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HISTIDINE AND HISTAMINE COMPLEXES OF COPPER AND ZINCf

W. R. WALKER,f YUEH-HO L. SHAW,§ and NORMAN C. LI
Department of Chemistry, Duquesne University, Pittsburgh, Pa. 15219

(Received August 14, 1972; in final form Nov. 1, 1973)

The mono-complexes Cu histamine Cl, and Cu histidine Cl, have been prepared for the first time and investigated.
The rearrangement of the former in aqueous solution forming stable hydroxy-bridged binuclear copper(il)
cations, with the release of protons, may be significant in an understanding of endogenous histamine activity.

Nmr data for zinc-histamine system show that when the amino group is protonated, the metal ion is coordinated
at N(3). In the presence of zinc, copper(Il) is coordinated at N(1) of histamine. For histidine, the line broadening
of nmr signals by the paramagnetic copper(Il) ion is not diagnostic of the sites of bonding.

Electronic spectra however, are informative and by studying the addition of imidazole to bis(glycinato)copper(II)
in aqueous solution, which is a model for the Cu/histidine system, the following formation constant has been
obtained: Cu(glycinate), + imidazole = Cu(glycinate),-imidazole log K ~ 1.7. A spectrophotometric study of
the copper(ll) histidine system has shown that at pH 4.5-7.3 the Cu2+ has square-planar coordination with
amino(N)Jand carboxyl(O) donor atoms with the pyridine(N) of the imidazole moiety interacting in the tetragonal
stte.

Experiments have also been carried out to see whether a recent claim for the non-enzymatic decarboxylation
of aspartic acid to alanine was tenable. No evidence was forthcoming for this or for the decarboxylation of histidine

to form histamine by heating Cu histidine Cl; (aq) to dryness in a vacuum oven.

INTRODUCTION

The interaction of copper and zinc with histamine
and histidine has received particular attention
recently. The physiological and pharmacological
importance of histamine (which is formed by the
in vivo decarboxylation of histidine) is reflected in
its extensive literature. Indeed, chemical investiga-
tions of histidine often include histamine.

Recent reports on copper(I) histidine complexes
include those by Meyer and Bauman,! Wilson, et
al.,2 and Sigel and McCormick.> These authors
claim that the structure of the bis (histidine)
copper(Il) complex is “histamine-like”, “‘glycine-
like”, or even both. A recent communication by
Barnes and Pettit* suggests an interaction in the
tetragonal sites between the imidazole nitrogen and
copper which possesses square-planar coordination
with the amino and carboxyl groups.

Copper(1l) histamine complexes have been
studied in solution by Mickel and Andrews’ and
more recently by Doran, et al.,° Perrin and Sharma,’
Zarenbowitch,® Perrin, et al.,? Schubert, et al.,'°
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Eilbeck, et al.,'' and Beauchamp, e a/.!2. Perhaps
of most significance are recent X-ray crystallo-
graphic structure determinations of bis (histamine)
copper(Il) tetrafluoroborate and perchlorate by
Bonnet and Jeannin.!3- 14 Interactions of zinc(IT)
with histamine and histidine have recently been
discussed by various workers.!5—17

The present work was carried out because of
inconsistences in the literature. Another reason for
investigating complexes of zinc and copper(1I) with
histidine and histamine was to see whether a recent
claim by Marx er al.'® concerning the non-enzy-
matic decarboxylation of aspartic acid, is tenable.

EXPERIMENTAL

Materials

L-histidine and L-histamine dihydrochloride were
used as supplied by Merck (Germany) and L-histi-
dine dihydrochloride by Mann Research. L-aspara-
gine was supplied by Ajax Chemicals and L-alanine
from Nutritional Biochemicals Corp.

Preparation of Compounds

Cu histamine Cl, was prepared by the method of
Bridson and Walker!® and was actually an attempt
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to prepare Cu(histamine),Cl,: a mixture of
copper(I1l) hydroxide (1-0 g) and histamine dihydro-
chloride (3.5 g) in water (20 ml) was warmed on
a water bath until all of the copper(Il) hydroxide
had reacted. The deep-blue solution was filtered,
then left to stand. The green crystals which
deposited after several days were filtered off and
dried over P,O5 (vac.) Yield. 0.8 g.

Anal. Caled. for CaCsHgN;Cl,: Cu 25.9; C, 24.5;
H. 3.7: N, 17.5; Cl, 28.9. Found Cu, 25.2; C, 24.9;
H, 39; N, 17.7; Cl, 29.1.

Cu histidine Cl, was prepared by mixing 25 ml
ethanol solution containing CuCl, (2.7 g) with
50 ml aqueous solution containing histidine (3.1 g)
and 10 M HC! (2 ml). Evaporation of the resultant
blue solution finally yielded blue crystals which
were recrystallized from water.

Anal. Caled. for CuC¢H(N,;0,Cl,: Cu, 21.9;
Cl, 24.5. Found: Cu, 21.8; Cl, 24.0.

Attempts to prepare Cu (histidine), Cl, by the
addition of excess histidine to CuCl, in aqueous
solution invariably resulted in the slow formation
of dark-brown (almost black) products.

Attempts to prepare Zn (histamine), Cl, and Zn
histamine Cl, were unsuccessful. Bridson?® had
claimed preparation of the latter compound by the
following method: A mixture of Zn(OH), (0.5 g)
and histamine dihydrochloride (1.84 g) in water
(5 ml) was warmed on a water bath until all the
Zn(OH), had dissolved. The solution was then
filtered and when NaOH (0.4 gm) in a little water
was added, a white solid precipitated immediately.
This was washed with water and dried P,O; (vac.).
Yield 0.3 g.

Anal. Caled. for ZnCsHgN;Cl,; Zn, 26.4; Cl,
28.7; C, 24.3; H, 3.7; N, 17.0. Found: C, 24.7;
H, 3.6; N, 17.2.

Because no metal and halide analyses were given
for this “‘compound” the preparation was repeated
on twice the scale. The white solid was dried over
PZOS.

Anal. Found: Zn, 23.5; Cl, 7.4.

The material which Bridson?® actually obtained
was probably a mixture of Zn(OH), and histamine
hydrochloride.

Zn (histidine),.H,0

Zn(OH), (1 g) and L-histidine (3.1 g) were sus-
pended in water (50 ml) and heated on the steam
bath. After boiling on a hot plate, unreacted
Zn(OH), was filtered off and after reducing the
volume to 18 ml, fine white crystals were obtained.
These were dried over P,O5 (vac.).

Anal. Caled. for ZnC;,HsN¢Os: Zn, 16.7.
Found: Zn, 17.1.

Attempts to recrystallize this compound from
water resulted in the precipitation of Zn(OH), and
release of histidine.

The following compounds were made for spectral
studies:

Cu(glycine),.H,0O was prepared by reacting cop-
per(Il) acetate with glycine and recrystallized from
water.

Anal. Caled. for CuC4H(N,O5: Cu, 27.7.
Found: Cu, 28.0.

Cu(L-asparagine),

L-asparagine (6.0 g) was dissolved in hot water
(250 ml) and copper acetate monohydrate (4 g) in
hot water (25 ml) was added. Mauve crystals
appeared on cooling and after filtering off, these
were washed with ethanol and dried over P,0s.

Anal. Caled. for CuCgH;,N,O4: Cu, 19.5.
Found: Cu, 19.1.

Cu (L-alanine),

L-alanine (1.8 g) was dissolved in water (20 mi)
and added to an aqueous solution of copper(ll)
acetate monohydrate (2g) in water (60 mi).
Evaporation down to a volume of 20 ml. resulted
in the formation of deep-blue-violet crystals.

Anal. Caled. for CuC¢H,;N,0,: Cu, 26.5.
Found 25.7.

Cu aspartate.2H,0

Copper(Il) acetate monohydrate (4 g) was dis-
solved in hot water (25ml) and filtered into a
solution of L-aspartic acid (5.2 g) dissolved in
0.1 M NaOH (100 ml). The resultant pale-blue
solid that precipitated was filtered off and washed
well with water and then dried in vac. oven at
~ 80°C,

Anal. Caled. for CuC4,HoNOg: Cu, 27.5. Found:
Cu, 27.3%

INSTRUMENTAL

Nmr spectra were obtained with Varian A-60 nmr
spectrometer at 60 MHz and at an ambient
temperature of 33 4 1°. Care was taken to keep
the radiofrequency power level well below satura-
tion and the field homogeneity such that a resolu-
tion of 0.3 Hz or better was attained. The chemical
shifts of the important signals were measured
with respect to 1% tetramethylsilane (TMS). The
assignment of the histidine signals was according to
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Carlson and Brown,?! and of the histamine signals
according to Varian NMR Spectra Catalog.??

Optical spectra were recorded with a Cary 14
recording spectrophotometer at room temperature.
Quartz cells of 1, 5 and 10 cm were used depending
on the solution concentrations. Measurements of
pH were made with a Corning Model 10 pH meter
with external electrodes. Only freshly prepared
solutions were used.

RESULTS AND DISCUSSION

A. Nature of Complexes

Because it may be significant in understanding
endogenous histamine activity, the mono-complex
Cu histamine Cl, will be discussed first. It resulted
from an attempt to make the bis-compound,
Cu (histamine), Cl,, by reacting histamine dihydro-
chioride with copper(II) hydroxide. The possibility
that this mono-complex might possess the “salt-
like” structure [Cu(histamine),] [CuCly] has not
been overlooked. Its diffuse reflectance spectrum,
however, (Curve 5 of Fig. 1) shows a broad band
centered around 680 nm. which is not indicative of
a bis-complex. Thus the square-planar bis-complex,
[Cu(en),] (ClO,), (en = ethylenediamine), absorbs
at 520 nm.2°

By using pH and conductimetric titrations with
NaOH, the following rearrangement has been
shown to occur in aqueous solution:!®

2 Cuhistamine Cl, 720 Cu(histamine),> + +Cu?* +4CI-
# 2H,0
o OH
[histamine Cu < OH> Cuhistamine?*+ + 2H+
I M

Curve 3 of Figure 1 is the spectrum of 103 M
Cu histamine Cl, and curve 4 results after the
addition of 2.5 moles of NaOH per mole of Cu
histamine Cl,. The absorption of 615nm. is
probably due to the binuclear-hydroxy-bridged
species (I). This is analagous to the compound
containing imidazole (instead of histamine) which,
as reported by Bridson and Walker,2* absorbs at
625 nm (e 100). In calculating concentrations on
the basis of a dimer, the value of ¢ must be doubled,
so that & for (I) is 98, not 49. Concerning the
nature of the hydroxy-bridged copper(Il) ion, it is
relevant that the di-u-hydroxy-bis (2,2’-bipyridyl)
dicopper(IT) ion absorbs at 620 nm (s 105)%* and
its structure has been determined by Casey, et al.??

Perrin and Sharma’ have also shown that species
(I) is the major hydrolyzed species present in
copper({Il) solutions containing 1:1 molar ratios of
histamine. The fact that the mono-complex Cu
histamine Cl, forms stable hydroxy-bridged cations
with the release of protons may be significant in our
understanding of endogenous histamine activity. It
is to be noted that antihistamines such as antergan
and benadryl, etc., contain tertiary amino groups
that can remove protons.

The mono-complex Cu histidine Cl, merits
discussion because it concerns the interaction of
histidine with copper(Il). It was made from acid
solution as was Cu (histidine), (NO;),2H,0, the
structure of which has been reported by Evertsson.2®
It must be emphasized that in this compound,
coordination to copper is by the amino nitrogen and
the carboxyl oxygen, in other words, coordination
is “glycine-like”.

In Figure 1, curve 1 shows that Cu histidine Cl,
has g 710 nm (e 43). After the addition of NaOH

600 700 am

A
FIGURE 1 Spectra of mono-complexes: (1) 10-3M Cu
histidine Cly, (2) NaOH added (pH 5.9), (3) 10 3M Cu
histamine Clp, (4) NaOH added (pH 9.7), (5) solid Cu
histamine Cly.
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(pH changed to 5.9), the absorption shifts to
680 nm (£ 63) and this is shown in Figure 2. Since
this blue complex was prepared from acid solution
it may possess structure 11 or 1II.

The X-ray structure analysis of Zn(L-histi-
dine),.H,O was reported by Kretsinger, et al.?’,
and that of Zn(D-L-histidine).5SH,0 by Harding
and Cole.?® In the latter compound, four nitrogen
atoms are tetrahedrally coordinated to zinc with
the carboxyl groups loosely bound. The compound
Zn(L-histidine),.H,0, that was isolated in this
investigation has been shown to rearrange in
aqueous solution as follows:

—>

Zn(histidine},.H,0 Zn(OH), | + 2histidine

2
B. Nmir Studies
Table 1 shows that when 0.2 M ZnCl, was added
to 0.2 M histamine (pD 6.3) the C,H proton signal
moves downfield 18 Hz, the CsH proton signal
moves only 7 Hz and the signal of the —CH,CH,—
protons did not move. This could be explained by
assuming that Zn?~ is coordinated at N(3) only,
the amino nitrogen being protonated. Further
evidence for this sort of coordination is afforded by
the addition of Cu?* to 0.2M zinc chloride/
histamine. The selective greater line broadening of
C,H and C;H over that of —CH,CH,— indicates
that Cu?* bonds at N(1). Table I also shows that
the addition of zinc chloride to histamine.2HCI
has no effect on its ninr signals.

0
g
Cu—cCl
HN\C,NH+ ka |
H of

This is as expected, since both amino and
imidazole nitrogens are protonated.

Nmr studies of the copper(Il) histamine and the
copper(1l) histidine systems have been carried out
by Sigel and McCormick.? On the basis of selective
line broadening studies, they claimed that histidine
coordinates to Cu?* (aq.) in a “histamine-like”
manner. According to them the CH proton adjacent
to the amino group was broadened very strongly.
However, as may be seen in Figure 2, all the
proton signals of histidine are broadened by the
paramagnetic copper(Il). This could be taken as
evidence for histidine acting as a tridentate ligand
or that the line broadening of nmr signals may not
be diagnostic of the binding sites. This opinion is
shared by Wilson, et al.? concerning copper(Il)-
amino acid interactions.

The effect of acid on the nmr spectrum of
histidine may also be seen in Figure 2. In histi-
dine.2HCl both the amino nitrogen and the
imidazole N(3) nitrogen are protonated, so that
signals can be broadened only in the presence of
high concentration of paramagnetic ions.

C. Electronic Spectra

Although nmr data may not be diagnostic of the
bonding sites in the copper(Il) histidine system,
electronic spectra are informative. Figure 3 shows
the absorption spectra of 0.001 M Cu?+ (aq.) to
which increasing amounts of histidine have been
added. The number of moles of histidine added
(per mole of Cu?¥) is shown on each curve and the
pH of each solution is given in parenthesis. These
data may be interpreted by considering the ligand
environment about the square-planar copper(fl)
ion as Cu(N)(O), (where x +y =4). The ap-
proach has been followed by various workers.?3-29

With no histidine added, the absorption at
760 nm is due to the Cu (N)4(O), chromophore of
the aquated copper(Il) ion. The addition of histidine
may form species IV containing the Cu(N),(0),
chromophore absorbing at ~ 630 nm. This may be
compared to the spectrum of bis (glycinato)
copper(Il) which also possesses the Cu(N),(O),
chromophore and, as may be seen in Figure 4, has
Amax ~ 630 nm (e 45). The bis-complexes Cu(ala-
nine), and Cu(asparagine), absorb at ~ 625 nm
(¢ 56) and 630 nm (& 44) respectively.

It must be pointed out that the solutions of
CuCl, containing excess histidine become brown
on standing. The addition of NaOH to solutions
of Cu(1l): histidine (1:2) does not shift the observed
maxima to longer wave lengths as claimed by
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TABLE I
Nmr spectral data for histamine and its interaction with H +, Zn2, and Cu2* in D,O (All frequencies in Hz)

Solution pD C,H CsH —CH,—CH;—
0.2 M histamine ~8 484 441 ~ 210
0.2 M histamine, 0.01 M ZnCl, 7.4 489 443 ~ 210
0.2 M histamine, 0.1 M ZnCl, 6.4 502 448 ~ 210
0.2 M histamine, 0.2 M ZnCl, 6.3 502 448 ~ 210
0.2 M histamine + 0.2 M ZnCl, 6.3 502 448 ~ 210
105 M CuCl; added — —no change—
104 M CuCl; added — -—broadened— sharp
103 M CuCl; added — — flattened — broadened
0.2 M histamine.2HCI 42 536 462 ~ 220
0.2 M histamine.2HCI, 0.2 M ZnCl, — 536 462 ~ 220

Sarkar and Wigfield?® but, as may be seen in Table
II to shorter wave length.

TABLE 1I
Spectral data for 0.001 M Cu? *: histidine (1:2) solutions
containing increasing amounts of NaOH measured as soon
as possible after preparation. (Before adding NaOH
Amax = 630 nm, & 36)

pH 4.3 5.6 10.2¢ 12.6¢
Amax 630 630 630 610
¢ 48 70 86 72

¢ Solutions become brown on standing with an intense
charge-transfer band being present in the near UV,

To return to Figure 3, the addition of more
histidine moves the absorption maxima to the red
(645 nm) and when the histidine/copper ratio
increased to 50 to 200, there is little further change
in absorption. It is possible that at this stage, there
may be the type of interaction suggested by Barnes
and Pettit* and the existence of species V. Con-
cerning this interaction between an imidazole N
atom and the Cu?7 ion along the z axis, Barnes
and Pettit* have stated “this will only be if either
both ligands are of the same optical hand and are
oriented cis on the copper, or are of opposite hand
trans on the copper”. It is relevant to note that

M -2
10 M cucs,
by
107
WW"W Wi CH,. M O st b e tiet st Statnas
H\E-C’ ¥e- to-
YN "m; 0
P e VT R N M"‘"
H N
C2
-4
10
¢
CZN Cs)i CH “a
400 300 200 cPs

FIGURE 2 Effect of Cu2+ on nmr spectra of 0.18 M histidine (bottom four) and 0.18 M histidine dihydrochloride
(top,two) in D,0.
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200{71-3>
5067
10(6-0)
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3(53)
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€ 40 /
/
2(5-0)
2
°l 4 14%5)
74
i o6
_J
500 600 700 (> nm.) a0a

FIGURE 3 Spectra of 10-3M CuCl solution containing
increasing amounts of histidine. Numbers are mole ratios
histidine/Cu2 *. pH of solutions in parenthesis.

X-ray crystallography hasrevealed that the structure
of Co (L-histidine),3® and Co(D-histidine)(L-histi-
dine)*! are radically different with the two imidazole
groups cis and frans- respectively, to one another.

According to a report by Morris and Martin,!6
the trans disposition of groups would be favored in

solutions of 2:1 complexes of bidentate amino acids
and tetragonal metal ions such as copper(Il). Since
L-histidine has been used in this investigation and
further, since species IV has the histidine ligands
trans to each other, structure V is proposed. Here
the pyridine nitrogen of one imidazole ring is
interacting in one tetragonal site giving copper an
essentially square-pyramidal configuration. Of
course a third histidine molecule or a solvent
molecule could interact in the other tetragonal site.

Coordination of the amino nitrogen and the
carboxyl oxygen to copper(il) has been shown by
Evertsson?6 to exist in bis (L-histidinato) copper(Il)
dinitrate dihydrate. This X-ray structure analysis is
the only one so far reported for a bis (histidinato)
copper(ll) complex.

D. The System Copper|Glycinate/Imidazole.

To obtain further evidence for the presence of
species V in aqueous solution, a spectral study was
carried out in which increasing amounts of imida-
zole (HIm) was added to bis (glycinato) copper(11)
monohydrate. This system was chosen because in
solution the glycine complex is assumed to have
structure VI (a Cu(N),(O), environment) which
Klotz, et al.,?? have shown exists from pH 4 to
pH 8. If imidazole interacts in the tetragonal sites,

N -
o ;R%E

300

20
10

$00 600

100 nm,

FIGURE 4 Spectra of 10-3M Cu(glycinate)» containing increasing amounts of imidazole. Numbers are mole ratios
imidazole: Cu(glycinate);.
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then the spectra should be similar to those of
Figure 3. An inspection of Figure 4 shows striking
resemblance. It has also been shown that the changes
in the spectra on the addition of up to 300 moles of
imidazole per mole of Cu(glycinate), is not due to
a change in pH. This was proved by adding NaOH
to solutions containing 10 moles imidazole/mole
Cu(glycinate),, giving pH 8.7 to 9.5.

0

0

N N NHz—-—Cu
~F l———NH2 "

v

Haclz NHp N
c/ \/ 7 /

0 NH2
\'
NH, 0 —— p=0
ClHa/ \Cu/ (i
CH;
Cc
o? \o/ \NH/
Vi

Further evidence for the interaction of imidazole,
[HIm], and Cu(glycinate), was obtained by evalua-
ting formation constants, according to the spectro-
photometric method of Graddon and Watton?? at
a give wavelength:

[Cu(glycinate),(HIm) = : —_Goo X [total copper] (3)
where ¢, = molar absorptivity with no imidazole
added
£, = molar absorptivity for 1009, Cu(glyci-
nate), (HIm)

¢ = a given value of molar absorptivity

It follows that

S0 7€ [total copper] @
€n — €

and [HIm] = [HIm}inir. — [Cu(glycinate),(HIm)]  (5)
The equilibrium constant is then given by

__ [Cu(glycinate),(HIm)] 6
1™ [Cu(glycinate),][HIm] ©

[Cu(glycinate),] =

In case a bis-imidazole complex is assumed to be
formed, then

[Cu(glycinate),(HIm),]

2 7 [Cuglycinate),][HIm]? @
and [HIm] = [HIm}inst. — 2 [Cu(glycinate),(HIm),].
®

Table III gives the values of log K; and log K,,
calculated by equations 6 and 7, respectively. It is
seen that a consistent set of K values is obtained
only for the reaction

Cufglycinate), + HIm = Cu(glycinate),(HIm) )

with log K; ~ 1.7. This is much smaller than the
value?* of log K = 3.8 for the reaction

Cu(glycylglycinate) +HIm = Cu(glycylglycinate),(HIm)

(10)
TABLE 111
Equilibrium Constants for the System of Cu(glycinate), and
Imidazole
[Cu(gly)2linit. [HImlinit, £640 log K; log K,
1 x 10-3M 0 45.0
1 x10-3 1 x10-3 46.8 2.1 5.3
1 x10-3 5 x 10-3 48.3 1.7 4.0
1 %1073 10 x 103 50.0 1.6 37
1 x10-3 20 x 1073 52.5 1.6 33
1 x10-3 30 x 1073 54.5 1.6 3.2
1 x 10-3 40 x 10-3 57.0 1.8 3.2
1 x 103 62.0

o’s)
(> 100 x 1073

When imidazole was added to solutions of
Cu(alanine), and also Cu(asparagine),, similar
spectra to those of imidazole and Cu(glycinate),
system, Figure 4, were obtained. Because of the
limited solubility, however, K values were not
obtained.

(E) Non-enzymatic decarboxylation

In a recent communication Marx, et ql.,!8
claimed to have produced alanine in 0.2 9, yield by
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the non-enzymatic decarboxylation of aspartic acid.
This was supposedly achieved by the evaporation
to dryness of an aqueous solution of copper(Il)
sulfate and aspartic acid (1:4) and its subsequent
heating to 100°C for four hours. Because of the
biological importance of histidine and its decar-
boxylation to histamine, attempts were made to
decarboxylate histidine and aspartic acid by heating
their copper(1l) complexes in a vacuum-oven.
Copper(Il) aspartate dihydrate was in fact dried
in a vacuum oven at 80°C and therefore does not
decarboxylate on heating. By using infrared and
electronic spectral studies, no evidence of the
formation of alanine was obtained by heating
aspartic acid in the presence of copper. The
aspartic acid used by Marx et al. could have
contained 0.2% alanine as impurity. By similar
methods, no evidence was obtained for the decar-
boxylation of histidine to histamine by heating
Cu Histidine Cl, (aq.) to dryness in a vacuum oven.
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