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Metal Complexes of Some Asymmetric Diaminodiamide Ligands.
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The aqueous solution equilibria between Cu(ll) and
a series of asymmetric diaminodiamides have been
studied by potentiometric and spectrophotometric
methods. The ligands used were R- and S-N,N'-di-
glycylpropylenediamine,  S,S-N,N’-dialanylethylenedi-
amine, and S,R,S- and §,S,5-N,N'-dialanylpropylenedi-
amine. The copper(Il) chelate, CuL**, lost the amide
protons in two steps as the pH was increased to give
the dimer, (CuH_,L),**, and CuH_,L. Some stereo-
selectivity was observed for the diastereoisomers of
dialanylpropylenediamine.

Introduction

Metal complexes of aminoamides, among which are
included amino acid peptides, are known®>! to undergo
displacement of the amide protons at acidic or near
neutral pH. Several studies have been made® ® >4
of the complexes of a diaminodiamide, N,N’-diglycyl-
ethylenediamine (DGEN), in which the presence of
two amino groups can provide additional stabilization
for the complex. The complexes of DGEN with Cu(II)
were observed® to undergo not only amide deproto-
nation but also a polynuclear-mononuclear chelate
equilibrium for which the mononuclear complex is
favored with increasing pH.

It seemed of interest to observe the effects of sub-
stituents on DGEN on the equilibria, in particular on
the amide deprotonation and the polynuclear-mono-
nuclear equilibrium. This paper reports the equilibria
observed in aqueous solution between Cu(II) and a
series of asymmetric diaminodiamides. These were
selected so as to permit the observation of any stereo-
selectivity in the system. The ligands used were R-
and S-N,N’-diglycylpropylenediamine (DGPN), S,S-
N,N’-dialanylethylenediamine (DAEN), and the dia-
stereoisomers S,R,S- and S,S,S-N,N’-dialanylpropyl-
enediamine (DAPN). Together with DGEN these
formulas are shown in Table L.

TABLE 1. Melting Points and Specific Rotations for Deriv-
atives of the Diaminodiamides, HyN-CHR-CO-NH-CHR'~
CH;-NH-CO-CHR-NH,.

Ligand R R’ Mp (°C) of Specific Rota-
Picrate tion (°) for
Derivative ~ Dihydrochlo-
ride Salt®
DGEN H H
R-DGPN H CH; 239-240 +9.8
S-DGPN H CH; 241 —-8.1

253-255 +2.0
253-254 +21.3
260-261 +1.12

SS-DAEN CH, H
SRS-DAPN CH; CH;
SSS-DAPN CH; CH;

20

? Values for [a]p?® were obtained for 1.00 per cent aqueous

solutions.

Experimental

Materials

Pure samples of the dihydrochloride salts of the
ligands were available from another study*® and the
syntheses and characterizations will be described else-
where.?® The melting points for the picrate derivatives
and the specific rotations, [a]p?®, for one per cent
aqueous solutions of the dihydrochloride salts are given
in Table I. The samples used in the study of equilibria
were shown by titration with standard NaOH to be at
least 99.5 per cent pure, based on the endpoint for
titration of two protons per ligand. All other chemicals
were reagent grade. Copper(Il) solutions were stan-
dardized by an iodometric method.?’

Potentiometric Titrations

All the potentiometric titrations were done with a
Corning model 10 pH meter equipped with micro
glass and calomel electrodes. Aliquots of solutions of
the dihydrochloride salts of the different ligands were
titrated with standard NaOH in the absence and in
the presence of Cu(NOs),. The ionic strength was
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maintained relatively constant at 0.1M by the addition
of appropriate amounts of KNQj;. During the titra-
tions nitrogen gas was bubbled through the reaction
mixture. The reaction vessel, a 30 to 50 ml beaker,
was fitted with a rubber stopper with holes for the
electrodes, buret tip, and nitrogen inlet and outlet.
The solution was maintained at 24.6 + 0.1° by sus-
pending the beaker in a constant temperature bath,
An air-driven magnetic stirrer was mounted in the
bath below the beaker.

Spectrophotomerric Titrations

Spectra were taken with a Perkin Elmer model 202
double beam spectrophotometer and the location of
the isosbestic points was checked with a Hitachi~Perkin
Elmer model 139 single beam spectrophotometer.
An initial volume of 2 m} of the solution containing
the ligand hydrochloride and copper nitrate was placed
in a 1cm stoppered quartz cell equipped with a */g
in long magnetic stirring bar. After each addition of
base the solution was stirred for 1 or 2 minutes before
the spectrum was taken. Longer periods of stirring
produced no change in the spectrum.

Results and Calculations

Constants and Corrections

A correction was made to all pH values using the
mean activity coefficient, 0.796, for HCl at the ionic
strength, 0.1M, and temperature used.”® The corre-
sponding value?® used for K,,, the ionization constant
of water, was 1.604 x 107%*, The analytical concen-
trations of ligand, metal, and base, Cp, Cy, and Cg,
respectively, were corrected for dilution at each titra-
tion point. The standard NaOH solution was 0.0925M.

Potentiometric Titrations of the Diaminodiamides

Typical curves from the potentiometric titrations of
the dihydrochloride salts of the diaminodiamides with
sodium hydroxide are shown in Figures 1 and 2. In
each figure, curve A is for 1072M ligand and curve B
for 107°M ligand. At least two titrations were done
at each of the two concentration levels for each ligand.
It is apparent from all these curves that the two am-
monijum protons dissociate from the ligand salt, H;1.?*,
in overlapping steps, since only one break in the curve
is observed, at a ratio, a (number of moles of NaOH
added per mole of ligand), of 2 moles of base to 1 mole
of ligand.

The values of the acid protonation constants, K"
and K1,

w_ [HLY]

ARG W
H_ [H2L2+]

B T ©

M. M. Muir and P. R. Rechani

-Log (H")

-
ho
o -
-

T =

Figure 1. Potentiometric titration curves for S.S-DAEN and
its copper(I1) complexes. Solution concentrations: (A),
1.0 x 10°M DAEN; (B), 1.0x 10°M DAEN; (Q),
50X 10°M DAEN and Cu(NO;); (D), 5.0%x 107*M
DAEN and Cu(NOs); (E), 5.0 x 102°M Cu(NO;), and
1.0X 102?M DAEN; (F), 50X 10*M Cu(NO;); and
1.0 X 10*M DAEN. All solutions were 0.10M in KNO;.
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Figure 2. Potentiometric titration curves for R-DGPN and
its copper(II) complexes. Solution concentrations: (A),
1.0x 10°M DGPN; (B), 1.0x 10°M DGPN; (C),
5.0x 10°M DGPN and Cu(NO;); (D), 5.0X 10*M
DGPN and Cu(NOs):; (E), 5.0 X 10°M Cu(NO;), and
1.0 X 10°M DGPN; (F), 5.0x 10*M Cu(NO;), and
1.0 X 10°*M DGPN. All solutions were 0.10M in KNO;.
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were obtained by a linear least squares fit of the data
to an equation of the form

y = x K"+ KBKH (3)

which was derived® from the definitions of the con-
stants and the expressions for ligand balance and elec-
troneutrality. The average values of logK,™ and
logK,™ for the various ligands are listed in Table II.
About 20 points in the buffer region were used in each
calculation. Only small differences were observed be-
tween the values at different concentration levels. For
example, for DAEN the average values of logK,"”
were 8.36 at 0.01M and 8.38 at 0.001 M and of log K,
were 7.28 and 7.24, respectively. The values in Table II
are the averages for all the titrations at both concen-
trations. All calculations were performed on an IBM—
360 computer.

Potentiometric Titrations of Ligands in the Presence
of Cu(ll)

Typical curves obtained from the potentiometric
titrations with sodium hydroxide of the dihydrochloride
salts of the diaminodiamides in the presence of cop-
per(Il) are shown in Figures 1 and 2. In each Figure,
curves C and D are for titrations with a ligand to cop-
per concentration ratio of 1:1 and curves E and F are
for a ratio of 2:1. Curves C and E are for 5 X 10°M
Cu(Il) and curves D and F are for 5% 107*M
Cu(Il). The curves for the ligands DGPN and DAPN
are all very similar to the curves in Figure 2.

For titrations in which the ligand to metal ratio is
1:1, it can be seen that four protons dissociate, two
from the ligand salt and two from complexes formed
with the Cu(II). In the case of DAEN, Figure 1 shows
that the first three protons dissociate in overlapping
steps, since only two definite breaks are seen, ata = 3
and @ = 4. The first three protons are the two ammo-
nium protons and one of the amide protons. The other
amide proton apparently dissociates in a separate step,
at highcr pH. None of the 1:1 titration curves for the
remaining ligands, DGPN and DAPN, shows a definite
break at a = 3, but all show the break at ¢ = 4. Thus
all four protons dissociate in overlapping steps for the
ligands R- and S-DGPN and for S,R,S- and S,S,S-

TABLE 1I. Acid Protonation Constants for the Diamino-
diamides.

Ligand LogK " LogK,"
DGEN? 8.22 7.48
S,S-DAEN 8.37x.03 7.26% .04
R-DGPN 8.22% .06 7.38% .01
S-DGPN 8.37x£.02 7.33x.01
S,R,S-DAPN 8.32+.03 7.38%.02
S,S,S-DAPN 8.35+.03 7.24% .04

2 Values taken from ref. 6.
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DAPN. Analysis of the 2:1 titration curves shows a
similar difference between DAEN and the other ligands.

Several different sets of equilibria were tested by
curve fitting and iterative calculations. That which
gave consistent values of the constants at all concen-
trations was the same as the set used by Martell® for
the Cu(I1)~-DGEN system.

K, [ML2*]

Cu** + L==Cul?* K,= 4
e @
Kiad
2 Cul**=——=(CuH_,L),** + 2 H*
_ [(MH_({L)**][H*T? 5)
Kiaa= ML (
24 Kle +
(CUI‘I_lL]z =) Cul'LzL +2H
MH_L]’[H*]?
Kipm = [MH_,L]*[H"] )

[(MHL, L),

However, the assumption that K, can be neglected
for 1:1 curves in the region froma =0 to a = 3, or
in other words that no significant amount of monomer
CuH_,L is formed below a = 3, was not valid for the
ligands used in this study. This is consistent with the
absence of a sharp break ata = 3, which shows that all
four protons dissociate in overlapping steps.

The proccdure uscd to obtain the constants was as
follows. Initial values of Ki4q and K;p, were found
for the different ligands for the more concentrated
1:1 mixtures using equations (4) to (7) from ref. 6.
From these values correction factors § and ' were
calculated for each titration point in the rangea = 1.7
to a=2.5 for 1:1 titrations and a = 0.8 to a = 1.3
for 2:1 titrations,

Kap = \/KlAdem (7)
B=1+Kup/[H] (8)
B'=1-Kap/[H'P %)

New values of K; and Kjaq were then found from
equations (10) and (11).

QZ[L]2 + bz[L] +c; = 0 (10)
Kipa=

[H*]*{CL - [L](a + BK,(Cm—CL + a[L]))}
2K LHa[L] - CL + Cu)?

a; = aﬂ’Kl

b2 =a +a+ K]ﬂ,(CM —CL)

c;=[H']-[OH ]+ C5 -3 C,

a = [HPKHKH + [HYK, P + 1

a' =2 [H'PKPKH + [HY)K M

Similarly, the initial values of Kipm and [L] from
equations (6) and (7) of ref. 6, in which [M**] and
[ML2*] were considered negligible, were used to find

(11
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correction term ¢, which in turn was used in equations
(13) and (14) to give new values of K, and [L].

t = [M**] + [ML**] (12)
[M**] = Cy—-CyL + a[L]
[ML**] = K, [M**] [L]

K
a?[LP + ¢’ (QCy — 28 + 2t + —22 ) L] +

2[H+]2
2 K‘le 2
Cym +S(S—2CM—21—W)+1 + 2tCy +
adl[L] + QayCr— 2048 + 204 + ﬂ) [L]
d abr d [H P
. Kle 2
tKigm
+ —[—# =0 (14)

ag=a' -a
§=2C.+2Cy—Cy—[H']+ Ky/[H]

Two or three cycles of correction of all the constants
gave consistent values for each ligand. The average
values for all concentration levels are listed in Table III.

Spectrophotomerric Titrations of Ligands in the Pres-
ence of Copper(Il)

The absorption spectra obtained during titrations of
the various 1:1 Cu(Il)—diaminodiamide systems with
base were all similar to those shown in ref. 6. In every
case an isosbestic point was obtained at values of a
greater than 3.34 for the 1:1 titration mixtures. Addi-
tion of excess base, a greater than 4.00, produced no
further changes in the spectra, except for the predicted
dilution effects.

The concentrations of all species present for each
spectral curve were calculated using the equilibrium
constants. Using these concentrations, the extinction
coefficients of each species present were calculated.

M. M. Muir and P. R. Rechani

TABLE 1Il. Equilibrium Constants for the Interaction of
Copper(1l) and Diaminodiamides.

Ligand LogK, LogK1ad LogK 1Bm
DGEN? 7.50 - 9.2 -18.40
S,S-DAEN 7.40%x.10 =9.03%x.11 -17.15% .16
R-DGPN 7.76 .13 -10.05% .24 -16.71%.08
S-DGPN 8.14%+.15 - 9.80%.23 ~-16.64 % .08
S,R,S-DAPN 7.28+.11 -10.06%.23 -16.23£.06
S,5,S-DAPN 7.35+.2 - 9.45% .12 -16.73 £.07

? Data taken from ref. 6.

These are summarized in Table IV. Figure 3 shows the
spectra for the S-DGPN system. The others were all
very similar in appearance.

Discussion

The values of the acid dissociation constants for the
ligand salts, LH,", in Table IT compare reasonably
with those for DGEN,® although the difference be-
tween K;™ and K," is a little larger for the ligands
in this study. The spectra summarized in Table IV for
the various Cu(1I) complexes in solution are all nearly
identical and resemble those reported for the DGEN
complexes,® which confirms that the same species are
present in all the systems. This is in agreement with
the fact that other sets of equilibria proposed by other
workers™?* failed to give consistent values of con-
stants for the ligands in this study.

Although the complexes present, CuL**, (CuH_,L),*%
and CuH_,L, are the same for all the ligands studied,
some of the equilibrium constants, shown in Table III,
show significant differences for different ligands. The
rather large deviations shown in Table III might have
been reduced with additional cycles of corrections to
the calculations, but the computing time needed did
not seem justified. Any further corrections in the con-
stants would be small, so the conclusions below would
not be changed.

TABLE 1V. Molar Extinction Coefficients for Complexes Present in the Copper(Il) — Diaminodiamide Systems.

Cul** (CuH_,L)** CuH_,L

Ligal]d’ }'maxv ES ]‘max; E? A'maxs E)

L nm 1/mol ¢cm nm {/mol ¢cm nm I/mol cm
DGEN? 685 60 590 108 518 166
S-DGPN 690 77 590 107 520 154
R-DGPN 690 60 588 97 520 171
S,S-DAEN 690 74 590 104 510 171
S,S,S-DAPN 690 65 585 107 510 153
S,R,S-DAPN 690 54 585 93 510 150

? Data taken from ref. 6. The values for Cu?* are 820 nm and 14 1/mol c¢m.
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Figure 3. Molar extinction coefficients for complexes in the copper(I)-S-DGPN system. (A), Cu**; (B), Cul**;

(C), (CuH_,L),**; (D), CuH_,L.

The values for K, for the formation of CulL?**, are
all reasonable for formation of a copper(1l) peptide
complex with extra stabilization due to an extra amine
group.® 1 The values for K44, for the formation of
the dimer (CuH_,L),?*, show somewhat greater
variation. The value for DAEN is similar to the value
for DGEN® but the values for DGPN and DAPN are
smaller, which implies the formation of dimer at a
given pH is less favored when there is a methyl sub-
stituent on the central or backbone ethylene group in
the ligand. The substituents on the terminal ethylene
groups or arms of the ligand have much less effect on
the value of K4, which is evident from the similarity
of K1aqa for DAPN to the values for DGPN systems,
as well as from the similarity noted abovc for DAEN
to DGEN. In other words, the steric effect on forma-
tion of the dimer is greater for the backbone than for
the arms of the diaminodiamide.

Even larger differences are observed in the values
of Kigy for the different ligands. All of the ligands’
in this study have Kg, values which are significantly
larger than that for DGEN. Again it is evident that
substituents on the backbone have a greater effect on
the constant than do those on the arms of the ligand,
although substituents on the arms do have a significant
effect on the monomer—dimer equilibrium. This greater
steric importance for substituents on the backbone
both for the formation and for the disappearance of
the dimer can be very useful in deciding which of the
many possible structures for the dimer are most prob-
able.

Also of interest are the differences in the values of
both Kiaq and K;g, for the diastereoisomers S,R,S-
and S,S,S-DAPN, which show that these ligands are
stereoselective with Cu(Il). The dimer formed with
S,S,S-DAPN is more stable than that with S,R,S-

DAPN. This preference for absolute configuration S
is particularly significant, since naturally occurring
amino acids and peptides have S configuration. Such
stereoselectivity can be rationalized by careful exami-
nation of Dreiding models of the probable structures
of the complexes.

Similarities in the spectra of the complexes imply
that the structures, or at least the type of coordination,
are the same for all the ligands. CuH_,L almost cer-
tainly has the structure I. Models of I show little dif-
ference as the substituents R and R’ are changed from
H to CH; or as the configuration at the backbone is
changed. Any differences in the energies of the com-
plexes should be quite small. This implies that the
steric effect for the Kip, equilibrium is largely due
to the dimer.

_CHR-CHj
sz N Nz 20
I EANPY- ¢ I
RHC e o ~_ _CHR
THN NH3

o]

Similarly, models of structure II, which seems most
likely for CuL?** with coordination by the amide oxy-
gen and the amino groups, show only small effects due
to substituents at the backbone or the arms, although
the S configuration at the backbone might be slightly
favored. Calculations of the strain energy rather than
qualitative impressions from models would be necessary
to confirm this.

NH-CO
_ CHy— CHR” “NCHR
-~
HN\C4 0. _NH I
cuw?*

]
RHC_ RN
HN OHp
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Of the two structures for the dimer proposed by
Martell and Smith,®! that shown in structure III seems
preferable and fits well with the steric effects observed
in this study. Examination of models suggests that the
amide nitrogen which is deprotonated in the formation
of the dimer is the one which is farther from the R’
group on the backbone, as indicated in III. The ob-
served preference for S configuration for the backbone
is in accord with the structure shown. For a planar
peptide group with the oxygen trans to the amide pro-
ton, the R’ group will cause less hindrance and more
readily adopt an equatorial position for the isomer of
S configuration. For this complex the effect is large
enough to be clear from the models, without need for
calculations of strain energy. Thus the stereoselectivity
of the ligands occurs largely for the dimer.

'
crrco_— RN o
SN—CH 0 ~NHz
T 2 SN . 24
cu Cy 111
ZN% i ?//o N
- P ~>co-
“NH-CHR' co-CcHR
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