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Bicentenary of the Academy of Sciences of Lisbon 375
NEW TRENDS IN THE CHEMISTRY
OF NITROGEN FIXATION
Lisbon — 1979

REACTION OF DINITROGEN IN DINUCLEAR COMPLEXES

by
J. H. TEUBEN *

Dinuclear dinitrogen complexes are known for most of the transition
metals; only for Hf, V, Ta and Tc¢ no complexes have been reported until
now. The reactivity of the complexed dinitrogen has not been widely studied
but protonation to hydrazine or ammonia has been reported for a number
of elements (Fig. 1). The bonding of the N2-ligand is normally in a linear
M-N-N-M arrangement. In two Ni-complexes a doubly side-on coordinated
N2 molecule has been found (Fig. 1, 2). In the reported structures the M-N

. @ . Mn Co
[z @

Ru Rh Pd

@ @ 1) Re Os Ir Pt

@ no complexes; D protonation

Bonding modes:

MIEUN N UM

M{qF}M
N

Fig. 1. Dinuclear dinitrogen complexes (transition metals involved, dinitrogen
binding mode and ocurrence of protonation).

* Laboratorium voor Anorganische Chemie, Rijksuniversiteit Groningen, Nijenborgh 16,
9774 AG Groningen, The Netherlands.
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Complex N-N M-N-N v (N,)
(Cp,Ti tol),N, 1.16 177° ——
(Cp',Ti),N2 1.16 179°  ——
Cp3CsH Ti-N,~T1i,Cp,C;oHg 1.27 — 1282
[Cp'2Zr (Ny) 12N, 1.18 177°  ——
[ [ (PhLi);Ni],N,2Et,0], 1.35 R
[MeCpMn (CO) ,],N, 1.12 177° 1971
[ (PCy3) 2Ni];N; 1.12 178° ——
N, 1.10 —— 2331
MeN = NMe 1.23 _ R
H,N - NH, 1.46 -

Cp' = M°-CsMes; CioHg = :}@; Cy = cyclohexyl.

Fig. 2. Structural and spectroscopic data for dinuclear dinitrogen complexes.

bond in the complex is longer than in free N2. For complexes of Ti and Zr
the observed distances of 1.16-1.27 A suggest a lowering of the bond order,

N,: weak &-donor; moderate T-acceptor

MO-scheme: at least 4-atoms involved, several atomic orbitals

(Cp2TiR) 5Ny (Zeinstra, 1979)

few d-electrons: 1long N - N

reactive N,?
low V(Ny)

ligands: strong steric and electronic effects.

Fig. 3. Bonding and reactivity of dinitrogen in dinuclear complexes.
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N, normally unreactive, easily displaced.

systematic studies:

[C¢HgMo (PPhs) 5] ,N, H,0,LiAlH,, BuLi neg.

[CpFe dppe];N, LiAlH,, NaBH, neg.

[ (NHs) sRu],N,** oxid, red., H' neg.

Cp,Ti,Cp,Zr systems u* N,H,, NH;

[NbC1 (dmpe) ,],N; H N,H, (10%)

[Cr (dppe),],N, H* N,H;, NH;(low yield)
[Cr,N,Mg,Cl,s5thf] H* N,H,, NH;(25,60%)
(PPhs) , (Pr*) HFe-N,~Fe (Pr*) (PPh;), H* N,H, (10%)
FeCl,;|PhLi|N, H* N,H, (20%)
[{[(PhLi);Ni],N, Et,0},] H* NH; (30%)

Fig. 4. Reactivity of bridging dinitrogen.

Bercaw (1972):

N
2 {1
—_—
(Cp,Ti) , ——=3» (Cp,Ti) N, N,
l vnanp®, 2) w' mm,

Shilov (1972):

+ a) N,H,+N
MeMgI Ne H Pl AP
Cp,TiC1 —E—» CpTie  F STiCR, ——> oL

. 372
|1)PhLil 2) H Nﬂ3

Pez (1976, 1978):

1i—CP
cpricy, Lmet o { 2
p2 22) NZ pT \Ti;u;N/\\ H+ N
>N
Cp Ti
7/
Cp
+
1) NaNp, 2) HJ M,

.Np- Naphthalene

Fig. 5. Titanocene-dinitrogen systems.
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Bercaw(1974 - 1978)

N +
2 H
. i . k.
(1) szTl T (Cp2T1)2N2 » N2
I N, at
> lepyri(ny 1N, —— NH,
-80
N, u*
. [ ———— -
(2) cpyzr —— [clagzr(uz)]zu2 NH,
Y5y at .
15 15 1
[cPé Zr( Nz)]zNz-—-) 0.57 "N, H +0. 5N H,+ 1 °N, 4N,
hanism: H
mechanlsm 15~
=
lSN/ s
1
2r N + N2 + e
§§N
~u
ut 15
NoH, + NH,

Fig. 6. Permethyltitanocene- and zirconocene-dinitrogen systems.

(szTiR) My - systems (R = alkyl).

Shilov (1973)

N
sz'ricl —mx—) szTiR -—2—> (szTiR) Ny -—A—> (Cp2T1)2N2
+
b bt
H
N
2 N2H2
RMgX

Cp,TiN(MgX) , < RMoX (Cp,T1i) N MgX <€

|+ |

NH3 N2H4

Fig. 7. Reduction of dinitrogen in the complexes [(Cp2TiR)2N2] (R=alkyl) (Shilov et al).
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but this is not directly observable in the chemistry of the complexes
(e.g. protonation studies) (Fig. 2). The bonding in dinuclear dinitrogen com-
plexes is complicated and involves normally 4 or more atoms. From this a
strong electronic effect of other ligands is expected, and in addition steric
electronic effect of other ligands is expected, and in addition steric aspects
are very important too (Fig. 3). The reactivity of bridging Nz has not been
studied extensively. From the reports the picture of a rather unreactive, but
easily displaceable ligand emerges. Treatment with reducing agents and
subsequent protonation sometimes give N-H products like N2Hs and NHs
(Fig. 4).

(szTiR)zN2 - systems (R = alkyl).

Van der Weij / Teuben (1977)

. i- PrMgCl S
Ctic, L=PMIA_ oo rict I-PrMICL o riioer

. i- N
- (CpTii-Pr), N, <=PrMCL (cp riipr,n, 2

l“' l”’

N,H, N,
i- PrigCl
| - P, [fepTii-Pr), N ] Mgct 1, —s[(cpTii- PrIN] Mgt

|« |+

N2HL NH]
Fig. 8. Reduction of dinitrogen in the [(Cp2TiR)2Nz] (R=alkyl) complexes (Teuben et al).

Among the best studied systems are those which are based on titanocene
and zirconocene derivatives. These systems are very complicated and dif-
ficult to study. Systems, which are basically the same have been investigated
to give a variety of complexes with different properties and interpretations
(Fig. 5). Permethyltitanocene and -zirconocene systems are less ambiguous.
From the excellent work by Bercaw and coworkers a very interesting, but
still rather complicated mechanism for the reduction of N2 in these systems
has been suggested (Fig. 6).
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For the reduction in the related compounds (Cpz2TiR):N2 (R = alkyl),
different and conflicting mechanisms have been put forward. The main diffe-

rence between them is the retention or loss of the Cp2Ti structure during
the reduction (Fig. 7, 8).

(sz‘l'iﬂlzllz - systems (R = aryl}.

Van der Weij / Teuben (1977)

o, (RITI" e N=N->TT(RIC, - HCloq y,
[pocen
cp, (RITiem N=N—Ti" (RI Cp
(TA)
lwnc,u.
e R TE—N=N=Ti" (RICP — o= —— L
(I
Na CoHe -
Nn,{c;.(an."_u—u—n" (R) Cp} _____ Heloa N H,
(o)
Fay very weak ocid

HCt aq.
Nofco (T NN (k;Cp} bl Y
H

and
o IRITI=N-N =T (RICp Hlaa . n,

H H
(IX}
NaCoHy
Na{c.a(mn' n} SRR . Y. SRV
(I
NaCyHy Na CygHy
inorganic  titaum Molm
nitride complexes. e

Fig. 9. Reduction of dinitrogen in the [(Cp2TiR)2Nz] (R = aryl) complexes.

The aryl complexes (Cp2TiR)2N2 have been extensively investigated.
Meticulous work on the step-wise reduction of the ligand N2 sodium-naph-
thalene has led to the reduction scheme presented in Figure 9.



