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SUMMARY

LENTZ, I)Avun J., HENDERSON, GARY H., AND EYRING, EDwAI4D M. : Kinetics of aqueous
iromi(1II) complexation by desfennioxamine B. Mol. Pliarmacol. 9, 514-519 (1973).

Ligiut mubsonbamice st()pl)ed-flOW rate- measurememmts imave be-eu made of the formatiotu of a

ce)mpl(-x be’twe’en inon(III) and desfernioxamine B in 0.1 �i ionic strength, acidic, aqueous
solution at and below 36#{176}.The over-all second-order rate constaimt for the neactioum iroum(III)

+ desferrioxamine B -� 11 complex is Ic2 = 2.5 X 10� M� sec1 at pH 3.92 aiud 36#{176}.This
is of tiuc same order of magnitude as previously reported rate constaimts for aqueous iron(III)
comple-xat-iorm by various ligaimds. The over-all second-order rate ce)mmstant for the same reac-
tion in blood plasma for pH value-s raimging from 4.1 to 7.1 at 36#{176}is the same as icu aqueous

solution to wit-imin expenimetutal error. Thus, at physiological pH amid temperatures the- actual
ce)nmpI(-xatiomu react-ion is sufficieiitly rapid that omue may expect this higand attached to a
polynmenic substrate to remove excess iron from blood more rapidly than time blood can be
circulat (‘ci imm an ext run-corporeal ele-ammsing device.

INTROI)UCTION

Supplementary iron is one of time most
pnevaleimt -auses of accidental poisoning of
childre.-im in time- Umuited Statc-s. One of time
met-iuods of treatment is excimange trarmsfu-
sion. Losses of proteins, lipids, and other
valumuble substances from time- body thmrough

this process are serious (1). Metmd cimelatioum,
wit-iu time comusc-quermt ermhma-imced uniumany cx-
cr-tion, appemirs to be a more promising

forum of tne-at merit-. OIu(’ sue’im chelate is

desferrioxarnine B,

N112 (‘112 )5N-C(CI12)2 (‘ON11(CI12)�N-(’ Cl!2)
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CONH(CH2)5N-CCII,

HO 0

discovered (2) in Switzerlammd in the form of

the met-hanmesulfonate salt.
A compilation of complex ion stability

constants (3) reveals a peculiar selectivity of
desferrioxamine B for iron(III) compared to

tWo other metm-il iomm-chela-t-ing agents which
imave bee-n used therapeutically: et-hylenedi-
amiimetetnaacetic acid and diethylenet-ni-
aminepemmtaacetic micid. For instance, for

Ca2� tiue stability commstants a-ne 1026, 101k,

and 1010 with these three chelating age-umts,
wimeneas for Fe3� the-y are 10306, � ammd
1029, respe’ct-ively. Although desferrioxamine

B compiexation of ire)n(III) has heeiu studied

as an equilibrium problem (4-6), kine-tics of

complex ion formation imas eviderutlv not
been reported. Tiue kimmetics and mee-luaumism
of complexatioum by a imexadentate iigand do
not, imm gemmeral, lend themselves to facile
investigat-iomm by relaxation techumiques such
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as time temj)erature-junmp nietiuod (7). TIme
presemmt unavailability of stability constant-s

for the several partially coordimuated inter-
nmediate ioius, as well as the overwiielnmimigly

large over-all st-ability ee)mmstant for tiue fully

coordinat ed complex iomu , completely pre-

elude suchm mmrelaxatiomm study. However, an

imivestigatiomm of time kiimetics of time over-all
reaction leadimmg t-e) the fully coordinated I : 1
iron(1II)-desfenrioxamiiue B complex ionm by

time stopped-flow techimique (8) does have
some practical interest-.

Specifically, time iroim (II I ) -desferrioxanmimue

B complex is toxic, producing renal siuut-

down, luypot-ension, and shmock (1). Timus an
effort is being made to place desferrioxamine
B on polymeric substrates. Ramirez amid
Amudrade (9) have coupled time desfenriox-

amine B to polyacrolein and have found that

the- ceimpoummel will renmove iromm(1II) frommm
aqueous solution. This mviii, iim primmciple,
permit removal of excess iromm fronm blood

circulated outside time body. For this reason

it is inmportant to kmmow the tinme required for
iron (II I )-desfernioxamimme B comple-x fonnma-
tie)Ii as well as time pH dependence of time

kinmetic process.
Two furthuer features of this conmplexmmtion

kinetics study should b)e noted. The strong

absorbance of the iron(III)-desfernioxamine
B complex at 430 nfl-i niakes the reaction rate

particularly easy to follow in dilute solutions

witim a stopped-flow apparatus. Also, aqueous
iron(II) of the ubiquitous ferrous sulfate

dietary iron supplenmemmt is so readily oxidized
to iron(III) that only the complexation of
time hat-ten iromm by desferrioxanmine B camu have

medicimmal significance’.

EXI�ERIMENTAL PIIOCEI)URE

Materials. Desfennioxanmi mie B methane-
sulfonate was obtained from Cii)a Corpora-

t-ioim and used without further PUrificatiomm;
m.p. 140-142#{176}. The iromm used was anhydrous
ferric chloride supplied by Matheson, Cole-

man, and Bell. Buffers were made from

reagent grade potassium acid phmthalate and

I)otassium chloride. All water used imm time
experiments was distilled ammd then de-

mineralized.

Time human blood plasma used in these

experimeimts was supplied by (‘utter Lahora-

tonic-s. It was used witimout furtimer nmodifica-

t-ioim. To facilitate time dissolution e)f the- ferric

chloride in time plasma, time- pH eof time l)Imtsnmmt

is-as reduced. TIme 1)H �vas thu-mi actjimstc-cl

using sodiunm hydroxide-.
“it()/)J)ed-flOll’ apparatus. A II ki mi(’t ie- ( XJ )eri-

nme-muts were carried out- omi a 1)urrunu-( ibson
model D-1 10 StOJ)ped-fIO�V apparatus. Iii time

stopped-flow te(-Imlmiqu(- (8) time- t \V() nea(-tant

solutions ar- forced imuto a e-hmtnmb)er mind

rapidly nmixed. Liquid flow is st(Jl)I)e(l 20) timmit

time mmmixed solut-iomm conmc-s to re-st withium 2

msec of fluxing. The neactiomu is nmonitored

spectrophot olTietrically wit hi a loganit 1inmic
aniphiher so timat an optical demisity vs. time

display appe-ars on the Os-illos(ol)e s(-re(’mm. A

typical oscihlograpim is showmm immI’ig. I.
Kinetic experiments. Here-afte-n we shall

demuote time- desfernioxanmine B (ati(omi i)\’
H4D1”O�. It- is time conmple’x 1’e(H1)FO)�

timmut- ab)Soni)S light strongly (6) mu-ar time
430-mium wavelength at- mvhieiu mill stop�)e(l-

flo�t1�- mmme-asurenmemits i�’ene flla(le. 1mmall miqileous

expeninmemuts time initial eomicemutratiomis Of

iron (III ) mimic! de.sferrioxmu nminm- B were- set

equal to omme ammother. rfhese comicentrations

ranged fronm 86 te) 410 u.’ii. Higiue-r e-omme-mitra-

tiomis l)roduced ummaccept :il)ly high ( )Pt ic-al

densities.

All aqueous solutionis w’r’ buffe-ned : those

mm the 1 .5-2.0 l)H range 1)t� potassium

cimlonide and hydrochloric ne-id, mind thiose iii

time 2.1-3.9 pH range by potassiunm acid

pimtima-late and hydrocimlonic acid. Kimuet-ic

expeninments above pH 3.9 in aqueous sohtm-
tiomm were miot conmpleted because of precipi-
tatiomm ill the buffered iron(III) solutions.

Tommie strength was adjuste-d witim IcCl to

0.1 �i, amid iim nmost of time kinetic experiments

the tenmpe-rature was 36#{176}± 0.05#{176}.
The kinetic experiments using imunmamu

blood plasnma mis the se)lvent were similmmr to
those in aqueous solution. Concentrations of

iromi (III) chloride and desfennioxanmine B

were set equal to one anuot-her mit 12 pin. No
buffers were added. The iH of time plasnma

solutiomms ranged from 4 to 7.

Attenmpts at. pseudo )-first-order rate studies

were unsuccessful. Iii sue-li e-xperimemuts three

different slopes on individual oscillogra rims

were observed that possibly could i�e cx-

plmuined in tennis of time stepwise- fonmatiomm eof



Fe(HDFO)’
(1)
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1 . Osco lloseope trace for reaetwmo cof iron (III ) ,‘ilh desfo’rnioxammo moe B in 0.1 .i ionic stremigth aq ueoas

solutiomo at p1! 2.10 (lPO(l 36#{176}

The inuitial coomicemitrat moon of each reactamit is 00 = 259 ,�i. The vertical scale is optical density units:
each major divisioiu correspeomuels teo 2 V or 0.2 optical demisity unit. The bottom horizontal trace cor-

responds to 100�� tramismissiomo at 430 mum. Thue horizomutal trace five nmajor divisions above this trace cor-
responds to :0mm((lit ical ele’nsity of unity. The horizomital time scale is 5.0 sec/major division.

inte-rmimc-diat-es iii time’ over-all 1: 1 coniplex
formation process. Be-cause the reproduci-
bility of time curves was marginal and
stability commstamuts we-re’ mmot determimmed for
timese intenniediates, this appromichm to the
kinetic- pnoblenm wmi-s abmimidoumed.

RESULTS

As is evident- fmoonm mt corre-lation coefficient

of 0.999 for mi limieam plot- e)f data extemudimmg

over thmree half-live-s. thi(’ complexatiorm re-ac-
tiomi

Iron(II I) + desfvmri((xaniimo(’ 13

is dese-mibeci very mte-eurateIv by th( immte-

gnat eel secommd- order rate e-xpr-ssiomm

________= Ic2! (2)

co(c -

when’ c0 is the- immit-ial e-omucemmt-rat-iomm of

iromm(III) as �ve11 as (lesferri(oxmmnmine B, x is

time (-xtelmt. of react-ion, amid I is th(- time.
Nummmericmul value-s of time- s-e-omud-order over-

all rate e-onstarut /12 for the aqueous experi-
me-nts mire given immTable 1, amid those for the
imunmamm blood plasma- experinmemmts are given

in Table 2. Timese rate e-ommstamuts are of the

same general nmagnitude as those previously

re-ported (Table 3) for time formation of
mono conmj)leXes of inc omu(III) witim unidentate

ligands mit 25#{176}.

From kimue-tie- measure-nments immade at- three

differeimt tenmp-rat tires it was also possible

to deduce thue fol1o�viimg mictivation param-

eters for time’ over-all e-omplexat-ion reaction:

= 12.5 keal--mole-, &S� = -43.2 eu.

I)ISCUSSIOX

Time mt crest i mig pH depc-ndemuce eof time

over-all rate ce)mmstamit Ic2 depicted in Fig. 2

shows that the rc’miction is mmmore properly

described by

d[Fe(HDFO)�i

(it
(3)

- Ic’ [Fei�(aq)][H4DFO*(aq)]
- [H�(aq)]2



TAmoI4m.; 1

Represeootatire kimoetic data for reactiomo of iromo (III)
with desferrzoxamiioe B imo 0.1 .ii iOmoie .sIremoqth

aqueous solutiomo

Co#{176} k2 pHc Temper-
ature’

8.63 X 10#{176} 5.34 X 10� 1.55 36 .9f’ sec’ .9!� sec�

3.45 X 10� 4.53 X 10� Cl- 9.4 1.1 X 1W 10
4.14 X 10� 5.14 X 1W SCN

S0�-

1.27 x
-�.6.37 X

10#{176}

10#{176}#{176}

1.0 X 1W

3 X 10#{176}

11

12, 13
1.38 X 10� 1.0� X 10#{176} 2.10 36 HF 11.4 �3.1 x 10#{176}’14

2.59 X 10� 1.19 X 10#{176} HN3 4.0 �6.8 X l0�h 1 15
4.14 X 10� 1.13 X 10#{176} H20 2.8 x 1()� �2 X 1W 15, 16

:3.50 36 Calculated assuming that, the aoid-independ-
ent path is Fe#{176}�+ SO�2 -* FeS04�.

Calculated assumi rig that the acid-independ-
ent path is FeO1-I#{176}�+ 1-I.V FeX#{176}�+ 1120.

8.63 x 10-a 2.42 x 1W 1.65 31

2.59 X 10� 2.28 X 10�
4.14 X 10#{176} 2.35 X 102

8.63 X l0#{176} 0.87 X 1W 1 .65 26
2.58 X 10� 1.46 X 1W

4.14 X 10� 1.50 X 10�

-+�--

3

or

--

a Initial concentration of iron(III) (or desfer-

rioxamine B) in the mixed solution.
h Second-order rate constant for the reaction

iron(III) + desfernioxamine B -‘ 1:1 (‘onuplex,

calculated from Eq. 2 of the text.
Glass electrode pH of buffered reactant- and

Product solutions.
d All tenmperatures ±0.05#{176}.

0

Rate comostamots for reactiomo of iron (III) witlo

desferrioxammo inc B imo h u mmeame blood

10 20 30 40
[ji+12xio6

1.06

4.99
6.07

7.12

= A01s[ Fe3�( aq )][H4DI’O#{176}( aq )J
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.9.1 .9f� sec’

8.63 X 10-i 2.13 X 10�

1.38 X 10� 2.23 X 10�

4.14 X 10� 2.54 X 10�

TABLE 2

plasmmea at 36#{176}

pH k2

9f1 seC’

2.21 X 10�

2.32 X 10

2.26 X 10�
2.27 X l0�

thamm by time simpler rate c’xpressiomm,

d[Fe(HDFO)4J

(it

TABm.�: 3

Rate eomostaoots for formmoatiomo of 1:1 oommoplexe.s of

i-romo (III) with some mmooooodemotate liqamods at 25#{176}

Ligand Rate constant, k Ref-
_________________ --

Fe3� + ligand leOH’� +
ligand

FIG. 2. Plot of observed second-oroler rate eomo.staiot

(as iii Table 2) of commoplexatiomo of iron (III) by

desferrioxammeimoe B imo 0.1 31 iomoie .stremoqt/o (i(J(L�OUS

solutiooo (it 36#{176}vs.

The lmydreogen ion ((omio1entratioon , [1 Ph , was

--� calculated froni tlue measured p11, using 1I�] =
10-P11/� and an activity coetlicient -� = 0.76,
valid at 36#{176}and [‘/2 = 0.1 �i. Vertical error bars

through time experimental I)oints indicate average
ern(ors (not standard deviations). The straight

lines are least--seiuares fits of two groups of data

I)coints.

that- omme would imave inferred from the fit to

Ee1. 2 at a single pH.
Time first- tiure-e acid pK values of

desferrioxammiimme B are report-eel (4) to be

/ 4\ 8.39, 9.03, mimic! 9.70, respectively. Thus

essemmtimilly all time acid is present as the
catiomi H4DF()� for pH < 3.9. However, tue



(IJA)
Fe(il3DF0)3�(aq) + H20
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j)1-�. Of 1’e’3� (mid) asseociateci witim time equi-

hibniunm

F&#{176}(aq)� Fe0F12�(aq) + H#{176}(aq) (IA)

is -�-.-2.47 at 25#{176}or -.--2.2S at 35#{176}in 0.01 M

aqw-ous NmiClO., (17). Tlmus I”eOH2� (aq)

supers(’(Ies F(-3� (aq) mis time predomimmammt
iron(III) sl)ecies iii time remictant- solutions
ce)mmsidere-d he’re as time pH iii time kinetic

me-misurememits is immcrease-d from 1 .5 to 3.9.

This fact-, commibined wit-h time kmiowledge that
FeOH2’ (miq) reacts nmore rapidly with

ligmtmuels timmimm(lees Fe-3� (aq) (18) (Table 3),

accoummts (lt1ahitatiVe1� for time precipitous
increase nu /l2 with-i ilm(-remisilmg pH just below

PH 3.

A pe)ssiI)le r(’actiomi mmmeelmaiuism that yields

Ii- rate- e-xpression idemmtical wit-Im Eq. 3 �s

meactiomi IA j)lIlS the fohlowimig thre’e micldi-

tiommal steps:

FeOlI2(aq) + i14DF0�(aq)

Fe(11:DFO)3#{176}�(ael) �
( lilA)

Fe(H2DFO)2laq) + H�(aq)

Fe(H2DF0)2�(aq)
(IVA)

Fe(IiDFO)�aq) + H�(aq)

witim step J�T� taken to be rate-determimmiimg.
Time suhstit-ut-ioim of

Fe3�aq) + H4DFO#{176}(aq) �±

(JIB)
Fe(IT3l)FO)3�(aq) + Ii#{176}�(aq)

for IA and hA at lower l)H values gives rise

to precise-ly the same rate expressiomm, Eq. 3

al)ove.
Time measured 1/[H4J2 dependeimce of time

reactiomm rate is the ommly basis for the as-
sumed rate-determinimmg character of step

IVA. Presumably, imm timis step the t.hird
hmydnoxamic acid group is closing oim the iron

iomm to complete the 1: 1 complex. One might

imagine that this slower react-iomm step of the

bulky higa-mmd is ste-ricmmlly controlled in a

manner analogous to that, of the reaction of

cobalt(hI) witim �-alanine (19). However,

protomm loss and closure of a chelate ring are

rate--determimming in very few systems. As is

evident from r1�ahlc� 3, timere are prommouimced

variations in Fe3+ substitution rates among

higa-nds of identical charge type, �o timat- time
apparent- slowness of step IVA ce)uld also

simply reflect the ligand depemmdemmce cx-
hibited by a-n associative substitution meciu-

mmnism, in additiomm to, or imm lieu of, stenic

control.
A c-ompanisoiu of the second-order rate

(-omistants found in aqueous solution (Table

1) witiu tiK)se in Imuma-lm blood plasma

(Table 2) immdicates that there is mio difference

imm time rate- of react-ion in t-hmese two media
witimin experinmeimtal error. Thus, ummless the

stereoche-mica-l commtmguratiel)n of desferriox-

amine B is sigmmificant-ly chammged \vimemm

attache-d to a polymeric substrate, time actual
iromm(Ihh) complexat-ioim will imot be the rate-
determinimig process in an ext-racorporeal re-

immoval of excess iron from time i)lood mms

emmvisiommed 1w Aimdrade and Ramirez (9).
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