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is postulated to occur via intramolecular Michael reaction between 
the cationic enolate 4 and additional, coordinated monomer. The 
propagation step is analogous to that postulated to occur in 
group-transfer polymerization of acrylates, initiated by enol silanes 
in the presence of, for example, Lewis acid catalysts.9 

Indirect evidence for the intermediacy of enolate 4 is based on 
the following observations. A mixture of compound 1 and 
Cp2Zr(OCH=CMe2)Me103 gives rise to compound 2 at the ex­
pense of both starting materials (Scheme I, eq 2), and this mixture 
is active for polymerization. The bis enolate complex, Cp2Zr-
[OC(OtBu)=CMe2]2,

10b in the presence of 1 equiv of a proton 
source ([Et3NH][BPh4]),

100 rapidly polymerizes methyl meth-
acrylate (eq 4, Scheme I: 96% conversion after 30 min at O 0C; 
Mn = 442000, Mw/Mn =1.14). 

It is clear that the process described here is an efficient method 
for effecting high-conversion polymerization of methacrylate 
monomer to high molecular weight polymers with narrow mo­
lecular weight distributions. Work that is already in progress is 
designed to provide concrete evidence for the intermediacy of 
cationic enolate 4, to investigate the kinetics of this process, and 
to evaluate whether polymer chains generated in this manner are 
living. 
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The catalytic removal of sulfur and nitrogen from petroleum 
feedstocks and coal-derived liquids is essential to preclude the 
poisoning of hydrocracking and reforming catalysts and to reduce 
emissions of their oxides.1 Industrial hydrodenitrogenation 
(HDN) is typically effected over sulfided CoMo/Al2O3 or 
NiMo/Al2O3 under conditions which remove nitrogen as NH3.
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Figure 1. Molecular structure of (V(N,C)-6-methylquinoline)Ta-
(DIPP)3(PMe3) (5) (DIPP = 0-2,6-C6H3

1Pr2). Selected interatomic 
distances (A): Ta-N = 1.961 (7); Ta-C(IO) = 2.208 (9); N-C(IO) = 
1.44 (1); C(IO)-C(11) = 1.42 (1); C(ll)-C(12) = 1.30 (1); C(12)-C-
(13) = 1.48 (2); C(13)-C(19) = 1.40 (1); N-C(19) = 1.41 (1). Selected 
bond angles (deg): Ta-N-C(19) = 145.0 (6); Ta-C(IO)-C(Il) = 123.4 
(6); C(IO)-Ta-N = 39.7 (3). 

The nitrogen-containing compounds which are most difficult to 
process are the aromatic heterocycles such as pyridine, quinoline, 
and indole derivatives.2,4 One central question in HDN catalysis 
which remains unresolved concerns how the strong C-N bonds 
in these heterocycles are cleaved.5 Herein we provide evidence 
for an V(N) ~~** V(N1C) bonding rearrangement in model HDN 
substrates and demonstrate that nucleophilic attack of an rj2(N, 
Q-pyridine results in facile, regioselective C-N bond cleavage. 

Upon reaction of Ta(DIPP)3Cl2(OEt2)
6 (1, DIPP = 0-2,6-

C6H3
1Pr2) with 1 equiv of quinoline (QUIN), yellow (QUIN)-

Ta(DIPP)3Cl2 (2) is isolated in ca. 95% yield (Scheme I). The 
analogous 6-methylquinoline (6MQ) adduct, (6MQ)Ta(DIPP)3Cl2 
(3), is prepared similarly. NMR data7 for 2 and 3 are entirely 
consistent with the heterocycle bonding V(N) to the d0 metal 
center. Upon reduction of (V(AO-QUIN)Ta(DIPP)3Cl2 (2) with 
2 equiv of NaHg, a dark red, highly soluble compound is obtained, 
for which spectroscopic data suggest the formulation (ij2(/V, 
C)-QUIN)Ta(DIPP)3 (4). In particular, the quinoline H(2) 
resonance at 5 9.63 in the 1H NMR spectrum of 2 has shifted 
upfield to 5 4.07 in complex 4 (both in C6D6), diagnostic of the 
V(N1C) bonding mode.8"10 

The crystalline, 6-methylquinoline adduct (V(Ar,C)-6MQ)-
Ta(DIPP)3(PMe3) (5) is afforded upon reducing 1 in the presence 
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of 6MQ (first forming (i)2(iV,0-6MQ)Ta(DIPP)3), followed by 
the addition of PMe3 (Scheme I).7 The X-ray structural deter­
mination11 of 5 (Figure 1) confirms the r/2-(N,C) bonding mode 
of the heterocycle and provides evidence for the disruption of its 
aromaticity. The Ta-C(IO) = 2.208 (9) A, Ta-N =1.961 (7) 
A, and C(IO)-N = 1.44 (1) A bond distances imply the Ta(V) 
"metallaaziridine" formulation described previously.8'9 Heterocycle 
distortions are evident from the w electron localization (C(I I)-
C(12) = 1.30 (1) A) and from the location of N below and C(IO) 
above the best 6MQ ligand plane.12 

The pyridine complex (77^,0-2,4,6-NC5H2
1Bu3)Ta(DIPP)2Cl 

(6)9 also exhibits a Ta(V) metallaaziridine structure and can be 
considered a model HDN substrate -» catalyst complex related 
to 4 and 5. Upon reaction of 6 with LiBEt3H, red crystals of 
compound 7 are obtained in moderate yield, along with LiCl 
(Scheme I). Spectroscopic data for 7 (and for 7-db prepared using 
LiBEt3D) are consistent with hydride attack at the bound carbon 
of the T)2(Ar,0-pyridine ligand, but X-ray crystallography provides 
the dramatic evidence that the nitrogen-carbon bond in the 
pyridine has been cleaved. 

The molecular structure13 of 7 (Figure 2) clearly reveals the 

(11) Crystal data for C49H69NO3PTa (5): yellow, monoclinic, C2,/c (No. 
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V = 10702 (2) A3 for Z = 8 and FW = 932.02; O(calcd) = 1.16 g cm"3, M(MO 
Ka) = 20.9 cm"' (T = 20 ± 1 0C). A total of 10919 reflections (9393 unique) 
with a maximum 20 = 50.0° were collected, of which 5289 reflections with 
F2 > 2.Oa(F9

2) were used in the refinement; R = 0.054; Rw = 0.087. 5 
crystallized with partial solvent occupation of the lattice, thereby limiting the 
overall precision of the structure. 
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(13) Crystal data for C41H64NO2Ta (7): red, monoclinic, PlJn (No. 14); 
a = 21.150 (2) A, b = 9.623 (1) A, c = 21.519 (2) A, 0 = 108.63 (18)°; V 
= 4150.5 A3 for Z = 4 and FW = 783.92; £>(calcd) = 1.25 g cm"3, M(MO Ka) 
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2) were used in the refinement: R = 0.040, Rw = 0.049. The proton 
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(DIPP)2Ta(=NC'Bu= 

C H C B U = C H C H 1 B U ) (7) (DIPP = 0-2,6-C6H3
1Pr2). Selected intera­

tomic distances (A): Ta-C(I) = 2.162 (9); C(l)-C(2) = 1.51 (1); 
C(2)-C(3) = 1.35 (1); C(3)-C(4) = 1.49 (1); C(4)-C(5) = 1.34 (1); 
C(5)-N = 1.40 (1); Ta-N = 1.779 (8); N-C(I) = 2.74 (1). Selected 
bond angles (deg): Ta-C(l)-C(2) = 89.2 (6); Ta-N-C(5) = 145.7 (6); 
C(I)-Ta-N = 87.6 (3). 

disconnection between N and C(I) of the former i?2(Ar,0-pyridine 
r— 

ligand and the resulting metallacyclic structure (DIPP)2Ta-
(=NC'Bu=CHCtBu=CHCH'Bu) (7). Thus, in the metal­
laaziridine description of 6, the former amido nitrogen has been 
transformed into a formal M=NR imido linkage (Ta—N = 1.779 
(8) A) upon hydride attack (Scheme I). The Ta—N—C(5) angle 
of 145.7 (6)° represents a strongly bent terminal imide which 
clearly arises from the constraints of the metallacycle, including 
the sp3 hybridization of C(I). 

This demonstration of C-N bond cleavage is consistent with 
the proposal that nucleophilic attack on a coordinated heterocycle 
effects C-N bond scission in HDN,4b-c thus providing an alternative 
explanation of how H2S (or [SH]") arising from HDS actually 
enhances the rate of HDN.14'15 One feature of this system, which 
contrasts with osmium ?J2 heterocycles such as [(7j2(C,0-lutid-
ene)Os(NH3)5]

2+,16 is that d2 tantalum prefers to bind nitrogen 
heterocycles primarily in the r>2(N,C) mode,8a thereby selectively 
activating the heterocyclic ring.17 
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