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Surface Confined Ketyl Radicals via corresponds to a relatively high surface coverage-df25 and
Samarium(ll)-Grafted Mesoporous Silicas 1.40 Sm(ll)/nm, respectively:! For comparison, the maximum
silanol surface sites available for these materials were determined
Iris Nagl, Markus Widenmeyer, Stefan Grasser, as 1.67 2a) and 1.89 SiOH/nrh(34a) via tetramethyldisilazane
Klaus Kchler, and Reiner Anwander* silylation!? The relatively low extent of concomitant surface

silylation is in accordance with the IR spectra of the Sm(ll) hybrid
materials which indicate a relatively small amount=e8iOSi-
HMe, surface sites at 2145 crh However, the SiH vibration
area is dominated by a broad band at 2030 cif1920 sh)
Receied September 8, 1999  assignable to metal-bonded silylamide ligands featuring additional

Samarium(ll) compounds display unique reductive behavior ggostic Sm-SiH interactiong. The nitrogen adsorption/desorption

in organic transformations as evidenced by numerous individual isotherms of materiad and5 clearly indicate the filling of the

and sequential one-electron-transfer processes involving func-MeSOPOres. Interestingly, the host-characteristic type-1V isotherm

tionalized substrate moleculésThe rate and selectivity of 'S retained as shown for the MCM-48 hybrid matefian Figurge
reactions induced by the standard reag8nib are markeydly 1:13 Ana_ly5|s of the BarrefJoyneﬁHak_anda (BJH) pore Size
affected by the type of solvents and additives such as strong Lewis;d'g't“bUt!On suggesits a regular distribution of th‘? surface species
bases, for example, HMPA, or metal sditdore recently, it was accounting for ([)Jore volumes and mean pore diameters reduced
shown that the stability of ketyl radicals, which are often key PY 75 and 42%, respectively, for matertal

intermediates in the reduction of carbonyl functionalities, depends Tlrcljebpresenceboftﬁm(ll) s‘i.rff"t“:? spec(:ji(fels in mateﬁﬁded'
on the ancillary anionic ligand bonded to the samarium(ll) center, couid be proven by their reactivity toward fluorenone. Alter adal-

for example, amide, alkoxide, or cyclopentadieny! ligahds tion of an equimolar amount of fluorenone to black suspensions
We report the grafting of samarium(ll) complexes onto the gf ma:etrla(l}lliAAande_ln nt-hggne, tl)rown rpt?]terla&andz COU}S
internal surface of mesoporous silica materials via surface ~¢ 'SO'ated- According to analyses of the supernatarBb%

organometallic chemistry (SOMCJThe resulting supramolecular of g?l‘.a ktgetont? SwaTl con]:sumed. Assum|tng” af t(?]uannt.e;nve im-
systems featuring mesopores accessible to an extended intraporm{%O ilization of Sm(ll) surface species, not all of these sites seem

chemistry form stable ketyl surface radicals by one-electron be accizssui]l_e hfor tgme conftorrrt1at|or(1jally r|g|dtfltu?r|e?one. .
reduction. Surface confinement seems to direct the reductive 'V Of€OVer, theé nigh carbon contents and apparent total 10Ss o

behavior of the Sm(Il) centers yielding selectively the alcoholic pore volume of material§ and7 could not be expected (Table

product in the fluorenone/fluorenol transformation (no pinacol- 1), pointing out pore blocking and solyent inclusion. The
coupling product could be observed) unequivocal formation of surface ketyl radicals was revealed by

; : .1 their X-band EPR spectf&!®The room-temperature EPR spectra
A heterogeneously performed silylamide route was applied - . L
for the syngthesis ofytﬁe immobilizgd Sm(ll) spec‘?és‘.l’higp of the dry powders (Flgurelz,a) consist of f|ye linegat 2.0033.
route provides mild reaction conditions and exploits both special- The spectra are symmetric (no g or hf anisotropy) and can well

ized molecular and support components better to monitor the be |nterpreted as cjue to the hyperfine (hf? interaction of the
surface reaction. Accordingly, black Sm[N(SiHYA(THF), (1) unpaired electron with four groups of two eqw_valent protons (two
featuring the SiH moiety as a valuable spectroscopic probe Wasof them are not res_olved) as expected ac_cordlng to_the litereiture.
used as a molecular precurdoBamples of structurally well- Computer simulation using the hyperfine coupling constants

ordered and poreexpanded mesoporous silicas of type MCM-41de.riVed fror_n EPR/ENDOR experim_ents of a fluorenone radical
(2) and MCM-48 @) were employed as model support materidls. anloln solutiof® reproduce the expenmer_wtal spectrum very well
Treatment of dehydrated samples of matei2edsd3 with excess (& (*H): 0.31, 0.2, 0.07, and 0.01 mT, line widfkBy, = 0.18

of silylamide 1 in n-hexane gave a black reaction mixture, from mT, the last two couplings are not resolved). No qualitative
which after severai-hexane washings gray-black materiisnd changes were observed in the spectra for recording temperatures
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Scheme 1.Proposed Surface Species
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Table 1. Analytical Data, Surface Area, Pore Volume, and
Effective Mean Pore Diameter

4 6

wt% afl W7 d9

materiaf C m2gt cmigt nm
MCM-41 (2) 1010 095 33
[MCM-41]SiHMe; (23)° 5.8 883 0.70 29
[MCM-41]Sm[N(SiHMe)2]x(THF)y (4) 10.2 434 026 2.3
[MCM-41]Sm[N(SiHMey)2]x(fluorenyl) 6) 28.9 48 - -
[MCM-41]Sm(OH (8, recovered material) 4.7 813 0.72 3.0
MCM-48 (3) 1044 121 33
[MCM-48]SiHMe; (3a)® 6.6 819 0.77 2.7
[MCM-48]Sm[N(SiHMey)2]x(THF)y (5) 104 512 030 1.9
[MCM-48]Sm[N(SiHMey)2]x(fluorenyl) (7) 30.6 22 - -
[MCM-48]Sm(OHY (9, recovered material) 3.7 734 0.65 3.0

2 Pretreatment temperature: 28GQ, 4 h, 103 Torr for 2 and 3;
250°C, 3 h, 108 Torr for 2a, 3a, 8, and9; 25°C, >5 h, 1072 Torr for
4, 5, 6, and7. ® Specific BET surface areaBJH desorption cumulative
pore volume of pores between 1.5 and 6.5 nm diaméfeore diameter
according to the maximum of the BJH pore size distributign< 2.0
nm have to be viewed critically}.Dehydrated mesoporous material
reacted with excess of HN(SiHMe.
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Figure 1. Nitrogen adsorption/desorption isotherms at 77.4 K and the
corresponding BJH pore size distributions of the parent and modified
MCM-48 materials3, 3a, 3, 5, 7, and9 (cf. Table 1).

between 130 and 323 K indicating the rigid bonding of the radical
to the surface.

Treatment of the hybrid materiaand 7 with both aqueous
HCI (2 N) and ethanolic HCI (99:1) under inert gas yielded
fluorenol as the main product of reduction, although a small
amount of fluorene could be detected. This contradicts the findings
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Figure 2. X-band EPR spectrumT(= 293 K) observed for M41S
materials6 and7 (a) and Aerosil materidll (b) under argon atmosphere.

dehydrated ordinary silica material (Aerosil-200, Degus$ésHu
surface area 200 hy 1) gave similar hybrid materials [AS200]-
Sm[N(SiHMe);](THF), (10, loading= 0.3 Sm(Il)/nn%, a;= 148

m? g~1) and [AS200]SM[N(SiHMg,](fluorenyl) (11, as = 141

m? g~1) which showed qualitatively analogous reaction behavior.
However, the ketyl radicals on materidl seem to be increasingly
prone to hydrogen radical abstraction as indicated by a significant
amount of fluorenol in the supernatant solution. We ascribe this
ketyl destabilization to the lack of pore confinement (protective
effect of the intrapore arrangement) and the changed morphology
of the Aerosil-200 silica material (presence of bulk silanol groups).
As a consequence, material displayed a weak EPR signal
(Figure 2,b). The effect of surface silylation on both possible
radical stabilization and the control of the concentration/spacing
of the metal centers as well as the presence of different pore radii
are currently examined.

Given the rich chemistry of carbon coupling reactions induced
by molecular Sm(ll) reagents quite a new chemistry should evolve
from such surface-confined “monometallic” Sm(ll) cent&rghis
kind of surface chemistry might also have significant implications
for the reactivity pattern of other low-valent, highly reductive
metal centers.
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in homogeneous solutions where organosamarium(ll) complexes This material is available free of charge via the Internet at http:/pubs.acs.org.

treated with equimolar amounts of ketone hydrolyze to give the
pinacol product exclusivel§2 The presence of sterically separated,
surface-bound Sm(ll) species in hybrid materialsnd5 seems

to drastically modify the selectivity of this transformati&hThe
sligthly yellow recovered materiaBand9 display a pronounced
OH stretch vibration at 3690 crhin the IR spectrum and show
the original type-IV isotherm (Figure 1). For comparison, a
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(17) For comparison, homoleptic Ti(lll) complexes carrying butBys-
SiO ligands allowed the direct EPR observation of a diphenyl carboxy radical,
however, also dimerization occurred between the carbonyl and ppergl
carbon atoms of separate 20O units, see: Covert, K. J.; Wolczanski, P. T.;
Hill, S. A.; Krusic, P. J.Inorg. Chem.1992 31, 66—78.
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