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Abstract

To examine how small structural changes influence the reactivity of metal complexes, a 
series  of  related  Fe(III)  thiolate  complexes  was  investigated.  A hexacoordinated  Fe(III) 
complex  containing  an  η2-coordinated  persulfide  is  described,  [FeIII(S2

Me2N3(Et,Pr))-
Spers]PF6  (2).   The extra  persulfide sulfur  can be removed to  afford a  pentacoordinated 
compound, [FeIIIS2

Me2N3(Et,Pr)]PF6 (3) (scheme 2). Compound 3  possesses a more open 
binding  site  than  the  previously  reported  pentacoordinated  model  compound 
[FeIIIS2

Me2N3(Pr,Pr)]PF6  (1),  which  contains  one  methylene  unit  more  in  the  ligand 
backbone (scheme 4). Compound 3, as well as compound 1, bind azide quantitatively in 
MeCN.  In  contrast  to  this,  in  MeOH  as  the  solvent,  significant  amounts  of  the 
pentacoordinated compound (3 or 1) and its azide-bound analogue are present.  A variable 
temperature equilibrium study (scheme 5)  in MeOH afforded thermodynamic parameters, 
ΔH = -7.5 +/- 0.6 kcal/mol and ΔS = -16.6 +/- 2.5 cal/(mol K), for the binding of azide to 3 
to  form  [FeIIIS2

Me2N3(Et,Pr)(N3)]  (3-N3).  A comparison  of  the  ΔH‘s  shows  that  azide 
binding to 3 releases 2.3 kcal/mol more energy than azide binding to 1, suggesting that 3 is 
higher in energy than 1. This change in energy, and hence also reactivity, is caused by the 
removal of just one methylene unit. This change in reactivity provides a model for how 
enzymes can regulate the energy of an entatic state. 
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Scheme 1:

A template reaction of a mercaptoketone with (Pr,Pr)-amine on Fe(II) yields after oxidation 
the  pentacoordinated  compound [FeIIIS2

Me2N3(Pr,Pr)]PF6  (1).   When (Et,Pr)-amine  is  used 
instead of (Pr,Pr)-amine a hexacoordinated compound, [FeIII(S2

Me2N3(Et,Pr))-Spers]PF6 (2), is 
isolated instead of the expected pentacoordinated compound.  Compound 2 contains an η2-
coordinated persulfide.  It is the first structurally characterized first row transition metal-η2-
persulfide complex.  It is low-spin (S = 1/2) at room temperature.
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Scheme 2:

The  extra  persulfide  sulfur  of  2  can  be  removed  with  PEt3  in  MeCN.   Thereby,  a 
pentacoordinated  compound,  [FeIIIS2

Me2N3(Et,Pr)]PF6  (3),  is  formed.   The  addition  of 
soluble azide salts to 3 results in the binding of azide at the open binding site of 3 to form 
hexacoordinated [FeIIIS2

Me2N3(Et,Pr)(N3)] (3-N3).  In solvents such as MeCN and CH2Cl2 
the addition of 1.5 equivalents of azide at room temperature results in complete binding.  In 
comparison, in MeOH as the solvent the equilibrium is shifted so that a significant amount 
of pentacoordinated 3, in addition to 3-N3, is present.  A similar behavior was also observed 
for [FeIIIS2

Me2N3(Pr,Pr)]PF6 (1).  
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Scheme 3:

Effective magnetic moment versus temperature data of 1 and 3. In comparison to 3, which 
is  in  the  low-spin  state  (S  =  1/2)  up  to  room temperature,  higher  spin  states  become 
populated in 1 above 100 K.  Both 1-N3 and 3-N3 are in the low-spin state up to room 
temperature.
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Scheme 4:

The most significant difference between the structures of 1 and 3 is the increase of the S-
Fe-Namine angle from 132.3˚ in 1 to 141.76˚ in 3.  It is at this open binding site where 1 
binds azide1 and NO.2  This distortion can also be characterized by the change in τ (τ = 
(largest ∠ - 2nd largest ∠) / 60°) (ideal C4v: τ = 0; ideal D3h: τ = 1). The parameter τ is 
0.763 in the case of 1 and 0.539 in the case of 3. This indicates that 3 is more square-planar 
than 1, thereby enlarging the open, reactive site. 
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Scheme 5: 

Temperature dependent equilibrium between 3 and five equivalents of N3

- in MeOH.  
As the solution is cooled N3

- binds to 3 to form 3-N3.  


Table 1. 

Equilibrium constants for the reaction of 3 with N3

- in MeOH to form 3-N3.


 
 
T (°C) 
Keq (M-1) 
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110  +/- 20 
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210  +/- 40 
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720  +/- 140 
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4950  +/- 800 
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Scheme 6:

Van’t Hoff plot for the binding of N3

- to 1 or 3.  

The following parameters were determined:



 
ΔH (kcal/mol) 
ΔS (cal/(molK))

1 + N3

- 
- 5.2(5) 
 
- 12.4(2.2)

3 + N3

- 
- 7.5(6) 
 
- 16.6(2.5).


Scheme 7: 

Conclusions: 
Comparison Pr,Pr-System with Et,Pr-System 

A small change in the ligand backbone, removal of a -CH2-, significantly 
changes the reactivity of the metal center.  This is a model for  how protein 
constraints can influence the reactivity of an active site metal ion.
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Scheme 8: 

Recent results indicate that 3  also binds MeCN. This is the first example of a nitrile 
hydratase model compound that binds substrate.  Under similar conditions 1 does not 
bind MeCN.  The temperature dependent equilibrium between 3 and 5000 equivalents of 
MeCN in CH2Cl2 is shown.  As the solution is cooled MeCN binds to 3 to form 3-NC-Me. 
Complete  binding  was  observed  at  -90  ºC  with  >4000  equivalents  of  MeCN.   The 
following  equilibrium  constants  were  determined:  T  (ºC)/Keq  (M-1),  -70/1.6,  -75/2.4, 
-80/3.5, -85/5.5, and -90/9.0. Based upon a van’t Hoff plot the following thermodynamic 
parameters were determined:


ΔH (kcal/mol) = -6.3(1) and ΔS (cal/(molK)) = -30.3(5).


1.91.9522.052.12.152.22.252.3
g

Scheme 9:

By EPR, binding of MeCN to both 1 and 3 was observed.  The spectra of 1 and 3 in a 
CH2Cl2/toluene (1/1) glass with 2 drops of MeCN are shown.  Both 1-NC-Me and 3-NC-
Me display a typical rhomic signal (1-NC-Me: g = 2.20, 2.14, 2.00 (125 K); 3-NC-Me: g = 
2.17,  2.14,  2.01  (150  K)).   Additional  evidence  for  MeCN  binding  was  obtained  by 
EXAFS.
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