JCH = 182.3
Hz), 128.1 (d, JCH = 162.8 Hz), 129.5 (d, JCH = 162.8 Hz),
132.2 (d, JCH = 162.4 Hz), 133.6 (d, JCH = 190.8 Hz).  Anal.
Calcd. for C13H16Cl3N3W·H2O: C, 29.88; H, 3.47; N, 8.04. 

Found: C, 29.86; H, 3.91; N, 7.51.
Method B

A so lu tion of Lli (0.15 gram,1.15 mmole) in 15 mL of
di ethyl ether was added dropwise to a so lu tion of PhN=WCl4

(OEt2) (0.5 gram, 1.01 mmole) in 20 mL di ethyl ether at 0 C
and then was stirred at room tem per a ture for three hours af ter
the ad di tion was com pleted.  The so lu tion was dried in vacuo
and the res i due was ex tracted with 30 mL of meth y lene chlo -
ride in three por tions.  The por tion were com bined and fil tered 
through Celite.  The meth y lene chlo ride so lu tion was con cen -
trated and stored at -20 C.  3 was iso lated as black solid in
65% yield (0.33 gram) which con tained about 10% un iden ti -
fied by prod uct.   

Crys tal log ra phy
The crys tal lo graphic data for LH, 1 and 3 are sum ma -

rized in Ta ble 5 to gether with re quire ment de tails.  Suit able
crys tals were se lected and mounted in a thin glass cap il lary
and chilled un der ni tro gen va por to avoid de com po si tion.
Data for LH, 1 and 3 were col lected with a Nonius CAD 4
diffractometer with graph ite mono chro matic Mo K  ra di a tion
em ploy ing the t/2t scan modes.  A scan ab sorp tion cor rec tion
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Table 5. Data Collecting Parameters of LH, 1 and 3

LH 1 3

Empirical formula C7H12N2 C21H30ClN5Ti C13H16Cl3N3W
Formula weight 124.19 435.85 540.49
Temperature 150(1) K 150(1) K 295(2) K
Wavelength 0.71073 Å 0.71073 Å 0.71073 Å
Crystal system Monoclinic Monoclinic Monoclinic
Space group Cc P21/c C2/c
Unit cell dimensions a= 10.9352(4) Å a= 8.5724(5) Å a=31.9040(11) Å

b= 15.3009(5) Å b= 10.6279(6) Å b= 7.4106(3) Å
c= 9.8124(3) Å c= 26.1598(9) Å c= 15.8808(6) Å
beta=109.757(1) beta=92.990(2) beta=118.829(1)

Volume, Z 1545.15(9) Å3, 8 2380.1(2) Å3, 4 3289.3(2) Å3, 8
Density (calculated) 1.068 Mg/in3 1.216 Mg/in3 2.037 Mg/in3

Absorption coefficient 0.066 nm-1 0.487 nm-1 7.504 nm-1

F(000) 544 920 1920
Crystal size 0.60 0.50 0.40 nm 0.27 0.20 0.18 nm 0.25 0.12 0.06 nm

range for data collection 2.38 to 27.48 1.56 to 26.37 1.46 to 26.39
Reflections collected 5133 10295 7402
Independent reflections 2633 (Rint=0.0146) 4705 (Rint=0.0568) 3245 (Rint=0.0996)
Absorption correction empirical used sadabs empirical used sadabs empirical used sadabs
Max. and min. transmission 0.9280 and 0.7618 0.8621 and 0.7036 0.4921 and 0.2589
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data / restraints I parameters 2619 / 2 / 164 4705 / 0 / 254 3245 / 0 / 182
Goodness-of-fit on F2 1.408 1.032 0.881
Final R indices [I>2 (I)] R1 = 0.0277, wR2 = 0.0727 R1 = 0.0680, wR2 = 0.1453 R1 = 0.0571, wR2 = 0.1071
R indices (all data) R1 = 0.0300, wR2 = 0.0741 R1 = 0.1125, wR2 = 0.1645 R1 = 0.1087, wR2 = 0.1222
Extinction coefficient 0.0065(10) 0.0029(8) 0.00038(6)
Largest diff. peak and hole 0.170 and -0.172 e Å-3 0.448 and -0.425 e Å-3 3.325 and -3.276 e Å-3



was made.  The struc ture was solved us ing a pack age of
NRCC- SDP-VAX pro grams.  Least-squares re fine ment of the 
po si tional and anisotropic ther mal pa ram e ters for all non-
 hydrogen at oms were performed.
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