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Abstract:

The kinetics and mechanism of the displacement of the ligands Diglycylethylenediamine (DGEN) and
Malonamide-N,N'bis-(2-aminoethyl) (MBAE) from the Nickel(Il) complex by Triethylenetetramine
(TRIEN) have been studied, The rate expressions for each reaction were deduced, and the rate
constants were evaluated for each reactive species.

Nickel (II)-N,N'-Diclycylethylenediamine was found to react with Triethylenetetramine by a
nucleophilic mechanism= The rate constants wre kT = 9.9 x 10"-1 M”*-1 s*-1, kHT = 5.5 x10*-1 M*-1
s”-1, and kH2T = 7.8 x 10"-2 M”-1 S”-1= The reaction was specific hydrogen ion catalyzed at low pH,
kH30+=1.2 x 10"4 M”*-1 S~-1.

Nickel (II)-Malonamide-N,N'bis-(2-aminoethyl) was found to react with Triethylenetetramine by a
proton-assisted nuclechilic mechanism. Rate constants were kT = 1.6 x 10*-1 M"-1 S*--1, kHT = 6.7 x
10"-1 MA-1 s*-1and kH2t = 1.7 x 10"-2 M”-1 S”-1. The reaction switched to a general acid catalyzed
mechanism at low pH, kH3T = 1.3 x 10"2 M*-1 S*-1.
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ABSTRACT

The kinetics and mechanism of the displacement of the ligands
Diglycylethylenediamine (DGEN) and Malonamide-N,N’bis—(2-aminoethyl)

(MBAE) from the Nickel(II) complex by Triethylenetetramine (TRIEN) have

‘been studied. fI'he' rate expressions for each reaction were deduced, and
the rate constants.were evaluated for each reactive species.

Nickel (II)-N,N*-Diclycylethylenediamine was found to react with
Triethylenetetramine by a nucleophilic mechani sm. The rate constants
wre kp = 9.9x 107 M 1s™L, kpn = 5.5 x1071M 1571, and ky p= 7.8 &
10~2m~1gl, The reaction was ‘specific hydrogen ion catal%zed at low
PH, kg gt = 1.2'x 1041 "1‘. ‘ :

3

Nickel(II)-Malonamide—N,N“bis—(2—a’minoetlyl)‘ was found to react
with Triethylenetetramine by a proton-assisted nuclechilic mechanism.
Rate constants were kp = 1.6 x 10 1sL, kyr = 6.7 x 1071w s ang
kg p = 1,7 x 1072815, The reaction switched to a general ac1d

ca%alyzed mechanism at low pH, ky @ = L. 3 x lOzM"1 -1,
. 3




INTRCDUCTION

~ As the literature shows, much interest has been given to the study

of metal—po;ypept_idé complexes, Réasons for thlS lie in thé fact tha£
‘these may be used as models-_for transport of metals in biological
systems (1).. o |

‘ The two metal-ligand c'omplexes'which are the focus of this study
are Nickel (II)‘-Di:g‘jlyc.:yiethylenediami'ne (NiH_,DGEN) and Nickel(ID)-
.Maionamide,—N,Nbis—Qaminoetﬁyl) .(.NiH'_zMBAE)o These complexes are
square.plang; in 'conf‘iguration,and havé. a yellow chromophore assoéiated .
with them. |

Fofma‘_tipn of thesé-éomplexes requires a structural change from

octahedral to squiar'e. pianar‘ ‘corﬂ‘figurati.om This is aqcomplishéd by .
ionization of Eﬁe peptide hy;:‘i:roge'ns in basic solﬁtion, ﬁogefher with a
Ni-O0 to Ni-N bond rea,rrangéﬁent (2,3). 'Elecﬁ-;rénica;lly the Nickel(IT)
shifts from high spin _kéararﬁagnefi@:) to low spin (diamagnetic)_iwith-
the increase in field strength of .the ligands (4). There is also a
shift of the wévelength of maximum éb_éorbance, )\max' in transforming
£rom the blue octahedral, corﬁplex to the deprotonated 'yellow squaaré
_ planar complex (5). -
The dépfptonation_ ,re'actiori“is given iﬁ Equation 1, where L i”s,the_

. ligand of iﬁte:est The structural change for the dé}xotomtion

&) S MY — NiHLL o+ 28
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reaction is diagrammed in Figtn:e iv, Copper(II)TrigJ.ycine is'used as an.
example (6). | '

" Several metal—ligand comblexes have been studied recently and will
.be used as systems for comparieop. ‘, These include Copper (IT) and
Nickel(II) complexes of Tri.gl.ycine,.: Tetraglycine, Triglycinamide and
G:Lycylgllyc_:ylhist-‘_idine° The structUre of ‘the complexes smdied as well
as those used for comparlson purposes are glven in Figure 2.

As you may notice from the. structures there are several types of
‘electron dono_rs employed in the formatmn of the coordinate bonds.
Terminal A,do-nors ir;clude'coordinated amiﬁe, .glycylamide and carboxylate
.gro’ups.' Intei:nally doordinated' groupé afe 'generally' deprotonated emide
nitrogens, resulting fram the‘octahe‘_dral to square planar qbﬁversion.

The .re'action studied is given in.'Fquation 2.“ The reader may .
(2) NiH oL + . TRIEN —-2-i+;—;> NITRIEN = + L

notice that two protohs are conSt:med in the.course of the reaction.
The transfer of Ni(II) from a 'dejprotonat‘ed polypeptide complex to a
multidentate 1i§énd em_rironmen_t is' accompanied by a change m spin
state; The multidentate 1igand is coordinated through primary and
Secondary amine nitrogeﬁs to the metal 1n an ectahedral conf iguration.
These types of llgand exchange react:.ons follow three general
mechamsms M. ' "

The first is a dlssoc:Latlve or replacmg l:Lgand mdependent
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Nickel(II)-Glycylglycyl-L-histidine

Nickel(II)-Glycylglycylglycinamide

Figure 2. Continued




7
pathway. The polypeptide unwraps .par,t,ially from the metal and the
replacing ligand rapidly scavenges the binding site(s). The solvent
(H,0) may aid in the dissociation mechanism, or it may be attributable
"to a molecular rearrangement in the substrate molecule (6). Some
examples of dissociative . rate constants are kg = 5.0 x 107 ~2 sec 1 for
the ac:Ld-lndependent dlssoclatlon -of Nlckel(_II)TrJ.glycine (8), anc_i_ kg =
1.8 x 1073 s'_.'l' for the acid—indeoendent dissociation of
Copper(Ii)'I'riglycine .('6)., In the ~.case of Triglycine the -dissociation
. is initiated at a ‘term.inalh position, this is a typical pattern in
dissociation kinetics, 'Ih'ese'l reactions may be catalyzed by
' coordinating buff.er' species such as HCO3 (9,10).

The second pathway is"direct nucleophﬂ.lc replacement. Here N .
ithe replac1ng llgand forms a "weak" out  of plane coordlnatlon to the
square planar complexc, A stepw1se unwrapplng of the peptide frcm the
metal .follows, concurrent with formatlon of coordmate bonds be_tween
~ the nucleophilic replacing ligand and the metal center. ‘

These reactions are characterized by a dependence on the
nucleophile concentration, and by an increase in rate with increasing
| pPH (7). _ ’ o
" Nitrogen coordlnatlon in- an equatorlal ‘position lS necessary
for the nucleophilic reactlons, as well as the ablllty of the replac:mg
Allgand to form a chelate (11). Multldentate ligands sudl as

'I'rlethylenetetramlne and ethylenedlammedlacetate are very effectlve
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nucleophiles, whereas mono- and bi-dentate ligends such as NH3 and
ethylenedianine are not as effective. A

' The existence of ‘a group in the polypeptide domplex wiqich is
easily displaced from an equatdrial site is also important, hence
triglycine complexes of Coppef(II) and Nickel(II) are susceptible to
~nucleophilic attack by virture of their terminal ,carbexil]éte
coordination.” These reactions are subject_ to steric effects blocking.
the ar.vailability of these eﬁ;uatqr_ial sites (11).- Some examples of
nucleophilic rate constants are kq = L1 x 107 m71 &7 for the
reaction of TRIEN with Copper (II)Triglycine (11, and kgppp = 3.3 x
1073 M} 51 for the reaction of EDTA with Nickel(II)-
‘_Dlglycylethylenedlamlne (1 0). :

Nucleophlllc replacement may also be g:oton—assmted. These
reactions are characterized by an increase in rate with a decrease in
pH (from pH ~9 to pH ~6) (7). Here protonatei forms of the repﬂacing
~ ligand transfer a proton to a coordlnated group of the polypeptide,

_-such as a peptide mtrogen,, ThlS J.ntramolecular proton transfer
| . labilizes the group, and renders the complex more susceptlble to
nucleophilic replacefnent. '
'_ An exal‘t.\ple-.of this mechanism is the proton-assisted
nucleophilic replacemeht of GlyeylgyicylhiStidiné from the Copper(il)
complex by Triethylenetetremine..' Here direct nucleophilie replacement

is very slow in cdmpariébn to Copp_er(I_I)Triglycine, as an imidazole
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nitrogen is much more difficult to displace than a carboxyl group. The
proton assisted pathway is quite favorable however, and a value for the
doubly protonated TRIEN replacement has been calculated to be kHzT >
107 M1 571 (12).

The third pathway in ligand exchange reactions is rate limited
by proton transfer. There are two distinct mechanisms of proton
transfer; inside or direct protonation of the peptide nitrogen, and
outside protonation of the peptide oxygen (7). These two mechanisms

are given in Figure 3 (a,b).

T Bile. Y
/ ki // Kste

(&) (b) |

Figure 3. Proton Transfer Limited Mechanisms (a) direct (inside)
(b)outside.

Inside protonation occurs simultaneously with metal-peptide
nitrogen bond cleavage. This pathway is accelerated by H30+ and by

general acids.
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The outside protomation pathway is accelerated by H3o+ but not
by general ac'idso Here 'rapia pfotonation of the peptide oxygen is
followed by breaking of the met;al-beptlde ,nitr'ogeh bond as the rate!
determining step. In fhe -prlesence'. of replacing ligand the available
equatorial site is scavenged andl:he.peptide liéand is displaced (13).

The reaction of Copper(II)Triglycine -with acids follows a |
direct protonatlon pathway (6)° The rate constant for the reaction
with H3O' was calculated to be kH3O+ =4.9x 105 w1l g

The reactlon of Oopper(II)Glycylclycylhlstldlne with acids does
not follow a direct replacement pathway, At low pH evidence has been.
found supéorting the outéide protonati'on kinetic patlway (12. .']&1e
rate constant for protonation wae calculated to be Ky = 1.4 x 107 ut
=y . o

A general "aci;‘l catj:alys.is 'meehanism 1s determined by st_udyiné .
the reaction 1n a pﬁ range where ‘the replacing ligand of interest takes
on its protonated f.orn-ise . If an accele}:ation'in the rate is seen at
these lower pH values the reaction is general acid catalyzed, and
proceeds by the 1ns:Lde protonatlon pathway, .

SpelelC hydrogen ion catalysis is étermlned by studying the
react:Lon at lower pH, often by pH—Jump methods. If the reaction rate
is found to' be independent of replacmg llgand concentration. but Stlll
accelerated, a spec:LfJ.c hydrogen 1on catalyzed mechanism is evidenced.

This type of reaction is much 'élqwer than normal diffusion controlled




. 1
acid-base reactions. -The reason for this is the necessity to break and .
rearrange coordinate bonds after ptotonation of the peptide oxygen (6).

Factors which determjné the reai:tivity patterns that a ligand

y replacement reactlon w111 follow may be summarized as follows. The

substrate molecule will be exammed flrst, then the replacing ligand.

The metal center  of the substrate is partlcularly 1mportant in
the overall rate of reactlon, for example Oopper(II) complexes are
generally more reactlve than N:Lckel (II) ccxnplexes (8, 14).

Terminal donors in the polypeptlde also mfluence the overall
.rate of reaction. A terminal ,earbonyl’glroup is much more reactive than

‘a terminal amide nitrbgen, which is in turn mote reactive than a
terminal amine nltrogeno | | |

The crystal fle.ld stablllzatlon of a complex also must be taken
into consideration. The greater the crystal field stabilizat_ion
energy, the more ‘slu_ggi'sh the r;eplacemer_lt reaction.

Steric factors must be taken into consideration as well. The
dieplacement of Glycylglycylhistidine from the Copper(II) complex by
TRIEN is akaout 107 times slower at.pH =9 than the displacement of
_Triglycine from its Copper(II) complex. . The termmal histidine group

) blocks nucleophlllc attack by TRIEN (12). |
The propertles of the replacing 1lgand are also 1mportant in
@tefmlnlng the rate at which a ligand exchange reaction will proceed;

as well as the reactivity pattems which it may .follow.
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In studying the ligand exchange '.reacti'ons of Coppe'r(II)_-
Trlglycirie, Pagenkopf . ahd Margerum found that the stmcture of the
replacing ligand_.to: be crit'i,cal in"determining whether a _r‘eactionl.will
proceed by-a nucleophilic or algener‘al acid vcatalyze'd mechahisu (ll) o
' | - :It is eyidenced,thet cooroinstion of eithér a carboxylate or an
amine group to an a_xial.‘pos.it_ion is not sufficient, but rather, an
ehtering llgand coordinating to an equetorial 'position,. that ‘
" occupied ihitially by the carboxyl group,. is neceéssary to. effect the
hucleoéhilic mechanism. In this- study it was observed that TRIEN and
ethylenedlamlnedlacetate (EDDA) react as nucleophlles w1th '
Copper (II)Triglycine. Oonversely Nltrllotrlacetate and
'Ethylenedlammete_traaoetate do not react as hucleoph;les. due to steric
‘hindrance’ in coordination at the equetorial siteo These two".liga'mls o
possess tert:Lary amine: groups Wthh requ1re more space to ooordmate '
than what 1s allowed for in th1s system, hence they react by a general
acid catalyzed mecham.lsmo o |

ThlS concludes a discussion of the types of react1v1ty patterns . |
- involved in llgand exchange react;.ons° Let us now focus our attentlon
to the Spe01f1c problem of this work, the eluC1datJ.on of the klnetlcs '

'and mecham.sm ‘of the reactlons of TRIEN w1th NlH_zDGEN and. leLzMBAEa :




STATEMENT OF THE PROBLEM

" In the preceedlng sectJ.on the maJ or l:Lgand exchange ‘reactivity
pattern of Cu(II) and Ni(II) polypeptides have been d:l.scussed These
react:Lons have been observed to proceed by dlssoc1at1vep nucleophlllc
and proton transfer. mechamsmse This study 1ntends to :anestlgate how

a change in mternal conf:Lgurat:Lon of the substrate complex affects the
| reactivity patterns of the 1lgand exchange reaction.
Nlckel (II)-N,N"-Dlglycylethylenedlamme (NJ.H_ZDGEN) and
Nlckel(II)-Malonam1de—N,N"bJ.s-(2—am1noethyl) (NiH_,MBAE) are two
' complexes wh;ch d1ffer in basic structure from the glycyl- and
glycylamide complex. NiH ZDGEN has the pept:.de linkages located on the'
© sides of the Complex, w:Lth N;‘.I.I'L2MBAE the peptide linkages are located :
on the backbone of the- complexo They both have a plane of symmetzy
through the metal center and the- mlddle of the backbone, unlike the
glycyl- and glycylam1de complexes WhJ.Ch do not (Flgure 2. What effect
these structural dlfferences may have on react1v1ty patterns 1s
The reactions of TRIEN with NiH_,DGEN.and NiH_,MBAE have béen

studied in an effort to focus in on this problem.




EXPERIMENTAL SECTION

Apparatus .

Spectral data were cbtained using a Varian Series 634
spectrophotometer - and chart reco_rder.. " The instrument is fitted with
thermostatted cell compartments.

A Radiometer Mo.del PHM26C pH. meter with an Orion 91-05 combinatioﬁ
PH elecrode was used to measure pH. The instrument was.éélibrated using
 WWR Scientific standard pH buffer' solutions. ‘

Reagents

Ni(ClOy) waé recrystallized twice fram double distilled water. A
9,91 x 10~2Y stock solution Awas prepared by dissolving the salt in.
double distilled water and standardized by EDFA titration (15).

~ Anhydrous sodium perchlorate was prepared by dissolving a weight
of hydrated sodium pefchlbrate 1n boiling double distilled water,
filtering the solution _thrqﬁgh a millipore (.45 ﬂm) filter, evaporatincj
to dryness and heating in a 50°C oven for several hours. o prepareé
:2000M solutibn of sodium perchlorate, one mole was dissolved and -
diluted to 500 ml with double distilled water.

A 0.10M sodiuﬁ ,i?orate soiution was prepared by dissalving the
required weighf of sodium bo}:ate- in the required volume of double |
distilled water. = . | ‘ |

Triéthylenetetramine 'wa.‘s converted to its disulfate salt by adding

2.0 moles of concentrated sulfuric acid dropwise to 1.0 moles of
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triethylenetetramine dissolved in taluene, The temperature was

maintained at 0°C usmg an ice bath., The mlxture was stirred for one

hour, the prec:.pltate was flltered off and recrystalllzed twice from

double dlStllled water. .

A TRIEN stock solutlon was prepared by dlssolvmg a weight of

. TRIEN in the requlred amount of double distilled water. A small amount

of dilute sodlum hydroxide was required for the.solutions The solution

- was standardized by mole ratio at 550 nm using 0.101M CuS0, and ‘a
10.05 M acetate buffer, pH = 4.8,

The llgand Dlglycylethylenedlamme (DGEN) was synthesmed by the

"method of Cottrell and Gill (16)., Addltlon of 22.7 g ClLCH,00CL in 60

ml CHC13 to 14n7 g ethylenedlamme in 100 ml CHC13 dropvuse with

'coollng gave 59% C2H4(I\1HOOCHZC1)2, mps 175°Q .The solid was filtered,

extracted w1th hot absolute ethanol and then recrystalllzed :Ln hot

absolute ethanol, :

A mlxture of 14 l g of above and. 105 g (NH4)2CO3 in 90 ml HZO and
120 ml conc. NH4OH was kept 18 hr at room temperature, and heated 4 hr.

at 55°C. 'l‘he solution was f-i_ltered, and' the remaining filtrate was~

"roto-evaporated to dryness, The remalmng solid was extracted with 300

ml absolute ethanol under reflux. The residue was. dlssolved in the _

minimum quantity of water and poured .mto 200 ml absolute ethanol. The

precipitate was filtered off'and recrystallized frqn aqueous ethanal.

The yield was 70% of the dihydrochloride salt, m.p. 246°C.
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Malonamlde-N,N"bls—(Zammoethyl) (MBAE) was synthes:.zed by the |
ﬁ method of Heijiro Ojlma and Klyoko Yamada an. DJ.etl'ylmalonate (8.01
g) was added slowly w1th stirring to 6.0° g ethylenedlamme in 20 ml
absolute ethanol. The _mlxture was _stlrred and heated to llO-lZO?C for

- 30 minutes, 30 ml water was added to the mixture, The solution was

o flltered and the prec1p1tate was converted to the dlhydrochlorlde salt

by decomposmg with concentrated HCl., None of the common solvents

tried were effective in recrystalllzatlon of the salt (e.d. absolute or -

aqueous ethanol,, methanol o_r acetone), The yield was 1mproved by

: decreasing the amount of. water added ‘after heatlng (5 ml rather than 30
ml) and also by cuttJ.ng down the amount of absolute ethanal as solvent

.1n the m1x1ng step by one half. ' .

The llgands were chara:terlzed by carbon 13 NMR and by elemental
analySJ.s (18). ‘The names and abbrarlatlons of all the d'lemlcals used o
are found in Table I, along w1th the manufacturer and the compounds’..
. purity. . . " |

Oomplexes were formed by the addition of 50% excess ligand to a
,Nickel(II’)perchlorate solution: . The'i'oni_c strength was adjusted to
M= 0.10 with 2 'sodium perchlorate. It has been shwn in prevlous
studies that these. systems are oxygen sens1t1ve (19), so the solutlon
was then bubbled with nJ_trogen. ‘ _ | _ ‘

Dilute NaOH was ut111zed to - bring up the PH slowlyq When the

- sol',u’tlon was w:.thln the requlred pH range q.t was buffered with sodium
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.Table I. Names of Compounds Uséd and Their Abbreviations.

" Name = - o Bbbreviation
.N,N'-biclyc;yethylenediaxﬁine L DGma
Malonamide-N,N'bis- (2~aminoethyl) ‘MBAER
Nickel(II)perchl;)rate S . Ni(Cl_O4).zc’h _
-Cop?er(II)sulfai:e . o CuSO4°5.H20d’h.

_ Triethylenetetramine - TRIENE'D

| Sodium pgrchlprate N NaClO4"asqf"h '

| s_édimn borate o T » _Na2B407°10H209’_h.
| gl eméntal: An_a.lysié’ Exbecﬁ:éd_'Va‘lue ' Value Found '
Carbon - - 29,16% . 30.16%
Hydrogen B T 6.53% - ,- 6.70%

- Nitrogen o 22.67% . 21.05%
bp) emental Analysis 'Ebzpeét;éd \}éiue - Value Found
‘cacbon - 32.1% 30,008
Hydrogen L 6958 7,078

Nitrogen C o 21.45% 20.64%

€ G. Frederick Smith Chemical Company
d Mallinckrodt Chemical Company -
€ Kodak Chemical Company .

f Fluka Ag. Chemische Fabrik

9 J. T. Baker Chemical Company

h Reagent Grade : .
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borate, the total boron conoentratlon was 00005 M., After flnal pH

adjustment the solutlon was dlluted to volumey flltered to remove

turb:l.d:l.ty, bubbled with nltrogen, and placed in a water bath at 25°Q

The concentratlon of the complex was between 7.0 x 10"4 M and 14 x

{
1073 M,

'IRIEN'-solution's were prepared by taking an aliquot of TRIEN stock

‘solution. The 1on1c strength was adjusted to 4= 0.10 w1th ZM sodium

perchlorate, the pH was brought up with dilute sodium hydrox:.de. These

' solutlons were likewise buffered'w1th sodlum borate (BT = 0,005 M).
They were dlluted to volume after fmal pH ad_']ustment, bubbled with -
| .m.trogen and placed in a water bath at 25°C, Concentrations of the

_ 'IRIEN solutlons were generally 3—4 x 10™ ~2 M..

_ The N1H _oDGEN complex exhlblts an absorptlon maximum at 410 m,
€=220 ML eml; the NiH ZMBAE exhibits an absorptlon maximum at 440

nmm,€=35M 1 cm-l. The reactlons were followed at these wavelengths,

' monitoring the decrease in abeorbance with time as the ligand was

displaced.

- Initiation of the reactlon was ‘achieved by the addition of 3 to 25‘ :

) ml TRIEN solutlon to 25 to 50 ml of the sukstrate solution. The

solutlons were then stlrrai together for.an unspec1f1ed amount of tlme

under nltrogen, .and placed in the spec_trophotometer cells. 5 cm cells
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. were used for NiH 2DGE:N, and 10 cm cells were employed for NiH_,MBAE.
Ionic strength was mamta:._ned at O,lOM‘NaClO4 and the temperature was
maintained at 25°C. | ' '

‘ The reaction rates'were measured over a range of 4-15 x 10 3M\ )
TRIEN concentrations; and a range of 4—8 X 10‘4M Ni total .
concentratlons°

.At will b_e def ined as‘the ahsorption at time t, Ayp is the
absorption that does not change.with time, i.e., the absorption when
the reaction is complet& o | |

| A-Dp is a functlon of the substrate concentratlom Plots of
-ln(At—A,,) versus tlme were lJ.near.7 mdlcatlng pseudo first order
‘kinetics. The slopes of these p;Lots are the pseudo first order_rate
constants, Kopse. .. | o |

The observed rate constants were plotted versus Trlent
concentratlons, to yJ.eld the second order rate constants, kslope"
Intercepts of these plots are des1gnated as k- ° . .

Experlmentally determlned pH values were converted to [H'1 values
| 'us1ng act1v1ty coefficients calculated from the extended Debye~Huckel
equatlons (20) o ’ ' |

'Second order rate constants, ks];oéey were fitt@ to the rate
expression using a non-linear' least squares compu‘ter program: LLJAC.
The program has mput oth.ons avallable to accept 1n1t1al est1matea

This was done in the case of TRIEN reactlon with NJ.ILZMBAE, as without '-
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. the initial estimates two of the four rate constants'w,ere calculated to

‘be negative numberso, Thé initial estimates Wére ,wéighi:ed the same as.

experimental points. Table 2 lists equilibria and their constants

used in this study.
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Table 2. Eqﬁj.libria and Equilibrium Constants.

Equilibrimn o _ " Byuilibrium Constant .

HTRIEN' == H" + TRIEN S Ky = 107974 @

HyTRIEN?* == H* + HIRIEN' S Kyp = 107908 (21)

HyTRIEN* 7= B+ HyTRIENG' - Ry = 1076456 (1)

N1DGH\12+_'“N1H_2DGEN vt Ky, = 10716:04 (s5)
N +——=’°N1H_2MBAE +20f " |

*Equilibrium Constant unavailable in literature.
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RESULTI'S

mmxmmmwmm&mgm

m.th ma_zmm
The general rate express10n for the dlsplacement of DGEN from. the

Nlckel (I1m) complex was determlned by observmg the rate as a function

of TRIEN concentratlon over a pH range of 6.57 to 9.89. A six to forty
fold excess 1n 'IRIENt over [NJ.H_ZDGEN] was pxesent at the beginnhing of
each reactlom Plots of -ln(At-AQ versus time were linear, indicating

the reaction was first order in 'substrate' concentration. This in‘ay be

- expressed as Eguation 3.

(3) - Rate = Kgpg[NiH_,DGEN]
Table 3 gives the cbserved rate oonstants'y Kobs for‘ each pH and’

each [TRIENI . Figure 4 shows the relatlonshlp between Kobs and

: [TRIEN]t at the pH values where the reactlon was studied. The non-zero.
" intercept and lmearlty of the plots allowed for .a breakdown of ‘the

constant kob as shown in Equatlon .

(4) Rate = {ki + k} [NiH ZIX;EN]

Under pseudo first order condltJ.ons we may descrlbe kg as in

Equatlon 5 where K. is the slope calculated from the plots in

slope

slope [TRIEN] £

" Figure l. kslope then is the overall second order rate constant for

the reaction. Substituting for kg in Bquation 4 we get:
6)  Rate = {k; + kgope(TRIEN];} [NiH_pDGEN]
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obs for the Reaction of TRIEN

Concentrations of Species. and k

‘with NiH_,DGEN..

Table 3.

1041NiH_yDGEN],

103k gpg (s™1)

“103[TRIENI,

:' "pI-I . ...

Run #

3.39
3.43°
3.48
3.48
1.07
1.32
1.53
1.88
1.41
1.79
+ 2.32
3.31
2,10
3.35
3.98
4,72
1.68.
2,21
2,73
3.02
5.15
7.33
3.68
6.07
4,20
5,92
7.17
8948 :
12,3
8.43
5:47

10.6

OI~IING O o
8967887503158587

81508149581747023567845169254185
LooHAAN A -

984285807%570327

6.57
6.62 - -
6.67

- 6,70
7:85
7.85
7.85 -
7.85 -
8.45
8.45
8.45
8.45

. 8,94
8.94

S 8.94
- 8.94

- 8.94
8.94
8.94"
8.94
9.35 -
- 9,35 ¢
9.35
9.35 -
9.35 -
9,35,
9.35

19,35
.9.89
9.89
9.89
9.89

4793047 O~ —~
382593877“6

°
66546554665476

2-44-2
2-44-3
2-44-4
1-59-1
1-59-2
1-60-1
1-56-1
1-55-1
1-56-2
1-57-1-
- 1-66~1
1~66-2
1-67-1
1-67-2
1-78-1
1-78-2
1-78-3
1~79-1 :
1-49-1
1-49-2
 1-49-3
1-49-4
. 1-85-1
1-86-2
1-64-1
| 1-64-2
1-65-1
1~65-2

2-44~-1

1-60-2 -
- 1-85-2
- 1-86-1
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Figure 4. Dependence of Kobg ON [TRIEN]t for the reaction of TRIEN

with NiH ZDGEN.
pH 1% 57h) kg ope 027D
a) 9.89 1.6 0.735
b) 9.35 1.4 0.438
c) 8.94 0.67 0.322
d) 8.45 0.45 0.161
e) 7.85 0.37 0.080
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In tne'pH range.wnere the reaotion Qae etudied, TRIEN takes on’ -
several forms.. At low pH doubly'and triply protonated TRIEN are'tne‘
' predominant spec1es. pm hlgher pH monoprotonated TRIEN and TRIEN _ :‘
.1tself predomlnatru The relatlonshlp between [TRIEN]t and each of its
' spe01es is glven 1n Equatlon 7.“ _ ‘
o |- ITRIEN] = UTRIEN]: + [mmm*] + [H2TRIEN2+] + IR mm3+1
The trlpﬂy'protonated form of TRIEN was omltted 1n the formatlon |
‘ of the rate express51on as the rate was" found to be TRIEN 1ndependent
..at pH 6.57 to 6.70.. However, it was 1nc;uded_1n the calculatlon of the
epeciation of -']RI;E:N, as iit Iamonnte'd to about 5% of the [TRIEN], at pH
7.85. . | L
Usiné‘thecxvalues-for'each contributing species aslgiven in’
',Equatlons 8—11, 'the second order rate oonstants, kslope' were f1tted to

the expres51on given in Equatlon 12,

o A [TRIEN] :
@- -°‘TRIEN TIRIENT .-

- | 4 e
O Slgmeuet = frrrmN

| S "'[HZTRIENZ“']-

| L HymEeT)

(12) kgjope = k¥rrmy + kefmrimvt + Ky PHomRIERY
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" The computer ized non—linear least squares analysis yielded values

" for the rate .constants of k.T 9.9 x 10'_1M"ls"1, kHT.=.5 5 x 1071y1
s1, and kHzT = 7£ X 10'2 -1 s, . Table 4 is a comparlson of the
kslope calculated using ‘these constants with the experlmentally

‘ determlned valueso . Figure 5 g1ven the dependence of kslope on-pH for
" the NiH _oDGEN system° .

" The value of the 1ntercept ky: was found to increase with
increasing pH. At this point we felt the buffer may have some eff'ect,
" and increased the buffer c’oncentration‘by a factor of 10. The increase
j..n-buffer concentration corresponsed to a definite increase in the
rate. | . | , |
| In thlS pH range (7.,85—9 89) bor:Lc acid and dlhydrogen borate
anlon are 1n ‘equilibrium. As the mtercept ks 1ncreased with
| 1ncreasmg dlhydrogen borate anlon concentratlon, the relat.ronshlp
“between the two was 1nvestlgated. The concentration of H2BO3 was .

calculated us;.ng%values, BT = 0. 005 M and pK =9, 24 for boric acid
| (20). The dependence of k on [HZBO3] is shown in F:Lgure 6. 'Ihe

intercept of the plot 1s t:he dlssoclatlve rate constant, kd = 2.4 x 10

. 4 "1., The slope 1s the rate constant for H2BO3 catalys1s, k' = 3.7 X
: 10-'1M'-l -l ' :

pH jump exper:.ments without the use of a buffer were employed in
the lower pH range° Th1s was necessary as the complex doesn’t form

below pH 8. The Value of kobs was found to 1ncrease at pH = 6.70, and
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Table 4. Calculated Kg)opnes fram pH Speciation of TRIEN for NiH_pDGEN.

pH kslopeM' ™1 Slope (calc)M'l ~l 5 deviation 103k (s
7.85 0,080  0.005 19 1 0.37
8.45 - 0.61.. . 0158 - 2 - 045
8.94  0.322  0.288. 1 0.67
9.37 . 0.438 . 0,468 = 7 1.4

9.89  0.735 . 0,728 a . 1.6
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Figure 5. Dependence of kslope on pH for the TRIEN reaction with
NiH_,DGEN.
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k'=37x10" M7

- kd=2.4 X10rss™

)
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2
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Figure 6. Dependence of k; on [HyBO3] for the TRIEN reaction with




30 |
no TRIEN dependence ‘was observed at this pE  The value of Kobs Was
used to calculate the specific hydrogen ion catalysis rate consfant,
kigyot- |
The relationship given in Ekjuatidn 13
(13) . Kopg ='kq * kgyolH30"]

may be rearranged and solved for kpyote

C k -k ' :
obs "d _ 1-1
(14) kH30 = —@;]——- = l_o2 x 104 1s

Inclusion of all these constants into the rate equation yields:
(15) Rate = {kg + k'[E;BO3] + ky plH30*] + kplTRIEN] + kpypBTRIEN']

+ kg p [ BpTRIEN""1} [NiH_,DGEN]

'Ifxe rate 6onstants uar(:z summarized. in Table 5. As a final check
the observed rate cbﬁstanfs Kopgr Were plotted; versus pH, shov}n in
'Figur‘e 7. The minimum was observed around pH = 7.8, Below this pH
the increase in kob"s is due main_ly to .specific hydrogen ion catalysis.
Rbove this pH the incréase in kope is due to an increase in.the
concentrations of nudleophﬂic species.of TRIEN, and a corr@pondihg
decrease in the concentrations of the non-reactive protonated forms of

TRIEN. -
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Table 5. Rate Constants for the Reaction of TRIEN with NlH_zDGEN
kg = 2.4 x 107471 |
k' = 3.7 x 107Ly1g1
kp = 9.9 x 10~k 1g-
kgp = 5.5.x 107hrlgL
Ky = 7.8 x 10721g71
kpgo = 102 x 100 1s71




103 x kops(s™)

Figure 7.
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Dependence of K.,... on pH for the TRI
with NiH_,DGEN. TRRI

68 .70 758D

85 95 100

pH

90

reaction

ENly = 8.86 x 10°M, By = .005M
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DISCUSSION

Mechanism of the Reaction of TRIEN with NiH ,DGEN

The rate of reaction of TRIEN with NiH_zDGEN was found to increase '

with increasing pH from pH £7.8 to pHE9,9, Below PH £7.8 the reaction
rate was obs'erved -to increase with decre‘asing pH to pH £6.6. The
reaetien ih this pH range was -fouhd to be independent of TRIEN
concentration, ruling out a lgeneral. acid catelyzed mechanism (i.e.p
H3'IRIEN3+ is not a reactant). A replacing ligand independent pathway
was also obsrved and was found to be enhanced by a buffer spe01es w1th
increasing pH. The mechanlsms assoc1ated w1th all of these
observations willv be explored in the fqllowing paragraphs.

. The fact that the rate of rééc‘t‘_ion increases with increasing pH
fram pH = _7.:8to pH =99 is‘cb'nclﬁsive evidence for a nucleoghilic
mechanism. The calculated rete, eonstants decrease w'i't‘h increasing

protonation of the nucleqphile_ (TRIEN) according to a pattern reported

.in ..otl_]er studies (8). For the reaction of TRIEN with Ni(II)Triglycine

the rate constants kp = 1.7 x 10% s} and kyp = 18 x 104»/1‘15'"1 are
roughly equlvalento The rate constant kHZT = 9.,0 X 102M ls ~1 ig about
an order of magnltmde smallern 'I‘he reason for thlS is the bmdlng

sites of doubly—protonated 'IRIEN are’ occupu.ed and reduced effectlveness

'as a nucleophile 1s eqldencedo ,

A similar reactivity pattern has been found in this study The

calculated rate constants decrease with increasing protonation;.
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kp = 9.9 x 107107467, kg = 5.5 x 207 15", and Ky = 7.8 x 1072
Cwlsl,

Again ngT is  about an ordef of magnitude smalle‘r. than kp. The
rate constants for the nucleophilic replacement of Triglycine are
over 10,000 times larger than those calculated forthe replacement of
DGEN. This is due to the fact; that a terminal carboxyl group is much
_more reactive than a terminal amine,

The rate constants for the reaction of TRIEN with NiHyGGGa are

kp = 7.4 x 107201571 and kyq = 0.10 #™1s™1, where #= 1y NaClo, (22).
The reactivity of thi’s‘ complex is on the same order of magnitude as
NiH_,DGEN, as the complexes are quite ,similér in structural stability
(i.e. both have four nj.trog‘en donors) .

The rate of reaction increased with decreasing pH from pH = 7.8 to
PH € 6.6. This observation coupled with the fact that the replacement
was independent of TRIEN concentration is contlusive evidence for a
specifid Iydrogen ion cgtalyzed mechanism. Here a protbn ié
transférred to a carboxyi oxygen, followed by Nickel-peptide nitrogen
bond cleaw"age and scavenging of the binding site by the replac-ing
ligand. The value of ‘the rate constant, kH3O+ = 1.2 x 104M_ls"l, was
found to be roughly in agreement with a previously reported value of
kot = 1.82 x 1041571 (23)

The nonr-zero intercepts of the §1ots of k; versus [TRIENI, were
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indicative of a replacing ligand independent. pathway. The fact that
the mtercept values increased with mcreasmg pH led us to susmct an
interaction of a buffer smc1es 1ncreasmg the rate of dlssoc1at1on
with mcreas1ng PH. |
‘ ' Our of plane coordmatlon of a tmffer spec.tes has been reported in
. previous ‘studies (9,10). The coordinating buffer acts as an acid,
donatinga proton to the amide nltfogen, thus facilitating metal-
. nitrogen bond cleavage and henceforth the dissociation of the complex.
In general, acids which have the capacity to coordinate and donate a
proton simultaneously are very effective catalysts for dissociation
‘reactions, ] Often_they are many times more reactive than one would |
" suspect from pK, values (9). . .
| , The rate constant for h;ydtogen carbonate catalys1s of the TRIEN
dlsplacement of Trlclycme from the Nlckel (II) complex is 194 M1s 1.,
This may be compared _to the rate constant for dlhydrogen borate
catalysis of the TRIEN displacetﬁent of DGEN from the Nickel(II)

complex, k' = 3.7 x 107 1n 171,

The reason the HCO§ c_atalysis rate

. constant is so much'higher is that- it is aiding in the djssociation of
a much more reactive subs_trate In this study it appears, that HoBO3
coordinates.to the NiH_,DGEN complex in an axial position. Donation of
a proton to the amide .nitrogen facilitate's Nickel-nitrogen bond

cleavage, and the slte is rapidly scavenged by the nucleophilic

replacing ligand.




36
The dissociatve rate constant is the intercept of the plot of kj
versus [H,BO3l, that is where H,BO3 no 1ongér aids in the dissociation

of the complex. The value of this constant was calculated to be kg =

"2.4x 107471 A comparison -of the dissoci_ative rate oconstant with

the value previously reported for the reaction of EDTA with NiH_,DGEN
a0, kg = 2.1 x 1071571, sﬁowed excelleni:.agreement within
experimental errcsr. It has been shown that TRIEN reacts with NiH_zDGEN
by several éaxfallel paths. Each of theég pai:hways oonil:ribute.

differently to the overall rate of reaction depending ‘on the PH where

the reaction is carried out. These pathways are summarized in Figure

8, the proposed mechanism for this reaction.
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kg TRIEN

———p [ ] ——F— Prod.

rapid
ke TRIEN
——?-) [ ] ?Pld—-’ Prod.

(HyBO3)

K30 TRIEN
[ ] H Prod.
[H30I 1 rapid
s
Nlﬂ_zmm _'I;{IEN—’ Prod.
k
Al LR SR
HTRIEN"

“HoT Prod.
HZTRIE

Figure 8. Proposed mechanism for the reaction of TRIEN with Ni_,DGEN.
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The rate expression for the reaction of TRIEN with NiH_,MBAE was

determined in much the same manner as for the reaction with NiH_,DGEN.
At 4-16 fold excess in TRIEN concentratlon over [NiH_,MBAE] was

" present at the beginning of each reactionf. Plots of -m@t-MVemus

time were linear, ihdicating the reaction was first order in subsfrate
céncentrationf._ Thislmay be expressed as in Equation 16.

(16) Rate = k bS[NlH_zMBAE] .

Table 6 glves the observed rate constants, k.- for each pH and
each [TRIEN].. F:Lgure 9 shows the relationship between Kopg @and
[TRIEN], at the pH values where the reaction was studied. The nom-zero
- intercept and linearity of the plots- allowed for a breakdown of the
constant k.- as shown in Eqﬁatign 17. |
(17) Rate = {k; + kg} [NiH_ZMBAm

Under péeudo first order conditions we may describe kg as in
Equation 18 |
18) kg = K1 ope [TRIEN]
where kslope is the slope calculated fram t.he plo_ts 1n Figure 6.
kslope is the overall second order rate constant for the reaction.
Making the proper substitutions into Equation 17 we get:

(19) Rate. = {ki + kslope [TRIEN]t]' : [NiI‘LzMBAE]
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Table 6. Concentration of Species and kg for the Reaction of TRIEN
with NiH_,MBAE ' g

Run # 104[NiH_ MBAE] | pH 103rTRIEN},. 103Kk 957D
2-11-1 12,1 . 8.50 5.05 9.50
2-11-2 116 . 8.50 - 6.74 13.4
2-12-1 . 10:8 850 . 933 - - 16.9 .
2-12-2 . 9.71 8,50 ° 12.1 20.8
2-14-1 11.6 . = 8.63 6.07 670
2-14-2 10.8 . 8.63 . 8.09 8.95
2-15-1 971 - 8,63 10.9 12.6
2-15-2 8.83 8.63 13.2 15.2
2-5-1' 11.6 - - 894" 6.74 4.68
2-5-2 10.8 - 8.94. 8.98 6.17
2-6-1 19,71 8.94 12.1 7.98
2-6-2 - 8.83 8.94 14.7 10.3
2-7-1 11.6 9.39 6.74 3.83
2-7-2 10.8 9.39 9.98 5.60
2-8-1 9,71 " 9.39 12,1 6.23
2-8-2 " 8.83 9.39 - 1407 7.45
2-9-1 116 0 - 9.92 6.74 3.87
2-9-2 - 10,8 - '9.92° . 8.98 4.83
2-10-1 9,71 9.92 12.1 6,13
2-10-2 8.83 9.92 14.7 6.98
2-22-3 10.8 10,5 809 4.30
2-23-1 9.71 10.5 10.9 5.05
2-23-2 8.83 10.5 13.2 5.95
2-23-3 8.09 10.5 15.2, 685
2-20-1 11.6 11.0 607 2.55
2-20-2 10.8 11.0 8.09 3.13
2-20-3 9,71 11.0 10.9 4.18
2-21-1 8.83 11.0 13.2 4.62
2-21-2 10.8 11.5 '8.09 1.90
2-21-3 9,71 11.5 10.9 2.63
2-22-1 8.83 11.5 13.2 3,08
2-22-2 8.09 11.5 3.45

15.2
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9 Wik b 0 12 % 16 18

103[TRIEN]t

Figure 9. Dependence of kobs on [TRIEN]t for the reaction of TRIEN
with NiH_,MBAE.

pH 10%; (8™ kg ope 0 1e™])
a)  8.50 1.0 171
b)  8.63 1.0 1.01
c)  8.94 1.0 0.58
d  9.39 1.0 0.43
e) 9.92 1.0 0.40
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The rate of reaction was observed to decrease with increasing pH.
Using the°(values for TRIEN described previously, with the inclusion
of the triply protonated form, H3Trien 3+ the second order rate
constants, kslope' were fit to the expression-given in Equation 20.
(20) Kg)ope = kitrpren * Kurmromnt + Ky mRim2t + kayr i mimst

Employing the experimental points as well as initial guesses of
the rate constents, a non-linear least squares program computed values
for the rate constants of kp = 1.6 x 10'1M,'1s'1, kgp = 6.7 x 1071y1
1, kyyp = 1.7 x 1072071571, and kgyp = 13 x 102071s7E, Table 7
gives a comparison of the experimentally determined kslopes and those
values calculated using the rate constants above. Figure 20 is a plot
of kslope versus pH, the solid line is calculated using the computed
rate constants and Equation 20. |

As the intercept of the ko versus [TRIEN]; plots remained

0~ 3 -1 wae taken for the dissociative

constant, the value of 1.0 x 1
rate constant, kg There was no indication of bur'fer enhancement of
the rate, and no indiction of specific hydrogen ion catalysis in the pH
range studied.

The reaction rate nas observed to decrease at very high pH. Table
8 gives the relationship between ki and pH at high hydroxide ion

concentration. As hydroxide ion inhibition was evident, the

expression given in Equation 21 was chosen to account for this.
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Table 7. Calculated kg)opes £rom the pH Speciation of TRIEN for
NiH,MBAE, - ¥

PH - kgjopel 11 kg1 ope (calc)i 15"l 4 deviation 103]‘1‘ .

]

8.50 1.7 - 1.6 - 6 1.0

'8.63 1.0 . 1,2 ' 20 © 1.0
8.94 5.8x 1071 6.4 x 1071 10 1.0
9.39 4.3x101  4.4x101 5 1.0

9.92 4.0x 10l  3.7x 107} 8 1.0
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kslope (M)

Figure 10. Dependence of kslope on pH for the TRIEN reaction with
NiH_,MBAE.
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Table 8. Relationship Between k; and pH at High Hydroxide Ion.
- Concentration for the- N Reaction with NiH_,MBAF.,
| | [ Eal-1
pH 4: 4 I [OH™] kg [
10.5 3.81 x 10711 2.62x 100¢ 1.0 x 1073572 0.00
11.0 1.20 x 10711 8.33x 107¢ 7.0 x 107471 0.43
11.5

3.81 x 10712 2.62 x 1073 2.0 x 107471 4.00
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, 1
(2L} k3 = kg (I+—m6ﬁ:1>
The equation may be arranged as in Equation 22,

(22) ( kd)'—l = KIOH™]
=

i
Plottlng( kd) -1 versus [OH 1, the equilibriium constant Kl was
evaluated Eo be 1.4 x 1031, (Figure 11).

The overall rate law is given in Equation 23, Table 9 is a summary
of the constants previously evaluated.
(23) Rate = {kq + kplTRIEN] + kyp[HTRIEN'] + k(B TRIEN?Y] +

1
Kgg [H3TRIENS] } (1——‘———. TR [0{-1"]) [NiH_,MBAE]

As.a final check the observed rate constants, Kk,,o, were plotted
versus pH, as shown in Figure 12. The observed rate cohstants
decreased with increasing pH. This is conclusive evidence for a proton

assisted reactivity pattern.
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o
44 %
3..
3
2 Ki= 14 x103 M
LR
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) L

10 ERA5: 20825 Twasan

1QFR0OH"]

‘U-,-a

Figure 1ll. Evaluation of the equilibrium constant Ky for hydroxide
inhibition of the rate of the reaction of TRIEN with
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Table 9. Rate Constants for the Reaction of TRIEN with NiH_,MBAE.

kg = 1.0 x 1073571

kp = 1.6 x 10~LyLg™L
Kgp = 6.7 x 1071y 1571
kgp = 1.7 x 1072171
Kggp = 1.3 x 104l
Ky = 1.4 x 10741
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244

85 90 95 /100 - 106 . .10 - NS

Figure 12. k vs pH for the regction of TRIEN with NiH_,MBAE
[TRIEN]p = 1.21 x 1074M, Bp = 0.005M.




DISCUSSION

TRIEN reacts with NiH_,MBAE faster at low pH. This
reactivity.pattern is similar to that reported for the reaction of
TRIEN with Cu(II)Glycylgiycly—IEhistidine (12), and with NiTD-
glycylclycyl-I~histidine (24). In thesé studies a proton assited
nucleophilic nieéhanism is proposed, and direct nucleophilic attack is
reduced. When nucleophiles can react by di.splac'ing an equatorial

carboxylate group the reactiéns are much faster (i.e. TRIEN reaction

. with CuH_,GGG and NiH_,GGG) than when deprotonated 1m1dazole nitrogens

must be displaced (8, 1.

When direct -nucleophilic attack is unfavorable a proton may be
added to a peptide nitrdgen, 'renderiné the molecule wore susceptible to .
reaction with nucleophiles. Mong—protonated TRI_EN is the mést
effective of the TRIEN species at facilitating this reaction. A ‘proton
is donatail to the am1de m.trogen, Nickel-nitrogen bond cleavage results
and the site is rapldly scavenged The direct nucleophlllc attack on
NiH_,MBAE is slow, and consequently Kgp 2 kTe : '

Doubly—protonated 'I'RIEN is a very ‘weak acid. Although it can '
protonate an amide mtrogen sz.mllar to HIRIEN', ¢ the remalnlng _mono-
protonated TRIEN (a.fter the loss of 1 p;cbtdn) is not an effective
nuéleophile as one binding site is occupied. For this reason the rate

constant kp,q is less than kg and very much smaller than ke




50

' ’Ihe.rate of reaction was ‘t'oo _fa$t to be meaaured without the use

“of a stopped-,flow apparatus beiow PH = 850, This led us to believe
' ~ that the reaction switched to'a general acid catalysis mechanism in
the lower pH range, The calculated value of kH3T supported this
conjecture, it was ‘found to be the largest rate constant for this
reaction by a factor- of over, 10_0. .Here again p:otons are transferred
to amide nitrogens facilitating Nickel-nitrogen bond cleavage. A
similar reactrvity patter'n'.has 'been reported for the reactioh of EDTA -
w1th Copper(iI)Triglycine (1D. Here EDTA will react wit.h CuH_zGGG
only after a proton has been transferred to the peptide nitrogen of the . "
triglycine’ complex. | . |
| In addltlon to the proton—ass:.sted nucleophlllc mechanism and
general acid catalysis mechanlsm, a replacing ligand mdependent :
pathway was also observed° The mtercept kyv remamed constant
throughout the pH 8.50-9.92 range. The value of ki was chosen as the
dlssoc1at1ve rate constant, kg = 1.0 x 10 —3g l There was no evidence_
for buffer enhancement of “the rate, or for spec1f1c hydrogen ion
catalys:.s. '

At the higher pH v.al'ues‘(10.,5-1‘1°5).there is a decrease in |

reactivity exemplified in the slope as well as the intercept of the
- kopg Versus [TRiEN]t plots.' .This ieads"one to suspect inhibition by
hydroxlde don, presumably through coordination in an axial pomt;on°

ThlS is explalned in the rate 1aw by the inclusion of the term
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: 1 ¢ where Ky 1.4 x 103M';; ‘This _tefm has an effect on
1 + KyIoH™] ‘ ' o
reducing the overall rate only when hydroxide ion concentration is
“high. '

Figure 13 is a propoéed mechanism for the reaction of TRIEN Wit_h
| NiH_,MBAE The parallel pathways are evident from the distinct
- reactivity pattern shown. TRIEN effects the displacement by & proton-

assisted nucleophilic meéhaniém, which switches to a general acid

catalyzed mechanism at low pH.
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Prod.

NiH_,MBAE.

. Figure'13. Proposed mechanism for -the reaction of TRIEN with
g NiH_MBAE. = -




"CQN(I.USION

It has been shown that the two complexes stud:.ed display quite
dlfferent react1v1ty patterns. 'Ihe reasons for thJs dlfferenoe must
involve the structural d1s51m11ar1t1es of the two complexes. The
NlH ZMBAE complex has the peptlde llnkages located on the backbone of
. the square planar complex, and dlsplays a 5,6,5—membered rmg
structure. ‘Alternatively the NiH_. 2DGEN complex has the peptide
linkages located on the sides of the square planar complex, and
dlsplays a 5,5,5—membered rJ_ng structure.

Perhaps ‘the largest dlfferenoe between the- two 'is that both
carbonyl oxygens are located on the same ring for NiH_,MBAE but on
oppos:.te rings for NlH_zDGEl\L Thls must effect the crystal—f:.eld _
_stablllzatlon of the complexes, which is ev1denced by the difference in
| 'absorth.on spectra. Nz,H_zMBAE has Am 440nm,6 = 35M 1cm -1,
NiH_,DGEN absorbs at a _Shorter wavelengt_h (hlgher energy) ’)‘max = 410
nm, and also has a.larger molar absorptivity _coefficient,é= 2,20“M_1

Exper:.mentally it has been shown that TRIEN reacts w:|.th NiH_,MBAE
'by a proton—as51sted nucleophllJ.c mechanlsmo This sw:Ltches toa
general acid catalyzed mechanlsm, at lower PHy whlch proceeds by inside .
protonatlon of the peptlde n1trogem '

Altematlvely 'TRIEN has been found to react w1th NlH _oDGEN by a

' nu_cleophlllc mechanlsm. ‘This sw1tch_es to specific hydrogen ion
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catalysis (mdependent of TRIEN) at lower PH; which proceeds by outs1de
protonation of the carbonyl oxygen.

From the different react1v1ty patterns displayed by the two
.seemingly. guite .similar complexes, eeveral questions arise. Why does
TRIEN react .with-_NiH_?_DGEN by'-:atdi:rect nncleoph_ilic mechanism, but
reacts with NiH_,MBAE by a ‘ptoton-assisted nucleophilic mechanism?
:What is the reason for- épecific hydrogen ion catalysis of the
reaction with NiH_oDGEN, but the"teaction with NiH HMBAE is general
‘acid catalyzed at lower pH? ' "

It is ev1dent from mevmus studies that axial coordination’is E |
important for nucleophilic displacement of these metal ligand complexes
(11); The 6-membered ring on the backbone of the NiH ZMBAE complex has

two carbonyl -oxygens protruding in an axial or,1enta-t10n, space filling

| models show the ring to be slightly buckeredo This configuration ‘might
. presumably be blocking .toward',axial_ coordination of an approaching
nucleophile, which 'could be part of 'the reason proton;transfer and
metal—peptlde nltrogen bond cleavage preceeds -coordination of the
nucloephile to the metal

. Paniago and Margerum present the followihg mechanism for

protonation of metal peptide complexes:
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4 ML + HX T M WH + X

@5) ML G MGLp D)

- where the'species. M(H nL)H irxdicatee an intefmediate protonated oomplex :
_without cleavage of" any metal—N (peptlde or amide) bonds 9).

‘It is ev1dent from apectral data that the NlH 2DGEN complex has
greater ligan.d—fileld“.s_tabilization. ’ The 'metal-.peptide nitrogen bonds
are prob.abll.z' more stable partially due to the fact that the carbonj_zl
oxydens are located on oppos:.te 51des of the substrate molecule.

Accord:.ng to. the mechamsm presented above, the relative values of -
k2 and k_; are of s1gn1f1cance. Paniago and Margerum (9) postulate .
that as the _rnetalfpeptlde nitrogen bonds become more stable, t_he ko
‘values become smaller, and the teaction with acids shi_fts from general |
acid catalyzed to specif'ic klﬁ(drogen ion catalyzed. It is felt that this

:'ts an ex_piamtion for/tbe. different reactivity patterns displayed by
the two ‘complexes and thein rea;ction with acids. Unfortunately,
thernlodynamic data is not availabale for NiH_,MBAE, as this may

possibly substantiate the arguements presented here.
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