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Abstract 

The reaction of (r/6-acenaphthene)Mn(CO)~ - with hydroquinone and catechol affords the stable 7r-bonded complexes (r/6-hydro - 
quinone)Mn(CO)f (1) and (r/6-catechol)Mn(CO)f (2). The X-ray structure of [1]2SiF 6 shows an approximately planar arene ligand with 
the -OH substituents strongly hydrogen bonded to fluorine atoms in the SiF62- anion. Deprotonation of 1 and 2 by NEt 3 yields the 
corresponding 7r-bonded semiquinone complexes. 
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Complexes containing a transition metal 7r-bonded in 
a 774 manner to the diene carbons of a 1,4-quinone have 
been known for some time [1-9]. In principle, protona- 
tion of the oxygen atoms in such complexes should 
provide a route to T-bonded r/5-semiquinone and r/6- 
hydroquinone analogues. Although this has been ac- 
complished with several r/4-duroquinone complexes 
[6,7,9], in general the chemistry of  7r-bonded 1,4-semi- 
quinones and hydroquinones is little developed - -  a 
fact most likely due to difficulty in synthesis a n d / o r  
high reactivity. For example, (r/6-hydroquinone)Cr(CO)3 
is reported to be a heat- and air-sensitive compound that 
can be characterized in solution, but cannot be isolated 
as a pure solid [10,11]. Herein we demonstrate that 
(r/6-hydroquinone)Mn(CO)~ - (1) can be readily synthe- 
sized and isolated as the BF4- salt. 

Many complexes containing 1,2-quinone, 1,2-semi- 
quinone and 1,2-dihydroxybenzene (catechol) ligands 
are known with the metal coordinated via the oxygen 
atoms [12]. There are very few reported examples of 
such ligands being bound to the metal through the 
carbon-carbon 7r network [13-16]. As detailed below, 
we have found that catechol itself is easily coordinated 

6 + to manganese to afford (7"/ -catechol)Mn(CO) 3 (2). 
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Both 1 and 2 were synthesized in good yield and 
high purity by the recently reported [17] method of 
manganese tricarbonyl transfer from (polyarene)Mn- 
(CO)~- complexes. In this case the polyarene was ac.e- 
naphthene, which is very easily displaced from the 
manganese by more strongly donating arenes. Thus, a 
mixture of 0.25 mmol of hydroquinone (or catechol) 
and 0.20 mmol of [(r/6-acenaphthene)Mn(CO)3]BF4 in 8 
ml of CHzCI z was heated to 70°C for 1 h in a pressure 
tube. After cooling, the product was precipitated with 
diethyl ether as the light yellow BF4- salt [18]. Repeated 
attempts to grow crystals of [1]BF 4 suitable for X-ray 
study were unsuccessful. However, diethyl ether vapor 
diffusion at - 2 0 ° C  into an acetone solution of [1]BF 4 
containing a small amount of HBF 4 (to suppress H ÷ 
dissociation, vide infra) led to well-formed crystals of 
the SiF62- salt. Presumably, this resulted from the ac- 
tion of HBF 4 on the walls of the glass container to 
produce a continuous supply of  SiF62- anions at low 
concentration. It was found that [1]2SiF 6 is insoluble in 
acetone, indicating that a very low concentration of 
SiF62- was a necessary condition for successful crystal 
growth. 

The molecular structure of [1]2SiF 6 is shown in Fig. 
1 [19]. Selected bond lengths and angles are given in 
Table 1. An examination of the structural details shows 
that the hydroquinone ligand is fairly planar (mean 
deviation 0.032 A). There is, however, a small distor- 
tion in the sense that C(1) and C(4) are displaced by 
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Fig. 1. Molecular structure of [('06-hydroquinone)Mn(CO)3]2SiF6 (1). 
Also shown is the strong hydrogen bonding interaction between each 
-OH substituent and a fluorine atom on the anion. Atom labels that 
include letters are derived from those without letters by symmetry 
operations of the space group. 
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Scheme 1. 

0.05 ,~ from the plane defined by C(2), C(3), C(5), and 
C(6). As a consequence, the planes C(2), C(I), C(6), 
O(1) and C(3), C(4), C(5), 0(2) form angles of 2.6 ° and 
1.6 ° , respectively, with the aforementioned plane. This 
causes the hydroquinone ligand to be folded by ca. 6 ° 
with respect to the C(1 ) . - -C (4 )  vector. The most 
interesting structural feature of [1]2SiF 6 is the strong 
hydrogen bonding between each -OH substituent and a 
fluorine atom in the SiF62- anion. Four of the six F 
atoms in each SiF62- are hydrogen bonded: F(2) and 
F(3) and equivalents. F(1) and its equivalent do not 
participate in hydrogen bonding because there are not 
enough donors, accounting for the shorter Si-F(1) dis- 
tance in comparison with Si-F(2) and Si-F(3) (Table 
1). The strong hydrogen bonds in [1]2SiF 6 account for 
its insolubility in acetone (the BF 4- salt is quite soluble). 
Pertinent data documenting the hy_drogen bonding are: 
O ( 1 ) . . .  F(3) distance, 2.656(2) ,~; 0 ( 2 ) . - - F ( 2 )  dis- 
tance, 2.599(2) ,~; O(1)-H(I)  • • • F(3) angle, 162.7(1)°; 
O(2 ) -H(2 ) . - .  F(2) angle, 167.9(1) °. 

Table 1 
Selected bond lengths (,~) and angles (deg) for [(r/6-hydroquinone)- 
Mn(CO)3]2SiF 6 (1) 

Bond lengths 
Mn-C(1) 2.252(2) 
Mn-C(3) 2.188(2) 
Mn-C(5) 2.191(2) 
Mn-C(7) 1.820(2) 
Mn-C(9) 1.809(2) 
C(8)-O(4) 1.132(3) 
C(1)-O(1) 1.337(3) 
C( 1 )-C(6) 1.414(3) 
Si-F(2) 1,697(1) 
Bond angles 
Mn-C(1)-O(I) 130.7(2) 
Mn-C(7)-O(3) 177.0(2) 
Mn-C(9)-O(5) 178.1(2) 
C(6)-C( 1 )-0(  1 ) 123.4(2) 
C(5)-C(4)-O(2) 117.3(2) 
C(3)-C(4)-C(5) 118.5(2) 

Mn-C(2) 2.189(2) 
Mn-C(4) 2.239(2) 
Mn-C(6) 2.202(2) 
Mn-C(8) 1.813(3) 
C(7)-O(3) I. 135(3) 
C(9)-O(5) 1.143(3) 
C(4)-O(2) 1.336(3) 
Si-F(1) 1.650(2) 
Si-F(3) 1.675(2) 

Mn-C(4)-O(2) 129.3(2) 
Mn-C(8)-O(4) 179.1(2) 
C(2)-C(1)-O(1) 117.8(2) 
C(3)-C(4)-O(2) 124.1(2) 
C(2)-C(1)-C(6) 118.8(2) 
C(1)-C(2)-C(3) 120.6(2) 

Preliminary experiments indicate that 1 is readily 
deprotonated by an equivalent of NEt 3 in THF to give 
the neutral semiquinone complex 3 according to Scheme 
1 [21]. Similarly, the catechol complex 2 is deproto- 
nated to 4, but excess NEt 3 is required, i.e. 1 is a 
stronger acid than is 2 [21]. This acidity difference is 
thermodynamic rather than kinetic since the results did 
not depend on time. It has been shown previously that 
the arene -OH in the complex (phenol)Mn(CO)~- is 
readily deprotonated by ButOK [22]. 

We have shown that stable hydroquinone and cate- 
chol complexes of Mn(CO)~ are easily synthesized. 
They can be deprotonated to afford semiquinone (and 
quinone) analogs. A detailed study of the deprotonation, 
redox, and electrophilic chemistry of these complexes is 
underway. 
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