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Reaction of sodium 1,2,4-tris(trimethylsilyl)cyclopentadienide [Na(@pvith [Tml (THF);] afforded
the divalent thulium complex [(CY),Tm(THF)]. Its crystal structure is similar to that of the previously
described [(C).Tm(THF)] (Cp" = 1,2,4-trisert-butyl)cyclopentadienyl). [(CH).Tml] was prepared
by reaction of Tmy with [K(Cp'")] and could be reduced by KGnto a new unsolvated, homoleptic
complex, [(CP')2Tm], which was characterized by NMR. [(CPp.Tm] gave [(Cp'").Tm(THF)] by
interaction with THF. A convenient alternative pathway to [(Fm] by reduction of [(Cf),Tm-
(BH4)] with KCg was found: [(Cf).Tm(BH,)] derives from [Tm(BH)s(THF)3], which can be prepared
from the less expensive Tm{IOn the other hand, the dimdgr(Cp").Tml} ;] (Cp® = 1,3-bisfert-butyl)-
cyclopentadienyl), obtained by reaction of Tmlith [Na(Cp!)], gave only intractable results by reaction
with KCg. The previously described Theomplex [(DtpyTm] (Dtp = 2,5-ditert-butyl-3,4-dimethylphos-
pholyl) and the new, homoleptic, structurally characterized' Timer [ (Htp),Tm},] (Htp = 2,5-di-
tert-butylphospholyl) were prepared by KCeduction of [(Dtp}Tml] and [ (Htp).Tml},], respec-
tively. Reaction of [(Cf#),Tm] with pyridine resulted in an immediate reduction of pyridine into'-1,1
bis(1,4-dihydropyridylamide) and the formation of the structurally characterigédpf),Tm} o u-
(NCsHs-CsHsN)}, while the reaction of [(Dtg)Tm] with pyridine gave no isolable complexes. An NMR
study suggests that initially a simple Tradduct such as [(Dtg) m(pyridine)] is formed in this reaction.

Introduction However, an early attempt to synthesize [{Gm] [CpR =
1,3-(tBuMeSi),CsH3] by potassium reduction of (CpR)2Tml} 4]
was reported to be unsuccessful.

So, it appears that there are now two distinct methods for
the synthesis of organothulium(ll) complexethe simple
metathesis technique using Tnas divalent precursor and the
reductive pathway as described abowamd that the obtaining
of stable complexes may depend both on the substitution pattern
around Tm and on the choice of the synthetic method.

Therefore, in order to get a better understanding of the factors
that govern the stability and reactivity of organothulium(ll)
complexes, we have undertaken the synthesis of new homoleptic
and heteroleptic cyclopentadienyl and phospholyl complexes of
Tm''. We also report on the reaction of some of them with
pyridine.

Although organothulium(ll) complexes can no longer be
considered as rarities, the organometallic chemistry of thulium-
(I1) is still in its beginning, as the vast majority of organolan-
thanide(ll) complexes include Sm, Eu, and Yb as métdlsis
is in part because, until a practical route to the diiodide JI'ml
using solution chemistry was found recertiythis useful
precursor was available only by high-temperature, solid-state
techniques.Also, solvated complexes such ag h(Solv), (L
= ligand, Solv= donor solvent), which are so common with
Ln = Sm, Eu, and Yb, are not always stable with £nTm:
for instance, although [(Cp3Tm(DME),] (Cp* = 1,2,3,4,5-
pentamethylcyclopentadienyl, DME 1,2-dimethoxyethane)
may have been observed transiently, it was not isotaMdst
likely, the compound decomposed by electron transfer from the
highly reducing thulium(ll) to the coordinated solvént. ) )

We recently showed that it was not necessary to use aml Results and Discussion
the source of divalent thulium for the synthesis of organothu-
lium(ll) complexes: the unsolvated Tneomplex [(CfY),Tm]é
Q) [Cp™ = 1,2,4-(tBu}CsH;] could as well be made by
chemical reduction of the Ttprecursor [(C[).Tml] with KCs.

Cyclopentadienyl ComplexesThe stability of most cyclo-
pentadienyl complexes of Tmprepared so far appears
rather limited: [(Cp*}Tm(THF)] could not be isolate,and,
although both [(CP).Tm(THF)] [(Cp’ = 1,3-(M&Si),CsH3]®
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of [(Cp™),Tm] (1) and [(CpY).Tm(THF)] (2), which were both
stable at room temperatutd.herefore, it seemed likely that a
complex of Tt with the more bulky Cfy ligand [Cp" = 1,2,4-
(MesSi);CsH,] would also be more stable than with the'Cp
ligand. Indeed, when [Na(Cp] was reacted with Tm(THF)3,

a purple solution, stable at room temperature, was obtained, from
which crystals were obtained after treatment. Like with other
Tm" complexes, we observed in the paramagnetically shifted
NMR spectrum of the isolated product three peaks correspond-
ing to two equivalent MgSi groups, one distinct M&i group,

and the two ring CH’s. However, since we could not ascertain
from the NMR spectrum whether THF was coordinated td'Tm
in the isolated product, we undertook an X-ray crystal analysis,
which revealed that the product was in fact the solvated
3: [(Cp")2Tm(THF)] (Scheme 1 and Figure 1). Note that
[(Cp™),TM(THF)] lost the coordinated THF molecule during
workup$

One of the main structural features ®fs the value of the
Tm—0 bond distance (Tm1011= 2.457(2) A). This value is
slightly shorter than that previously found (2.473(2) A)S
but, on the whole, the steric bulk of the Cmand that of Cf¥
are quite similar; however, the THF is more tightly held3n
than in2: it was not possible to remove it by pumping, or
otherwise without decomposition. This might be due to an
electronic effect since the silyl-substituted'Cjs less electron-
donating than C and the TrA" ion is likely to be more Lewis
acidic in3 than in2.

We thus undertook the synthesis of a"Toomplex with the
Cp" ligand by the reductive pathway, which can be entirely
conducted in noncoordinating solvents: reaction of [K(QJp
with Tmlz afforded [(Cp'")2Tml] (4), which was characterized
by elemental analysis and X-ray. also displayed an NMR
spectrum consisting of two peaks at 50 and 160 ppm that could
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ously reported as giving two peaks that were difficult to
integrate. A much better spectrum of this compound could be
obtained, in which three tBu peaks-ai5, 90, and 350 ppm in

a 1:1:1 ratio were present. Thus, it appears that the low-field
signal at 350 ppm was missed in the previously reported
spectrunf

Reduction of4 with KCg afforded a dark green complex,
extremely soluble im-pentane, that unfortunately could not be
obtained crystalline. Nonetheless, we could establish its identity
as the unsolvated homoleptic [(CpTm] (5) on the following
bases: (a) its proton NMR spectrum displays the Sildled
ring CH resonances at chemical shifts that are significantly
different from that of3; (b) after addition of THF t&, the color
of the solution changed to purple and a purple product was
isolated, which was identified & on the basis of its NMR
spectrum (Scheme 2 and Figure 2).

A disadvantage of the reductive pathway is the use of the
commercially available, but nonetheless very expensivesTml
so it appears that another Thprecursor would be desirable.
Unfortunately, reaction of either [Na(&}j or [K(Cp™)] with
the less expensive Tmgfailed to give [(C#),TmCI]. This
result can be related to very recent findings by Sitzmann et al.,
who also failed to obtain by the same route [{nClI], where
Ln is a small lanthanide such as Yb or Lu, similar in size to
Tm.lo

However, TmC{ could be easily transformed into [Tm(B}3
(THF)3] by reaction with sodium borohydridé, and reac-

be accurately integrated (in a 2:1 ratio); these peaks correspondion of this thulium(lll) borohydride with [K(CH)] gave

to the SiMe groups on the ring. This observation prompted us
to reinvestigate the spectrum of [(&pTml], which we previ-

a

Figure 1. ORTEP plot (50% ellipsoids) of one molecule of
[(Cp")2Tm(THF)] (3). Hydrogen atoms have been omitted for
clarity.

-

[(Cp™)2TM(BHy4)] (6), which was characterized by elemental

[(Cp"")2TmlI] (4). Hydrogen atoms have been omitted for clarity.
There are three independent molecules in the unit cell, one of which
(represented in the figure) possesseG2aaxis along the Trtl
bond.
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analysis and X-ray. Its proton NMR spectrum displays three
tBu peaks, at chemical shifts similar to those found in the revised
spectrum of [(CH),Tml].

Subsequent reduction 6fwith KCg proceeded as previously ~ Figure 4. ORTEP plot (50% ellipsoids) of one molecule of
described for [(CB);Tml] and also affordedL, which was [{(CpY2Tml} ;] (7). Hydrogen atoms have been omitted for clarity.
characterized by NMR (Scheme 3 and Figure 3).

We think that this alternative synthesis bfis of interest
because, since the commercially available TgnChn be R R i
alternatively obtained from thulium oxid@jt can thus be shown o Trmlg R@f Bu
that an access to Thorganometallic chemistry is possible by +Bu~Np~tBu T R R Tm—I
using TmOs as precursor, which is the least expensive source K t.Bu»@xt.Bu n
of thulium. ke

Finally, in order to test the limits of this method, we attempted / italvial
to synthesize a Tt complex with a lesser-substituted lig-
and (Cp) by the reductive pathway. Reaction of [Na{Qp tBu
with Tmlz afforded a solid-state centrosymmetric dimer, R
[{(CPY2Tml}] (7), which was characterized by elemental R RRTm
analysis and X-ray (Figure 4). t_Buj\%\tB

The proton NMR of7 displayed only one peak at 214 ppm eun
for the tBu groups. 10:R=Me, n=1

The overall structure of is similar to that of the already '
mentioned {(CpR).Tml}];” thus, removal of one tBu group
on the cyclopentadienyl ring has diminished steric satura- fe
tion to such an extent that, while the previously described
[(Cp™),TmI] is a solid-state monomer, is now a dimer.

However, all attempts to redud@ewith KCg led to intractable

Scheme 4

Phospholyl Complexes.Our purpose was to establish the
asibility of the synthesis of Tinphospholyl complexes by
the reductive pathway. Like their cyclopentadienyl counterparts,
phospholylthulium(lll) complexes can be made by reaction of
potassium phospholides with TgnlThus, the reaction of

results. Thus, it might be that, even in the absence of polar [K(Dtp)]®2 (Dtp = 2,5-tBw-3,4-MeC4P) or [K(Htp)] (Htp =

solvents, [(CB).Tm] is not sufficiently stable at room temper- 2 5-tBw-H2C4P) with Tml; respectively afforded [(DtgFmi]
ature to be isolated.

(8) and an axially symmetric dimer: {(Htp).Tml}2] (9)
(Scheme 4 and Figures 5 and 6). As fgrthe proton NMR
spectrum of9 shows again only one peak for the tBu groups
(85 ppm).

Depending on the substitution pattern on the phospholyl ring,
a monomeric §) or a dimeric 9) Tm"' iodide complex can be
obtained.

Reduction o8 with KCg was successful: the reaction mixture
gradually turned emerald green and the known [(Bfp)]*2
(10) was formed, which was identified by its proton and
phosphorus NMR spectra. Whénwas submitted to the same
reaction conditions, a new homoleptic complex of 'Trthe
centrosymmetric dimei [Htp),Tm} 5] (11), was obtained, which
was characterized by its X-ray crystal structure (Figure 7).

(10) Walter, M. D.; Bentz, D.; Weber, F.; Schmitt, O.; Wolmensser,
G.; Sitzmann, HNew J. Chem2007, 31, 305-318.

(11) Cendrowski-Guillaume, S. M.; Le Gland, G.; Nierlich, M.; Ephri-
tikhine, M. Organometallics200Q 19, 5654-5660.

(12) Taylor, M. D.; Carter, C. Rl. Inorg. Nucl. Chem1962 24, 387—
391.
[(CP™2Tm(BH4)] (6). Hydrogen atoms (except those on the (13) Turcitu, D.; Nief, F.; Ricard, LChem—Eur. J. 2003 9, 4916~
borohydride) have been omitted for clarity. 4923.
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Figure 5. ORTEP plot (50% ellipsoids) of one molecule of
[(Dtp),Tml] (8). Hydrogen atoms have been omitted for clarity.

Figure 6. ORTEP plot (50% ellipsoids) of one molecule of

{[(Htp).TmlI]}> (9). Hydrogen atoms have been omitted for clarity.

Figure 7. ORTEP plot (50% ellipsoids) of one molecule of

[{ (Htp),Tm} ;] (11). There are two independent dimers in the unit
cell; only one is represented in the figure. Hydrogen atoms have

been omitted for clarity.

This structure is strikingly similar to that of the previously

described {(Dtp),Sn},].13 Just like in this complexg—x

bonding of one phospholyl ligand to Tm leads to the dimeric
formulation of 11, and there is also an interaction between
thulium and a methyl group belonging to one of the tBu groups

a to phosphorus (Tm3C18_2= 3.20 A in 11 versus Sm%
C20_2=13.25 A in [{ (Dtp):Sim} 5]%3). Like with [{ (Dtp):Sii 2],

Organometallics, Vol. 26, No. 14, 2003555

the proton NMR spectrum df1 suggests that this compound
is monomeric in solution. We could not observe tH@
resonance ofl; however, upon addition of THF, we observed
a peak at the chemical shift of [(HgT)M(THF)] (—290 ppm)?

This result supplements those obtained previously in the field
of homoleptic L# phospholyl complexes: by switching from
the big Sri to the smaller T, the structure of the bis(Dtp)-
lanthanide complex changes from dimeric to monomEnidhile
by switching from the big Dtp ligand to the smaller Htp, the
structure of the bis(phospholyl)thulium complex changes from
monomeric to dimeric. Note thall is only the second
structurally characterized homoleptic complex of'Tamd that
it could not be obtained by desolvation of the known [(HTjm)-
(THF)]:® all attempts to remove the solvent by pumping or
otherwise were unsuccessful or resulted in decomposition.

Reactivity with Pyridine. The reactivity of bis(phospholyl)-
versus that of bis(cyclopentadienyl)thulium(ll) homoleptic
complexes is likely to be sensitive to the relative steric bulk of
the z-ligands. Since the crystal structures of four complexes,
[L2TmI] and [L,Tm(THF)] (L = Dtp or CgY%), are available, it
is possible to compare the steric bulk of the Dtp anéf @gands
by examination of the TmO(THF) bond distance in the T
complexes, the Tml bond distance in the Tth complexes,
and the dihedral angle between the two planaft@p Dtp
m-ligands (Table 2). From this table it is clear that the Dtp and
Cp' ligands are sterically very similar. In the Tncomplexes,
the Cp" ligand might be a little bigger than the Dtp ligand, as
indicated by the slightly longer TmO bond and smaller
dihedral angle in [(C§),Tm(THF)]; however, these differences
become insignificant in the Tt complexes.

Bochkarev and Schumann have recently described the reduc-
tive dimerization of pyridine with thulium diiodid&, and we
felt that this reaction would constitute a good test of the
respective reducing power of the phospholyl and the cyclopen-
tadienyl complexes of Tt We had previous evidence that the
phospholyl complexes are more stable than their cyclopenta-
dienyl counterpart8and thus we expected the reactivity of the
phospholyl complexes to be weaker.

Reaction ofl with pyridine resulted in an instantaneous
color change from purple to orange, and like in Bochkarev’'s
case, we were able to isolate crystals of a product containing
the 1,1-bis(1,4-dihydropyridylamide) ligand:{{Cp"),Tm},-
{u-(NCsHs-CsHsN)}] (12) (Scheme 5 and Figure 8). However,
when unsolvated [(DtpIm] (10) was treated with pyridine,
the reaction mixture turned deep red and we were unable to
obtain any tractable material after workup; we therefore decided
to investigate the reaction betwe&f and pyridine by NMR.
Initially, the proton spectrum of an equimolecular mixture of
10and pyridine displayed two peaks corresponding respectively
to the tBu protons at 45 ppm and to the Me protons-ag
ppm; additionally, a broad signal at 3 ppm that was attributed
to pyridine was observed. The chemical shift of the tBu and
Me protons are similar to that found in [(Dg)m(THF)[*4 (59
and —23 ppm, rspectively). The phosphorus spectrum of the
10/pyridine mixture was found at270 ppm, in the range of
other solvated Trthspecies such as [(Dt)m(THF)[*4 (—338
ppm) and [(Htp)TM(THF)]° (—290 ppm). However, after 5 min
at room temperature, the proton spectrum began to degrade and
after 30 min the tBu and Me protons could no longer be
detected. On these bases, we postulate that the initial species
present in thelO/pyridine mixture was still a Tth complex,

(14) Nief, F.; Turcitu, D.; Ricard, LChem. Commur2002 1646-1647.
(15) Fedushkin, I. L.; Nevodchikov, V. I.; Bochkarev, M. N.; Dechert,
S.; Schumann, HRuss. Chem. BulR003 52, 154—159.
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the synthesis of [(CH).Tm(THF)] (3), stable at room temper-

Organometallics, Vol. 26, No. 14, 2003557

solution was centrifuged and evaporated. After washing with cold

ature in THF solution. The second approach concerns the pentane, purd was obtained in 48% yield (23 mg, 0.04 mmol).

chemical reduction of an organothulium(lll) precursor: with

The 'H NMR spectrum was identical to the one previously

the use of K@ as the reducing agent in nonpolar solvents, we reportec®

were able to transform [(C).Tml] into [(Cpt),Tm],% and we
now describe the conversion of the nindides [(Cp")2Tml]
(4) and [ (Htp),Tml} 2] (9) respectively into the new homoleptic
Tm" complexes [(CP).Tm] (5) and [(Htp),Tm},] (11).
Additionally, we have shown that the known [(Dipjn] and
[(Cp™),Tm] could also be obtained by reduction of [(Dfpinl]
(8) and [(CpPY2Tm(BH4)] (6), respectively. The use of an

organothulium(lll) borohydride as precursor is interesting

because it can be ultimately obtained from ;0g the least

expensive source of thulium, through its described transforma-

tion into TMCE and further into Tm(Bk)3(THF)s.

We have investigated the reactivity of the sterically equivalent

[(Cp™),Tm] and [(DtpyTm] with pyridine. With [(Cp%)2Tm],
an immediate reaction occurred and we obtained d Tom-
plex with a reductively coupled bipyridinyl ligand{ (Cp").-
Tm}of u-(NCsHs-CsHsN)} ] (12). With [(Dtp).Tm], although no

[(Cp"")2Tm(THF)] (3). Onto a mixture of [Tmy(THF)3] (0.10
g, 0.16 mmol) and [Na(Cp)] (0.09 g, 0.31 mmol), diethyl ether
(10 mL) was condensed at78 °C, and the reaction was allowed
to warm to room temperature under stirring. Afgeh the resulting
violet solution was filtered and evaporated. Recrystallization from
pentane at-30 °C led to the isolation of the purg as a violet
crystalline solid in 32% yield (0.04 g, 0.05 mmotH NMR (300
MHz, CsDg): 6 (ppm) 53 (br s, 18Hw,, ~ 1 kHz, Si((H3)3), 14
(br s, 36HW o ~ 1 kHz, SI(CH3)3), —23 (bl’ S, 4Hw o~ 1 kHz,
CH). tterr = 5.0 ug (Evans’ NMR method).

[(Cp"")2TmlI] (4). From the reaction of Tml(0.30 g, 0.55 mmol)
and [K(Cp')] (0.38 g, 1.2 mmol) according to the GRB,was
obtained as a yellow powder in 53% yield (0.25 g, 0.29 mnidl).
NMR (300 MHz, GD15): 6 (ppm) 157 (br s, 18Hwy, ~ 2 kHz,
Si(CHs)3), 48 (br s, 36HW1, ~ 4 kHz, Si((H3)3). Anal. Calcd for
CagHsglSisTm (859.11): C, 39.15; H, 6.80. Found: C, 39.52; H,
6.54. Crystals suitable for X-ray analysis were obtained from

complex could be isolated, an NMR study suggests that initially syplimation at 220C and 162 mbar.

a simple T adduct of [(Dtp}Tm] with pyridine such as
[(Dtp).Tm(pyridine)] was formed. These findings confirm the
higher stability and lower reactivity of phospholylthulium(ll)

[(Cp"")2Tm] (5). To a solution of [(CE'),TmI] (0.10 g, 0.11
mmol) in cyclohexane (6 mL) was added K©.16 g, 1.2 mmol)
in small portions. After 48 h the dark green solution was centrifuged

complexes compared to that of cyclopentadienylthulium(ll) of and evaporated. Addition of some drops of cyclohexane to the oily

similar steric bulk.
We will now attempt to expand the reactivity pattern of the

residue led to the precipitation of pubeas a dark green solid in
42% vyield (0.03 g, 0.05 mmoltH NMR (300 MHz, GD1): o

Tm'" complexes, by allowing them to react with small molecules (ppm) 24 (br s, 18Hwi, ~ 60 Hz, Si(GHs)s), 21 (br s, 36Hwy,

such as carbon monoxide.

Experimental Section

General Procedures.All reactions were performed under an

~ 90 Hz, Si(H3)3), —54 (br s, 4H,w;, ~ 600 Hz, GH).
[(Cp'™),Tm(BH4)] (6). From the reaction of [Tm(Blj3(THF)3]
(0.30 g, 0.70 mmol) and [K(CH] (0.42 g, 1.54 mmol) according
to the GP,6 was obtained as a yellow powder in 73% vyield
(0.33 g, 0.51 mmol)tH NMR (300 MHz, GD1,): o (ppm)

inert atmosphere with purified dry, deoxygenated solvents by using 279 (br s, 18Hw;, ~ 3 kHz, tBu), 107 (br s, 18Hy ~ 3 kHz,
vacuum line and drybox techniques. The following compounds were tBu), —26 (br s, 18H,wi» ~ 2 kHz, tBu). Anal. Calcd for

prepared according to literature procedures: [N&(G [K(Cp'™)],18
[K(Cp")L** [K(Dtp)], ** [K(Htp)],® [TmIo(THF)g],® KCs.2° [K(Cp)]
was prepared with KH and H@pB! according to the procedure
reported for [K(C#)]. [Tm(BH,4)3(THF)s] was prepared from Tmgl

Cs4Hs:BTm (650.60): C, 62.77; H, 9.61. Found: C, 62.79; H, 9.69.
Crystals suitable for X-ray analysis were obtained from pentane at
—30°C.

[{(Cp"),Tml};] (7). From the reaction of Tml(0.30 g, 0.55

and NaBH according to the method described for the synthesis of mmol) and [K(Cf)] (0.26 g, 1.2 mmol) according to the GP,

[Nd(BH4)3(THF)3].1t All other materials were commercially avail-

was obtained as a yellow powder in 66% yield (0.23 g, 0.18 mmol).

able and used without further purification. Elemental analyses were 14 NMR (300 MHz, GD12): ¢ (ppm) 214 (br swi ~ 3 kHz,

performed at the “Service de Microanalyse de I'Univérgie
Dijon”, Dijon (Bourgogne), France.

General Procedure (GP) for the Synthesis of the T
Complexes LTmX (L = Cp"', Cp™t, Cp%, Dtp, Htp; X =1,
BH,). In the glovebox a mixture of [TmXTHF),] (for X =1,y =
0; for X = BHs y = 3) (1.0 equiv) and K(L) (2.2 equiv) was

tBu). Anal. Calcd for GyHg4l,Tm, (1300.90): C, 48.01; H, 6.51.
Found: C, 47.99; H, 6.69. Crystals suitable for X-ray analysis were
obtained from pentane at30 °C.

[(Dtp) ,TmI] (8). From the reaction of Tml(0.40 g, 0.72 mmaol)
and [K(Dtp)] (0.42 g, 1.58 mmol) according to the G® was
obtained as a yellow powder in 78% yield (0.42 g, 0.56 mnidl).

prepared in a Schlenk tube fitted with a J. Young valve. Toluene NMR (300 MHz, GDe): 6 (ppm) 167 (br swy, ~ 9 kHz, tBu).

(20 mL) was condensed onto this mixture -a78 °C, and the

Anal. No correct analysis could be obtained. Crystals suitable for

suspension was allowed to warm to room temperature. Under X-ray analysis were obtained from sublimation at 19D and

stirring the reaction was heated to reflux for 48 h. After that time

the yellow solution was cooled to room temperature and centrifuged.
The solvent was evaporated and the crude product was recrystallizedmmoD and [K(Htp)] (0.18 g

from pentane at-30 °C.

[(Cp™),Tm]® (1). To a solution of [(Cf),Tm(BH,4)] (50 mg,
0.08 mmol) in pentane (4 mL) was added K04 mg, 0.77
mmol), and the reaction was left for 48 h. The resulting violet

(17) Edelmann, M. A.; Hitchcock, P. B.; Hu, J.; Lappert, M.Neew J.
Chem.1995 19, 481-489.

(18) Harvey, M. J.; Hanusa, T. ®rganometallics200Q 19, 1556-
1566.

(19) Weber, F.; Sitzmann, H.; Schultz, M.; Sofield, C. D.; Andersen, R.

A. Organometallic2002 21, 3139-3146.

(20) Weitz, I. S.; Rabinowitz, MJ. Chem. Soc., Perkin Trans.1B93
117-120.

(21) Riemschneider, RZ. Naturforsch. Teil BL963 18, 641—-645.

10-3mbar.

[{(Htp),Tml};] (9). From the reaction of Tml(0.20 g, 0.36
0.79 mmol) according to the &GP,
was obtained as a yellow powder in 45% yield (0.11 g, 0.16 mmol).
IH NMR (300 MHz, GD12): 6 (ppm) 85 (br swy; ~ 3 kHz, tBu).
Anal. Calcd for GgHgol:PsTm, (1372.72): C, 42.00; H, 5.87.
Found: C, 42.11; H, 5.89. Crystals suitable for X-ray analysis were
obtained from pentane at30 °C.

[(Dtp),Tm]12 (10). To a solution of [(Dtp)TmI] (37 mg, 0.05
mmol) in pentane (4 mL) was added K@7 mg, 0.50 mmol),
and the reaction was left for 48 h. The resulting dark green solution
was centrifuged, and the volume was reduced to 2 mL under
vacuum. From the solution purE0 crystallized as a dark green
solid in 67% yield (20 mg, 0.03 mmol). The NMR spectfd (
31p) were identical to those previously reportéd.
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[{(Htp)2Tm};] (11). To a solution of { (Htp),Tml},] (25 mg, (300 MHz, GDg): 6 (ppm) 45 (br s, 36Hw;,, ~ 300 Hz, tBu), 3
0.018 mmol) in hexanes (2 mL) was added &G0 mg, 0.36 (br s, py),—22 (br s, 12Hwy, ~ 600 kHz, CH3). 3P NMR (120
mmol), and the reaction was shaken for 1 h. The resulting green MHz, C¢Dg): 6 (ppm) —260 (br s).
solution was centrifuged and transferred to a crystallization tube.  X-ray Experimental Section. All measurements were made with
From this solution puré1 crystallized at-30°C as green solid in  a Nonius KappaCCD diffractometer with a graphite-monochromated

15% vyield (3 mg, 0.003 mmolH NMR (300 MHz, GD1y): o Mo Ka source { = 0.71069 A) at 150 K. Further details are
(ppm) 40 (br s, 36HW1» =~ 1 kHz, tBu),—26 (br s, 4Hwy, ~ 1 presented in the .cif file (see Supporting Information).
kHz, CH).

[{(Cp™),Tm} A{ u-(NCsHs-CsHsN)}] (12). Addition of pyridine
(2.5 uL, 0.03 mmol) to a solution of [(C}).Tm] (20 mg, 0.03
mmol) in toluene (2 mL) at room temperature led to an immediate
color change to orange. After evaporation of the solvent, the residue
was dissolved in THF and crystals suitable for X-ray analysis were
grown from this solution at-30 °C, yielding red12 in 10% yield pF)unc_is3, 456 7,8 [(Cp‘“)sz_I]_, and [(DipyTm] and of t_he .
(4 mg, 0.003 mmol). 1..1 mixture of [(Dtp}Tm] and pyrldlne, and a crysta!lographlp C|f
Reaction of [(Dtp)Tm] (10) with Pyridine. Addition of file _for all structurally de_scrlbed compounds. This material is
pyridine (2.54L, 0.03 mmol) to a solution of [(DtYm] (19 mg, available free of charge via the Internet at http://pubs.acs.org.
0.03 mmol) in GDs (0.5 mL) led to the formation of a dark red
solution, which was stable for 30 min at room temperatifeNMR OM700316A

Acknowledgment. Financial support of this work was
provided by CNRS and Ecole Polytechnique.

Supporting Information Available: NMR spectra of com-



