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The reduction of dinitrogen has been studied for many decades

with a variety of metal ligand systems in efforts to understand
the facile conversion to ammonia accomplished by natural
systems:3 The recent isolation of the first molecular complex
of thulium(ll), namely Tmj(DME)s,* provides an opportunity to
approach dinitrogen reduction chemistry with a new metal

oxidation state system, a situation that is unusual since most o
the oxidation states thermodynamically accessible in molecular
complexes have already been discovered. Although preliminary

studie$ suggested that Tm(Il) might be too reactive to be as
readily utilized as samarium(ll), e.g. no organometallic Tm(ll)

derivatives have been isolable so far, it has recently been shown

that Tmk can function in organic synthesis as a much more
powerful replacement for SIHMPAS (reduction potentials vs
NHE: Tm(ll) —2.3 V; Sm(ll) —1.5 V)

We now report that Tm(ll) can be used in situ to accomplish
dinitrogen reduction chemistry via organometallic intermediates.
This provides a new option in dinitrogen reduction chemistry and

demonstrates that organometallic Tm(ll) chemistry is accessible.

It is also noteworthy that with this new oxidation state, formation
of organometallic dinitrogen complexes is facile, even in the
absenceof the common ancillary ligand, {Mes.

Tml,, prepared directly from Tm and,f reacts with KGMes
in Et,O under nitrogen to form a white precipitate and a reddish
orange solution from which [(§Mes),Tm].N,, 1, can be crystal-
lized in 55% yield? The complex was characterized by infrared
spectroscopy and X-ray crystallograpiyeq 1.

Complex 1 is not isomorphous with the analogous Sm(ll)
dinitrogen reduction product [@®es),SmLN,, 2,1 but it has a
similar structure with a coplanar TN, subunit. This unusual
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mode of dinitrogen coordination, first observed with solvent-free
(CsMes).Sm8 has not subsequently been found in other metal-
locene systems to our knowledge, although it has been observed
in nitrogen-donor ligand system$:1° Unfortunately, the struc-

tural data were poor and a detailed analysis of the bondirig in

fwas not possible.

The control reaction of Tmiwith KCsMes in ELO under argon
proceeds differently. It forms a purple solutithat changes color
to orange when dinitrogen is added. In the absence of nitrogen,
the purple solution slowly changes to yellow-orange over a period
of hours. Isolated from this solution were yellow crystals of a
complex which indicated that diethyl ether cleavage had oc-
CU""Ed:Zl[(CBMes)sz]z(ﬂ'oEt)Z[(CsMes)Tm](/l'o)[Tm(CsMes)z],
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Although the crystallographic data obtained brand 3 did
not provide structural details, they did show the strong reducing
power of Tm(ll) in the presence of theles~ ligand. One way
to modify the reduction potential of this system and to possibly
obtain better structural data was to use trimethylsilyl-substituted
cyclopentadienyl ligands. Lappert has shown thgt{SiMes),
can be effective for this purpose.
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Figure 1. Structure of4 with thermal ellipsoids drawn at the 50%
probability level. Selected bond lengths (A) and angles (deg): N(1)
N(1'), 1.259(4); Tm(1)}N(1), 2.273(2); Tm(1)}N(1), 2.272(2); Tm(1)
Ring Centroid, 2.328; Tm(%)Ring Centroid, 2.323; Ring Centroid m—
Ring Centroid, 138.8; Tm(H)N(1)—Tm(1), 147.84(10); N(1y Tm(1)—
N(1'), 32.16(10).

The reaction of KGH3(SiMes), with Tml, in ELO under
nitrogert® forms a dark yellow solution from which dark yellow
crystals off [CsH3(SiMes),].Tm} 2N, 4, Figure 1, can be isolated
in 85% yield?* Excellent crystallographic data were obtained
which provided details on the structure, which is similar to those
of 1 and2. The two bent metallocene units complex the dinitrogen

Figure 2. Structure of5 with thermal ellipsoids drawn at the 50%
probability level. Selected bond lengths (A) and angles (deg): N(1)
N(Z'), 1.236(8); Tm(1)-N(1), 2.302(4); Tm(1}N(1'), 2.274(4); Tm(1y
Ring Centroid, 2.355; Tm(3)Ring Centroid, 2.371; Ring Centroid
Tm(1)—Ring Centroid, 132.2; Tm(H)N(1)—Tm(1'), 148.22(19); N(1)
Tm(1)—N(1'), 31.34(18).

observable reaction. However, reaction in THF under nitrogen
forms an olive green complex from which the THF adduct
{[CsH4(SiMes3)] . Tm(THF)} ,N,, 5, can be isolated in 87% yiefd.

As shown in Figure 2, even in the presence of coordinated THF,
the two metallocene units complex the dinitrogen side on in the
same plane. The 1.236(8) A NN distanceiis equivalent within

such that the two Tm centers and the two nitrogen atoms are €xperimental error to that iy, which shows that even this;B,-

coplanar. The 1.259(4) A NN distance 4ris much longer than
the 1.088 A distance i28 and the 1.097 A distance in free,f%
This is consistent with the much stronger reduction potential of
Tm(Il) vs Sm(ll).

Although there are numerous systems in which th&l€
(SiMes), ligand can effect chemistry similar tosKles,?¢ the
monosubstituted trimethylsilylcyclopentadienyl ligandsHg
(SiMes), is used much less frequently. However, we find that this
ligand is also useful in isolating a thulium dinitrogen complex.
Moreover the reaction can be done in THF, a solvent that
decomposes the samarium dinitrogen complexsNI€s).SmEN,,

2,11 to form (GMes),Sm(THF) and N.. Reaction of Tny with
KCsH4(SiMes) in Et,O under nitrogen or argon fails to give an
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(260 mg, 1.05 mmol) in 10 mL of ED. After being stirred 5 h, the solution
was centrifuged to remove a white precipitate (KI) leaving a dark yellow
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Si, 17.40. Found: C, 43.44; H, 7.05; N, 2.18; Si, 17 8%rystallizes in the
space groufPl with a = 11.2674(4) Ab = 12.4255(5) Ac = 13.4634(5)

A, 00 =112.9470(10), B = 93.3990(10), y = 102.8430(10). V = 1669.82-
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located from a difference Fourier map and refingdy, z, and Ui,). At
convergencewR2 = 0.0527 and GOF= 1.064 for 506 variables refined
against 7905 data. As a comparison for refinementpR1 = 0.0221 for
those 7218 data with > 2.00(1).
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(SiMes)-complexed Tm(ll) can be a strong reductant.

These results show that Tm(ll) can be used to effect reduction
chemistry in an organometallic environment even though the large
reduction potential limits the stability of Tm(ll) organometallic
compounds. Not only reduction of dinitrogen but also cleavage
of diethyl ether is observed, and this suggests extensive organo-
metallic chemistry is possible under the proper conditions. These
results also show that the planarnNé geometry in [(GMes),-
SmLN; is not a rare anomaly, but may be common to the
lanthanide metallocenes, even in the presence of THF. Access to
such complexes with the smaller, more reducing thulium and with
a variety of cyclopentadienyl ligands including M#CsH,4 opens
new options to study this dinitrogen chemistry. The extent of this
high Tm(ll) reactivity is being explored.
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(27){[CsH4(SiMe3)],Tm(THF) } 2N2, 5. A solution of KGH4(SiMes) (230
mg, 1.3 mmol) in 5 mL of THF was added to an emerald green solution of
Tml, (275 mg, 0.65 mmol) in 10 mL of THF. The color immediately changed
to olive green. Concentration to half the volume and addition of 5 mL of
ether/hexanes, followed by cooling 630 °C led to olive green crystals of
5 (300 mg, 87%) suitable for crystallography. IR (cth 3686w, 3057w,
2953vs, 2926vs, 2856vs, 1567w, 1459s, 1378w, 1247m, 1181w, 1077w,
1038m, 1015m, 907w, 834s, 799m, 752w, 687w. Anal. Calcd fgtl§&N.O,-
Si,Tmy: C, 45.36; H, 6.47; N, 2.64. Found: C, 45.10; H, 6.44; N, 2839.
crystallizes in the orthorhombic space grdegid2 with a = 18.7713(8) Ab
="23.0503(10) Ac = 23.3755(10) Ao = 90°, f = 9C°, y = 90°. V =
10114.2(8) &, andpcaca= 1.391 Mg/nd for Z = 8 at 168 K. At convergence,
WR2 = 0.0754 and GOF= 1.082 for 217 variables refined against 6139 data
(as a cozn)garison for refinement &nR1 = 0.0290 for those 5483 data with
I > 2.00(1)).




