This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

iy ... |Journal of Coordination Chemistry

Journal of

COORDINATION
CHEMISTRY

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Kinetics and Mechanism of Aquachromium(IIT) Anation by L-Arginine
Kabir-Ud-Din?% Ghulam Jilani Khan®
2 Department of Chemistry, Aligarh Muslim University, Aligarh, India

To cite this Article Kabir-Ud-Din and Khan, Ghulam Jilani(1992) 'Kinetics and Mechanism of Aquachromium(IIl) Anation
by L-Arginine', Journal of Coordination Chemistry, 26: 4, 351 — 355

To link to this Article: DOI: 10.1080/00958979209407938
URL: http://dx.doi.org/10.1080/00958979209407938

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979209407938
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:48 23 January 2011

Downl oaded At:

J. Coord. Chem. 1992, Vol. 26. pp. 351-355 © 1992 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in Great Britain
Photocopying permitted by license only

NOTE

KINETICS AND MECHANISM OF
AQUACHROMIUM(IITI) ANATION BY L-ARGININE

KABIR-UD-DIN* and GHULAM JILANI KHAN
Department of Chemistry, Aligarh Muslim University, Aligarh 202002, India

(Received February 18 1992)

Following Mertz’s'* remarkable discovery of GTF’s (Glucose Tolerance Factor, a
low-molecular-weight Cr(III) complex!®) insulin potentiating activity, reports on
various aspects of Cr(III) complexation with biologically important ligands have
appeared.” In order to further clarify the substrate behaviour of aqueous Cr(III),
we report the kinetics of the reaction of Cr(H,0)2*/Cr(H,0);OH?** with
L-arginine.

The progress of the reaction was monitored spectrophotometrically at 550 nm (in
all sets [arginine] > 10[Cr(III)];; other details are given elschwere?®). Variation
of pseudo-first-order rate constants (k,), obtained as a function of [arginine]r,
[H*], %EtOH and T was similar to earlier results.® These results, along with the
nature of the dependence of k,, on [arginine] (Figure 1 shows saturation of k,,
at high [ligand]), are consistent with the following mechanism where an ion-pairing
precedes the rate-limiting loss of a coordinated water molecule.

H,L**=K,=H,L* + H* (1
Cr(H,0)3* ==K, =Cr(H,0);OH>* + H* (2)
Cr(H,0)2* + H,L* =Kgg, ==O0SCl 3)
Cr(H,0)s0H?* + H,L* =Kg5, =0SC2 G
0SC1—k, -» [Cr(H,0)sLH; 1** + H,0 (5)
0SC2—k, - [Cr(H,0),OHLHS 1?* + H,0 (6)
[Cr(H,0),LH; 13+ =5

ligand } product (7)

[Cr(H,0),OHLH} J** =

(Arginine has a separated negative charge on the carboxyl group but can take part
in reactions as charges far from the reaction centre have been found to have no
influence on reaction rate;* the extra positive charge on the protonated N atom of

* Author for correspondence.
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FIGURE 1 (Upper) dependence of k,,, on pH and [Arginine]y; [Cr(111)]; = 4.0 x 10~3 mol dm ™3

p#=10moldm™3, T = 60°C, pH = 3.25(1), 3.00(2), 2.75(3), 2.50(4). (Lower ) linear dependence of k
on [Arginine}; ! (see (9) and (10)); details as above.
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TABLE 1

Determined k; and Kqg values for the anation of aquachromium(1II) by L-arginine.
T 10%k, 10°k, Kost Kos:
(°C) (s™") (s~ (mol~*dm3) (mo!~!dm?)
45 1.5 8.4
50 33 5.6
55 57 3.7 4.5 09
60 10.0 9.6 4.1 23
AHt 100 kJ mol !
ASt —23JK " mol~!

the guanidine function in L-arginine can be ignored; OSC1 = {Cr(H,0)2*-LH; };
0SC2 = {Cr(H,0)sOH?**-LH; }).
The following rate equation was deduced,

Kobs = { k1K Kosi [H* ] + k,K,K;Kos, } [arginine]
={[H*]*+ [H*]K, + [H*]K; + K,K,
+ (K. Kos: [H*] + K K;Kosz ) arginine] 1} (8)
k! = A/C + B/C[arginine] 1! 9

with A =K Kos)[H"] + KK Kos;, B= [H*1*+[H"]K, + [H"IK; + KKy,
and C = kK, Kos; [H*] + k,K.K;Ksa-

The mechamsm was conﬁrmed by plotting k;! vs [arginine] at different acidities
(Figure 1). In the low pH range (where the part played by the conjugate base,
Cr(H,0);0H2*, can be omitted), (9) simplifies to

k;! = 1/k, + B’/C'[arginine] 1! (10)

which envisages a common intercept (see upper plots in Figure 1, B =[H*] + K,
C' = k;K,Kos, ).

Straight line plots (according to (9) and (I0)) were employed to evaluate
ky, ky, Kosy and Kos, (Table I).

The question remaining unanswered is whether the interchange mechanism of
Cr(H, O)g*/Cr(H 0);0H?* is I, or I;. An answer is to be found on examining
criteria of assigning the I, (as opposed to I,) mechanism to anations of Co(III). No
appreciable change in k on changing the nature of entering ligand was found (the k
span was only ca half an order of magnitude* for anation of Co(NH3)5H o3+
whereas k values are almost constant for anations of cis-Co(en),(H,0)3* and cis-f-
Co(trien)(H,0)3*, Table IT). Values of k and k., (for solvent water) are comparable
and the volume of actlvatlon AV1, for water exchange is positive (+1.2 cm® mol~1)¢
for Co(NH,;)sH,03*. Once these criteria are applied to anations of
Cr(H,0)2*/Cr(H,0);OH?" by amino acids, we find that (see Table IT) k, and
k, spans are, respectwely, (0.8-7.8) x 107%and (0.17-3.7) x 1073571 k, is always
>k., whereas k, is comparable with k., and AV] for water exchange at Cr(HZO)
is negatlve (—9.6 cm® mol~!) but at Cr(H,0)sOH2" is positive (+2.7 cm® mol~ 1)
It is seen that on all counts the favoured mechanism is I, for the anation of Cr(H,0)2*
and I, for Cr(H,0);OH?2* by L-arginine.
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Furthermore, a lower AH] (than for H32O exchange) and a negative value of ASf
are suggestive of a more pronounced participation of the incoming ligand in the
transition state and confirm the associative character of the reaction involving
Cr(H,0)32* species.

The labilizing effect of hydroxide is once again seen in the conjugate base. By
virtue of its lone-pair of electrons, the hydroxide ion (adjacent to the leaving water
molecule) exerts a strong electromeric effect and facilitates the loss of the H,O ligand.
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