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Reduction of dinitrogen has been a challenging problem for
decades.Although many approaches have been taken, the use of
lanthanide complexes was not investigated for many years because
it was thought that these metals did not have the appropriate orbitals
to bind dinitrogen. Interestingly, when the first lanthanide dinitrogen
complex, [(GMes),SmBN,,2 was discovered, it had a planan(y-
n%n?-Ny) structure not previously observed in dinitrogen chemistry.
Both metals were interacting with dinitrogen in the same plane. W,
When this structure was isolated, it seemed possible that the unusual
M,N, geometry was the result of the steric environment generated
by the four GMes ligands® Subsequently, this structural type was
observed with tridentate 'R,PCH,SiMe;),N] and tetradentate
[PhP(CHSiIMe;NSiMe,CH,),PPh] complexes of zirconiuf,>with
polydentate porphyrinogen complexes of lanthanfdeand with
a tetradentate amine complex of uraniBirRecently, additional
examples of this WN, arrangement have been discovered with the
cyclopentadienyl lanthanide systems, §i@s),Tm]2Nz,° {[CsHa- Figure 1. Thermal ellipsoid plot ofl drawn at the 50% probability level.
(SiMe&s)z]oLn}2N2 (Ln = Tm,? Dy*9), and{[CsHa(SiMes)]o(THF)-
Tm} N, ° and with a cyclopentadienyl uranium pentalene complex.

We now report that these MM, moieties readily form without
the necessity of four ancillary cyclopentadienyl ligad®&&?special-

V4D
ized multidentate ligandst2 or even very electron-donating O 20
ligands. This result occurs using as starting materials the highly 2 ’}’
reactive Tm(I)12 Dy(ll), 2 and Nd(II}**ions, whose first molecular K

complexes were recently discovef@d:* The MN, unit forms from P!

\7 02
dinitrogen and these ions with ligands as simple as the commonly ®
used amide, N(SiMg;,, and aryloxide, OgH3'Bu,-2,6. y t"%‘v 04

Addition of 2 equiv of NaN(SiMg), to an emerald-green solution \ ‘ O
of Tmly(THF); °® in THF generates a dark brown-green solution, O ¢ N Nt

which turns yellow upon exposure to nitrogen. Recrystallization
of this solution yields yellow{ [(Me3Si),N](THF)Tm} o(u-n213? 1@
N.), 1,15 Figure 16 Attempts to isolate the putative reductant,

[(Me3Si),N], Tm(THF), before reaction with nitrogen led to a highly C A
reactive purple solid which has not yet been obtained in pure form. S S
Similar solutions of the more reactive By#1”and 2 equiv of &
NaN(SiMe), in THF are unstable even at30 °C, and the = "%;‘,e" P

analogous dysprosium reaction was conducted7@®°C. A purple

. . . . Fi 2. Thermal ellipsoid plot ob drawn at the 50% probability level.
solution develops in this case which gradually changes to brown fgure P P °p y

upon exposure to nitrogen. From this mixture, orafigélesSi):N].- THF solutions of the most strongly reducing diiodide of this
(THF)Dy} o(u-n%n?-Ny), 2, is obtained?®19 series, Ndj, 1417 are not stable at room temperature. Isolation of a
X-ray crystallography revealed that complexésand 2 are dinitrogen reduction product directly from Nglin the absence of

isomorphous. Each metal is formally five-coordinate and there are other ancillary ligands has not yet been accomplished, but in the
no obvious agostic Ln-MesSi interactions as often occur in  presence of 2 equiv of KOEsBux-2,6 (KOAr), the light blue-
lanthanide N(SiMg), complexe$® The NN distances il and2 green dinitrogen complex [(ArQTHF):Nd]x(u-72n?-Ny), 5, is

are 1.264(7) A and 1.305(6) A, respectively. These are in the double generated, Figure 2:23This is the first successful use of the highly

bond regiof! and are close to the valuesf{ifCsHs(SiMes),] . Tm} 2N, reactive Nd} as a starting material for productive Nd(ll)-based
3, 1.259(4) A, and [CsH4(SiMes)] o THF) Tm} 2N, 4, 1.236(8) A? reduction.

The N-Ln—N angles inl and 2, 32.11(18) and 32.97(14) The structure ob has an MN, unit similar to those ofl—4.
respectively, are within experimental error of those3imand 4, The NN distance is 1.242(7) A, and the-Nld—N and Nd-N—
32.16(10j and 31.34(18) respectively. Nd angles are 30.0(2and 150.0(2), respectively (see Table 1).
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Table 1. Selected Bond Lengths (A) and Angles (deg) in {[(MesSi)2N]o(THF)Tm} 2(u-42:4%-Ny), 1, {[(Me3Si)aN]o(THF)Dy} »(u-72:92-N>), 2, and

[(2,6-Bu2CsH30)2(THF)2Nd]a(u-72:%72-N2), 5

1 2 5
Tm(1)-N(1) 2.216(4) Dy(1)-N(1) 2.250(2) Nd(13-0(1) 2.234(3)
Tm(1)-N(2) 2.234(4) Dy(1¥-N(2) 2.267(2) Nd(1}0(2) 2.203(3)
Tm(1)-N(3) 2.275(4) Dy(1)>-N(3) 2.287(3) Nd(1}N(1) 2.401(3)
Tm(1)-N(3) 2.296(4) Dy(13-N(3Y 2.312(3) Nd(1)-N(1y 2.397(4)
Tm(1)-0(1) 2.361(4) Dy(1)-0(1) 2.405(2) Nd(1}0(3) 2.505(3)
Tm(1)-N(3)—-Tm(Ly 147.9(2) Dy(1)y-N(3)—-Dy(1y 147.0(1) Nd(1}-0(4) 2.582(3)
N(3)—Tm(1)-N(3Y 32.1(2) N(3)-Dy(1)~N(3) 33.0(1) Nd(1)~N(1)—Nd(1) 150.0(2)
N(L) —Nd(1)-N(1) 30.0(2)

Complex5 differs from1—4 in that it containgwo THF molecules
solvated to each metal. Since this collection of ligands on
neodymium is likely to generate a flexible coordination environ-
ment, it appears that the structure of theNylunit is not enforced

by the ancillary ligands, but is a favored geometry for dinitrogen
with two lanthanide metal ions.

The results reported here suggest that there should be an extensive

dinitrogen chemistry with the Tm(ll), Dy(Il), and Nd(Il) ions. Many
combinations of these metals and ligands should yielg)%(N
complexes, and these in turn significantly expand the opportunities
to study further reduction of the Nunit. The opportunity to use
ligands as robust as aryloxides for dinitrogen reduction also suggests
that cyclic processes for dinitrogen conversions may be possible
with these metals. These results also indicate that the formerly
unusual planar MN, geometry does not require any special ancillary
ligand environment to form.

The facile reduction of dinitrogen in the presence of a variety
of ligand types may explain why these strongly reducing i6ns
have been difficult to handle in the pd4€+2>The neodymium
reaction demonstrates that this highly reducing ion in -2
oxidation state can be tamed with the proper ligand set to do
productive divalent lanthanide reduction chemistry.
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