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Copper(lll) complexes of GhHisGly and AilbHisGly are characterized, where Gly is glycine, HisAkistidine,

and Aib isa-aminoisobutyric acid. Their respective reduction potentials (V vs NHE) are 0.978 and 0.826. Both
Cu(lll) complexes undergo amine deprotonation wiy, palues of 8.79 and 8.81, respectively. The influence

of the 5-5—6 membered chelate rings on tB& and K, values is examined relative to the Cu(tHripeptide
complexes without histidine that have-5—6, 5-6—5, 6-5—5, and 5-5—5 membered linked-consecutive rings.
The presence of a six-membered ring in the third peptide residue causes a decrease f, unit relative to

a 5-5—5 membered ring system. Imidazole coordination from histidine compared to carboxylate coordination
causes an additional decrease of K3 ynits. Decompositions of GYH_,Gly,HisGly) and CU'(H-,Aib,HisGly)
complexes are measured over the pH range-8.3. The kinetics and the reaction products show that abstraction
of a proton at thex carbon of the histidyl residue is the rate-determining step. The initial decomposition product
of Gly,HisGly is a tetrapeptide with an-hydroxyhistidyl residue that dehydrates to give an alkene with an
o,S-dehydrohistidyl residue. U¥vis spectral properties are reported for the alkene as well as the Cu(lll) complexes
of Gly,HisGly and AibHisGly.

Introduction o] ‘ (|?
In previous work we have shown that tripeptide complexes O, > <' € CNHCH,CO
of Cu(lll) with L-histidine (His) as the third residue undergo 0 \ /. Ka
very rapid oxidative decarboxylation reactions. The corre- R;[ 3+
sponding histamine complex is a factor of°>18lower to R N
decompose. Both types of Cu(lll) complexes undergo amine HH Q \
deprotonation at relatively low pH K values of 8.2-8.8) N
compared to many other tripeptide and tetrapeptide Cu(lll) H
complexes with g, values of 11.6-12.62 ,,
In the present work, we examine the properties of two Cu- ' ©) CNHCHZCO
(1) —tetrapeptide complexes (GhtisGly and AiHisGly), O\-f'N
where Gly is the glycyl residue and Aib is theaminoisobutyryl
residue. Proposed structures of peptide complexes are given
in Figure 1. Previous wofkwith az-methylimidazole derivative
of Gly,His showed that deprotonation occurs at the amine
nitrogen and not at the pyrrole nitrogen. Dervan and co-
workers attached GlyHis to a glycyl amine terminal of a DNA  Figure 1. Proposed structures for €(H_,L), the doubly-deprotonated
binding agent. They added Cu(ll) and oxidizing agents to cause complex, and CHi(H-3L)~, the deprotonated amine complex:=RH,
site-specific DNA cleavage. Thus, if a Cu(lll) complex is GlyHisGly; R = CH, Aib HisGly.
formed, GlyHisGly is the most appropriate peptide to use in
order to understand the behavior of this system. Vega. All _solutions were prepare_d with dc_)uble-deionized distilled
Coordination of an imidazole nitrogen forms six-membered Water. Solid NaClQwas dissolved in water, filtered through 04&
ings; herfore, we afo addess the effectofs5 v -5 [P0 1S peber, ez, fdianned, a Snianed
5, 5-6-5, and 5-5—6 membered ring systems on th&p \

. . . tou = 1.0 M. A stock solution of Cu(CIg), was prepared from CuGO
values of amine deprotonation for Cu(Hpeptide complexes. and HCIQ. The solution was standardized with EDTA using murexide

as the indicator. The peptides were dissolved in water, and CufCIO
was added to give-510% excess of the peptide after formation of 1:1

Reagents. Gly,HisGly and AilyHisGly were synthesized in this ~ complexes. The Cu(lfypeptide complex was formed by addition of
laboratory by H. D. Lee 8-AlaGly, and Gly-AlaGly were obtained NaOH to increase the pH of the solution.

K ==

Experimental Section

from BACHEM Bioscience Inc., and Glys-Ala was obtained from Methods. An Orion Model 601A pH meter equipped with a Corning
combination electrode was used to measure pH. The electrode was
® Abstract published idvance ACS Abstractsune 15, 1997. calibrated by titration of standardized solutions of HgEnd NaOH
(1) McDonald, M. R.; Scheper, W. M.; Lee, D. H.; Margerum, D. W. to correct the meter response-ttog [H*] (=p[H*]) values at 25.G
Inorg. Chem.1995 34, 229-237. 0.1°C andu = 1.0 M (NaClQ). Reduction potentials were measured

(2) Margerum, D. W.; Scheper, W. M.; McDonald, M. R.; Fredericks, F. by Osteryoung square wave voltammetry (OSWV) as a function of

(K:gveflf;?ekliarl‘gegjsljgﬁ;‘g?gﬁ?ﬁ(ﬁhel\ﬂﬁzglcfggg(sg'gn p[H*] with a BAS-100 electrochemical analyzer. The working

221, electrode was a planar glassy carbon electrode (3 mm diameter), the
(3) Mack, D. P.; Iverson, B. L.; Dervan, P. B. Am. Chem. S0d.988 auxiliary electrode was platinum wire, and the reference electrode was
110, 7572-7576. a Vycor tip Ag/AgCI electrode storedi3 M NaCl E° = 0.194 V vs

S0020-1669(96)00871-3 CCC: $14.00 © 1997 American Chemical Society
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NHE). Solutions of the Cu(ll)-peptide complexes, adjusted to the 1.05
desired pH, were placed in the electrochemical cell. The Cu(ll)
complexes are stable above pH 5, whereas the Cu(lll) complexes
decompose quickly. The OSWV method uses differential current
measurements which enable rejection of background currents observed
for measurements at high pH values. Sufficiently rapid sampling times
are used to avoid interference from the decomposition reactions of Cu-
(.

A flow-through bulk electrolysis unit, reported previouélyas used
for the preparation of Cu(lltypeptide complexes. The graphite column
was 0.5 cm (i.d.)x 1.2 cm. Flow rates of 23 mL/min were used.
Solutions of the Cu(Ih-peptide complex were injected on the column
at p[H"] ~7. Electrolysis of the solvent during preparation lowers the
p[H*] of the solution to 4.5-5.5. Work by Xu and Margerupshows
that, in millimolar solutions, the Ci¢H_.Gly,HisGly)~ complex is 99% 065 ! ! l l
formed at p[H] 5.3. Solutions of the Cu(lIl)-peptide were mixed with 7 8 9 10 1 12
solutions of perchloric or acetic acid immediately after preparation to [H*]
adjust the p[H] to 0.30-4.7 for subsequent kinetic measurements. P
UV—vis spectra were collected on a Perkin-Elmer Lambda 9-UVv  Figure 2. Dependence of the reduction potenti) ¢f Cu(lll)—peptide
vis—NIR spectrometer interfaced to a Zenith 386/20 computer. Kinetic complexes on p[H] at 25.0°C andu = 1.00 M (NaClQ): (O)
data were collected by monitoring the absorbance of solutions of Cu- CU" (H-2Gly-5-AlaGly); () Cu" (H-2Gly:HisGly); (@) Gly-Ala; (@)
(Ill) —peptide complexes. Aib;HisGly. The solid lines are fit fits to eq 3.

Separation of the decomposition products by HPLC was carried out
on a Varian 5000 HPLC liquid chromatography system equipped with
variable-wavelength UV detector or a Hewlett Packard 1050 diode array

0.95

0.85

E,Vvs.NHE

075 |- —

Table 1. Copper(lll) Peptide Reduction Potentials and Amine
Deprotonation Valués

detector. A Whatman Partisil 10 strong cation exchange column (4.6 peptide E*, V vs NHE’ amine deprotonationk
mm diameterx 250 mm) was used with a mobile phase of 0.05 M Gly;HisGly 0.978 8.79 0.06
NaH,PQy, 0.1 M NaCl at p[H] 2.6 (flow rate= 1.0 mL/min, injection Aib,HisGly 0.826 8.8H 0.05
volume= 50 uL, and1 = 220 nm). Gly,S-Ala 0.903 10.12+ 0.02
Numbers in parentheses next to measured values represent one S-AlaGly, 1.023 9.94+ 0.04
standard deviation in the last digit reported. Glyp-AlaGly 1.027 9.14+ 0.05

a " . _ b iei .
Results and Discussion Conditions: 25.0C, u = 1.0 M NaClQ. ° Precision: £0.004 V.
Cu(lll11) Electrode Potentials and p K, Values for Amine ample, CU'(H_3Glys)~ has anE” value of 0.63 V and it is
Deprotonation of Cu(lll) —Peptide Complexes. Reduction relatively slow to decompose at p[fH7, where its half-life is
potentials E vs NHE) for the Cu(lll) complexes of GijisGly, 6 h& At p[H*] 2 the Cu(lll) complex of Gly has a half-life of
Aib,HisGly, Gly,5-Ala, GlyS-AlaGly, and g-AlaGly, are 11.6 min compared to a half-life of 1.9 min for &(H_,Gly,-
measured. Figure 2 shows the experimental pH dependencdlisGly). Although the tripeptide complex, &¢H-_,Gly-His),
of the electrode potentials for four complexes. Equations 1 and has arE® value of 0.94 V, it is much faster to decomposeg(
2 give the reduction and amine deprotonation reactions of the =5 ms at p[H] 7) than the corresponding tetrapeptide complex,
Cu"(H-,Gly,HisGly), because it undergoes rapid oxidative
1l - — ! - or decarboxylatiort. We prepared the Gl(H-,Aib,HisGly) com-
Cul(H L) +e Cu(H-L) E @) plex with anE® value of 0.826 V in order to have a longer
@) lasting histidyl-containing tetrapeptide complex. At p-2,
a its half-life is 37 min.
Effect of 5—5—6, 5-6—5, 6-5—5, and 5-5—5 Membered
Cu(ll) peptide complexes. Figure 1 shows the amine-depro- Rings. Amine deprotonation of Gli(H_,L) complexes to give
tonated structure. Copper(Il) complexes do not undergo amine cy'(H_sL) -, where L is GlgHisGly or Aib,HisGly (Figure
deprotonatior. Therefore, as more of the amine-deprotonated 1), occurs at pH 8.8 (Table 1). These complexes have-%
species, Ci(H-sL)~, forms with increasing pH, the measured  membered chelates, whereas many tripeptide and tetrapeptide
E values decrease in accord with eq 3. Least-squares fit of thecomplexes with 55—5 membered chelates hav&values
of 11.0-12.6 (Figure 3). We tested tripeptide complexes with

CU"H_L)=Cu"HL) +H" K

.. RT [H*] + K, a f-alanyl residue (which give six-membered chelate rings
E=E" - Flnj—"— (3) without imidazole coordination) to determine the effect ef5-
[H] 6, 5-6—5, and 6-5—5 membered rings on thE*' and K,

L ) o values (Table 1). Th&®' values range from 0.903 to 1.027 V,
curves in Figure 2 give thE” values (below p[H] 8) and the o1y 0.023-0.147 V greater than the value of 0.88 V for the
Ka values for each complex. The results are summarized in 5_5_g chelate of GlyAla.” However, the corresponding amine
Table 1. . ) deprotonation K, values are 10.12 (55—6), 9.14 (5-6—5),

In general as the electrode potentials of Cu(llibeptide and 9.94 (6-5—5) compared to a value of 11.1 for the Giya
complexes increase, the rates of self-decomposition of the CU'compIex? It is not clear why the presence of six-membered
(IIII)”—peptldes_mcreas%. The E* value of 0.978 V for the  ings permit easier deprotonation of the amine nitrogen of these
Cu'(H-2Gly,HisGly) complex (with a coordinated imidazole  cy(lIl) complexes. However, we conclude that the55-6

group) is much higher than that of tetrapeptide complexes with membered chelates in GHisGly account for a decrease of
a third deprotonated-N(peptide) group coordinated. For ex-

(6) Rybka, J. S.; Kurtz, J. L.; Neubecher, T. A.; Margerum, D.Iiérg.
(4) Neubecker, T. A.; Kirksey, S. T., Jr.; Chellappa, K. L.; Margerum, Chem.198Q 19, 2791-2796.

D. W. Inorg. Chem.1979 18, 444—448. (7) Nagy, J. C.; Diaddario, L. L.; Lee, H. D.; Margerum, D. W. To be
(5) Xu, Y.; Margerum, D. W. To be submitted for publication. submitted for publication.
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02 ' . ' I . Figure 4. UV—vis spectra of Cli(H-,Aib,HisGly) at p[H"] = 2.0
7 8 9 10 11 12 13 and CU(H-,Aib,HisGly) at p[H"] = 7.80.

pKa of Amine Deprotonation Table 2. UV—Vis Spectral Properties of Cu(H) and

Figure 3. Reduction potentials vsia values for amine deprotonation ~ Cu(lll) —Tetrapeptide Complexes

for tripeptide and tetrapeptide complexes of Cu(lll). complex Amaxe NM e, M~lcm?
1.0 of the total 2.3 I, unit decrease when compared to the Cbl':l(H,ZGIyzHi_sGly)— 528 96.7
5—5—5 membered chelates in GAla. The remainder of the Cu (H-2GlyaisGly) 402, 260

. o : -Hanive Cu'(H-2Aib,HisGly)~ 504 99.2(5)
effect must be attributed to imidazole coordination in contrast  cy'(H_,Aib,HisGly) 416 3.8(1)x 10°
to carboxylate coordination. Figure 3 shows that, for peptides, 274 1.06(3)x 10

where coordination of a third deprotonated-N(peptide) or
deprotonated-N(amide) group occurs, ti& palues are as large
as 12.5. Unlike theE® values, the [, values are not very  Cu'(H-,Aib,HisGly). The rate law for the decomposition
sensitive toa-alkyl groups but are very sensitive to linked- reaction is given in eq 4, where L is GitisGly or Aib,HisGly
consecutive ring sizes and to the donor nature of the coordinated

a Reference 5° p[H*] = 7.80.¢p[H'] = 2.0.

groups. diCu" (H_,L)] "
Copper(ll-polyamines with 56—5 membered linked- gt Ko CUT(HL)] (4)

consecutive rings form significantly more stable complexes than

is the case for corresponding-5—5 membered ring%. For and the only form of Cu(lll) present in solution is the doubly-

tripeptides, the relative stabilities of the Cu(ll) complexes are deprotonated peptide complex. The method of initial rates was
5—-6—5 =~ 6—5-5 > 5-5-6 > 5-5-5° For 5-5—5 mem- used for the analysis of data for the decomposition of
bered peptide rings, the average bond distance for Cu(lll) is Cu"(H_,Gly,HisGly) in the p[H"] range 3.74.7.

0.14 A less than for Cu(Il® The smaller copper radius in its Decomposition of Cti(H-,Gly,HisGly) over the p[H] range
trivalent oxidation state can account for its preference for 0.35-4.7 involves a self-decomposition path (eq 5), an acid
5—5-5 membered peptide rings and the higk&r values for

the 5-6—5 membered peptide rings. The presence of a six- Cu”'(H L) K intermediate (5)
membered ring has a large effect on the, palues of amine 2

deprotonation. The added effect of histidine may be due to the K,

ability of the imidazole group to accept electron density from Cu'"(H_ZL) + H" — intermediate (6)
copper(ll) throughr-back-bonding.

UV—Vis Properties. Solutions of the Cu(lll) complexes
were prepared by flow-through bulk electrolysis, and-tiis
spectra were collected immediately. The rate of decomposition fast -
of Cu'"(H_,Gly;HisGly) is too rapid for its spectrum to be  Cu"(H_,L) + intermediate— Cu'(H_,L) ™ + products

Cu"(H_,L) + OH~ " intermediate ()

obtained before appreciable decomposition occurs. The (8)
Cu'""(H_,Aib,HisGly) complex is slow enough in its decay that N B
molar absorptivities could be determined. Its YWs spectrum bsa= 2(Kg + Ky[H™] + Koy[OH™]) 9)

is shown in Figure 4 along with the spectrum of'Qd_,Aib,-

HisGly)~. Spectral properties are summarized in Table 2. Path (eq 6) below p[H] 2, and a base bath (eq 7) above p[H
Decomposition Kinetics of Cu!' (H_,Gly,HisGly) and 4. These reactions generate an |ntermed|at_e that reacts in a fast

Cu (H_,Aib,HisGly). p[H*]0.3—4.7. Cu"(H_,Gly,HisGly) step (eq 8) to consume a second 1 equiv of Cu(lll). The

and CW! (H_,Aib,HisGly) are sufficiently stable to be prepared intermediates are either Crdehydropeptides or Ca-R* spe-

by flow-through bulk electrolysis for kinetic studies inthe pjH ~ €1€S, where Ris a carbon radical at the position of the histidyl

range 0.354.7. The loss in absorbance of Cu(lll) was residue. Either intermediate reacts rapidly with a second Cu-

monitored at 402 nm for C{(H_,Gly,HisGly) and 425 nmfor  (Il) peptide to give a two-electron oxidation product. The first-
order rate constants as a function of p[Hbr the decomposition

(8) Weatherburn, D. C.; Billo, E. J.; Jones, J. P.; Margerum, Dlratg. of Cu"(H-.Gly;HisGly) were fit of the expression fokobsd
Chem.197Q 9, 1557-1559. given in eq 9. The values &, kg, andkoy determined from

(9) Yamauchi, O.; Nakao, Y.; Nakahara, Bull. Chem. Soc. Jpri973 the fit of the data are 2.88(8) 1035t 2 3(6) x 103 M1
46, 2119-2121. - -00(0] ) £

(10) Diaddario, L. L.; Robinson, W. R.; Margerum, D. \Worg. Chem. sh and 3(1) x 10° Mt s7% respectively. The rate of

1983 22, 1021-1025. Cu'"(H_,Aib,HisGly) decomposition is pH independent in the
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0.12 T T T 1 Table 3. Summary of Constants for the Brgnsted Relationship
B PP q PKa"® ke, M~*s?
H,0 3 2 —-1.74 5.19x 10°3%¢
0.09 CH,COO™ 1 2 4.58 0.37
— OH~ 2 3 15.39 3x 10°
A 2 Conditions: 25.0°C, u = 1.0 M (NaClQ). b p is the number of
3 006 equivalent proton sites on HBg is the number of equivalent basic
;4—8 sites on B. ¢ —log(55.5).¢ kg = ky/55.5.f Reference 119 K\/55.5, M.
0.03
9.0 T T T T T
D 4 T 6.0 | —
000 [~O=0=0=f
0.00 0.05 0.10 0.15 0.20 0.25
[OAc),,, M 30 |- -

Figure 5. Dependence of the first-order rate constants for the
decomposition of Cu(llb-tetrapeptide complexes on [OAg] Cu'"-
(H_,Gly,HisGly) at p[H"] 3.89 @), 4.39 @), and 4.70 4);
Cu'"(H-,Aib,HisGly) at p[H] = 4.22 ).

log(k, /9)
o
o
|
|

30 .
0.020 Y T I I
60 |- .
0.016
90 ] 1 1 1 1
. 0012 -6 -2 2 6 HBlo 14 18
‘g log(p/K_"""q)
(=}
= 0.008 Figure 7. Brensted plot for the decomposition reaction of'Cu
(H-2Gly;HisGly) + B~, where B = H,O, OAc", and OH, p is the
number of equivalent proton sites on HB, aqds the number of
0.004 equivalent basic sites on"BSlope ) = 0.63+ 0.01.
(kg) increase with increasing base strength and follow a Brgnsted
0.000 0 ) 5 3 . s relationship (eq 12)2 where p is the number of equivalent
PIE’] log(ke/a) = 109(Gg) + Blog(plik, ™) (12)
Figure 6. Dependence of the first-order rate constant on*p[fér
Cu"(H-2Gly-HisGly) @) and CU'(H-2Aib2HisGly) (O). proton sites on HBg is the number of equivalent basic sites

- on B, Gg is a constant, anfl is the Bransted coefficient. Table
p[H] range 0.36-4.3. The value okq for Cu" (H-,Aib,HisGly) 3 summarizes the values pf g, ks, and (K."B. Figure 7 is a

is 1.8(6) x 10 57, wherekopsa = 2ka L Brgnsted plot for CYi(H_,Gly,HisGly) and gives & value of
Decompos_ltlon kinetics |n_the presence _of acetic amd-acetateolez(l)_ This represents a relatively large degree of proton
buffer vary with the acetate ion concentration (eq 10) as SNOWN g4 qfer in the rate-determining step. Assistance of general bases
K, in the decomposition of CGL(H_,Gly,HisGly) shows that proton
cu"(H_,L) + OAc” —= products (10)  abstraction is a rate-determining step. A similar Brgnsted
correlation has been reported for the decomposition reaction of
in Figure 5. Rate constants in the presence of bufgs() the copper(ll}-glycylglycylhistamine complex, Gi(H->Gly.-
are defined in eq 11, whellpsgis the observed rate constant Ha)t, where § = 0.59. Thus, the decomposition of the
tetrapeptide complex is analogous to the histamine complex
where proton abstraction is also the rate-determining ‘step.
(11) The value ofkoac for Cu'' (H-,Aib,HisGly) is smaller than
the value ofkoac for Cu'' (H-,Gly,HisGly) by a factor of 5.9.
) A kop value was not resolved for @H-,Aib,HisGly),
in the absence of buffer (eq a4 = 107*%°= [H*][OAcV/ although evidence for a hydroxide path exists above ppH3.
[HOACc],* and [OAc]ot = [OAcT] + [HOAc]. The values of p[H*] 6.0—10.3. Flow-through bulk electrolysis could not
Koac for Cu'"'(H-;GlyHisGly) and Cd'(H-2Aib HisGly) are be used for kinetic studies of ®(H_,Gly,HisGly) in the p[H']
0.37(3) M+ s™* and 0.063(4) M* s™*, respectively, at 25.68- range 6.6-10.3. The Cu(lll) complexes are less stable at high
0.1°C andu = 1.0 M (NaClQ). Figure 6 shows a plot of  pH and require stopped-flow methods to study their rates of
kobsa(corrected for the OAccontribution) for the decomposition  gecomposition. Several minutes are required to load the
of Cu'"(H-2Gly,HisGly) and Cll' (H-2Aib-HisGly) as afunction  stopped-flow drive syringes with reactant solutions before
of p[H*]. - ) ] pushes and data collection can begin. During this time, much
The rate of decomposition of ¢H-,Gly.HisGly) increases  of the Cu(lll) decays and rate measurements were not possible.

in the presence of acetate ion as well as with an increase in thepor this reason, kinetic measurements of the decomposition of
hydroxide ion concentration. The second-order rate constants

o ) KaHOAC[OAC] ot
Kobsd = Kobsat 2Koad W

(12) Bell, R. P.The Proton in Chemistry2nd ed.; Cornell University:
(11) Barcza, L.; Mikdyi, K. F. Phys. Chem1977 104, 199-212. Ithaca, NY, 1973; p 198.
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o} (ﬁ (‘? Scheme 1
o (&) CNHCH,CO . . o . N
oZN N Cu"(H_,Gly,HisGly[Im])~ = Cu™(H_,Gly,HisGly[N]?*" + H
\[ \C<2+ K'
N N — Ko™ Nk,
HH & \
N o
H Cu™(H _,Gly,HisGly)[Im] ~ Cu™(H_,Gly,HisGly[N]))" + H*
(8]
o\(_'ZIN\ N _ : :
Cu NH
/ K o~ NQ/ + H+ . )
N0 reported for GlyHisGly (PK'aiy,Hiscly = 11.94) Gly,AibGly
HZC\ i (PK' GlyaibGly = 8.11)15and AixGly (PK" aibscly = 7.94)15where
c-0 PK'aiboHisgly = PK'GlysHisaly T PK'aibsaly — PK'clyaibaly. A
O” reduction potential for Cli(H-3Aib,HisGly[N])2~ of 0.47 V

) . _ vs NHE is estimated from the reduction potential of'Cd_3-
EIS'%Ir-iefz%IyLrig%c;)S/(eﬁ))zs’t,r L\J/%uerr?asKaoL leﬁl_lz-eeelsyzmsgy(lm)) and Gly4)*.and the fact that each methy! group lowers the reduction
potential by 0.04 \.* Therefore K" is 10575, whereKm) =
Cu'l(H-,Gly;HisGly) in the p[H'] range 6.6-10.3 were not  10*3%, K, = 1079 andK' = 1071177
attempted with this method of preparation. The complex behavior of decomposition kinetics for Cugtll)
In situ chemical oxidation with IrG¥~ (eq 13) has been used  tetrapeptide complexes above pH 5 is due to the presence of
previously to prepare Cu(lll) complexes that decompose both Cd!'(H_oL[Im]) and Cu"(H-sL[N]) ~ complexes. The rate
of loss of Cu(lll) becomes much faster as the pH increases.
However, substitution reactions of Cu(lll) are slow; therefore,
interconversion between the two forms of Cu(lll) goes through
Cu(ll). This can occur by electron-transfer reactions since both
rapidly. The electron-transfer reaction in eq 13 is very rapid.  forms of Cu(ll) are known to exist in solution and a large excess
The Cu(lll) complex is generated within a stopped-flow system of the Cu(ll}-peptide is present. The decomposition of
by mixing a buffered solution of the €& complex in the p[H] Cu''(H_3Gly,HisGIy[N])~ is expected to be slower than that
range 6.6-10.3 and a solution of IrG}, where P represents  of Cu'l (H_,Gly,HisGly[Im]) on the basis of the rate of decay
the peptide. Due to the high reduction potentials of the Cu(lll) of Cu' (H-3Gly,)~.6 Therefore, the observed decay of Cu(lll)
complexes, a large excess of ®uwvas used to force the reaction  is due to the interconversion between the two forms followed
in eq 10 to at least 97% completion. Consumption of all of the by decay of Cl{ (H-3sGly,HisGly[Im])~. Rate constants were
IrCle?~ prevents oxidation of decomposition products by unre- not resolved due to the complexity of the kinetic data.
acted IrC§2~. The reduction potential of W' Clg2~/3~ is 0.892 Decomposition Products. Cu' (H_,Gly,HisGly) and CUl'-
V vs NHE (H_2Aib,HisGly) have absorption bands centered at 361 (p[H
Above p[H'] 6 the decomposition kinetics of the tetrapeptide — 2.0) and 363 nm (p[H] = 4.5), respectively. Copper(IH)
complexes are not first-order due to the decay of two Cu(lll) tripeptide complexes with histidine as the third residue give
complexes that are not in rapid equilibrium. Xu and Margérum  decomposition products with conjugated double bonds £Aib
have shown that the doubly-deprotonated Cu(ll) complex of NHCH=CH—Im, where Im is imidazole). The tripeptide
GlyHisGly undergoes a change from coordination by the decomposition products without copper coordination have a UV
imidazole nitrogen of the histidine residue (@Qd—.Gly.- band at 261 nm. Copper(Ittetrapeptide decomposition
HisGly[Im]) ) to coordination by a third deprotonated peptide products, shown in Figure 9, with a double bond between the
nitrogen (CU(H-3Gly-HisGly[N])?") as shown in eq 14, where o andg carbons of the third residue §t,8-dehydro-HisGly,
K'=10"9 The proposed structures of Gti_,Gly,HisGly- where X is Gly or Aib) are more conjugated than the tripeptide-
[Im])~ and Cd(H-3Gly.HisGly[N])>~ are shown in Figure 8.  decomposition products; therefore, bands are observed at longer
, wavelengths. The alkene §X¢,5-dehydro-HisGly) is formed
CU'(H_,Gly,HisGly[Im])~ == by dehydration of %-o-OH-HisGly. (In related worké an
| . 2 + X-ray crystal structure was determined for the Ni(ll) complex
cu (H_sGly HisGly[N)™ +H" (14) of Gly,-a-hydroxyl-histamine). This type of dehydration reac-
tion was observed for decomposition products of Cuflll)
tripeptide complexes with-histidine as the third residue. In
o studies of the tripeptide complexes, the AilzOH-Ha and Aib-
value of 0.63 V vs NHE reportéti*for Cu" (H-sGlys)” isused | s johvdro-Ha products were isolated by HPLC and identified

n estimate for that of ®{f (H_3Gly,HisGly[N]) =2~ sin .
Eitﬁ cgrit Ieifs ﬁa\t/eat:wg sﬁg(r:\g dgr?o)r/2 r(;suG g E[o]():o esr (,:fvalueby H NMR- and mass spectrometfy However, tetrapep_nde
P group Pper. decomposition products are not as stable and were not isolated.

of K" of 107%%is calculated, whert(m) = 101*°andKp) = Figure 10 shows the loss of Cu(llBensa= 5.9(1) x 1073571,

10L0.6 : : : .
. . toform Gly,-a-OH-HisGly followed by its dehydration to give
A thermodynamic cycle can also be constructed for the-Aib 1 - 1kene (Gly-,3-dehydro-HisGly) monitored at 361 nm
HisGly system. The equilibrium constant defined in eq 14 for !
the AibpHisGly system, 10177 is estimated from constants (15) Hamburg, A. W.: Nemeth, M. T.. Margerum, D. Whorg. Chem.
1983 22, 3884-3893.
(13) Owens, G. D.; Margerum, D. WWhorg. Chem1981, 20, 1446-1453. (16) Bai, W.; Djuran, M. I.; Margerum, D. W.; Gray, E. T., Jr.; Mazid, M.

(14) Bossu, F. P.; Chellappa, K. L.; Margerum, D. WAm. Chem. Soc. A.; Tom, R. T.; Nieboer, E.; Sadler, P. J. Chem. Soc., Chem.
1977, 99, 2195-2203. Commun.1994 1889-1890.

k.
IrCls*” + Cu'P==IrClg + Cu"P (13)

The thermodynamic cycle in Scheme 1 was used to determine
if formation of CU'"'(H-3Gly,HisGly[N])~ is favored. AnE®'
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Figure 10. Absorbance at 361 nm vs time for a 0.5 mM solution of
g Cu" (H-,Gly,HisGly) at p[H"] = 2.00,T = 25.0+ 0.1 °C, and path
o length= 1.0 cm. The decrease in absorbance is the loss of Cu(lll),
glycylglycyl-a,B-dehydrohistidylglycine kobsa= 5.9 x 1073 s7L. The increase in absorbance is peptidéefin
Figure 9. Cu'"(H_,Gly,HisGly) decomposition products. formation without Cu(ll) complexatiorkspsa = 6.9 x 1074 s72.

(p[H'] = 2.0). Products are not bound to Cu(ll) at this pH. products in addition to the alkene were observed by HPLC but
The first-order rate constant for the formation of the alkene is were not identified.
6.9(1) x 10* s™1. Both the Cu(lll) complex and the alkene Acidic solutions of Aib-o.,3-dehydro-HisGly were monitored
have an appreciable absorbance at 361 nm, and the minimunover a period of many days by HPLC separations with the diode-
in absorbance values in Figure 10 at 510 s is due to formation array detector. The original alkene disappeared in 4 days to
of Gly,-a-OH-HisGly that does not absorb at 361 nm. The give an unidentified intermediate with an absorption shoulder
e3p1 value for the alkene at p[H = 2.0 is estimated to be 2060 at lower wavelength. Aiamide was identified as a product
2700 M1 cm™1, by assuming 100% oxidation of Cu(ll) to Cu- that grew in slowly over a period of 9 days. During this period
(111 by flow-through bulk electrolysis and a 3040% yield of Aib, was not detected.
the alkene product. Separations of decomposition products by . .
HPLC for both systems show recovery of the original peptide Acknowledgmept. This work was supported by National
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(% Gly,HisGly not determined; % AyHisGly is 57.2% at . .
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4.57). The mechanism given in eqs predicts 50% recovery. Eli Lill & Co y Ip provi y
The additional 10% recovery that is observed is due to further y )

Cu(lll) oxidation of some decomposition products. Several 1C9608713



