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Coordinatively unsaturated transition metals exist as key inter-
mediates of a variety of organometallic reactions that are frequently
involved in the catalytic cycles of organic transformatiédnsThe
direct observation of these reactive intermediates is particularly
important for understanding the mechanistic insights of organo-
metallic/organic reactions. To date, they have been investigated only
by spectroscopic methods, such as inert matrix isolation techfiques
and time-resolved IR spectroscopiput never by crystallography
because of their labile nature. An efficient method for stabilizing
and observing such labile species is to isolate them by encapsulation
within molecular cages or capsules® Here we report the in situ
crystallographic observatidfr2® of a coordinatively unsaturated
manganese complex within a self-assembled coordination déage (
which is an efficient host for a variety of neutral organic
moleculeg!22 We show that, within the cavity of cage stable
CpMn(CO) (2, Cp = methylcyclopentadienyl) liberates CO via
photodissociation in the crystalline state, and in situ generated
CpMn(CO), (3)2is directly observed by X-ray diffraction. There
is a long discussion based on theoretical calculations, spectroscopic
observation, and chemical analyses whether the geometry of an
unsaturated transition-metal center is pyramidal or pl&hat28-32
The crystallographic analysis clearly concludes that the 16-electron
unsaturated manganese complex adopts a pyramidal geometry.
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Treatment of an aqueous solutionlof15 umol, 1 mL) with an
excess amount (10 molar equiv) of liquedat 25°C for 1 h gave
a yellow solution of clathrate compourid(2), in 85% yield (by
NMR). The yellow solution was separated from a trace amount of
solid byproducts and a surplus 2fby filtration and decantation.
A single crystal ofl:(2), was obtained by slow evaporation of the  Figure 1. In situ X-ray observation of the photodissociation reaction of
yellow solution at 20°C. The crystallographic analysis confirmed the 1+(2)s complex: (a) before irradiation; (b) after irradiation. Note the

the 1:4 complexation, where gue&t 1-(2), were loosely packed generation of coordinatively unsaturatddMn center, orange) and free
(Figure 1a)p 9 (2)a yp CO. (c) Views of 3 generated withinl. The side view (right) shows

. . . . . pyramidal geometry at the Mn center. See Supporting Information for the
Upon photoirradiation, the dissociation of a CO ligand took place detaijls.

in the crystal without loss of crystallinity. We measured X-ray data at several temperatures of 15, 60, 80, and 100 K. At 100 K, we

t The University of Tokyo and CREST. achieved 100% conversion of the CO dissociation photoreaction.
*Tokyo Institute of Technology. The photolysis of the single crystal &f(2), on a diffractometer at
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electron comple®. These IR spectral changes correspond to those
reported in reference832 Further irradiation produced another

0.05
band at 2059 cmt, which is attributed to decomposed products.
0.00 In summary, we succeeded in the crystallographic observation
§ 2; of an extremely labile, coordinatively unsaturated manganese
“ 008 complex by enclathrating the precursor in a self-assembled cage
followed by in situ generation of the target species in a crystal.
-0.10 Thanks to the highly crystalline nature and the high binding ability
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Figure 2. FTIR spectra ofl-(2), before and after irradiation. (a) FTIR
spectral changes before (broken line) and after 2 min irradiation 865
nm, solid line) at 80 K in a KBr matrix. (b) FTIR difference spectrum
between before and after 2 min irradiation.

of the cage, our approach demonstrated here is expected to be a
general and powerful method for determining the structure of highly
reactive, short-lived species which can be hardly observed by
conventional methods.
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100 K with UV light for ca. 30 min resulted in crystal color change
from pale yellow to greenyellow and a slight change of lattice
parameters. The difference electron density maps (D maps) of
(2)4 before and after 365 nm irradiation at 100 K showed the clear
appearance of new distinct peaks assignable to dissociated CO AL cterences
the center of the void ofl. On the basis of the D map, we
successfully refined the molecular structure and observed the (1) Eg;éfer%ﬁ_GNeb:Y\é\ﬁEg%%rg M. S.Organometallic Photochemistry
formation of coordinatively unsaturated ®mn(CO), (3) from one (2) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, RP@inciples and
of four manganese complexes in the cage (Figuré“bjssociated Applicgtiorjs of Organo-transition Metal Chemistiyniversity Science
free CO was clearly trapped in the void of the cage. In addition, 3) |l?/lcz)oskesr., V'\\;l.ll:?\./;aslll?gu(r:né‘D#\)/?ﬁjbmogeneous Transition Metal Catalyzed
we observed no electron density peaks corresponding to the initial Reactions American Chemical Society: Washington, DC, 1992.
Mn complex. (4) Tolman, C. A._Chem. Soc. Re 1972 l,_337. _

. . . . (5) Barnes, A. J.; Orville-Thomas, W. J.; Mueller, A.; Gaufres,NATO

Most interestingly, unsaturated 16-electron com@exn situ Advanced Study Institutes Series, Series C: Mathematical and Physical
generated fron2, showed a pyramidal geometry at the manganese ﬁg&f‘eﬁ;ﬁc}/s("-lggl'\"a"ix Isolation SpectroscpRgidel: Dordrecht, The
center, indicating no rehybridization off-drbitals (Figure 1c). (6) Perutz, R. NAnnu. Rep. Prog. Chem., Sect.1G85 157.
Whether the geometry of the unsaturated Mn complex is pyramidal
or planar has remained unclear from conventional matrix isolation
IR spectroscopd? 32 or from comparison with 16-electron analo-
gous compounds, such as CpMnNO(C(O)#Hhh this study, we

Supporting Information Available: Experimental details and
additional supporting figures. This material is available free of charge
via the Internet at http:/pubs.acs.org.
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