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The ion undergoes condensation reactions, as well as hydride
transfer, with alkyl benzenes and condensation reactions (with
and without loss of H, from the product ion) with olefins.

Even though cyclopropenium ions [i.e., (C;H;*)] are unreactive
with the propargyl halides, acetylene, and benzene, these ions are
observed to react with a variety of compounds, although usually
at a much lower rate than the corresponding reactions of
CH,CCH*. For instance, ¢-C3;H;* reacts with unsaturated
molecules having four or more carbon atoms by condensation. This
ion also reacts with aldehydes by hydride transfer and with amines
through several mechanisms including hydride transfer and
condensation [k ~ (1-10) X 10719 cm3/molecule:s]. The cyclic
ions do not react with linear or branched alkanes (C4~C,,), even
though reactions which are exothermic by as much as 10 or 15
kcal/mol can be written for these systems.
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For many years, the organometallic chemistry of the lanthanide
elements has centered primarily on the 3+ oxidation state.?
During the past few years, we have investigated the low valent
chemistry of the lanthanide elements in an effort to develop a more
extensive chemistry for these metals than is found for their trivalent
complexes,*® and recently, interest in this area has increased
considerably.> 1!  As part of our research program, we have used
the metal vaporization technique!?'® to examine the reactivity
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Figure 1. ORTEP plot of the molecular structure of (CsMes),Sm(THF),.

of the zero-valent lanthanides with neutral unsaturated hydro-
carbons. These reactions have provided a variety of new classes
of organolanthanide complexes,*5? including some which display
catalytic activity.>® We report here the utility of this low valent
approach to lanthanide chemistry in providing access to soluble
divalent organosamarium complexes. These complexes are es-
pecially significant in light of recent interest in applying divalent
lanthanide chemistry to organic synthesis'*?° and catalytic re-
actions involving the Ln(III)/Ln(II) couple.”® Sm(II) is the most
reactive of the readily accessible divalent lanthanides [Sm(III)
+ ¢ — Sm(II):-1.50 V2], but the only previously synthesized
Sm(II) organometallics, (CsHs),Sm?? and (CH;CsH,),Sm, are
insoluble and hence of limited utility.

Vaporization of samarium metal into a mixture of penta-
methylcyclopentadiene in hexane in a rotary metal vaporization
reactor?® cooled by a petroleum ether slush bath kept at ca. =120
°C generates a yellow, then green, and finally black solution over
a period of 40 min. Filtration of the green-black reaction mixture
at room temperature in an inert atmosphere glove box separates
a solid, which, after washing with hexane and toluene, can be
extracted with tetrahydrofuran (THF) to form a purple-brown
solution. Removal of THF from this solution gives a product which
contains Sm(IT) and hydride ligands based on complete elemental
analysis, magnetic susceptibility, and deuteriolytic decomposition
which forms HD and D, in a 1.9:1 ratio.® Attempts to obtain
crystals of this reactive hydride from THF at low temperature
result in decomposition and/or ligand redistribution reactions
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position to I has precedent in organoytterbium chemistry.’
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which form a second divalent complex which contains much less
hydride (by deuteriolysis) and a smaller percentage of samarium.?
This latter divalent product can be purified, however, by a sub-
sequent low temperature THF recrystallization to provide purple,
crystalline (CsMes),Sm(THF), (I), identified by analytical,?
magnetic,?’ infrared,” and X-ray diffraction methods. Since this
reaction can be conveniently run to provide a recrystallized yield
of 0.5 g of I, this metal vapor synthesis provides the first
preparative scale route to a soluble divalent organosamarium
complex.?

I is not only the first soluble divalent organosamarium complex
but also the first structurally characterized divalent organo-
samarium system. Two crystallographically independent molecules
are found in the unit cell® and do not differ significantly in bonding
parameters. Figure 1 presents a view of one of the molecules.
Average Sm—C(n°) and Sm—O bond lengths are 2.86 (3) and 2.63
(1) A, respectively. In comparison, (CsMes), Yb(THF)(C;Hjg)os!°
has Yb-C(n®*) and Yb-O distances of 2.66 and 2.41 A, respec-
tively. The differences in these distances, 0.20 and 0.22 A, are
only slightly larger than the difference in ionic radii of Sm(II)
and Yb(II), 0.18%-0.19.32  The small lengthening can be at-
tributed to the more crowded coordination environment in the
disolvated 8-coordinate samarium case.

The 'H NMR spectrum of I** in C4D, the first reported NMR
spectrum of a divalent samarium complex, exhibited relatively
sharp singlets at 8 2.45 (30 H, Ay, = 8 Hz) and 443 (7T H, Ay,
= 33 Hz) and a broad absorption at § 17.99 (Ar,;, = 92 Hz§
Exchange of the solvated THF in I with THF-d gave a complex
which displayed only the 6 2.45 absorption. Hence, we assign this
absorption to CsMes, the 8 4.32 absorption to the 8-CH, group
most distant from the Sm(II) center, and the broad resonance
to the a-CH, group. The 13C NMR spectrum of I** in C¢Ds
exhibited a pattern of absorptions just the opposite of that found
in other pentamethylcyclopentadienyl lanthanide complexes:3* &

-73.7 (s, Cs(CHa)s), 33.4 (t, J = 125 Hz, OCH,CH,CH,CH,),

94.62 (q, J=117Hz, Cs(CH3)5), 149.5 (OCH2CH2CH2CH2).36
Given the large radial size and large reduction potential of
Sm(IT) compared to the other accessible divalent lanthanides, the

(26) Crystallization from THF at -78 °C gives purple crystals which
contain ca. 29% Sm rather than the 35% found in the original THF extract.
Deuteriolysis gives HD to D, ratios of 1:1 rather than 2:1. If this product is
dissolved in THF and subsequently reanalyzed, the % Sm drops to ca. 27 [cf.
(CsMes),Sm(THF),, 26.61%] and the HD to D, ratio falls to <0.25 (<17%
hydride). The red-brown mother liquor remaining after crystallization of I
contains divalent samarium hydride complexes based on deuteriolysis, but
attempts to isolate crystals from this fraction have not yet been successful.

(27) Recrystallization from THF at —50 °C gives purple crystals which
contain 26.1% Sm and have x*® = 5490 X 107, u = 3.6 up. IR (KBr,
cm™): 3100-2725's, 2705 w, 1440’5, 1370 w, 1240 m, 1210 w, 1080 s, 1040
s, 950 w, 895 s, 795 m. The charge-transfer absorption in the near-infra-
red—visible spectrum has no maxima in the visible region.

(28) Vaporization of 3-4 g of Sm into a 0.246 M solution of CsMesH in
hexane (3.5-4.5 g in 100-140 mL) provides 0.9-1.2 g of crystaltine product
after %7single crystallization.?s Yields of a twice crystallized product are ca.
0.5 g.

(29) Solution syntheses of I from halide precursors are conceivable, 112523
but given the high reactivity of I, the large size of Sm(II), and the propensity
of organolanthanide complexes to form alkali metal halide adducts,’ it may
be difficult to obtain halide free products by solution methods.

(30) The space group is the triclinic PT with a = 15.155 (6) A, b = 16,141
6) A, c =16.179 (6) %, a = 55.92 (3)° 8 = 65.13 (3)°, v = 62.18 (3)°,
and D¢ = 1.33 gecm™ for Z = 4. Least-squares refinement on the basis of
3949 observed reflections led to a final R = 2 (JF,| - |F|)/X{Fs = 0.061.
Hydrogen atoms have not been included, and the ring carbon atoms were
refined with isotropic temperature factors. The thermal motion of all other
atoms was dealt with anisotropically.

(31) Cotton, F. A.; Wilkinson, G. “Advanced Inorganic Chemistry”, 4th
ed.; Wiley: New York, 1980; p 1002.

(32) Shannon, R. D. Acta Crystallogr., Sect. A 1976, A32, 751-767.

(33) 18.8 mg/mL at 23 °C. The spectrum is temperature and concen-
tration dependent, see ref 10.

(34) 30.3 mg/0.3 mL at 38 °C.%®

(35) Cf. (CsMes);SmCLLI(THF),: 3C NMR (CgDg) & 116.3 (s, CsMes),

68.6 (t, J = 166 Hz, OCH,CH,CH,CH,), 25.7 (g, J = 167 Hz, C5(CHy)s),

18.2 (t, J = 133 Hz, OCH,CH,CH,CH;). Evans, W. J.; Bloom, I., unpub-
lished results.
(36) Signal too weak to observe in undecoupled spectrum.

soluble divalent products of this reaction would be expected to
be highly reactive. A preliminary survey of reactivity supports
this contention. The crystallized product reacts rapidly with CO,
NO, 3-hexyne, HgR,, and Co(PR;), to form trivalent products.
It is also observed to polymerize ethene and functions as a catalyst
precursor for catalytic hydrogenation of 3-hexyne to >99% cis-
3-hexene under mild conditions.’” These reaction products, as
well as the interesting byproducts of this metal vapor reaction,
are currently under investigation. On the basis of these results,
we anticipate a rich and varied reaction chemistry for divalent
organosamarium complexes now that a preparative scale synthesis
of a soluble derivative is available.
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Homogeneous catalysts for CO hydrogenation 1~ and systems
modeling their behavior®’ have been the subject of much recent
research because such catalytic systems offer the potential of
selectively converting synthesis gas to chemicals now derived from
petroleum. Various metal complexes have been investigated as
potential catalysts for synthesis gas conversion in the homogeneous
phase. The highest activity has been observed with rhodium
catalysts® which produce mainly ethylene glycol and methanol,
along with smaller amounts of other oxygenates. Cobalt and
ruthenium catalysts also produce oxygenates, and complexes of
other metals have been found to exhibit only very low or insig-
nificant catalytic activity.! Reported here are initial studies of
a novel ruthenium-containing catalytic system wich hydrogenates
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