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Supramolecular properties of
[ Mn(CO);(u5-OH) ]4, a neutral
organometallic molecule that is capable of

binding a variety of small and large guest

molecules

MICHAEL D. CLERK, STEVEN B. COPP, S. SUBRAMANIAN and MICHAEL J. ZAWOROTKO*

Department of Chemistry, Saint Mary’s University, Halifax, Nova Scotia, B3H 3C3, Canada

[Mn(CO)s(u3-OH)]4, 1, is able to form stable adducts with a variety
of guests as a result of O-H....X hydrogen bonding between its
p3-OH groups and hydrogen bond acceptor moieties of the guest
molecules. Two such structures are detailed: 1.4H,0 and 1.4PPh,0.

The existence of M X, cubane-like structures, I, is a
feature of the chemistry of many metals over a wide
range of oxidation states and metal types. The diversity
and ubiquity of such moieties is illustrated by a few
recent examples based upon the following M, X
combinations: Ga™ S§2~!; Ru™, §27 2; Ni'V%, Se?~ 3,
and Cr'™, O?~ *. When one considers that such cubes
are also known to be biochemically relevant® it is
surprising that little exploration of their supramolecular
chemistry has yet been conducted. Clusters based upon
M = Mn' and a variety of univalent X moieties were
first reported in the 1970’s®. We recently reported a
high yield, one-step route to the low valent analogue

\M \X
U\

* Address all correspondence to the Editors.

[Mn(CO);(u5-OH)1,”, 1, which is based upon a
Mnj(OH), distorted cube. 1 is apparently indefinitely
stable under ambient conditions and is solubie in a
wide range of solvents including water. Our unexpected
observation that 1 forms stable adducts with toluene’
(1:2, 1a) or diacetone alcohol® (1:1, 1b; 1:2, 1¢)
prompted us to further explore the ability of 1 to act
as a host molecule. In this communication we report
the details of the X-ray crystal structures of two new
1:4 adducts, 1.4H,0, 1d,and 1.4PPh;,0, 1e. We discuss
their relevance in the context of our earlier work and
a series of model compound studies related to the Mn
based water oxidation enzyme, photosystem II (PS-
),%!° for which an Mn,O,Cl cube has been
considered as a model of one of the five oxidation
levels of the active site.%¢

Pale yellow crystals of 1d suitable for study by X-ray
crystallography were grown from a saturated solution
of 1a in CHCIl; that was exposed to atmospheric
moisture. The structure of 1d'! is illustrated with an
ORTEP!'? perspective view in Fig. 1. The Figure
reveals how each u;-OH ligand is hydrogen-bonded
to the oxygen atom of a water molecule. The
H-bonding interactions (dO....0 = 2.911(7) A) are
relatively weak and crystallographically imposed
symmetry means that all four water molecules are
equivalent. The O-H....O angles approach linearity
(164(7)°). A similar interaction was recently reported
in the y-OH Cu" dimer [Cu,(u-OH)(y-Cl)(u-OAc)
(bpy),1* '* (O-H....O distance of 2.02(7) A and
O-H....O angle of 171.0(6)°).

Yellow/orange crystals of 1le were obtained in ca.
80% yield via reacting 1a with triphenylphosphine in
CBr,, extracting the insolubles with hot acetonitrile,
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Figure 1 Perspective view of 1d. d,__, distances of 2.911(7) A are
observed for all four u,-OH.... OH, interactions.

Figure 2 Perspective view of le. d,,_, distances of 2.563(8) A are
observed for all four g;-OH.... OPPh, interactions.

and slow cooling of the acetonitrile solution. They
may also be obtained via direct reaction of le with
PPh;0. The structure of 1e's is illustrated in Fig. 2
and reveals how each u;-OH moiety forms a strong
hydrogen bond (dO....0 = 2.563(8) A to a molecule
of triphenylphosphine oxide. The crystallographically
imposed symmetry means that each hydrogen bond
is identical and precisely linear.

The manganese atoms in 1d,e are formally in the
+1 oxidation state and have 18-electron counts.

Mn-Mn bonding would therefore not be expected and
the Mn-Mn intramolecular distances, which range
from 3.15 to 3.23 A, support this assertion. All other
bond distances and angles within the cubane hosts are
within expected ranges'® and are statistically identical
with each other and la—c.

This study therefore confirms that 1 is capable of
bonding to as wide a group of molecules as water,
triphenylphosphine oxide and possibly even toluene.!”
The salient feature of this observation is extrapolation
of the phenomenon to other Mn(u-OH) complexes
which are of more direct relevance to PS-IL 1 cannot,
of course, be regarded as a direct analogue of the active
Mn species in PS-II (as a result of the low valence of
the manganese atoms stabilized by the carbonyl
ligands). However, the ability of u-OH ligands to
hydrogen bond to water and other substrates is very
relevant to PS-II, which is likely to contain such groups
in one or more of its oxidation levels, and such a mode
of interaction offers an alternative to direct ligation of
water. Intramolecular H-bonding of water to a PS-I1
model compound has been reported recently'®, but
the interaction is much stronger (<2.6 A), is from a
u-oxo to a hydrogen atom of a coordinated water
molecule (rather than a u-hydroxo to the oxygen of
a water molecule), and the Mn, cluster is not a cubane.
Furthermore, 1 contains potential redox active sites
and could therefore still be expected to offer analogous
chemistry, but based upon Mn'-Mn" redox cycles
rather than the Mn"-Mn"™ and Mn™-Mn"V processes
proposed for PS-IL.*!° Finally, 1 also inherently
possesses numerous pathways for derivatization via
the carbonyl ligands and recent work shows that the
cubane core is even stable as [Mn}Y0Q,]8*!°
Derivatization of 1 could be effected with a view to
inducing a much greater degree to the selectivity of 1
for a variety of molecules and modifying its redox
activity. Both aspects are currently under investigation.
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g/cm?. Intensity data were collected to 20 =50° on

an Enraf-Nonius CAD-4 diffractometer at 17 °C using graphite
monochromated Mo radiation (4(Ka) = 0.70930 A). Measure-
ment of 612 intensities {606 unique) afforded 561 observed

(I > 2.50(1)) corrections. The data were corrected for Lorentz,

polarization and absorption effects. The structure was solved

via direct methods and following location and refinement of all

12,

13.
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19.

hydrogen atoms full-matrix least squares refinement of 94
variables gave R = 0,023 and Rw = 0.027. The cube lies around
a crystallographic 4 position. All crystallographic calculations
were conducted with the PC version of the NRCVAX*2 program
system on 486 based IBM compatible computers.

NRCVAX, a Interactive Program System for Structure Analysis:
Gabe, EJ., Le Page, Y., Charland, J.P,, Lee, F.L. and White,
P.S. (1989). J. Appl. Cryst. 22, 384,

Johnson, C.K. (1965). ORTEP, Report ORNL-3794, Oak Ridge
National Laboratory, Tennessee, U.S.A.

Perlepes, S., Huffman, J.C. and Christou, G. (1991). Polyhedron
10, 2301.

voy 3150b; veo 2013s, 1913s cm™'. Crystal data for
le: CgHgMn,O,0P,, FW = 1737.1, cubic, P43n, Z =2,
a=16233(2)A, V=4277.6(5)A%, p.. = 1.35g/cm® Other
details as for 1a except: 330 observed (I > 3¢(I)) reflections out
of 708 unique, phenyl C-H hydrogen atoms were placed in
calculated positions, R = 0.029, Rw = 0.028 and the molecule
lies around a 23 position with Mn, OH, and P = 0 moieties
lying on 3-fold axes.

An extensive review of Mn-CO crystal structures was recently
presented: Holloway, C.E. and Melnik, M. (1990). J. Organomet.
Chem. 396, 129.

The toluene molecules of solvation in 1a are perpendicular to
the Mn-O-H vector with an O....C, plane distance of 3.43 A.
This separation is significantly longer than the 3.11 A calculated
for the energy minimum for water and benzene (Jorgensen, W.L.
and Severance, D.L. (1990). J. Am. Chem. Soc. 112, 4768) but
cloer to the values of ca. 3.2 A seen for water guest molecules
in calixarenes (Atwood, J.L., Hamada, F., Robinson, K.D., Orr,
G.W. and Vincent, R.L. (1991). Nature 349, 683) and 3.1-3.4 A
seen for C-H....O hydrogen bonds (Taylor, R. and Kennard,
O. (1982). J. Am. Chem. Soc. 104, 5063; Desiraju, G.R. (1989).
J. Chem. Soc., Chem. Commun. 179.

Chan, M.K. and Armstrong, W.H. (1990). J. Am. Chem. Soc.
112, 4985,

(a) Boyd, P.D.W,, Li, Q, Vincent, J.B., Folting, K., Chang,
H.-R,, Streib, W.E., Huffman, J.C., Christou, G. and Hendrickson,
D.N. (1988). J. Am. Chem. Soc. 110, 8537. (b) Caneschi, A,
Gatteschi, D., Sessoli, R., Barra, A.L., Brunel, L.C. and Guillot,
M. (1991). J. Am. Chem. Soc. 113, 5873. (c) Shake, A.R., Tsai,
H.L., de Vries, N., Webb, R.J.,, Folting, K., Hendrickson and
Christou, G. (1992). J. Chem. Soc., Chem. Commun. 181.



