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A new method has been established for the determination of the optical purity of a small amount of amino

acids (alanine, valine, leucine, and glutamic acid).

The method utilizes the fact that when an optically active

amino acid is dissolved in an alkaline solution of K[Co(acac,en)(gly),], the solution shows much larger optical

rotation than the free amino acid in the visible region.

1/50 to 1/100th the amount of an amino acid (about 0.1—

0.05 grams) suffices for the determination of optical purity as compared with that needed in the usual method.
The optimum conditions for measurement are: wavelength, 500 nm; pH, 10.00; time required to establish the
substitution equilibrium, 6—8 hours; concentration of the complex, (4—>5) X 10-3 mol 1-1; concentration of amino

acid, (2—1) x 10-2 mol 1-1,

The optical purity of amino acids is usually deter-
mined by their optical rotations at the Na-D line.1~4
These are generally so small that concentrated solutions
(about 0.1—1.0 mol 1-1) are needed. For example, a
1.12 mol I-1 solution (6M-HCI) of optically pure -
alanine shows ap-value only +0.14° with a 1 cm cell.
Thus, several grams of sample is required for the usual
method. The quantity of amino acids handled in
biochemical research is so small that it is difficult to
measure the optical rotation in such cases. Great
improvements have been made in polarimeters and it
has become possible to measure the optical rotation of
active compounds with an accuracy of 10-3°, but
further improvement cannot be expected. Badr et al.%
reported that when an amino acid in anhydrous meth-
anol containing a base is treated with excess carbonyl
compound, a considerably large optical rotation is
observed in the 250 nm region. The reaction is useful
for the assignment of the configuration of a small
amount of amino acid, but as it is not quantitative,
the method has not been used to determine the optical
purity of amino acids.

It was found that cobalt(III)-acac,en-complex, [Co-
(acacyen) (X),]~ (acacyen?~=N,N'-ethylenebis(acetyl-
acetonimine) dianion, X~=amino acid anion) has the
following characteristics:®) 1) The amino acidato ligand
X-, coordinated as a unidentate ligand at the axial
site of the complex, is labile and easily replaced by an
other amino acidato ligand Y- under alkaline con-
ditions. The reaction between the complex [Co-
(acacyen)(X),]~ and Y~ can be described by

[Co(acacsen)(X)]” + Y~ ==
[Co(acacen) (X)W1~ + X~ (1)
[Co(acacen)(X)(Y)]" + Y~ —
[Co(acacyen)(Y),]™ + X~ 2)

2) When the amino acidato ligand at the axial site is
optically active, the complex shows a much larger

* A part of this work was reported in Chem. Lett., 1974,
43,
*%  On leave from the Department of Chemistry, Ibaraki
University, 2-1-1, Bunkyo-cho, Mito, Ibaraki 310.

optical rotation than the free amino acid in the visible
region. These results suggest that if an optically active
amino acid is mixed with optically inactive [Co(acac,en)-
(X)o]~ under alkaline conditions, rapid exchange re-
actions such as (1) and (2) occur, and the mixed solu-
tion shows a much larger optical rotation than the
solution containing the amino acid only. On this basis,
we established a new method to determine the optical
purity of a small amount of amino acid. Determina-
tion of the optimum condition for rotational measure-
ments is discussed herewith.

Experimental

Preparation of Complexes. K[Co(acac,yen)(gly),]-2H,O
was prepared by the method reported.®) The other com-
plexes were prepared by a method similar to that used for
[Co(acac,en)(NH,),]C1.2H,0.® The elemental analysis
data of new complexes are as follows: N,N’-ethylenebis-
(benzoylacetoniminato)diamminecobalt(III) chloride dihy-
drate, [Co(bzac,en)(NH,),]C1.2H,0, Found: C, 51.89; H,
5.99; N, 10.26%. Calcd for C,H,N,0,CoCl-2H,0: G,
51.72; H, 6.33; N, 10.97%,. N,N’-Ethylenebis(trifluoroace-
tylacetoniminato)diamminecobalt(III) chloride monohydrate,
[Co(tfac,en) (NH,),]Cl.H,O, Found: C, 29.83; H, 4.16; N,
11.939%,. Calcd for C,H,\N,0,CoF,Cl.-H,0O: C, 30.23; H,
4.24; N, 11.76%,.

Reagents. All chemicals were of analytical grade and
used without further purification. Specific rotations measured
by the usual method are as follows (% given in ( ) is the
optical purity of amino acid). L-alanine (100%), [«]¥=
+15.0°, p-alanine (1009%,), [«]%¥=—14.9° (5 g/50 ml of 6M-
HCl); 1-valine (100%), [«]¥=-28.5°, p-valine (100%),
[o]28=—28.5° (4g/50ml of 6M-HCI); vr-leucine (100%),
[o]25=+16.3°, D-leucine (100%), [«]3*=—16.3° (2 g/50 ml
of 6M-HCI); 1-glutamic acid (100%), [«]®¥=+32.4°, »-
glutamic acid (100%,), [«]2=—32.3° (5 g/50 ml of 2M-HCI).
Amino acids of different optical purity were prepared by
mixing optically pure amino acid with racemic amino acid
(for example, r-alanine (509%) was prepared by mixing
r-alanine (1009,) with racemic alanine (0%) in a ratio of
1:1).

Measurements. The ORD and CD spectra were recorded
at 25 °C on a JASCO Model ORD/UV-5 spectrophotometer
with a CD attachment. The absorption spectra were meas-
ured at 25 °C with a Shimadzu UV-200 double beam spectro-



November, 1974]

photometer. The pH was measured with a Hitachi-Horiba
Model F-7 pH-meter at 25 °C.

Results and Discussion

Determination of the Optimum Condition for Rotational
Measurement. The molar rotations of L-alanine
(1009,) and its metal complexes are given in Table 1.
The [M]-values of metal complexes containing amino
acids are greater than those of free amino acids at
special wavelengths, the [M]-values of Co(acac,en)-
complex being remarkably large. From a comparison
of the [M]-values per one mole of amino acid, we see
that the amino acid coordinated to the Co(acacyen)-
complex has 100-—200 times as large an optical rotation
as the free amino acid. The AB, CD, and ORD
spectra of solutions prepared by mixing optically in-
active K[Co(acacsen)(gly),] with a large excess (100
times) of alanine under alkaline conditions are shown
in Fig. 1. We see that ORD- and CD-intensities of
the mixed solutions are in line with the optical purities
of the alanine. The results suggest that the optical
purity of amino acids can be determined by comparing
the rotational (and also CD) value of a solution con-
taining K[Co(acac,en)(gly),] and optically pure amino
acid with that of a solution containing the complex
and the amino acid whose optical purity is to be deter-
mined. In this case a large excess of amino acid is
used. However, when a small excess of amino acid
(1009%,) is mixed with the glycinato complex solution,
the resulting solution shows a small optical rotation
as compared with that of the complex solution con-
taining a large excess of amino acid (1009;). This is
due to the incomplete replacement reaction. Thus, the
determination of optimum concentrations of the com-
plex and amino acid is very important.

K[Co(acacyen)(gly),] was used as an optically in-
active Co(acacyen)-complex, and alanine, valine, leucine
and glutamic acid were examined. Since the chemical
and spectral behavior of L- and p-form amino acids is
the same except for the inversion of the CD- and

TABLE 1.
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AB, CD, and ORD spectra of the aqueous solu-
tion containing K[Co(acacsen)(gly),] and a large

Fig. 1.

excess (100 times) of alanine. The solution pH is
10.00. a and a’, r-alanine (1009%) and p-alanine
(100%); b and b/, L- and p-alanine (75%); c and ¢,
L- and D-alanine (50%); d and d’, L- and D-alanine
(25%) ; e, racemic alanine.

ORD-signs, and the four amino acids behave similarly,
L-alanine is given here with as an example. Although
free amino acid is CD-inactive in the visible region, it
becomes CD-active upon complex formation. Both
CD- and ORD-intensities were therefore used to in-
vestigate optimum conditions.

Wavelength: 'The mixed solutions show ORD peaks
at 380, 450, 500, and 580 nm, and CD peaks at 425,
475, 540, and 600 nm (Fig. 1). Peaks near 600 nm
have low intensities, and those near 400 nm are accom-

MOLAR ROTATION OF L-ALANINE (100%) AND ITS METAL COMPLEXES

Molar rotation

Molar rotation

Gompound perone oloof - peronemoleof - Wayelensh gty
(°m~! mol-11) (°m~* mol~11)
L-Alanine? +2.41 500 Water
+1.75 589 Water
+20.76 500 2M-HCI
+12.74 589 2M-HClI
+7.06 500 2M-NaOH
+4.14 589 2M-NaOH
K[Co(acac,en) (L-ala),]® 44513 +2257 500 Water
—9595 —4798 450 Water
[Co(NH,)5(L-alaH)](ClO,),® ca. —100 ca. —100 500 Water
trans-[Co(en),(L-alaH),]C1,® 4635 4318 500 Water
—615 —308 ca. 590 Water
[Co(NH,),(r-ala)]SO,® ca. —900 ca. —900 500 Water
[Cu(r-ala)y]® + 155 +78 522 Water
—265 —133 654 Water

* Maximum values in the visible region.
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Fig. 2. The time dependence on the substitution equili- 0% — : L 5

brium between K[Co(acacsen)(gly),] and r-alanine
(100%) at various pH. Ceomprex=2.0%X10-% mol 1-,
Ch_atanine=2.0x10-% mol 1-%, y=0.1 (Na,CO;+NaH-
CO,), T=25 °C.

Ae is given by the values for one mole of L-alanine at
475 nm.

panied by strong absorptions, and are therefore not
suitable for measurements of CD- and ORD-intensities.
The wavelengths of peaks at 475 nm (CD) and 500 nm
(ORD) were chosen as their intensities are strong, and
their CD- and ORD-signs coincide with the ORD-sign
of free amino acids.

Time Dependence: In order to employ complex for-
mation reactions such as (1) and (2) for determination
of the optical purity of amino acids, it is necessary for
the substitution reaction in solution to be in equi-
librium. Thus the time needed to reach equilibrium
was examined (Fig. 2). It is seen that 6—8 hr was
required and that is less dependent on the pH of the
solution. The solutions show constant CD-intensities
for 3—4 days, which gradually decrease owing to the
racemization of the optically active amino acid in a
basic condition. The CD- and ORD-intensities of the
mixed solutions were thus measured 10—24 hr after
preparation of the solution.

pH-Dependence: The CD-intensity (and also ORD-
intensity) depends upon the pH of the solution. The
pH-dependence is shown in detail in Fig. 3. The
solution shows maximum intensity at pH ca. 10. The
intensity decreases in low pH region and in an alkaline

+02

rH

Fig. 3. The pH dependence on the CD-intensities of
the mixed solutions containing r-alanine (100%,). Je
is given by the values for one mole of L-alanine at 475
nm.  Coompex=2.0%10-% mol 1, Cp_,snine=2.0X
10-2 mol 1-%, 4=0.1 (Na,CO;+NaHCO,), T'=25 °C.

log (Ccomplex/CL-alanine)
Fig. 4. Molar rotations of the mixed solutions contain-
ing K[Co(acacsen)(gly),] and r-alanine (1009%) in
various mixing ratio. The pH of the solutions is 10.00.

[M];00 is given by the values for one mole of r-alanine.
1=0.1 (Na,CO,;+NaHCO,), T=25 °C.

region above pH=10. This decrease seems to be due
to the formation of aquo- and hydroxo-complexes in
acidic and strongly basic conditions, respectively.

In order to adjust both the ionic strength g4 and pH,
a 1:1 mixture of Na,CO,; and NaHCO; was added to
the solution. The coordination of CO4%~ and HCO4~
to the complex could be neglected for x=(0.05—0.2).

Concentrational Dependence: The ORD-intensities of
solutions containing K[Co(acacsen)(gly),] and L-alanine
(1009%,) in various concentrations are shown in Fig. 4.
The results for CD-intensities are given in Table 2.
It is observed that the larger the mixing ratio C.ompiex/
Cr-sianinei00wy, the greater the CD- and ORD-
intensities per one mole of r-alanine (1009,). Thus,
in order to measure the CD- and ORD-intensities in
high sensitivity for amino acid, a high concentration
of complex and a low concentration of amino acid
should be used. However, since the solution shows
strong absorption in the visible region, the complex
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Fig. 5. The estimated rotations at 500 nm of the mixed
solutions containing K[Co(acacsen)(gly),] and L-
alanine (100%) under various concentrational con-
ditions. oe-values are given by the contours (° cm-1):
A, 0500=1.6X10"1; B, az00=01.4%10"1: C, az00=
1.2X10-1; D, 0500=1.0%x10-1; E, 0t;0,0=0.8%x10-1;
F, t500=0.6 X 10-1; G, at5590=0.4x 101,
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TapLe 2. CD INTENSITIES OF SOLUTIONS CONTAINING K[Co(acac,en)(gly),]
AND L-ALANINE (1009)) IN VARIOUS MIXING RATIO
pH—lO 00, y-O 1 (Na200 —l—NaHCOs), T=25°C, =475 nm.

Mixing ratio Concentratlon

Aé o5 for one mole  Ag,y 4 for one

(As)obs

(C e (mol 171) (cmi 1% 10%) kv P el el g
10 C eompiex—="5-0x 1073 +0.056 +1.12 1.11
Cotantne=5.0% 1074 +0.056 +1.12
5 Coomprox=4-0% 1073 +0.169 +1.06 1.07
C otanine=8.0% 1074 +0.170 +1.06
2 Ceomprex—4.0% 1073 140.378 +0.945 0.942
Caranine=2.0% 1073 +0.380 +0.950
1 Cromptex=5.0% 1073 +0.399 +0.798 0.795
Carantne="5.0x 1073 1-0.398 +0.796
1/2 Ceompiex=5.0%x 1073 +0.593 +0.593 0.606
Catonine=1.0x1072 +0.598 +0.598
1/4 Coomprex="4.0% 1078 +0.656 +0.410 0.411
Cotonina=1.6% 1072 10.657 10.411
1/5 Coomprex=2-0x 1073 10.354 +0.354 0.354
C atanine=1.0%x10"2 +0.354 +0.354
1/10 Complex=2.0%x1073 +0.416 +0.208 0.209
Colanine=2.0x1072 +0.414 +0.207
1/20 Coompiex=2.0% 1073 +0.458 +0.115 0.115
Coranine=4.0% 10~2 +0.462 +0.116
1/100 Ceompex=2.0x 1073 +0.510 +2.55 (4ég s for one mole of complex)
Calanlne=2‘0>< 1072
concentration cannot be made higher than ca. 5.0x ly.® In the above expression, aquo- and hydroxo-

103mol1-1. If a very low concentration of amino
acid is used, the solution shows negligibly small CD-
and ORD- intensities. Under these circumstances, it
is difficult to determine the optimum concentrations.
The solution equilibrium was therefore treated theo-
retically and an estimation of rotational values of the
mixed solutions was examined. Results of calculation
for the rotational values of the mixed solutions are
shown in Fig. 5, where the estimated rotations are
indicated by contours. The solid line indicates the
as00-value of 0.1° cm~1, which is the minimum limit to
obtain a rotational value to three significant figures.
The optimum concentrations for rotational measure-
ment are determined to be Complex=(0—4%) %103
mol 17Y, Cianine=(1—2) X 10-2mol 17! (shaded area,
Fig. 5).

Theoretical Approach to Solution Equilibrium and Rotational
Values of the Mixed Solution. When we mix K[Co-
(acacgen)(gly),] with optically active amino acid YH
in the initial concentrations of ¥ mol I-* and y mol I,
respectively, the concentrations of the complexes under
equilibrium conditions can be written as follows:

CECO(acac;en)(gly);)' = [4x2/(a1{gly)zz]x mOl'l-l’
Cicotacacsomiyyyn- = [49D/ (“Hgly) (eHy)Z]x mol-17%,
Cicotacacremny- = [2D?¥(aHy)*Z]x  mol-172,

where Z=[4x2/(aHg,)244xyD/[(aHgy) («Hy) 4-»2D?/
(«Hy)?], aHgy, and aHy are aH-values of glycine and
YH, respectively. D is a parameter which represents
the relative coordinating ability of amino acids, taking
the coordinating ability of gly~ as 1.00. Amino acids
including glycine were thought to coordinate to Co-
(acacyen)-complex in their anionic forms, and were
assumed to distribute to Co(acacyen)-complex statistical-

complexes were neglected. The compounds which con-
tribute to the rotation (and CD-intensity) are [Co-
(acacyen) (gly) (Y)]~, [Co(acacyen)(Y),]", free Y~ and
YH. Thus, the rotational value (or CD-1nten51ty) at
wavelength 4 of the mixed solution is given by

4; = F{B;x[2%yD/(oHy,) (aby) +5°D?/ (aby)?] |2+ E;} (3)

where 4, is the rotational value (or CD-intensity) at
J of the solution, B; the molar rotation (or molar
CD-intensity) at 4 of [Co(acacyen)(Y),]~ in which Y-
is an optically pure amino acid anion, E; the total
rotational value (or CD-intensity) of free Y- and YH,
and F the optical purity of the amino acid YH, given
by F=[concentration of optically active amino acid]/
[total concentration of amino acid]. The molar rota-
tion (or CD-intensity) of [Co(acacsen)(gly)(Y)]~ was
assumed to be 1/2XB;, because the vicinal effect is
generally additive.’t:® If we mix K[Co(acac,en)-
(gly),] with optically pure amino acid, the rotational
value (or CD-intensity) of the solution can be cal-
culated by putting F=1. B;-values were estimated
from the ORD- and CD-intensities of the solution
containing K[Co(acacsen)(gly),] and a large excess of
optically pure amino acids. E;-values were estimated
to be zero because free amino acids show negligibly
small optical rotations in low concentrations and they
are CD-inactive in the visible region. D-values of the
solutions were estimated from the observed CD-inten-
sities of the solutions having various mixing ratio,
Ceomplex/Caminoacidoo® - The values of B; and D thus
determined are listed in Table 3.

By using these values, the CD- and ORD-intensities
of the mixed solutions were calculated by Eq. (3).
The results are given in Table 2 and Fig. 4. The
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TaBLE 3. PARAMETERS B; AND D
. . By,s (CD By (ORD
Amino acid pK; pK, ( m‘.’f r(nol‘)l ) nfﬂ‘i En ol-1 )l) D
Glycine 2.350 9.780 0.00 0 1.00
L-Alanine (100%) 2.348 9.866 +2.55 +4735 0.98
L-Valine (100%,) 2.286 9.744 +4.95 +6625 0.90
L-Leucine (100%,) 2.328 9.744 +4.70 +9220 0.77
L-Glutamic acid (100%,) 2.10 4.07 +2.50 +6140 0.76
9.47 (pK,)

TABLE 4. pH DEPENDENCE OF A MIXED SOLUTION
OF L-ALANINE (1009%,)
CK[(CO (acacgen) (gly) 2] =5.0x107% mol I,
C 1 —stanine="5.0x 10"2mol 171, 4;=0.1
(Na,CO4+NaHCO,), T=25°C,

A =475 nm.
Aée g for one  Ag,,.q for one

(4de) mol of mol of

pH (cm™1x alanine alanine
102) (cm™. cm™1.

mol™1.1) mol™1.1)
8.00 +0.750 +0.150 0.204
9.00 40.976 +0.195 0.191
9.50 +1.008 +0.202 0.203
10.00 +1.030 +0.206 0.209
10.50 +1.036 +0.207 0.211
11.00 +1.020 +0.204 0.211
12.00 +0.944 +0.189 0.212

calculated values agree with the observed ones. The
pH-dependence of Eq. (3) is given in Table 4. Agree-
ment between the calculated and observed values is
good in the pH region 9—10.5, but not in the others.
The discrepancy might be due to the formation of
aquo- and hydroxo-complexes. It is thus concluded
that Eq. (3) holds in the pH region where the formation
of aquo- and hydroxo-complexes is negligble.

The coordinating abilities (D-value) of the amino
acids depend upon their basicity and steric factor. For
the above system, the linear relation between the
D-values and pK,-values (pK, for rL-glutamic acid) of
the amino acids can not be found, since all the amino
acids cited have nearly the same pK,-values (pK, for
L-glutamic acid) (the amino acid anion coordinates to
Co(acacyen)-complex with its amino group,® and there-
fore its pK,-value was considered). Since the decreasing
order of the D-values coincides with the increasing
order of the steric crowding of the amino acids, it is
assumed that the difference in coordinating ability of
the amino acids to Co(acacsen)-complex is mainly
dependent on the steric factor.

Calibration Curve. The CD- (475 nm) and ORD-
(500 nm) intensities were thus measured with solutions
containing K[Co(acacsen)(gly),] and amino acids of
various optical purities. Experimental conditions were
as follows: Ciomprex =4.0%10-3mol 172, C,rinoacia=1.6 X
10-2 mol 11, pH of the solution=10.00, z=0.1 (Na,-
CO4+NaHCO,), cell length=1.0 cm, time=10—24 hr.
From the results of measurements, calibration curves
were obtained for four amino acids. All showed a
linear relation between the ORD- (CD) intensities of
the mixed solutions and the optical purities of the

amino acids, the error being within 19;. It is con-
cluded that we can determine the optical purity of a
small amount of amino acid by comparing the ORD-
(CD) intensity of a mixed solution containing optically
pure amino acid with that of a mixed solution con-
taining the amino acid whose optical purity is to be
determined. The ORD- and CD-intensities of solu-
tions prepared by mixing K[Co(acac,en)(gly),] and
optically pure amino acids are given in Table 5.

TABLE 5. CD- AND ORD-INTENSITIES OF A MIXED SOLUTION
conTtaNING K[Co(acacyen)(gly),] AND
OPTICALLY PURE AMINO ACID
Coomplox=%0x10"3mol™.1, C, 1m0 aeta=1.6 X 1072
mol.172, pH of the solution=10.00,x =0.1
(Na,CO4+NaHCO,), T=25 °C,
Time=(10—24) hr.

Amino acid %500 (°cm™1) Aggs (cm™1)
L-Alanine (1009,) +0.122 +6.56x 1073
p-Alanine (100%,) —0.122 —6.56%x1073
L-Valine (1009%,) +0.171 +12.85x 1073
p-Valine (100%,) —0.171 —12.85x1073
L-Leucine (1009,) +0.225 +11.41x1073
p-Leucine (1009%,) —0.225 —11.41x1073
L-Glutamic acid (1009,) +0.151 46.13x 1073
p-Glutamic acid (100%,) —0.151 —6.13x 1073

The solution for rotational measurement is prepared
as follows: 20ml of a 1.0Xx10-2moll-? solution of
K[Co(acacyen)(gly),]-2H,O (M.W.=504.48) and 5 ml
of a buffer solution (0.2 moll-! Na,CO,;+0.2 mol 1-1
NaHCO,) are mixed together. Then an amino acid
(8.0 X 10~* mol) is dissolved in this solution. The pH
of the solution is adjusted to 10.00 by 0.1N-NaOH,
the solution being made up to 50 ml with water. The
rotational measurement is carried out after the solution
is allowed to stand for about 10 hr at 25 °C.

Comparison with the Usual Method. The usual
method requires 5—10 grams of amino acids to deter-
mine the optical purity. The method established
herewith requires only ca. 0.1 g (8.0x10-*mol). As
small a quantity as 1/50 to 1/100 th of the sample suf-
fices for the determination of the optical purity as
compared with that needed in the usual method.

Other Schiff-Base Complexes. Several other cobalt-
(III)-Schiff-base complexes were examined in order to
find other complexes which show larger a optical
rotation than K[Co(acacsen)(gly),] when they react
with optically active amino acids, and which cause a
more rapid substitution reaction of the axial ligand.
The results are shown in Fig. 6. The Co(acacsen)-
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Fig. 6. The time dependence on the CD-intensity (475
nm) of the mixed solution containing Co(III)-Schiff-
base complex and r-alanine (100%,). A4g is given by
the values for one mole of complex.
Ceomplex=%4.0x10-3 mol 1}, Cp_,1411ne=8.0x10-2 mol
1-1, the pH of the solution=9.50, u=0.2 (Na,CO;-
NaHCO;), T=25 °C.

complex is the most suitable for rotational measure-
ment. All the complexes investigated, [Co(acacyen)-
(NHj;),]Cl,  [Co(bzacsen)(NH,),]Cl,  [Co(tfacsen)-
(NHj),]Cl, and [Co(salsen)(NH,),]Cl, show AB, CD,
and ORD spectra similar to those for K[Co(acac,en)-
(gly),] when mixed with L-alanine (1009,). A long
time is needed to establish the substitution equilibrium
except for the Co(acacyen)-complex. Since the chemi-
cal and spectral behavior of [Co(acacsen)(INH,),]Cl is
very similar to that of K[Co(acacsen)(gly),] and the
preparation of the amine-complex is easier than that
of the glycinato-complex, [Co(acac,en)(INH;),]Cl might
be substituted for K[Co(acacsen)(gly)s].
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