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COMMUNICATION 

Supramolecular properties of 
[ Mn (CO), ( p3=OH)I4, 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)3( p3-0H)I4, 1, is able to form stable adducts with a variety 
of guests as a result of 0 -H .... X hydrogen bonding between its 
p3-OH groups and hydrogen bond acceptor moieties of the guest 
molecules. Two such structures are detailed: 1.4H20 and 1.4PPh30. 

The existence of M,X4 cubane-like structures, I, is a 
feature of the chemistry of many metals over a wide 
range ofoxidation 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: Gal1', S2- I ;  RU"', S2- 2; Nil", Se2- 3, 

and Cr"', 0'- '. When one considers that such cubes 
are also known to be biochemically relevant5 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 1 9 7 0 ' ~ ~ .  We recently reported a 
high yield, one-step route to the low valent analogue 

X M 

* Address all correspondence to the Editors. 

[ Mn(C0)3(p3-OH)],7, 1, which is based upon a 
Mni( OH), distorted cube. 1 is apparently indefinitely 
stable under ambient conditions and is soluble in a 
wide range of solvents including water. Our unexpected 
observation that 1 forms stable adducts with toluene7 
(1:2, l a )  or diacetone alcohol' ( l : l ,  lb; 1:2, lc) 
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, 1.4H20, Id, and 1.4PPh30, le. 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 I1 (PS- 
11),9*10 for which an Mn,O,CI cube has been 
considered as a model of one of the five oxidation 
levels of the active ~ i t e . ~ ~ . ~  

Pale yellow crystals of l d  suitable for study by X-ray 
crystallography were grown from a saturated solution 
of la  in CHCI, that was exposed to atmospheric 
moisture. The structure of Id" is illustrated with an 
ORTEP', perspective view in Fig. 1. The Figure 
reveals how each p,-OH ligand is hydrogen-bonded 
to the oxygen atom of a water molecule. The 
H-bonding interactions ( d o  .... 0 = 2.911(7) A) are 
relatively weak and crystallographically imposed 
symmetry means that all four water molecules are 
equivalent. The 0 - H  . . . . 0 angles approach linearity 
( 164( 7)"). A similar interaction was recently reported 
in the p-OH Cu" dirner [Cu,(p-OH)(p-Cl)(p-OAc) 
(bpy),]' l4 ( 0 - H  .... 0 distance of 2.02(7) A and 
0-H. . . .O  angle of 171.0(6)"). 

Yellow/orange crystals of le  were obtained in ca. 
80% yield via reacting la  with triphenylphosphine in 
CBr,, extracting the insolubles with hot acetonitrile, 
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Figure I 
observed for all four pc,-OH.. . .OH, interactions. 

Perspective view of Id. do. ..o distances of 2.91 1( 7) 8, are 

c4 

c5 

Figure 2 Perspective view of le. do,..,, distances of 2.563(8)8, are 
observed for all four p3-OH.. . . OPPh, interactions. 

and slow cooling of the acetonitrile solution. They 
may also be obtained via direct reaction of l e  with 
PPh,O. The structure of le" is illustrated in Fig. 2 
and reveals how each p3-OH moiety forms a strong 
hydrogen bond ( d o  .... 0 = 2.563(8) 1$ to a molecule 
of triphenylphosphine oxide. The crystallographically 
imposed symmetry means that each hydrogen bond 
is identical and precisely linear. 

The manganese atoms in ld,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 rangesI6 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(p-OH) complexes 
which are of more direct relevance to PS-11. 1 cannot, 
of course, be regarded as a direct analogue of the active 
Mn species in PS-I1 (as a result of the low valence of 
the manganese atoms stabilized by the carbonyl 
ligands). However, the ability of p-OH ligands to 
hydrogen bond to water and other substrates is very 
relevant to PS-11, 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 
p-0x0 to a hydrogen atom of a coordinated water 
molecule (rather than a p-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 Mnl''-Mn'V processes 
proposed for PS-II.9.'0 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\v04].8+ l 9  

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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