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The formation of ketyls via one-electron reduction of ketones 
by alkali metals was first reported more than 100 years ago.1 

Extensive studies on reactions of ketones and aldehydes with 
reducing metals have since been carried out,2 and metal ketyls 
are now recognized as important intermediates in a variety of 
organic carbonyl-involved reactions such as reductions,2a,e,f,h 

pinacol couplings,2bd olefin formations (the McMurry 
reaction),2b-d'S and Grignard reactions.3 Since the metal ketyls 
are usually very reactive, they have never been isolated and 
structurally characterized, despite continuous synthetic and 
mechanistic explorations in this area.24 As a part of our recent 
project on lanthanide complexes with new ancillary ligands,5 

we have begun to explore the reactivity of divalent lanthanide 
aryloxide complexes.6 We report herein the reaction of sa-
marium(II) aryloxide Sm(OAr)2(THF)3 (1, Ar = 2,6-<Bu2-4-
MeCeH2) with fluorenone, which affords the first structurally 
characterized metal ketyl complex Sm(biphenyl-2,2'-diyl ketyl)-
(OAr)2(THF)2 (2). More remarkably, the ketyl 2 reversibly 
couples into a structurally characterizable samarium(III) pina
colate (3), which thus provides conclusive evidence for the 
reversibility between a ketyl and a pinacolate.4,7,8 

Addition of 1 equiv of fluorenone to the samarium(II) 
aryloxide I9,10 in THF generated immediately a purple-brown 
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Figure 1. ORTEP drawing of 2 and selected bond lengths (A) and 
angles (deg) (the lattice solvent is omitted for clarity): Sm-O(I) , 2.159-
(4); Sm-0(2) , 2.165(4); Sm-0(3) , 2.161(3); Sm-0(4) , 2.438(3); S m -
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C(2)-C(l) -C(13) , 108.1(5). 
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solution. Removal of the solvent after stirring at room tem
perature for 4 h yielded a purple-brown crystalline product, 
which after recrystallization from THF/benzene gave 2, as 
purple-brown blocks in 88% yield (Scheme 1). An X-ray 
crystallographic study showed that this complex possessed a 
distorted trigonal bipyramid structure with one fluorenone unit 
and two ArO ligands at the equatorial and two THF ligands at 
the apical positions (Figure I).10 The average bond distance 
(2.163(3) A) of Sm-OAr bonds in 2 is about 0.18 A shorter 
than that in 1 but comparable with those (2.14—2.18 A) reported 
for the Sm(III)-OR bonds in other five-coordinated Sm(III) 
alkoxides,5a suggesting that the central samarium ion is in a 
trivalent state.11 The bond distance between the Sm ion and 
the oxygen atom of the fluorenone part (Sm-O(I): 2.159(4) 
A) is almost the same as those of the Sm-OAr bonds, indicating 
that the Sm-O(I) bond is an ionic one. Consistent with this 
bond length, the bond angle (175.2(4)°) of Sm-O(I)-C(I) is 
also comparable with those of Sm-O—Ar (average 172.8(3)°), 
which is much larger than those (ca. 130—150°) reported for 
the ^-coordinated neutral ketones.12 The C-O bond distance 
(C(I)-O(I): 1.313(7) A) in the fluorenone unit is significantly 
longer than a C-O double bond13 but shorter than a C-O single 
one.14 The oxygen 0(1) and all the carbon atoms in the 
fluorenone unit are coplanar with dmax < 0.018 A, implying 
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Figure 2. UV-vis spectra. Top: THF solution of 2. Middle: hexane 
solution of 2. Bottom: hexane solution of the powder obtained after 
evaporation of the hexane solution of 2 (see also the text). 

that the carbonyl carbon C(I) is still in an sp2-hybrid state. These 
data strongly suggest that 2 is a Sm(III) ketyl complex, rather 
than a Sm(II) species coordinated by a neutral ketone. 

Reflecting the influence of the ketyl radical, the 1H NMR 
spectrum of 2 in THF-ds gave unassignable signals which were 
distributed from 6 0—65. Its UV-vis spectrum in THF was in 
agreement with those of other metal ketyls which were generated 
in situ (Figure 2, top).7,15 An X-band ESR spectrum of 2 was 
not observed at room temperature or —196 0C, apparently owing 
to the antiferromagnetic superexchange interaction between the 
ketyl radical and the samarium(ni) spins. 

The reactivity of 2 demonstrated that the radical was C(I)-
centered. Dissolving of 2 into hexane gave a solution whose 
color was much less intense than that of the THF solution. This 
color change was also reflected in the UV-vis spectrum (Figure 
2, middle). Evaporation of the solvent left a pale powder, which 
after dissolving into hexane gave an almost colorless solution 
(Figure 2, bottom).16 On leaving the hexane solution with a 
small amount of diethyl ether for a few days, light yellow 
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Figure 3. ORTEP drawing of 3 and selected bond lengths (A) and 
angles (deg) (the lattice solvent and hydrogen atoms are omitted for 
clarity): Sm-O(I), 2.099(4); Sm-0(2), 2.115(3); Sm-0(3), 2.141-
(5); Sm-0(4), 2.435(5); C(I)-O(I), 1.401(7); C(I)-C(I'), 1.613(9); 
0(1)-C(1)-C(2), 112.5(5); 0(1)-C(1)-C(13), 112.5(4); 0(I ) -C(I) -
C(IO, 109.7(4); C(10-C(1)-C(2), 111.2(4); C(IO-C(I)-C(B), 110.3-
(5); C(2)-C(l)-C(13), 100.5(4). 

crystals of 3 precipitated (Scheme 1). An X-ray analysis10 

revealed that 3 was a binuclear samarium(ITI)—pinacolate 
complex formed by dimerization of the ketyl 2 at the carbonyl 
carbon and simultaneous replacement of the two THF ligands 
with one Et20 (Figure 3). This molecule possesses a crystal-
lographic inversion center on the C(I)-C(IO bond. The.C(I)-
C(IO bond distance is 1.613(9) A, which is longer than those 
(1.56—1.58 A) found in other pinacolate complexes,17 and also 
longer than the central C - C bond (1.59(1) A) of benzopinacol.18 

This C(I)-C(IO bond was found to be easily broken to 
regenerate the ketyl 2 by addition of a strongly coordinative 
solvent. The light yellow pinacolate 3 turned immediately to 
purple brown upon addition of THF (Scheme 1). Its UV-vis 
spectrum in THF was the same as that of 2, and so was the 1H 
NMR spectrum in THF-^s-19 The ketyl complex 2 could be 
quantitatively recovered from a THF solution of 3. This 
unequivocally demonstrates that the pinacolate formation is 
reversible, thereby supporting previous investigations in related 
systems.4'7'8 
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