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Abstract:

In this paper new results concerning the modeling of the active site properties of

Nitrile Hydratase (NHase) are presented.  A dimeric Fe(III) compound is discussed.  In it

each Fe(III) is in a coordination environment consisting of 2 amide N’s and 3 thiolate S’s.

This coordination environment is identical to that found in the first crystal structure of

NHase.  However, the spectroscopic properties of the dimer do not match those of NHase.

This can be due to electronic interactions between the metal ions in the dimer or due to the

fact that the active site of NHase contains post-translationally modified Cys residues as

found in the second crystal structure and in masspectrometric studies.   

Further, a 5-coordinated compound is presented.  This compound contains an Et,Pr

ligand backbone.  Interestingly, it is more reactive than its Pr,Pr analogue.  This is attributed

to configurational constraints imposed by the ligand.  This compound can therefore be

considered a model for how a protein ligand can enforce an entatic state upon an active site.
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1. Introduction:

Bioinorganic chemistry is a discipline of chemistry that investigates the functions

and roles of 'non-organic' elements within biological systems.  This discipline emerged in

the 1960's.  The rapid development of analytical methods enabled scientists to recognize that

metal ions play significant roles in biological systems.  For example, it was found that a

majority of all proteins require one or more metal ions to exercise their biological activity.

Consequently, an important aspect of bioinorganic chemistry involves the study of how a

metal ion influences the biological activity of an enzyme.  The research described herein

attempts to contribute to an understanding of some aspects of this question.  

One of the metals most commonly present in active centers is Fe. Fe can occur in an

active center as a heme unit (cytochrome P450), as a diiron-carboxylate unit (hemerythrin),

as an Fe-S cluster (nitrogenase), or as a mononuclear Fe center.1  Only a few number of

mononuclear Fe centers are known to contain Fe in a mixed N/O/S coordination environ-

ment.  They are nitrile hydratase, center II of desulfoferrodoxin2, and neelaredoxin3.  

2.1.) Nitrile Hydratase - Its Physiological Role and Its Applications:

Nitrile hydratase (NHase) is a bacterial enzyme.  Its physiological role is to catalyze

the hydration of nitriles to amides.  This might be necessary to remove toxic nitriles5, to use

nitriles as a source

of C and N6, or to

synthesize plant

hormones4.  Most

NHases exhibit a

great substrate

variability.  Related reactions are catalyzed by nitrilase7 and amidase8.  Nitrilase converts

nitriles to acids and ammonia.  Amidase converts amides to acids and ammonia.  Cys is the

catalytically active residue in nitrilase while it is Ser in amidase.

NHase has found a variety of applications.  Immobilized cells, which contain

NHase, are used to hydrate acrylonitrile to acrylamide.9  NHase is also used to remove

nitriles from waste.10  NHase has the potential to be employed in many chemical processes

because the reaction occurs under mild conditions and can be enantioselective.11,12bcd

2.2.) Nitrile Hydratase - Studies of the Enzyme:

NHase contains either Fe or Co.  Both forms can be expressed simultaneously.4

NHase is an αβ heterodimer.13  The α subunit consists of 207 amino acids and the β

subunit of 212 amino acids.14  The active site is located on the α subunit.15  Sequence

 

Figure 1. Biological Pathways to Convert Nitriles to Carboxylic Acids.
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alignment indicates that the α subunit contains a conserved sequence: -Cys-Thr/Ser-Leu-

Cys-Ser-Cys-Tyr/Thr-.12  This sequence is conserved in both metal containing forms.

NHase contains in its active site either one low-spin Fe(III)14,16 or one low-spin Co(III)12b.

To date, NHase is the only non-heme enzyme known to contain a low-spin Fe(III).

NHase’s active site was studied by UV/Vis, FTIR, EPR, EXAFS, ENDOR, reso-

nance Raman, Mössbauer, mass spectrometry, x-ray crystallography, and light irradiation.

Surprisingly, no mutagenesis studies were performed.49  They could have answered the

question: are certain amino acids (Cys and His) necessary for catalytic activity?  Prior to

conducting x-ray crystallographic analyses, mutagenesis studies could have helped signifi-

cantly in assigning an active site structure.

Based on UV/Vis, EPR, EXAFS, ENDOR, and RR studies, the Fe in the active site

was assigned to be in a mixed His Cys coordination environment containing 2 cis Cys S’s,

3 His imidazole N’s, and an open coordination site, which is occupied by a rapidly

exchanging water molecule or, depending upon the pH, a hydroxide ion.12a,16-19  Whereas,

the x-ray structures show the Fe to be coordinated by 3 S’s and 2 amide N’s.14,20

There are 2 possible explanations for the discrepancy between the spectroscopic and

crystallographic results.  Firstly, there could have been a cardinal error in solving the crystal

structures.  Such an error could be a wrongly traced chain.  This is highly unlikely con-

sidering that the x-ray structures place the active site within the conserved sequence.  Sec-

ondly, it might be that in the interpretation of the spectroscopic data, it was never considered

that an amide N could be coordinated to the Fe center.  If the researchers would have done

mutagenesis studies, they would have most likely found, that the histidines are not necessary

for activity.  Now researchers should reinterpret their spectroscopic data, since from the

current situation it must be concluded that it is inherently impossible to distinguish between

an amide N and a His imidazole N by EPR, EXAFS, ENDOR, and RR techniques.  Maybe

criteria can be established that will enable the distinction in the future.

Fe-containing NHases were found to be inhibited by the binding of NO to the active

site Fe.21  The activity can be restored by exposure to white light.  This research group re-

cently published a spectroscopic model of the NO-inactivated from of NHase.22  The author

of this paper worked on the NO project before conducting the research described herein.

Two crystal structures of NHase were recently solved by x-ray diffraction.14,20  In

the first structure,14 the active site was found to be located within the conserved sequence12

on the α subunit.  The ligands to the Fe ion are 3 fac Cys S’s and 2 peptide amide N’s.

"These five ligands are located at five vertices of an octahedron, with the sixth position

unoccupied".14  Given the low resolution of the crystal structure, it is understandable that no

electron density corresponding to a coordinated water molecule was detected.
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The second crystal structure20 at a better resolution of 1.7 Å revealed the Fe ion in

the active site of NO-inactivated NHase to be coordinated by 2 amide N’s, 1 NO, 1 Cys S, 1

Cys sulfon, and 1 Cys sulfoxide.  The NO is coordinated via the N, as it is the case in a

model compound22 (Fe-N(NO): 1.65 Å (NHase), 1.676 Å (model); ∠  Fe-N-O: 158.6˚

(NHase), 172.3˚ (model)).  The 2 equatorial Cys’s were found to be modified to a sulfon

and a sulfoxide!  Also mass spectrometric studies showed the presence of extra O at-

oms.20,23  The active form of NHase must also contain the sulfon and sulfoxide since it is

extremely unlikely that the photoactivation of NO-inactivated NHase involves besides the

photodissociation of NO also the reduction of

the sulfon (C-SO2-Fe) and sulfoxide (C-SO-Fe)

to a thioether (C-S-Fe).  Considering the

relatively low resolution in the first crystal

structure, it is understandable that no electron

density corresponding to the extra O’s was

detected.  The sulfon and sulfoxide O’s are sta-

bilized via H bonds to the sidechains of 2 Arg’s.

Fe(III)29, Co(III)29,30, and Ni(II) 31 sulfon

complexes as well as a Co(III) sulfon η2-

sulfoxide complex30 are known.  

NHase is the 2nd enzyme in which the

coordination of an amide N to a metal has been

observed.  Based upon the crystal structure it

cannot be said if the amide N’s are deprotonated.

However, studies on model compounds indicate

that the coordination of deprotonated N’s, which

are negatively charged, to Fe(III) significantly

stabilize it.24,26,27  Only a small number of model

compounds involving coordination of a

deprotonated carboxamido N to Fe/Co have been

reported.24-27

It should be mentioned that about 10 Fe complexes containing cis S’s in a N4S2

donor set are known.24,28,32  Some of them model the spectroscopic and electronic proper-

ties (UV/Vis, EPR) of the active site of NHase surprisingly well.  They also provide sig-

nificant stabilization of the Fe(III), id est reduce the E1/2 of the Fe(III)/Fe(II) redox couple.

Fe

Cys-S

Cys -S N-am ide

N-am ide

X

S-Cys

O

O

O
Figure 2. Schematic Representation 
of the Structure of the Active Site of 
NHase 
(active form: X = H2O/OH-; 
NO-inactivated form: X = NO).

Table 1. Selected Structural Parameters 

              of Crystalline NHase.20

bond               distance (Å)
Fe - S   (Cys-sulfon 112)     2.26

Fe - S   (Cys-sulfoxide 114) 2.33

Fe - S   (Cys 109)                 2.30
Fe - N  (Ser 113 amide)        2.09

Fe - N  (Cys 114 amide)       2.05
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2.3.) Nitrile Hydr atase - Possible Mechanisms:
There are 2 plausible mechanisms according to which NHase could catalyze the

hydration of nitrile to amides.  The attack on the nitrile could be performed by a metal

bound hydroxide ion as it is usually the case in Zn hydrolytic enzymes.33  A model system

in which a Co(III) bound hydroxide (pKa(H2O-M) = 8.3) catalyzes the hydration of nitriles

is known.25  ENDOR has shown that the competitive inhibitor butyric acid (BA) binds in a

well defined geometry close to the metal bound hydroxide.41  After adding the slowly

reacting substrate i-butyronitrile (IBN), no BA remains near the active site.  “This suggests

that IBN is capable of displacing BA without binding to the ferric ion.”41  There IBN is

either attacked by the metal bound hydroxide or it has to undergo a positional change so

that it is bound to the Fe.  The other reasonable mechanism involves attack of a water

molecule on a metal bound nitrile.34  This mechanism seems probable considering the fact

that NHase contains Fe(III) or Co(III) in its active site instead of Zn(II) as most hydrolytic

enzymes do.33  A possible explanation for this might be that Fe and Co are the only readily

biologically accessible metals that can form a +3 ion.  If one assumes that the nitrile

substrate must be polarized prior to the nucleophilic attack upon the nitrile C, then it is

understandable that an ion with a +3 charge is required for NHase to exercise its catalytic

function.  A metal ion with a +3 charge is a much stronger Lewis acid than a metal ion with

a +2 charge.  It would be interesting to measure the activity of NHase when the Fe(III) or

Co(III) ion is replaced by other metal ions, including divalent ones.  To the best of the

author's knowledge no such experiment has been reported.

3.) A Dimeric N2S2 Fe(III) Compound:
Since the metal ion in NHase is coordinated by 2 amide N’s and 3 S’s, it is of ex-

treme importance to synthesize compounds containing Fe and Co in a mixed amide N/S

coordination environment.  The comparison of the spectroscopic and catalytic properties of

these model compounds with those of NHase will yield valuable information concerning the

structure of the active site, id est, if the sulfon and sulfoxide are really present, and con-

cerning the mecha-

nism of the reaction.  

When a

MeOH solution of

ligand 135 and 4 eq.

NaOH is added to a

MeOH solution of

NMe4FeCl4, an immediate color change to brown (λmax = 299, 421, 467 nm) is observed.

N
H

N
H

O
C SH

O
CHS

Fe

N

SN

S
OC

O
C

Fe

N

S N

S CO

C
O

2-
2 NMe4

+

2

(i) 8 NaOH
(ii) 2 NMe4FeCl4

MeOH

1

2Figure 3. Synthesis of 2.
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Complex 2 can be isolated in nearly quantitative yield.  An x-ray structure showed 2 to be a

thiolate bridged Fe(III) dimer.  Its crystals were grown from MeOH/Et2O.  When MeCN

was present during the crystallization, only oil was obtained.  In 2, each Fe(III) is

coordinated by 2 deprotonated carboxamido N’s and 3 thiolates.  This is identical to the

coordination environment of Fe(III) in NHase as found in the first crystal structure!  Un-

fortunately, 2 of the thiolates are bridging.  If this would not be the case, then this

compound could answer the question if the sulfon and sulfoxide are really present!  

To convert 2 to its monomeric form so that it more closely resembles NHase’s

active site, a number of splitting studies, see table 2, were performed.  In those studies, 2 was

stirred for 15 h at RT with X, thereafter an UV/Vis was taken.  The same mixture was then

stirred for 1 h at 55 ̊C, thereafter an UV/Vis was taken.  The UV/Vis cells with these

samples were also exposed to air to see if an immediate (~ min) change would occur.  It was

expected that a newly formed compound would be identified by a change of the absorption

pattern characteristic for 2 involving the

appearance of new absorption maxima.

Based upon the results of the reactions

attempted with 2, one can conclude that

the dimer 2 is stable and does not cleave

readily.

In order to trap a monomeric

form, the synthesis of 2 will be per-

formed in the presence of NaSEt,

NaSPh, NaOPh, and pyridine.  In addi-

tion, the splitting studies will be repeated in refluxing MeOH for several hours.  Hopefully,

it will be possible to isolate a new compound from these reactions.  Furthermore, this

chemistry will be conducted using the corresponding ligand without the α-methyl groups.37

It is possible that the α-methyl groups prevent nucleophiles from cleaving the dimer.  

Further, the splitting of 2 using iodoacetamide will be attempted.  This reaction should yield

in the isolation of a complex having a coordination environment consisting of 2 amide N’s,

2 thioethers, and 2 terminal amides.36    Before this work can be published, 2 as well as any

other derivative of it need to be completely characterized.

4.) The Et,Pr Fe(III) System:

Previous research in this group involved a 5-coordinated compound,

Fe(III)pr2imine2Me2PF6 (3), containing a Pr,Pr backbone.  This compound contains an

open angle ∠  S-Fe-N = 132.3(2)˚.  Its τ is 0.76 (ideal D3h = 1, ideal C4v = 0)38.  It was

                  X
(~ 3 eq./ monomer) RT, 15 h 55 ˚C, 1 h

NaS-tertButyl
NaOH
NaN3

NMe4S-tertButyl
KSCN
NaCN
NaSEt
H2O2
air

no rxn
no rxn
no rxn
no rxn

not tried
no rxn

decomposition
no rxn
no rxn
no rxn
no rxn

no rxn
no rxn
no rxn

O2 + 'rust'
within days decomposition

Table 2.  Reactions Attempted with 2.
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shown that this compound binds N3
- and NO.39,22  Unfortunately, there is no evidence that it

binds MeCN.  If this compound would bind MeCN, it would be a potential model for the

mechanism involving attack of a water molecule on a coordinated nitrile.

A project was undertaken to see if shortening of the ligand backbone by a -CH2-

unit would increase the reactivity of the resulting metal complexes.  When the reaction is

conducted with

Et,Pr amine,

instead of the

expected 5-co-

ordinated com-

pound, a 6-

coordinated

compound, 4,

containing an η2 coordinated persulfide is isolated.  Compound 4, Fe(III)et-

primine2Me2(S)PF6, can be isolated in about 30 % yield.  This shows that if there is a 5-

coordinated species formed in this reaction, then it must be very reactive.  Compound 4 is

the only characterized product of this reaction.  At the current time the mechanism of the

formation of 4 is not known.  Also, the addition of RS- to Fe(III)etprimine2 Me2PF6 (5), see

below, does not result in the unambiguous formation of 4 when monitored by UV/Vis.

However, it is clear that the extra S must originate from the S containing ligand, possibly via

an oxidatively induced C-S bond cleavage reaction.  A search of the literature showed that

only 6 other compounds containing an η2 coordinated persulfide are known.40  Three of

them have been characterized by x-ray diffraction.40a,b,f  These compounds were prepared by

the insertion of elemental S into the M-SR bond or by alkylation of a disulfido (S2) ligand.

Compound 4 represents the first structurally characterized first row transition metal η2

persulfide complex.

The removal of the extra S succeeded using PEt3.  From this reaction, the 5-coordi-

nated compound Fe(III)etprimine2Me2PF6 (5) can be isolated in near quantitative yield.

This compound is the original reason why the ‘Et,Pr’ project was started.  Once the x-ray

structure of 5 was solved, it became apparent why it is more reactive than its Pr,Pr analogue.

Pentacoordinated 5 with its Et,Pr backbone has a larger open angle ∠  S-Fe-N = 141.7(2)˚, τ

= 0.54 than its 5-coordinated Pr,Pr analogue 3 (∠  S-Fe-N = 132.3(2)˚, τ = 0.76).

Interestingly, 5 is stable in MeCN for days, whereas in MeOH, decomposition is observed

within hours.  The decomposition does not result in the formation of new visible absorption

maxima.  The products of decomposition are unknown.   

Fe

N

N

N
S

S S

H

SNa

O
(i)   Fe2+, MeOH
(ii)  H2N(CH2)2NH(CH2)3NH2

(iii) FeCp2PF6

4Figure 4.  Synthesis of Persulfide Containing 4.

PF6
-
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Since 5 contains a larger open angle than its Pr,Pr analogue 3, its reactivity towards

small ions was investigated.  Compound 5 binds SCN- at RT in MeCN.  In contrast, its

Pr,Pr analogue 3 does not interact with SCN- at any temperature investigated.

The 5-coordinated Pr,Pr analogue 3 binds quantitatively N3
- in MeCN to form an

N3
--adduct (Keq.(estimated) ≥ 10000, (99.9/(0.1*0.1))).  In comparison, in MeOH 3 binds

N3
- reversibly so that significant amounts of both 5-coordinated 3 and its N3

--adduct are

present in solution.  This means the equilibrium constant is much smaller.  The reaction

enthalpy (∆H) and the reaction entropy (∆S) of the reaction 3 + N3
- = 3-N3 in MeOH were

determined to be ∆H = -5.2 ± 0.9 kcal/mol and ∆S = -12.4 ± 0.4 cal/(mol K).39  

 The 5-coordinated Et,Pr compound 5 also reacts quantitatively with N3
- in MeCN to

form the N3
--adduct 6.  This N3

--adduct 6 has been isolated in crystalline form.  

Also in the Et,Pr case, an equilibrium is observed in MeOH as the solvent.  How-

ever, at any given temperature it is more on the N3
--bound side than in the Pr,Pr case.  This

means the equilibrium constant in the Et,Pr case is larger than in the Pr,Pr case.  For

example, in the Pr,Pr case “only small quantities of azide were found to bind, even upon the

addition of up to 1000 equiv.” at room temperature.39  Whereas, in the Et,Pr case the

addition of 11 eq. of N3
- results in 29 % binding at room temperature.  A preliminary study

of the reaction 5 + N3
- = 6 in MeOH showed ∆H = -5.7 kcal/mol and ∆S = - 12.3 cal/(mol

K).  It should be noted that these numbers are very preliminary.  The study will be repeated

to obtain better data.  Like expected, both reactions involve a nearly identical change in

entropy.  The reaction entropy is negative because the products represent a more ordered

state than the reactants.  Both reactions have a negative reaction enthalpy.  This reaction

enthalpy contains a negative component due to the formation of the new Fe-N bond and 2

positive components.  The 2 positive components are due to the required desolvation of the

N3
- ion and due to the required conformational change of the ligand backbone upon going

from the 5-coordinated to the 6-coordinated structure.  In the Et,Pr case, the reaction

enthalpy is more negative than in the Pr,Pr because in the Et,Pr case less energy is required

for the conformational change of the ligand.  This is due to the fact that the open angle

Fe

N

N

N
S

S S

H

4 Figure 5.  Synthesis of 5 and 6.

PF6
-

Fe

N

N

N
S

S

H

5

PF6
-

Fe

N

N

N
S

S N3

H

6

PEt3

MeCN

NR4N3

MeCN
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(∠ (N-Fe-S)) in 5-coordinated Et,Pr, 5, is 141.7˚.  Therefore, less conformational change is

required to go to the 6-coordinated structure (∠ (N-Fe-S) ~ 180˚) than in the Pr,Pr case where

the open angle (∠ (N-Fe-S)) is 132.3˚.

The reaction enthalpy and entropy of the reaction 5 + N3
- = 6 in MeOH were

determined by measuring the equilibrium constant K at a variety of temperatures (- 42 ˚C to

+ 43 ˚C).42  For all measurements, the ionic strength was kept constant at I = 0.30 ± 0.02

mol/l using N(Butyl)4NO3.  The change of density of MeOH at different temperatures was

also considered.43  Firstly, the ε of 5 and 6, generated by using 250 eq. of N(Butyl)4N3,

were determined at all temperatures.  Then, the UV/Vis of solutions containing a known

excess of N3
- (e.g., 11 eq. as in scheme 1) was recorded at different temperatures.  The

reaction 5 + N3
- = 6 is an example of a reaction D + E = DE, where E does not absorb in a

range where the absorptions of D and DE overlap.  The equilibrium constant is K =

[DE]/([D] [E]) (1).  [D] and [E] are [D] = [D] 0 - [DE] (2) and [E] = [E]0 - [DE] (3).

Therefore, K = [DE]/{([D]0 - [DE]) ([E]0 - [DE])} (4).  The total absorbance is A = εD[D]

+ εDE[DE] (5).  By substituting equation (2) into equation (5) one obtains [DE] = (A -

εD[D] 0)/(εDE - εD) (6).  By using equations (6) and (4), K can be determined.  Since ∆G =

∆H - T∆S (7) and ∆G = - RT ln K (8), ln K = - ∆H/(RT) + ∆S/R (9).  From equation (9)

∆H and ∆S of the reaction can be calculated.  A plot ln K = f(1/T) is called a van’t Hoff plot

after its discoverer.

ln K = f(1/T), 6-222-152

- 7

- 5

- 3

- 1

1

3

5

7

0 0.001 0.002 0.003 0.004

1 / T

ln
 K

Scheme 2: Van’t Hoff Plot (ln K = 2965.89 (1/T) - 5.86883), (ln K = - ∆H/(RT) + 
∆S/R).
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The fact that 5 interacts with SCN-, as well as its stronger interaction with N3
-, show

that Fe(III)etprimine2Me2PF6 (5) is more reactive than its Pr,Pr analogue

Fe(III)pr2imine2Me2PF6 (3).  This is due to its larger binding site as discussed above.

Since 5 is so reactive, its interaction with other substrates of interest will be

investigated.  They include Cl-, MeOH, H2O, MeCN, thioimidate, and deprotonated

acetamide.  Preliminary studies indicate that 5 interacts with MeCN, MeOH and H2O at

lower temperatures.  In contrast, the Pr,Pr analogue 3 shows no interaction with these

solvents at any temperature investigated.

Also, the crystallization of the SCN- adduct of 5 will be attempted.  If this is

possible, the SCN- binding constants and ∆H and ∆S of the reaction will be determined.

5.) Further Work:

Generally, in synthetic modeling studies, it seems sensible to synthesize compounds

containing the metal ion in a coordination environment that is as close as possible to that in

the enzyme.  To the best of the author’s knowledge no monomeric 5-coordinated Fe(III)

compound having 2 amide-N’s and 3 S’s as donor atoms is known.  There is also no

monomeric Fe(III) compound with 2 amide-N’s, 3 S’s, and 1 O as donor atoms.  A

coordination environment consisting of 2 amide-N’s and 3 S’s as donor atoms is present in

the dimer discussed above.  However, a model compound will only be a close structural

model if it is monomeric.  The best way to achieve this is to use a ligand with 2 amide and 3

S functionalities.  The author proposes ligand 11 in figure 6 to be synthesized.

Compound 7 is known.44  It has already been successfully synthesized by the

author of this paper.  Compound 9 is also known.45  However, the usage of 8 should give a

symmetrical (Cs) ligand.  Metal complexes of symmetrical ligands are potentially easier to

work with since there are less isomers.  The unchlorinated precursor (PhCH2SCH(CH3)2)

of 8 is known.46  Its chlorination using NCS has been attempted.47  Unfortunately, the

authors obtained an excess of the undesired product (PhCHClSCH(CH3)2) in a ratio of 3.3

to 1.  Therefore, the chlorination using SO2Cl2 will be attempted by the present author.  The

formation of compounds analogous to 10 using α-chloroethyl thioethers, such as

(CH3)2CH-S-CHClCH3, has been described.48  The synthesis of 11 from 10 should then

only involve standard chemical transformations.

Once 11 is in hand, its metal complexes can be formed.  Ions of interest include

Co(II), Co(III), Fe(II), and Fe(III).  The synthesis of NO, N3
-, SCN-, OH-, and MeCN

bound derivatives will be attempted.  Also, the synthesis of sulfon and sulfoxide derivatives

will be performed.  Once some of these compound are in hand a detailed investigation of
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their reactivity properties will be done.  This should provide new information concerning the

mechanism and the actual active site structure of NHase.  

SH S
NH2

SNa S
Cl

SH S
Cl

O O

O O

O O

O O

S
R

HN NH

O O

SH
R

Ph

Ph

Ph

Ph

SH HS

(i) + H3CNO2, (Me)2CO
PhH, reflux

(ii) LiAlH 4, THF
7

(i) (H3C)2CHCl / EtOH

(ii) SO2Cl2 8

H3CCHO / HCl

9

R = H/Me

10

(i) NaOEt

(ii) 8,9 / Toluene

(i) KOH/ EtOH
(ii) SOCl 2

(iii) 7, Na 2CO3 / CHCl3
(iv) Na / NH3

R = H/Me
11

10

Figure 6.  Synthesis of Proposed Ligand   11.

6.) Conclusions:

The results presented herein represent a significant milestone in the modeling of the

active site of NHase as well as in the general field of metalloenzyme catalysis.  The higher

reactivity of 5-coordinated 5, which contains an Et,Pr ligand backbone, as compared to its

Pr,Pr analogue 3 can serve as a model for protein ligand constraints.  In metalloenzymes, the

protein ligand can enforce constraints upon the active site metal ion and the substrate,

forcing them to be in an ‘entatic’ state.  That is a state close to the transition state of the
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reaction to be catalyzed.  Thereby, the activation energy of the reaction is lowered and the

rate of the reaction increases.  In the present case, the reactant 5 is more product like (larger

angle = closer to ~ 180˚) than its Pr,Pr analogue 3.  Therefore, less energy is needed for

ligand reorganization, causing ∆H to be more negative.  This effect causes the equilibrium to

be more on the side of the product (id est, N3
--bound 6).  Since Et,Pr containing 5 is much

more reactive than its Pr,Pr analogue 3, there is the possibility that 5 will bind nitriles and

other NHase-relevant substrates.

The Fe(III) containing dimer 2 is important because it contains Fe in a coordination

environment that is more similar to the coordination environment of NHase than the

coordination environment of many previously published NHase model compounds.  Many

previous model compounds contain imine and amine N’s as compared to the dimer and

NHase, which contain 2 amide N’s.  Also, the dimer and NHase contain 3 S’s coordinated

to the Fe(III), whereas many previous model compounds contain 2 coordinated S’s.  Most

likely there is an electronic interaction between the metals in the dimer.  Therefore, and since

it is a dimer, the synthesis of monomeric model compounds will pursued.  This will be done

by splitting reactions, as discussed above.  Also, the synthesis of monomeric model

compounds derived from ligand 11 will be attempted.  Hopefully, these studies will help in

elucidating the correct coordination environment of the metal ion in NHase.
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