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Abstract:

In this papemew resultsconcerningthe modeling of theactive site properties of
Nitrile Hydratase (NHasegre presented. Alimeric Fe(lll) compound igdiscussed. In it
each Fe(lll) is in a coordination environment consisting aftddeN’s and 3 thiolateS’s.
This coordinationenvironment is identical to th&und in the first crystal structure of
NHase. However, the spectroscopic properdiethe dimer do nomatchthose of NHase.
This can bedueto electronic interactiors betweerthe metalions inthe dimer ordue to the
fact that theadive site of NHasecontains post-translationally modifiedlys residues as
found in the second crystal structure and in masspectrometric studies.

Further, a 5-coordinated compound is presented. This compound cont&tBran
ligand backbone. Interestingly, it is more reacthan its Pr,Pr analogueThis is attributed
to configurationalconstraints imposed bthe ligand. This compoundcan 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 ghemistrythat investigates thdunctions
and roles of 'non-organielementswithin biological systems. This discipline emerged in
the 1960's. The rapid development of analytical methods enabled scientists to rebagjnize
metalions play significantroles inbiological systems. Foexample, itwas found that a
majority of all proteinsrequire one or morenetalions toexercise their biologicactivity.
Consequently, an importaaspect of bioinorganic chemistiyvolves the study of how a
metal ioninfluencesthe biologicalactivity of anenzyme. Theaesearch describelderein
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 laeme unit(cytochromeP450), as @iiron-carboxylate uni(themerythrin),
as an Fe-S cluster (nitregase), or as mononuclear Fe centerOnly afew number of
mononuclear Fe centers are known to contain Fe in a Mi¥@5 coordinationenviron-
ment. They are nitrile hydratase, center Il of desulfoferrodoaintl neelaredoxin

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

Nitrile hydratase (NHase) is a bacterial enzyme. Its physiological rolecatdlyze
the hydration of nitriles to amides. This might be necessagntovetoxic nitriles, to use

nitriles asa source @) ')

of Cand N, or to R—C= N Nitrile )J\ Amidase )J\
synthesize  plant Hydratase NH, R OH
hormone$  Most ‘
NHases exhibit a Nitrilase

great substrate Figure 1. Biological Pathways to Convert Nitriles to Carboxylié Acids.

variability. Relatedeactions arecatalyzed bynitrilase€ and amidase Nitrilasee converts
nitriles to acids and ammonia. Amidassverts amides to acidexddammonia. Cys is the
catalytically active residue in nitrilase while it is Ser in amidase.

NHase has found sariety of applicabns Immobilized cells, which contain
NHase,are used tohydrateacrylonitrile to acylamide? NHase isalso used taemove
nitriles from wasté® NHase has thpotential to beemployed in manghemicalprocesses
because the reaction occurs under mild conditions and can be enantiosgfétfive.

2.2.) Nitrile Hydratase - Studies of the Enzyme:

NHasecontains gher Fe orCo. Both formscan beexpressed simultaneoudly.
NHase is arop heterodimer? The a subunit consist®f 207 amino acids and th@
subunit of 212amino acids'* The active site is located on tha subunit®® Sequence



alignment indicates that thee subunitcontains a conseed sequence:Cys-Thr/Ser-Leu-
Cys-Ser-Cys-Tyr/Thr¥? This sequence is conserved in batletal containingforms.
NHase contains in its actisite eitherone low-spinFe(I11)***€ or one low-spinCo(l11)*%,
To date, NHase is the only non-heme enzyme known to contain a low-spin Fe(lll).

NHase€s acive site wasstudied byUV/\Vis, FTIR, EPR, EXAFS, ENDOR, reso-
nanceRamanMossbauer, masspectrometryx-ray aystallography, andight irradiation.
Surprisingly, nomutagenesistudieswere performed?® They could have answered the
guestion: are certairamino acidgCys and His) necessary focatalytic activity? Prior to
conductingx-ray crystallographicanalysesmutagenesistudiescould havehelpedsignifi-
cantly in assigning an active site structure.

Based on UV/Vis, EPR, EXAFENDOR, andRR studiesthe Fe in theactivesite
was assigned to be ammixed HisCys coordinatiorenvironment containing 2is Cys S’s,

3 His imidazole N's, and an open coordinatiosite, which isoccupied by a rapidly
exchangingwvater molecule ordependinguponthe pH, ahydroxideion.*?**%** Whereas,
the x-ray structures show the Fe to be coordinated by 3 S’s and 2 amit& N’s.

There are 2 possible explanationstfa discrepancy betweéme spectroscopic and
crystallographic results. Firstly, there could have lzeeardinal error in solving the crystal
structures. Such an erroould be a wronglyraced chain. This is high{ unlikely con-
sidering thathe x-ray structureplace the acte site within the conservedsequence. Sec-
ondly, it might be that in the interpretation of the spectroscopic data, mevasconsidered
that an amide N could be coordinatecthe Fe center. If the researchers wddedone
mutagenesis studies, they would have most lifeind, that the histidinesre notnecessary
for activity. Now researchershould reinterpret theirspectroscopidata, since from the
current situation it must be concludidt it isinherentlyimpossible todistinguishbetween
an amide N and a His imidazolely EPR, EXAFS, ENDOR, and RRechniques. 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 Nia xctive
site FE&®* The activity can be stored by exposure tohite light. This researclyroup re-
cently published a spectroscopic model of the NO-inactivated from of NHa$e author
of this paper worked on the NO project before conducting the research described herein.

Two crysal structures oNHasewererecently solved by-ray diffraction*% In
the first structuré} the adwe site wasfound to belocated within theconservedsequencg
onthea subunit. The ligands tthe Fe ion are ac Cys S’sand 2 peptideamideN'’s.
"Thesefive ligandsare located afive vertices ofan octahedronwith the sixth position
unoccupied™ Given the low resolution of the crystal structure, it is understandable that no
electron density corresponding to a coordinated water molecule was detected.



The second crystaitructuré® at a better resolution ol.7 Arevealedthe Fe ion in
the active site of NO-inactivated NHase to be coordinated by 2 amide N’s, 1 NO,1Cys S, 1
Cys sulfon, and 1Cys sulfoxide. The NO isoordinatedvia the N, as it is the case in a
model compouné& (Fe-N(NO): 1.65 A KHase),1.676 A (model);0 Fe-N-O: 158.6°
(NHase),172.3° (model)). The 2 equatorial Cys'sverefound to be modified to a sulfon
and a sulfoxide! Also mass spectromét studies showedhe presence ofextra O at-
oms?%?® The active form of NHasemust also contaithe sulfon and sulfoxidesince it is
extremelyunlikely thatthe photoactivation of NO-inactivatddHase involves besides the
photodissociation of NO alsthe reduction of
the sulfon (C-SQ-Fe) and sulfoxidg(C-SO-Fe) O
to a thioether (C-S-Fe). Considering the W\ X .
relatively low reslution in the first crystal Cys -S I o N-amide
structure, it is uderstandablethat no electron
density corresponding tehe extraO’s was N-amide
detected. Theulfon and sulfoxideO’s are sta- Cys ( S- CyS

bilized via H bonds tahe sidechains of Arg’s.

Fe(ll)®, Co(Il)2®®, and Ni(Il)* sulfon Figure 2. Schematlc Representation
of the Structure of the Active Site of
NHase

(active form: X = HO/OH;
NHase isthe 2nd enzyme in which the N o.inactivated form: X = NO).

coordination of aramide N to a metahas been

complexes aswell as a Co(lll) sulfon n?*
sulfoxide comple¥ are known.

observed. Basedupon the crystal structure it bond distance (&)
cannot besaid ifthe amideN'’s are deprotonated. o g (Cys-sulfon 112)  2.26
However, studies onmodel compoundsindicate Fe-S (Cys-sulfoxide 114) 2.33
that the coordination of deprotonated’s, which Fe-S (Cys 109) 2.30

are negativelycharged, toFe(lll) significantly Fe - N (Ser 113 amide) 2.09
Fe - N (Cys 114 amide) 2.05

Table 1. Selected Structural Parameters
of Crystalline NHas€.

stabilize it?*?*?” Only a small number of model
compounds involving coordination  of
deprotonated carboxamido té& Fe/Cohave been
reportect*?’

It should bementioned that about 10 Fe complexes containiad’s in a NS,
donor setare krown?*#3? Some ofthem model thespectroscopic anelectronicproper-
ties (UV/Vis, EPR) ofthe activesite of NHase surprisinglyvell. They also prowe sig-
nificant stabilization of the Fe(lll)d est reduce the E of the Fe(lll)/Fe(ll) redox couple.



2.3.) Nitrile Hydr atase - Possible Mechanisms:

There are 2 plaude mechanisms according which NHase could catalyze the
hydration of nitle to amides. The attack on the nitrdeuld be performed by metal
bound hydroxide ion as it issually the case in Zn hydrolytenzymes?® A modelsystem
in which a Co(lll) bound hydroxide (pKa¢B-M) = 8.3) catalyzes the hydration witriles
is known?® ENDOR has shown that thiempetitiveinhibitor butyricacid (BA) binds in a
well defined geometry close to theetal bound hydroxidé! After adding the slowly
reacting substraiebutyronitrile (IBN), no BA remains near tlaetivesite. “This suggests
that IBN is capable ofdisplacing BAwithout binding tothe ferricion.”** ThereIBN is
either attackedby the metalboundhydroxide or ithas to undergo positional change so
that it is bound tothe Fe. The otherreasonable mechanisinvolves attack of awater
molecule on ametalbound nitrile** This mechanism seems probable considettiegfact
that NHase contains Fe(lll) or Co(lll) in itstive site instead oZn(ll) as most fidrolytic
enzymes d& A possible explanation for this might be that Fe andaf@otheonly readily
biologically accessiblenetals that cafiorm a +3 ion. If one assumes thathe nitrile
substrate must bpolarizedprior to the nucleophilicattack upon the nitrile C, then it is
understandable that an ionth a +3 charge is requiretbr NHase toexercise itatalytic
function. A metal ion with a +3 charge is a much stronger Lawits thana metal ionwith
a +2 charge. Kvould be interesting to measure #hetivity of NHasewhen theFe(lll) or
Co(lll) ion is replaced byother metal ions,including divalentones. Tothe best of the
author's knowledge no such experiment has been reported.

3.) A Dimeric N,S, Fe(lll) Compound:
Since the metal ion iINHase is coordinated by &nideN’s and 3S’s, it is of ex-

tremeimportance to synthesizmmpounds cdaining Fe and Co in a mixeainmide N/S
coordination environment. The comparisaithe spectroscopic andatalytic properties of
these model compounds with those of NHase will yield valuable information concerning the
structure ofthe activesite,id e, if the sulfon and sulfoxideare really presentand con-
cerning the mecha-

nism of the reaction. ) 8 NaOH \ /
HS 2 sH gzi))ZNell\Ae4FeCI4 (\ I 2NMe4
When a o ><D N/C>< ei\?
H
MeOH solution of MeOH 5(5 S—Fe—
ligand 1** and 4 eq. 1 %/N\)

NaOH isadded to a  Figure 3. Synthesis & 5 ©
MeOH solution of

NMe,FeCl, animmediatecolor change to browrh(,, = 299, 421,467 nm)is observed.




Complex2 can be isolated in nearly quantitativeld. An x-ray structure showelto be a
thiolate bridgedFe(lll) dimer. Its crystalsweregrown fromMeOH/EtO. When MeCN
was pesent duringthe crystallization,only oil was obtained. In2, each Fe(lll) is
coordinated by 2 deprotonated carboxantil®e and 3 thiolates. This is identical to the
coordinationenvironment ofFe(lll) in NHase as found ithefirst crystal structure! Un-
fortunately, 2 of the thiolates ataridging. If thiswould not be the case, thenthis
compound could answer the question if the sulfon and sulfoxide are really present!

To convert2 to its monomeric form sohat it moreclosely resemblesNHase’s
active site, a number of splitting studies, see table 2, were performed. In thoseXtudges,
stirred for 15 h at RT with Xthereafter an UV/Vis was taken. The same mixture was then
stirred for 1 h at 55°C, thereafter an UV/Vis was takenThe UV/Vis cellswith these
samples were also exposed to air to see if an immediate (~ min) change would occur. It was
expected that a newly formed cooumd would be identified by a change of #iesorption
pattern characteristitor 2 involving the X
appeararce of new absorptionmaxima. (- 3 eq./ monomer)| RT, 15h |55 °C,1h

Based uporthe results ofthe reactions NaS-tertButyl no rxn not tried

attemptedwith 2, one can concludéhat NaOH no rxn norxn
) ) NaN3 no rxn decomposition
the dimer2 is stableanddoes nbcleave  npe 4S-tertButyl | no rxn o rxn
readily. KSCN no rxn no rxn
. NaCN Nno rxn no rxn
In order to trap a monomeric NaSEt 6 XN .

form, the synthesis of2 will be per- H20, O, + 'rust’
formed in the presence of NaSEt, air within days decomposition
NaSPh, NaOPh, anplyridine. In addi-
tion, the splitting studies wilbe repeateth refluxing MeOH for several hours.Hopefully,

it will be possible toisdate a new compound from theseeactions. Furthermore, this
chemistry will be conductegsing thecorresponding liganaithout thea-methyl groups?

It is possible hat thea-methyl groupsprevent nucleophiles fromcleaving the dimer.

Table 2. Reactions Attempted wizh

Further, the splitting a? using iodoacetamide ivbe attenpted. Thisreactionshould yield
in the isolation of @omplex having @oordinationenvironmentconsisting of ZamideN’s,
2 thioethers, and 2 terminal amides.Beforethis work canbe published? aswell as any
other derivative of it need to be completely characterized.

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

Previous research in thisgroup involved a 5-coordinated compound,
Fe(lll)pr,imine,Me,PF; (3), containinga Pr,Pr backbone. Thisompound contains an
openangle S-Fe-N = 132.3(2)°. Itsis 0.76(ideal D,, = 1, ideal G, = 0)®. It was



shown that this compound binds Bind NO*?* Unfortunately, there is no evidence that it
binds MeCN. If this compoundwvould bind MeCN, itwould be apotential modefor the
mechanism involving attack of a water molecule on a coordinated nitrile.

A project wasundertaken to see #hortening ofthe ligandbackbone by a -CH
unit would increase theeactivity ofthe resultingmetalcomplexes. When the reaction is
conductedwith
Et,Pr  amine,

instead of the (i) FE&*, MeOH

expected 5-co- sNa (ii) H,N(CHR),NH(CH,);NH,

ordinated com- (i) FeCp,PFs

pound, a 6-

coordinated Figure 4. Synthesis of Persulfide Containihg 4

compound, 4,

containing ann? coordinated persulfide is isolad. Compound 4, Fe(lll)et-

primine,Me,(S)PF;, can be isolated in about 30 % yiel@his shows that ithere is a 5-
coordinated spees formed in thigeaction, lhen it must bevery reactive. Compound4 is
the only characterizegbroduct of thisreaction. Atthe currenttime the mechanism of the
formation of4 is not known. Also, the addition of R® Fe(lll)etpriming Me,PF, (5), see
below, does no result inthe unambiguous fanation of 4 when monitored by UV/Vis.
However, it is clear that the extra S must originate from the S contaigargl Jpossibly via
an oxidatively inducedC-S bondcleavageaeaction. Asearch othe literatureshowedthat
only 6 othercompoundscontaining am? coordinatedpersulfideare known® Three of
them have been characterized by x-ray diffractidt. These compounds were prepared by
theinsetion of elemertal S into theM-SRbond or by alkylation of adisulfido (S) ligand.
Compound4 representghe first structurally characterizedirst row transition metal n?
persulfide complex.

The removal of the extra S succeedsthg PEL From thisreaction, the 5-coordi-
natedcompoundFe(lll)etprimingMe,PF; (5) can be isolated in neauantitativeyield.
This compound ishe originalreasornwhy the‘Et,Pr’ project was startedOncethe x-ray
structure ob was solved, it became apparent whyg inore reactive tm itsPr,Pranalogue.
Pentacoordinate8lwith its Et,Pr backbone has a larger open angkeFe-N =141.7(2)° 1
= 0.54 tha its 5-coordinatedPr,Pr analogue3 (O S-Fe-N =132.3(2)°,1 = 0.76).
Interestingly 5 is stable inMeCN for days, whereas iMeOH, decomposition i®bserved
within hours. The decomposition does not result in the formatiorewfvisibleabsorption
maxima. The products of decomposition are unknown.



Since5 contains a larger opaangle than it$r,Pranalogues, its reactivity towards
smallions was investigated.Compound5 binds SCN at RT in MeCN. In contrast, its
Pr,Pr analogu8 does not interact with SCIt any temperature investigated.

The 5-coordinatedPr,Pranalogue3 binds quantitatively N” in MeCN to form an
N,-adduct (Keq.(estimated)10000, (99.9/(0.1*0.1))). leomparison, iMMeOH 3 binds
N, reversibly so thasignificantamounts of both 5-coordinat&land its N-adduct are
present in solution. This meatige equilibriumconstant is much smai. The reaction
enthalpy AH) and the reaction entropgg) of the reactio® + N,;” = 3-N, in MeOH were
determined to baH = -5.2 + 0.9 kcal/mol andS = -12.4 + 0.4 cal/(mol K.

The 5-coordinated Et,Pr compoubdlso reacts quantitatively with,Nin MeCN to
form the N-adduct6. This N,-adduct6 has been isolated in crystalline form.

4 Figure 5. Synthesis & ands6.

Also in the Et,Prcase, arequilibrium is observed iMeOH asthe solvent. How-
ever, at any given temperature it is more on thebbiund side than irthe Pr,Pr case. This
means theequilibrium constant inthe H,Pr cases larger than in thePr,Pr case. For
example, in the Pr,Pr case “only small quantities of azide were found teeberdjpon the
addition of up to1000 equiv.” atroom temperatur€. Whereas, inthe Et,Pr case the
addition of 11 eq. of Nresults in 29 % binding at rootemperature. A preliminargtudy
of the reactiord + N, = 6 in MeOH showed\H = -5.7 kcal/molandAS = - 12.3cal/(mol
K). It should be noted th#ttese numbers are vaoyeliminary. The study will berepeated
to obtain betr data. Likeexpectedboth reactionsnvolve anearly identical change in
entropy. Theeactionentropy isnegativebecause th@roductsrepresent anore ordered
state than the reactant8oth reactionshave anegativereaction entbay. This reaction
enthalpy contains aegative componerttue to the formation of theew Fe-N bondand 2
positive components. The 2 pagtcomponents ardue to therequireddesolvation of the
N, ion and due tdhe required conformationathange of thdigand backbon@ipon going
from the 5-coordinated tahe 6-coordinatedstructure. Inthe EtPrcase,the reaction
enthalpy is more negative than in the Pb&ause in the Et,Pr casssenergy isrequired
for the conformational change of the ligan@his is due tothe fact that thepenangle
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(O(N-Fe-S)) in5-coordinatedtt,Pr, 5, is 141.7°. Therefore less conformationathange is
required to go to the 6-coordinated structuré\N¢Fe-S) ~ 180°) than in the Pr,Pr case where
the open angl¢d(N-Fe-S)) is 132.3°.

The reaction enthalpyand entropy ofthe reaction5 + N, = 6 in MeOH were
determined by measuring the equilibrium constant K at a variety of temperatures (- 42 °C to
+ 43 °C)** For all measurements, the iorstrengthwas keptconstant at | .30 + 0.02
mol/l using N(Butyl)NO,. The changef density ofMeOH atdifferent temperatures was
alsoconsidered® Firstly, thee of 5 and 6, generated bysing 250eq. of N(Butyl),N.,
weredetermined aall temperatures. Then,the UV/Vis of solutions containing &nown
excess of Iy (e.g., 11eq. as in scheme 1) wascorded at different temperatures. The
reaction5 + N, =6 is an example of a reaction D + E = Dithere Edoes not absorb in a
rangewhere theabsorptions of Dand DE overlap. Tile equilibrium constant is K =
[DEN(ID] [E]) (1). [D] and [E]are[D] = [D], - [DE] (2) and [E] = [E} - [DE] (3).
Therefore, K = [DE]J{([D}, - [DE]) ([E], - [DE])} (4). Thetotal absorbance is A £,[D]

+ ¢,[DE] (5). By substitutingequation(2) into equation(5) oneobtains[DE] = (A -
&5[D] o)/ (e0e - €p) (6). By usingequationg6) and(4), K can bedetermined. SincAG =
AH - TAS (7) andAG =- RT In K (8), In K = -AH/(RT) + AS/R (9). From equation (9)
AH andAS of the reaction can be calculated. A plot In K =f(1/T) is called a tofit plot
after its discoverer.

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

In K

0.003 0.004

1/T

Scheme 2: Van't Hoff Plot (In K = 2965.89 (1/T) - 5.86883), (In K AH/(RT) +
AS/R).
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The fact thab interacts with SCNas wellasits strongerinteractionwith N,, show
that Fe(lll)etprimingMe,PF, (5) is more reactive than its Pr,Pr analogue
Fe(lll)pr,imine,Me,PF, (3). This is due to its larger binding site as discussed above.

Since 5 is so reactive,its interaction with other sbstrates of interest iliv be
investigated. They include C] MeOH, HO, MeCN, thioimidate, and deprotonated
acetamide. Preliminarystudiesindicate that5 interacts with MeCN, MeOH and HO at
lower temperatures. lrontrast, thePr,Pr analogue3 shows nointeractionwith these
solvents at any temperature investigated.

Also, the crystallization of the SCNadduct of5 will be attempted. Ifthis is
possible, the SCNbinding constants ankH andAS of the reaction will be determined.

5.) Further Work:

Generally, in synthetic modeling studies, it seemrssible to syntlsize compounds
containing the metal ion in a coordination environment that is as clgsesaible to that in
the enzyme. To theest ofthe author’'s knowledge no moreric 5-coordinatedre(lll)
compoundhaving 2amide-N'sand 3S’s asdonor atoms is known. There isalso no
monameric Fe(lll) compoundwith 2 amide-N’s, 3S’s, and 1 Oas donor atoms A
coordination environment consisting of 2 amide-N’s and 3 S’s as donor atoms is present in
the dimerdiscussedibove. However, amodel compound will onlybe a close structural
model if it is monomeric. The best wayachieve this is to useligand with2 amideand 3
S functionalities. The author proposes ligaddn figure 6 to be synthesized.

Compound7 is known?* It has already beersuccessfully synthesized by the
author of this paper. Compoufds also knowrf> However,the usage of8 shouldgive a
symmetrical (Cs) ligandMetal complexes ofymmetricaligandsare potentiallyeasier to
work with since thereareless isomers. ThenchlorinatedorecursofPhCHSCH(CH,),)
of 8 is known? Its chbrination using NCS haseen attemptet. Unfortunately, the
authors obtained an excess of the undesired product (PhCHCISQF)(BH ratio of 3.3
to 1. Therefore, the chlorination using 80 will be attempted by the present author. The
formation of compounds analogous th0 using a-chloroethyl thioethers, such as
(CH,),CH-S-CHCICH, hasbeendescribed? The synthesis ofL1 from 10 shouldthen
only involve standard chemical transformations.

Oncellis in hand,its metal complexes can be fimed. lons of interesinclude
Co(ll), Co(lll), Fe(ll), andFe(lll). The synthesis of NO, Nl SCN, OH, and MeCN
bound derivatives will be attempted. Also, #yanthesis of sulfomnd sulfoxidederivatives
will be performed. Once some of these compoaradinhand adetailed investigation of

11



their reactivity properties will be don@his should provide new information concerning the
mechanism and the actual active site structure of NHase.

(i) + HRCNO,, (Me)pCO
PhH, reflux

fe
>

SH (i) LIAIH 4, THF

PN %
[ [/
SNa(I) (H3C),CHC EtCiH /\%

(i) SOCl>

H3CCHO / HCl

SH

7YY

0 0
~ o (i) NaOEt ™~ e
(ii) 8,9 / Toluene
R = H/Me
Ph
(i) KOH/ EtOH
(i) SOCl » _ HN NH
(iii) 7, Na,CO3/ CHCl
(iv) Na / NHg
R
SH
SH HS
11

Figure 6. Synthesis of Proposed Ligdrid R = H/Me

6.) Conclusions:

The results presented herein represent a significgestone inthe modeling of the
active site of NHase asell as inthe general fieldf metalloenzymesatalysis. The higher
reactivity of 5-coordinateds, which contains an Et,Pr ligandackbone, agompared to its
Pr,Pr analogu8 can serve as a model for protein ligand constraints. In metalloenzymes, the
protein ligand can enforceonstraintsupon the active sitemetal ion and the substrate,
forang them to be in arentatic’ state. That is state close tdhe transition state of the

12



reaction to be catalyzed. Thereby, #utivationenergy ofthe reaction isoweredand the
rate of the reaction increases. In the present case, the réaigtanbre product like (larger
angle =closer to ~180°) than itsPr,Pranalogue3. Therefore,less energy isneeded for
ligand reorganization, causiadf to be more negative. This effect causes the equilibrium to
be more on the side of the produdtést, N,-bound6). SinceEt,Pr containing is much
morereactive tharts Pr,Pranalogues, there is thgpossibility that5 will bind nitriles and
other NHase-relevant substrates.

The Fe(lll) containing dime2 is important because it contains Fe in a coordination
environment thais more similar to thecoordination environment ofNHase than the
coordination environment ahany previouslypublishedNHasemodel conpounds. Many
previous modetompounds contaimmine and amineN’s as compared to the dimer and
NHase, which contain 2 amide N'&lso, the dimerandNHase conta 3 S’s coordinated
to the Fe(lll), wiereas many previous modgmpounds contai coordinatedS’s. Most
likely there is an electronic interaction betweenrtigals in the dimerTherefore, and since
it is a dimer, the synthesis of monomeric model compounds will pursued. This will be done
by splitting reations, asdiscussedabove. Also, the synthesis of marmeric model
compounds derived from ligadd will be attempted.Hopefully, thesestudies willhelp in
elucidating the correct coordination environment of the metal ion in NHase.
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