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STRUCTURAL STUDIES OF COu(II) CHELATES OF SOME SCHIFF
BASES WHICH RELATE TO THE NON-ENZYMATIC TRANSAMINATION

REACTIONS.

by Tatzuo Uekli.



Introduction

In the broad field of the structural chemistry of coordi-
natlion compounds, many works have been done by means of tech-
niques such as spectroscopy, magnetic susceptiblility and X-ray
diffraction. Among these techniques the X-ray diffraction may
be one of the strongest approach to the field.

Recently, Lingefelter and his collaborators1’2’3 in the
Upiversity of Washington reported many structural work on metal
caelates of salicylaldiminates ligands to clarify the molecular
dlmensions of the ligand molecules and the coordination bonds.
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On the other hand, Freeman and his colleagues
University of Sidney worked out the structures of the metal
complexes of glycinme-oligopeptides to find out the role of metal
lons in the living organisms. Both of the groups presented

very lnteresting coordination configurations around the metal
ions with respect to the numbers of ligand atoms and their
specific coordination geometry by X-ray diffraction method.
Especially in the latter complexes, penta-coordination configu-
ration around the copper(II) ion was commonly found, which 1is
now apparent to pervade the Periodic Tableg.

In the decade of ninteen-fifties, Metzler and Sne1110’11’
12,13 had made an intensive work on the metal chelates of
Schiff bases derived from amino acids and vitamin B6 and had
>pened the flield which connects the chemistry of the coordina-

tion compounds and biochemistry; some evidences suggested that

the chelation of the Schiff bases to metal ilons may play an



important role in the non-enzymatic transaminatlion reactlion of
the Schiff bases prepared from vitamin B6 and amino acids.
These bases are of much interest as model compounds for the
transaminasé enzymes. It was also proved that the coordina-
tion of copper(II) ion with Schiff base derived from salicyl-
aldehyde and glycine results ln stabilizatlion of the double
bond, )C=N—, under conditions that would promote 1ts rupture
in the absence of the metal 1on14. Recently, Nakahara and his
collaborators15 reported a clear-cut non-enzymatic transamina-
tion reaction, in which the migration of the double bond was
taken place; they proved that the complex lsolated in the crys-
talline state from the copper(II)-glyoxalate-alaninate system
was in fact pyruvideneglycinatoaquocopper(II) instead of gly-
oxylidenealaninatoaquocopper(II). Also they came to a conclu-
sion that no transamination reaction was observed in case of
copper(II)-pyruvate-p~alaninate and copper(II)-glyoxalate-p-
alaninate system.

The molecular structure analyses of these complexes may
be an interesting approach to make the reaction mechanism of
transamination reactions clear since these complexes are ex-
pected to be the catalytic intermediates in the reactions.
Hence the structure analyses of these were planned to obtain
a considerable precision in the accuracy of molecular dimen-
sions by means of X-ray diffraction method. With an aim to
find the coordination configuration of copper(II) ion, the
different types of complexes with respect to the ligand mole-~

cules were selected.



In this theslis the crystal structures of three complex
crystals are described and these are: .
I. N-salicylideneglycinatoaquocopper(II) hemihydrate
[ou(cga,N05.H,0)] .3H,0 (abreviated as SGCH hereafter),
II. N-salicylideneglycinatoaquocopper(II) tetrahydrate
lou(ogt,N0,.H,0)] . 48,0 (abreviated as SGOT hereafter),
III. Pyruvidene-B-alaninatoaquocopper(II) dihydrate

[cu(cgH, N0, .H,0)] .2H,0 (abreviated as PACD hereafter).

All of these complexes are the type of 'three-coordinated’
complexes, and I and II contain planar flve- and six-membered
chelate rings, while III has a non-planar six- and a planar
flilve-membered rings. In crystals I and II the substantial
part of the molecule ére the same, though the crystal struc-
ture may be completely different from each other. The com~
plexes I and II are closely related to the transamination re-
actions, with the )C=N- double bond migration expected, and
the third complex does not show the migratlon.

The molecules of these complexes are shown in Figs. 1, 3
and 5 with the molecular dimensions obtained in the present

analyses.



Experimental

Crystals of SGCH, SGCT and PACD were prepared16’17 and

kindly supplied by Professor A. Nakahara of the Osaka Univer-

sity. The appearance and the color of them are:

SGCH dark green prisms,
SGCT bright green needles(unstable at the

room temperature),
PACD deep blue prisms.

The crystals used throughout the experiments have the
dimensions 0.20x0.20x0.10mm in SGCH, 0.12x0.07x0.22mm in SGCT
and 0.11x0,15x0. 19mm 1nkgggg crystal, respectively. The b
axés were mounted along the spindle axis of the goniometer
head for all the crystals, although the needle axls of SGCT
crystal 1s parallel to the ¢ axis. Oscillation and Weissen-
berg photographs were taken with Cu Kx radiation(nickel filt-
ered) to determine the approximate cell dimensions and space
groups for each of them. The crystals were then set on a
goniostat on a General Electric XRD-5 apparatus equipped with
a krypton-filled proportional counter. The cell dimensions
were redetermined on the gonlostat, using Mo Ka radiation(A=
0.71069§) monochromatized by zirconium foil.

Intensities of the reflections were measured for each
independent reflection within the sphere of radil r(=2sinf/A)
by the stationary-crystal stationary-counter technique, The
fixed time method was applied for each reflection and the back-

ground corrections were made by using a background curve ob-
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tained in advance to the data collection, In case of SGCT
the experiment was carried out below 15°C because of its un-
gtability at the higher temperature. The numbers of reflec-
tions exclusive of space group extinctlions and the numbers

Jf reflections recorded as zero are listed below:

SGCH SGCT PACD

radii of the sphere r(=2sin6/A) 1.278 0.962 1,190
26(max.) corresponding to r 54.0 40.0 50.0
fixed time(seconds) 20 10 20

total no. of reflections 2,093 1,245 1,759
no. of reflections recorded as zero 212 164 148
the largest counts 10,902 10,365 7,978

No correctlon was made for the absorption effect, though
it is not negligible. The extinction effect was not observed
noticably at the final stage of the refinement and the corre-
ction for it was ignored. Thus, these two effects are the
limiting factors in the accuracy of the intensity data.

Calculation for the gonlostat setting angles and usual
Lorentz and polarization corrections were made on an NEAC=-
2101 computer at the Institute for Protein Research, Osaka

Unlversity, with a program written by the author.



ngstal Data

The crystallographic data of the crystals, SGCH, SGCT

and PACD, are listed below.

crystal system
a(l)
b (L)
c(4)
B(°)
u(&’)

p(cm'1)(for Mo Koa)

space group

SGCH

monoclinic
17.16 £ 0,03
6.84 + 0.02
17.57 + 0.01
111,29+ 0.05
1,920
8
1,88
1.85
22
c2/c

SGCT

monoclinic
10.721+0.010
17.769+0.006
13.895+0.006
94.714+0.05
2,638
8
1.744
18
c2/c

PACD
monoclinilc
6.8604+0.005
11.398+0.003
13.35840.003
106.93+0.05
999
4
1.821
1.823
23
P21/c

The space groups possible for SGCH and SGCT crystals are

Cc and C2/c.

The test for the alternative choice of the space

groups was carried out for the 3GCH crystal; no pyroelectri-

18

city was observed and further, a statistical N(z) test °,

applied to all the three-dimensional data, indicated conclu-

sively the existence of a center of symmetry in the crystal.

Therefore, the structure analysis of SGCH was started by

assuming the centrosymmetric space group, C2/c, and this

assumption was later Justified by the success of the structure

determination.
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For SGCT crystal the space group was also



agsumed as C2/c and confirmed by the successful structure
analysis. The space group for PACD was unlquely determined

as P21/c from the systematlc absenses.

Netermination of the Structure

From & three-dimensional Patterson function, calculated
after the corrections for lorentz and polarization factors,
the positions of the copper(IlI) ion were easgily determined.
Por SGCH and PACD the successlve Fourler calculation with
phases based on the heavy atom, copper(II) ion, revealed all
the non-hydrogen light atoms. For SGCT the minimum function
superposed on copper(II) ion clearly showed the non-hydrogen
light atoms, though there were seven possible positions for
the crystallization water molecules.

Further refinement of the crystal structure were carried
out by the block~-dlagonal least-squares method as follows;

SGCH SGCT PACD

isotropic thermal parameters 0.093 0.071 0.110
anisotropic thermal parameters 0.075 0.061 0.079
including hydrogen atoms 0.069 0.050 0.0T71

The above-mentioned numbers are the discrepancy index R,
which is expressed by I|iFol - [Fel|/S|Fol . The isotropic refine-
ment 1s the one with isotropic thermal parameters applied for
the atoms of the form exp-(Bsinez/ka), and in anisotropic
refinement the parameters are of the form exp-(Bl1h2+522k2+
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63312+B12hk+813h1+ﬁ23k1). The positions of hydrogen atoms
were found in the difference Fourier maps with the coefficients
(Fo-Fc) after the anisotropic refinement. In the least-squares
calculations a unit weight was assigned for each reflection,
and the minimized function is 8(AF)2.

The final atomlc parameters are listed in Tables 1 and 2
for SGCH, in Tables 3 and 4 for SGCT and in Tables 5 and 6 for
ZACD. The observed and calculated structure factors are listed

in Tables 7, 8 and 9 for SGCH, SGCT and PACD, respectively.

The atomic scattering factors for copper(II) ion and for neu-

tral C, N, 0, H atoms were taken from the International Tables

for X-Ray Crystallqgraphy19. A correction for the anomalous

dispersion effect?? of copper(II) ion, af=0.3, was included
in the structure factors calculations.

The calculatlons of the structure analyses were made by
the programs as follows; the least-squares calculation, Fourier
summation, distances, angles and best planes calculation were
made by the program written by Dr. T. Ashida of the Institute
1or Protein Research, Osaka Unlversity, on HITAC-5020 com-
puter at the Tokyo University. The calculation of the Patt-
erson functlon was carried out partly on NEAC-2206 computer
of the Osaka University by the program written by Dr. T. Takano
of the Institute for Protein Research, and also on HITAC-5020
computer by the program written by Mr. N. Yasuoka of the
Faculty of Engineering, Osaka University as well as the pro-
gram of minimum functlon for HITAC-5020 computer.
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Description of the Structure

I. Molecular Structure.
a. N-salicylideneglycinatoaquocopper(II) hemihydrate (SGCH)
and tetrahydrate(SGCT). |

The bond lengths and angles in the molecules of SGCH and
SGCT are shown in Figs. 1, 2 and 3, 4, respectively. They
are also listed in Tables 10 and 11 with theilr standard devi-
ations. The least-squares planes(best planes) of these mole-
cules are listed in Table 16 with the normal distances from
the planes.

Both of the complexes lie approximately on the planes
described by the equations P(1) in Table 16. The plane for
SGCH is roughly perpendicular to the b axis(61°) and that of
SGCT nearly perpendicular to the ¢ axis(18°). The largest
deviations of atoms from these planes are 0(2) in SGCH by
0.3264 and Ww(1) atomlinlgggg by 0.253K. In SGCH several atoms
have the normal distances from the plane P(1) by more than
0.24 as can be seen in Table 16, and this fact shows that the
plane of SGCT has the better planarity than that of SGCH.
Since the complexes are not on complete planes they can be
better described by two planar groups, one being salicylal-
diminatocopper group which forms the plane P(4), and the other
the glycinatocopper group which forms the plane P(3) in Table
16, although several atoms still deviate from the planes by
significant amounts. Of these planes the better fit‘is ob-



served for the plane of glycinatocopper group in SGCT than in
SGCH since the nitrogen atom deviates from the plane by only
a half of the amount observed in the former than the latter.
This difference may be explained by the rotation around the
€(1)-Cc(2) bond and hence the rotation around this bond from
the carboxyl plane 1s less in the former than that of the
latter. The planes of salichaldiminatocopper’groups in both
SGCH and in SGCT are fairly good planes and could not be de-
tected any significant differences between these two. The
deviations of the nitrogen atoms from these planes P(4) are
0.074 in SGCH and 0.064 in SGCT, respectively. These values
can be compared with the similar values observed in bis-(5-
chlorosalicylaldoximato)copper(II)(O.102)3, bis(salicylal-
doximato)cOpper(II)(0.042)2 and in complexes with the same
kind of ligand molecules. Thls deviation from the plane may
be due to the distortion caused in the formation of the six~
membered rings between copper(II) ion and salicylaldiminato
ligands. The dihedral angles between these two planes, P(3)
and P(4), 1s 16.5° in SGCH and 9.5 4in SGCT. These angles
also indicate the better planarity of the complexes as a
whole in SGCT than in SGCH.

The bond distances in the benzene rings both in SGCH
and SGOT are significantly fluctuated as can be seen in Table
10. The fluctuation of them are 0.024 from the mean,1,4o3£,
in SGCH and 0.05A from the mean, 1.4004, 1in SGCT. The con-
tribution of the quinone type resonance structure seems

rather small in these complexes while it 1s appreciable in



salicylic acid?', The amount of the fluctuation is too big
to be accounted for by the values calculated by a simple mole-
cular orbital approximation given by ILingafelter and Braun1,

as follows;

SGCH SGCT L.B. MO mean (SGCH-SGCT)
C(4)-c(3) 1.457 1.450 1.430 1.42 1,453
C(4)=c(5) 1,420 1.389 1,423 1,40 1,405
C(4)=C(9) 1.409 1,409 1,415 1.42 1.409
c(6)-c(5) 1,389 1.394 1,367 1.38 1.392
C(6)=-c(7) 1.379 1.391 1.384 1.39 1.385
c(8)-c(7) 1.409 1.367 1.388 1.38 1.388
C(8)=-C(9) 1.412 1,447 1,415 1,40 1,429
C(9)-0(3) 1.337 1.350 1,312  1.31 1.343
where L.B. are the values from the experiments by Lingafelter

and Braun1 ag mentioned below.

Even by considering the standard deviations of these
bonds the difference in C(8)-C(9) in SGCT from the value of
MO calculation is too big, and rather the consistency between
average of SGCH-SGCT and L.B., which are the averages of nine
salicylaldiminato ligands of complexes from the list given by
Lingafelter and Braun‘, are excellent. Lingafelter and Braun
also indicated that the three bonds(C(5)-C(6), C(6)-C(7), C(7)-
0(8)) which are comparatively farther from the metal have the
average length less than 1.391, while the four bonds(C(3)-
c(4), c(4)-c(5), c(4)-c(9), ©(8)-C(9)) which are nearer to the

metal all have an average lengths gréater than 1.412. These
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values were taken from the nine complexes as stated, and they
proved that this difference was slgnificant by means of a
simple MO calculatlion quoted above. These two kinds of the

averages are listed below;

complex nearer four farther three
SGCH 1.4244 1.3844
SGerT 1.425 1.392
values by MO calculation 1.41 1.38

From the list the differences between the nearer four
and the farther three in both SGCH and SGCT are considered
significant. This effect is also observed in mangangse(II)
chelate of pyridoxylidenevalineae. The angles in benzene
rings have the averages of 120.0° both in SGCH and SGCT. The
planarity of these rings, as expressed by the equations P(5)
in Table 16, are excellent within the standard deviations.

The bond distance of C(9)-0(3) is 1.337A and 1.3504 for
SGCH and SGCT respectively in the present analyses, and this
elongated bonds, comparing with the value, 1.312£, given by
Lingafelter and Braun, may be reasonable if the c¢oodination
bonds, Cu-0(3), are taken into account, where the coordination

bonds are significantly shorter in the present analyses than

those by Lingafelter and Braun.
The glycine residues of these complexes have the normal

bond distances and angles as in usual amino acids, though the

shifts of the nitrogen atoms from the carboxyl planes are
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0.354 1n SGCH and 0.124 in SGCT. These amounts of shifts
from the planes are compared with the values, O.44£, 0.582,
0.313 in o~, B~ and Y—glycin323’24’25. This value usually
has more variety in other amino acids. The small amount,
0. 124, in SGCT corresponds to the better planarity of P(3),
and relates to the rotation around the bond C(1)~C(2) from

"the carboxyl plane as stated previously.

The coordination of copper(II) ion is not the usual dis-
torted octahedron observed in the copper(II) complexes with
the salicylaldiminato ligands, but is a square pyramid in the
present analyses, which is now the grawing class of the con~
figuration of five-coordinated copper(II) ion. The distances
of copper(II) environﬁent are Cu-W(1) 2.016, 1.965&, Cu-0(1)
1.953, 1.9594, Cu-N 1.949, 1.9134 and Cu-0(3)(phenolic) 1.928,
1.936A for SGCH and SGCT, respectively. These distances are
shown in Figs. 7 and 8. The Cu~O(carboxyl) distances are the
Quite commonly found values and coilncide with the distances
in metal peptide complexes. The average value from the mefal
peptide complexes is 1.963A. The Cu~-0(phenolic) bonds have
a shorter distances than the average, 1.902i, glven by Linga-
felter and Braun, and this may have something to do with the
longer C(9)-0(3) bonds. This was the case both in SGCH and
SGCT. The Cu~N bond distance of SGCT is significantly shorter
than that in SGCH. However, these two values have the pro-
perty similar to the metal peptide complexes rather than

metal sallicylaldimine complexes since our values are closer
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to the distances of metal peptide complexes with flve-member-
ed rings, the average value being 1.963&.

The angles, 0(1)=Cu~-N and 0(3)-Cu-N, for SGCH and SGCT
are 83.91 83.4 and 93.45 94.6°. The former angles are the
same as those in metal peptide complexes with five-membered
rings and the latter coincide with those in metal salicyl-
aldimine complexes with six-membered rings.

The major difference between SGCH and SGCT in its coordi-
nation configuration is the fifth coordination ligand atoms,
and this difference is also the major factor in the difference
of their crystal structures of SGCH and SGCT. In SGCH the
copper(II) ion is also weakly coordinated by the 0(211) atom
of the adjacent complex related by the two-fold screw axis.
The weakly coordinated atom 0(211) lies at the apex of the
square pyramid of which corners of the approximately'square
base are occupled by the strongly coordinated ligand atoms.
The bond distance of Cu-0(211) 1s 2,334 and is significantly
shorter distance than the van der Waals contacts. In SGCT
the £ifth coordination atom W(2) also lies at the apex of the
square pyramid at a distance, 2.3521, from the copper(II) ion.

These coordination configurations are shown in Figs. 7 and 8,

b. Pyruvidene-f-alaninatoaquocopper(II) dihydrate(PACD).

Bond lengths and angles in the complex of PACD are shown

in Pigs. 5 and 6, and also listed in Table 12 with their
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standard deviations,

The complex almost lies on the plane described by the
equation P(1) in Table 17 which i1s nearly perpendicular to
the ¢ axls. However, the B-alaninate atoms deviate from the
P(l),aS‘expected: 0(1), ¢(2) and C¢(3) atoms are out of the
plane by -0.20, 0.61 and -0.222, respectively. The pyruvi-
dene atoms are planar, expressed by the equation P(4), and
the largest deviation from it is 0.0124 of G(4) atom. The
copper(II) ion is off from it by 0.067E. Six atoms around
the }C=N- dduble bond are also coplanar and C(6) atom devi-
ates from the plane, P(5), by only 0.0EOK, though the strain
in the complex formatibﬁ, if exists, might be detected in
some of these atoms. - Hence no twist around the double bond
ocecurs.

The carboxyl group of B-alaninate group is expressed by
the plane P(3). The dihedral angle between P(3) and the one
containing G(1), C(2) and C(3) atoms is 52.4° and this value
is different from those found in B-alanine(9,3‘)26 and nickel
B-alanine dihydrate(30.3°)27, while the angle between the
plane passing through C(1), ¢(2), C(3), 2nd the one contain-
ing ¢(2), C(3) and N atoms is 68.5 (83.8° in B-alanine, 73.7°
in nickel B-alanine dihydrate and 70° in copper B-alanine
hexahydrategB). From the dihedral angles the conformation
of the B-alaninate group in the present work is different
from those quoted above with respect to the rotation around
¢(1)-C(2) bond and the deviation is mainly observed in C(3).

This atom deviates from the plane, P(3), by 1.12&,



In the two carboxyl groups of B-alaninate and pyruvate
groups the C-0(coordinated) bond distances are 1,282 and 1.278
X, and the 'free' C-0 bonds have 1.231 and 1.2344, These
values are in good agreement with the values, 1.2772, which
.corresponds to the C—OH 0r C=Q===-Me distances, and 1.2321
for 'free' (-0 distance, averaged in the amino acid hydro-
halides and metal complexes of amino acids. The angles <0CO
in carboxyl groups, 121,5°, 124.90, are consistent with the
values found in amino acids, and the C~C bond distances in
this complex are all reasonable.

The carbon-nitrogen double bond, N-C(4), has a bond
distance of 1.247& and this value is considered abnormally
short, even for the pure double bond distance( the summ of
the double bond radii3o of carbon and nitrogen atoms is
1.292). This distance corresponds to the shortest in the
bond distances table of metal salicylaldimine complexes given
by Lingafelter and Braun. This short distance can be compared
with the values in SGCH and SGCT, including the single bond,
C(3)=N, in relation to the transamination reactions. This

will be discussed in the last section of this thesis.

The copper(II) ion forms a square pyramidal configura-
tion coordinated by two carboxyl oxygen atoms, 0(1), 0(4),
the nitrogen atom and two water molecules, of which one is
strongly coordinated and the other weakly. The coordination
configuration is shown in Fig. 9, and bond lengths and angles
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of these bonds are listed in Table 12. The Cu~O(carboxyl)
distances are 1.906 and 1.963£,Vand the longer one which is
involved ‘in five-membered ring formation is cohsistent with
the mean value, 1.9631, found in the complexes of square
pyramidal configuration with five-membered rings(quoted in
the sectlion of molecular structures of SGCH and SGCT). On
the other hand, the shorter distance is significantly shorter
than this average. This may be the character of the less
stable .six-membered ring. There are few reports28’29 of this
type of six—memberedAring, and they are inadequate to discuss
small amount of differences. At this point one can find a
list of copper(II) chelates' of salicylaldimine ligands as
quoted in the previous section. They gave four chelates in
the list from which one can obtain that the Cu-0 distance in
six-membered rings have the mean value of 1.902&, although
the chelate rings form nearly planar configuration and the
oxygen atoms are the phenolic. Hence it is not fully accept-
able to compare the distances with the different type of
chelate rings, but the agreement 1s very good.

As regards the Cu~-N bond the present analysis gave 1.9632
which lies between two means, 1.9322 from the complexes of
square pyramidal configuration and 1.9703 given by Lingafelter
and Braun. The former is from the five-membered and the
latter is from the six~membered chelate rings. The Cu=XN bond
in the present work has the nature closer to the six-membered
chelate ring.

The strongly coordinated water molecule lies in the
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square of the coordination plane and the Cu-W(1) distance,
1.946&, is significantly shorter than the value, 2.0162, in
SGCH. The fifth coordination bond formed by the weakly bound
water molecule, W(3), which lies at the apex of the square
pyramid. The distance, 2.4132, is a reasonable value, con=-
sidering the other complexes of square pyramidal configura-
‘tion in which the values range from 2.303.1n copper(II) mono-
glyecylglycine trihydrateBBat the shortest to 2.484 in (B=-
alanyl-l-histidinato)copper(II) dihydrateS. The distance of
this fifth coordination bond is usually shorter than those
in the complexes of octahedral configuration.

The angles, 0-Cu-N, are 82.2° and 96.6° for the five-
and six-membered ring, respectively. These values agree with
the mean values, 83.3° and 93.8° taken from the complexes of
square pyramid.

From the above-mentioned discussion gives rise to a con-
clusion that the copper(II) clielates to the organic ligand
molecules of square pyramidal configuration can be described

by a fairly uniform configuratibn‘model, with four short and

one long coordination bond.
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II. Crystal Structure
a. N-salicylideneglycinatoaquocopper(II) hemihydrate (SGCH).

A strong interaction between molecules exists in the
crystal; the fifth coordination bond to copper(II) ion is
‘formed between the adjacent complexes so that the complexes
are connected by this bond in an endless chain along the b
axis., In this chain the next complex 1is related by the two-
fold screw axis. There are séveral very short intermolecular
atomic contacts as can be seen in Table 13. Of these the
shortest carbon-carbén contact is 0(4)-0(41), 3.276;, and
four other short contacts are observed between the molecules
related by the center of symmetry. Therefore, the complex
molecules construct a thick plate of complexes along the
(107) plane. All of the abnormally short contacts are in-
cluded in this plate structure, and this plate is connected
to the next by a falrly strong hydrogen bond between W(1) and
O(Biii) atoms with the distance of 2.64&. There 1s also a
weak hydrogen bond between these plates via the crystalliza-
tion water molecule. This hydrogen bond 1s 2.95£ long.

Thus, by the coordination bond, short intermolecular
atomic contacts and two hydrogen bonds are the major factors
to construct the rigid structure. The packing of the complex
molecules in the crystal is shown in the Fig. 10, looking
down along the b axls.-and is shown in Fis. 11, along the

a axis.
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b. N—salicylideneglyc1natoaqu000pper(II) tetrahydrate(SGCT).

In spite of the similarity of the molecular structure to
that of SGCH, the crystal structure of SGCT is completely
different from that of SGCH. A part of the packing of the
complex molecules and the hydrogen bonding system is shown
in Fig. 12. The major cause of the difference of the crystal
structure 1is the difference of the fifth coordination bonds
in SGCH and SGCT. In SGCT the fifth coordination bond is
formed by one of the water molecules, and no coordination
bonds are involved in constructing the crystal structure.

The planar complex molecules lie nearly perpendicular
to the ¢ axls and four molecules are pllled up along the c
axls. Between these there are several intermolecular short
contacts as listed in Table 14, Since two water molecules
are coordinated to copper(II) ion the residual water mole-
cules are located between the molecules as the crystalliza-
tion water. Of the ten possibilities of hydrogen bonds
elght hydrogen bonds are observed with the distances from
2.745 to 3.13X. Via the crystallization water molecules the
complex molecules are joined together, though the packing
is not as rigid as that in SGCH, and hence corresponds to
the comparatively large thermal vibrational parameters ob-

tained in the final stage of the structure determination.
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c. Pyruvidene-B-alaninatoaquocopper(II) dihydrate (PACD).

The crystal structure along the two crystallographic
axes are shown in Pigs. 12 and 13. The complex plane is
nearly perpendicular to the c¢ axls and four complex mole-
cules are pilled up along the c¢ axls as in SGCT crystal, al-
though the area of overlap between molecules are not to such
an extent as the case of SGCT. Between these complex mole=-
cules there are some short intermolecular, atomic contacts,
for instance, 0(5)-0(41) is 3.43& as listed in Table 15.

More important than this i1s the hydrogen bonds between
the complex molecules. The two hydrogen bonds, W(B)-O(}ii)
and O(2)-W(311), have the distances of 2.852 and 2.732, and
these two connect directly the complex molecules which are
related by the two-fold screw axis along the b axis.

Therefore, the complex molecules are constructing a
chain along the b axis by hydrogen bonds, and some van der
Waals contacts,as listed above, hold them along the c axis.
The crystallization water molecule is located in the room
between the complex molecules and is connected to them by

a hydrogen bond.



Discussions

I. The Coordination Configuration of Copper(II) Ion.

The copper(II) chelates of N-alkylsalicylaldimine
usually show the six-coordinated octahedral configuration
with small number of exceptions such as tetragonal and tetra-
hedra131’32 configuration. In its octahedron four short
coordination bonds with distances, 1.9-2.02, make the square
base and two ligand atoms locate on 1ts each side at the dis-
tance of 2.6—3.0&. On the other hand, the metal chelates
of peptides construct mostly the square pyramidal configu-
ration with four short and one long bond(the distance of the
latter is 2.3-2.54).

From the ligand molecule, therefore, the structure of
PACD is easlly considered to have the latter type of the co-
ordination configuration. However, the coordination con-
flguration of the SGCH and SGCT molecules could have the
either of the structures since their ligand molecule has the
character in between these two cases. As a result both of
SGCH and SGCT complex molecules have the coordination con-
figuration similar to that of the latter type. However, the
bond distances and angles give more complicated conclusion;
the dimensions of the six-membered rings have the nature of
the former complexes, copper(II)-N-alkylsalicylaldimine, and
those of the five-membered rings have, in contrast to the

six-membered rings, the property of the latter type of the
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complexes. Hence, in this sense, both SGCH and SGCT complex
molecules have the coordination configuration of the middle

of these two cases.

One of the nature of the square pyramid configuration
is the appreciable amount of shift of the copper(II) ion
toward the apical ligand atoms, and this 1s the commonly
found structures in metal chelates with peptides. The best
planes of the square bases 1n SGCH and SGCT are described
by the equations P(2) in Table 16, and that in PACD is given
by the equation P(2) in Table 17.

In SGCH the copper(II) ion is shifted towad the apical
0(211) atom by 0.2271, in SGOT toward the apical W(2) atom
by O.135§, and in PACD toward W(3) atom by/0.125i, each from
the plane P(2) as described. These values are in good agree-
ment with the values found in some metal peptides complexes:
0.174 in (glycyl-l-histidinato)copper(II) sesquihydrate7,
0.134 in (B-alanyl-l-histidinato)copper(II) dihydratea, 0.131

in glyecylglycylglycino copper(II) chloride sesquihydrate4

and 0.1155 in sodium glyecylglycylglycino cuprate monohydrates.
From these, the shift is the common feature of the five-co-
ordinated copper(II) ion complexes to peptides in the cryst-
alline state. More general information about the other metal
ions may be obtained elsewhere9. The another feature of the

configuration is found by the careful investigation of the

structure; from the least-squares plane of the square bases
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the normal distances from them imply the tendency that the
ligand atoms are located so as to take a 'very flattened'
tetrahedral configuration. Of course, this tendency was ob=-
served more or less in many five-coordinated complexes with
square pyramidal configuration. As can be seen in Tables 16
and 17, this effect is not negligible in SGCT and PACD mole-
cules where two llgand atoms are above the planes and the
other two are below it by more than 0.0SX, in the tetra=-
hedral manner. The more apparent example, as pointed out
by Freeman et al., is the crystal of (B-alanyl-l-histidinato)
copper(II) dihydrate8 in which the amount is 0.233.

In the broad sense the square bases can be described

as planar, but these amounts are very significant and can

not be ignored.

II. The Relatlon of the Complexes to the>Transamination

Reactions.

‘The double bond character of the bonds around the nitro-
gen atoms in these complexes 1s of much interest in relation
to the non-enzymatic transamination reactions. The bond
lengths around the nitrogen atoms in these three complexes

are listed below:

complex >C=N- EQ_N_
SGCH 1.2824 1.4464A
SGCT 1.302 1.461
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mean(SGCH-SGCT) 1.292 1.453
PACD 1.247 1.480

The sum of the double bond radiiBo for C=N is 1.29E and
that for the single bond radil for C-N is 1.49A. In SGCH
and SGCT the values are simllar so that the average of these
two are taken to compare with the values in PACD and the cal-
culated values from the bond radii.

In SGCH and SGCT the C=N double bonds have the normal
double bond lengths, while the C-N have the lengths shorter
than the normal single bond distance by about 0.04z. On the
other hand, in PACD the C=N has a very short distance than
the usual double bond length by 0.04£ and the C-N bond has
the normal single bond distance. From these, first of all,
there must be electrons flowing into the site of nitrogen
atoms in these complexes so that the distances around the
nitrogen atoms are somewhat shorter than the normal distances,
whether they are the single bonds or the double. This might
be due to the hyperconjugation of CH2 or CH3 groups, or
might have something to do with the coordination bonds to
the copper(II) ions. 1In the latter case the structure of
non-coordinated ligand molecules must have the normal dimen-
sions, while in the former case they must have the similar
abnormal dimensions as stated above even before the coordi-

nation to the metal ion.

These two cases of the bond lengths around the nitrogen

atoms are in the opposite situation and these results suggest

25



that the double bonds in SGCH and SGCT are partially migrated
toward the single bonds and hence the single bpond show a
slightly shorter distance in each case, even 1f the double
bond lengths seem normal. Thus, the transamination reaction
could be observed in these complex system as reported by
Snell et &l.'” On the other hand, the double bond in PACD
does not show the partial migration and also the single bond
length is normal, these fact indicating that the electrons
are localized around the double bond. Hence no transamina-

tion reaction was observed15.

from the reaction in the solution the coordination to
the metal ion 1s the essential factor in accelerating the
reaction, so the migration of the.doﬁble bond toward single
must have a substantial correlation to the Cu-N coordination
bonds in these complexes and the dimensions of non-coordi-
nated ligand molecules have to be found for the further dis-
cussions.

The crystal structure of manganese(II) chelate of pyri-
doxylidenevaline was established by Willstadter et a1.22
which is also related to the catalytic intermediate in the
reaction of non-enzymatic transamination. In its structure
the bonds in question have the distances, >C=N- 1.274 and
20-N- 1.454. This situation is very similar to the present

results.
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III. The Crystal Structures of SGCH and SGCT.

Since the crystals of SGCH was prepared above 30°C and

SGCT crystals were obtained below 10°C, the behaviour of the

=l

SGCT crystals at the temperature between them 1s another

=3

‘interest. After the structure analysis of SGCT we found a
high isotropic thermal parameter for W(5) oxygen atom, 7.512,
when the experiment was carried out between 10°C to 15°¢.
This rather high temperaﬁure factor, considering the other
four water oxygen atoms with the normal temperature factors,
implies a large thermal vibration or the existence of the
disorderness on this site in the crystal.

The crystal used 1n the experlment was kept from 15°¢C
to 25°C in the air. After six months the crystal showed a
powder pattern which coincided neither §gg§ nor SGCT crystals.

16 had prepared a complex in this tempera-

Kishita et al.
ture range and found the complex to be the mixture of SGCH
and SGCT. However, the present analysis of the powder pat-
tern did not coincide either to the mixture of them. The
quantitative analysis of elements about the nontransparent
crystals which were kept in the air as stated above résulted
that the crystals obtained are N-salicylideneglycinatocopper
(II) hemihydrate, which must have a completely different

molecular structure and, of course, the crystal structure

from both SGCH and SGCT.
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Table 1. Positional parameters of atoms and thelr standard
deviations(s.d!s in A) in the molecule of N-salicyl-

ideneglycinatoaquocopper(II) hemihydrate.

Atom pd y z s(x) a(y) G(z)
cu 0.12172 0.09512 0.2043%9 0.00094 0.00108 0.00094
o(1) 0.2287 0.9576 0.2457 0.0054 0.0066 0.0057
0(2) 0.3421 0.8799 0.2162 0.0058 0.0068 0.0061
0(3) 0.0068 0.1730 0.1500 0.0055 0.0062 0.0054
w(1) 0.0943 0.9736 0.2962 0.0059 0.0065 0.0058
W(2)% 0.0000 0.5964 0.2500 0.0000 0.0106 0.0000
N 0.1530 0.1430 0.1099 0.0066 0.0072 0.0068
c(1) 0.2743 0.9673 0.2018 0.0078 0.0083 0.0077
c(2) 0.2400 0.0987 0.1262 0.0088 0.0088 0.0093
c(3) 0.1025 0.1887 0.0382 0.0082 0.0084 0.0080
c(4) 0.0141 0.2352 0.0168 0.0078 0.0084 0.0075
c(5) 0.4704 0.2073 0.4346 0.0089 0.0091 0.0082
c(6) 0.3%863 0.1570 0.4081 0.0094 0.0093 0.0085
c(7) 0.3446 0.1582 0.4620 0.0094 0.0092 0.0089
c(8) 0.1133 0.2840 0.4563 0.0082 0.0097 0.0085
c(9) 0.0282 0.2287 0.4280 0.0081 0.0082 0.0080
H(1) 0.048 0.060 0.319 0.12 0.12 0.12
H(2) 0.089 0.857 0.299 0.12 0.13 0.12
H(3) 0.047 0.499 0.251 0.10  0.11 0.11
H(4) 0.285 0.204 0.140 0.11 0.11 0.11
H(5) 0.246 0.012 0.077 0.10 0.11 0.10
H(6) 0.130 0.211 =0.007 0.10 0.10 0.10
H(7) -0.001  0.296 =-0.103 0.10 0.10 0.10
H(8) -0.133  0.384 -0.139 0.11 0.12 0.11
H(9) -0.205 0.417 -0.045 0.09 0.09 0.09
H(10) -0.141  0.263 0.078 0.11 0.11 0.11

% The standard deviations, 6(x) and s(z) of W(2) can not be
estimated since W(2) lies on a two-fold axis so that x and
z parameters have restrictions.



Table 2. Thermal parameters in the molecule of N-sallicylidene-
glycinatoaquocopper(II) hemihydrate.

Atom P11 Baz Bz P B3 Boz
cu 0.00157 0.01825 -0.00156 0.00107 0.00121 0.00061
0(1) 0.0018 0.0224 0,0020 0.0009 0.0016 0.0008
0(2) 0.0019 0.0228 0.0024 0.0040 0.0014 0,0021
0(3) 0.0019 0.0195 0.0016 0.0018 0.0010 0.0020
W(1) 0.0025 0.,0202 0,0021 0.,0009 0.0024 0,003t
W(2)#* 0.004% 0.0187 0.0057 - 0.00%% -

N 0.0018 0.0169 -0.0021 0.0013 0.0017 0.0008
c(1) 0.0019 0.0144 0.0017 =0.0004 ~ 0.0012  0.0004
c(2) 0.0024 0.0140 0.0030 0.0013 0.0019  0.0006
c(3) 0.0022 0.0145 0.0019 0.0010 0.0014 0.0038
c(4) 0.0019 0.0155 0.0016 0.0002 0.0009 =0.0006
c(5) 0.0028 0.0271 0.0017 =0.0012 0,0011 =0.0025
c(6) 0.0031  0.0164 0.,0018 0.0018 0.0003 0.0003
c(7) 0.0030 0.0151 0.0022 =0.0008 0.0001 0.0008
c(8) 0.0017 0.0214 - 0.0021 0.0016 0.0003 0.0020
c(9) 0.0021 0.0127 0.0020 ©0.0011 0.0010 0.,0011
H(1) 2.8

H(2) 3.3

H(3) 2.1

H(4) 2.0

H(S) 1.2

H(6) 1.1

H(T) 1.0

H(8) 2.1

H(9) 0.3

H(10) 1.9

* 512 and 523 for W(2) are zero since this atom 1s restricted
on the two-fold axis.
Thermal parameters for hydrogen atoms are isotropic B values in E:



Table 3.

Atom

Cu
0(1)
0(2)
0(3)
w(1)
Ww(2)
W(3)
W(4)
w(5)
N
c(1)
c(2)
c(3)
C(4)
c(5)
c(6)
c(7)
c(8)
c(9)

H(1)
H(2)
H(3)
E(4)
#(5)
2(6)
(7)
E(8)
r(9)
H(10)
H(11)
H(12)
H(13)
H{14)
H(15)
H(16)
H(17)

Positional parameters of atoms and thelr standard
deviations(s.d.s in K) in the molecule of N=salloyl=-

ideneglycinatoaquocopper(II) tetrahydrate.

X

0.12566 0.14374 0.09551

0.3028
0.4933
-0.0487
0.0749
0.1471
0.4018
0.2965
0.0550
0.1830
0.3782
0.3193
0.1167
~-0.0191
-0.0771
-0.2065
-0.2790
-0,2275
-0.0929

0.355
0.347
0.171
-0.023
-0.245
~-0.390
-0.273
0.230
0.099
0.042
0.118
0.382
0.383
0.375
0.244

0.124
0.073

y

0.1636
0.1116
0.1172
0.2405
0.2020
0.2341
0.3127
0.3410
0.0441
0.1088
0.0375
-0.0167
-0.0185
-0.0878
~0.0953
-0.03%06
0.0388
0.0468

0.036
-0.013
-0.061
-0.136
-0.143
-0.030

0.096

0.212
- 0.166

0.276

0.275

0.263

0.200

0.337

0.364

0.332
0.280

2

0.0806
0. 1007
0. 1031
0.0361
0.2479
0.3115
0.4566
0.3606
0.1264
0.1028
0.1367
0.1327
0.1261
0.1344
0.1325
0.1201
0.1078
0.1122

0.213
0.116
0. 146
0.146
0.137
0.112
0.098
0.251
0.289
0.068
-0.016
0.358
0.288
0.495
0.466

0.409
0.323

S(x)

0:0011
0.0057
0.0060
0.0057
0.0061
0.0061
0.0065
0.0063
0.0079
0.0068
0.0085
0.0088
0.0087
0.0088
0.0097
0.0102
0.0098
0.0091-
0.0085

0.08
0.10
0.12
0.12
0.08
0.08
0.09
0.08
0.13
0.12
0.09
0.13
0.12
0.13
0.14

O. 12
OI 12

S(y)

0.0011

0.0061

0.0067
0.0059
0.0062
0.0063
0.0069
0.0067
0.0088
0.0072
0.0097
0.0095
0.00962
0.0083
0.0094
0.0099
0.0097
0.0091
0.0085

0.08
0.10
0.12
0.13
0.09
0.08
0.09
0.08
0.13
0.12
0.09
0.14
0.13%
0.13
0. 14

0.12
O. 12

G(z)

0.0011
0.0059
0.0074
0.0056
0.0060
0.0059
0.0067
0.0063
0.0097
0.0065
0.0091
0.0096
0.0087
0.0081
0.0090
0.0100
0.0087
0.0087
0.0078

0.08
0.10
0.12
0.12
0.08
0.08
0.09
0.08
0.13
0.12
0.09
0.13



Table 4,

Atom

Cu
o(1)
0(2)
0(3)
w(1)
w(2)
W(3)
W(4)
W(5)
N
c(1)
c(2)
c(3)
c(4)
c(5)
c(6)
c(7)
c(8)
¢(9)

H(1)
H(2)
H(3)
H(4)
H(5)
H(6)
H(7)
H(8)
H(9)
H(10)
H(11)
H(12)
H(13)
H(14)
H(15)
H(16)
H(17)

Thermal parameters for hydrogen atoms are isotropic B values 1in A2_

B11

0.0061
0.0064
0.0058
0.0068
0.0090
0.0087
0.0090
0.0086
0.0114
0.0062
0.0052
0.0058
0.0067
0.0083
0.0098
0.0107
0.0103
0.0081
0.0072

o

O Ul = OO VUl = &~ G &3 O & VO

\]EO(I)\)G)NU’I(I)O(\)—’-—-‘O\’\]\N—‘

9.0

P
0.0026
0.0030
0.0034
0.0029

0.0029 -

0.0034
0.0039
0.0037
0.0057
0.0029
0.0034
0.0030
0.0029
0.0019
0.0028
0.0028
0.0033
0.0026
0.0026

B33
0.0044
0.0051
0.0097
0.0041
0.0049
0.0044
0.0066
0.0055
0.0137
0.0029
0.0049
0.0057
0.0040

1 0.0027

0.0039

- 0.0059

0.0030
0.0039
0.0023

P
0.0002
0.0012
0.0017
0.0008
0.0009

-0.0025
-0.,0012
0.0002
-0.0002
0.0008
-0.000%
0.0000
0.0000
0.0011
-0.0013
-0.0046
-0.0011
0.0005
-0.0024

P13
0.0015
0.0011
0.0034
0.0015
0.0021
0.0018
0.0014

-0,0012
0.0024
0.0002
0.0013

~-0.0004
0.0023
0.0006
0.0005
0.0008
0.0007
0.0019
0.0013

Thermal parameters in the molecule of N-salicylidene-
glycinatoaquocopper(II) tetrahydrate.

Bg}
0.0007
0.0003
0.0000
0.0012
0.0017

-0.0001
-0.0031
-0.0018
0.0055
0.0015
-0.0015
0.0016
0.0000
0.0005
-0.0019
-0.0008
-0.0001
0.0008
0.0000



Positional paranmeters of atoms and their standard
deviations(s.d)s in A) in the molecule of pyruvi-
dene-B-alaninatoaquocopper(II) dihydrate.

Table 5.

Atom x y z S(x) G(y) c(z)
Cu -0.21146 0.16314 0.09610  0.00094 0.00094 0.00109
w(1) -0.4958 0.1804 0.0149 0.0061 ©.0057 0.0069
W(2) 0.4186 0.1081 0.4312 0.0066 0.0068 0.0072
W(3) -0.2475 0.1596 0.2705 0.0061 0.0061 0.0079
o(1) -0.1960 0.3299 0.1051 0.0057 0.0055 0.0067
0(2) -0.0445 0.5013 00,1332 0.0064 0.0060 0.0075
0(3) -0.0131 =0.1631 0.1108 0.006% 0.0055 0.0067
O(4) -0.2193 =0.0079 0.0777 0.0055 0.0057 0.0064
N 0.0824 0.1337 0.1551 0.0061 0.0065 0.0065
c(1) -0.0380 0.3950 0.1184 0.0087 0.0081 0.0091
c(2) 0.1605 0.3390 0.1150 0.0089 0.0081 0.0102
c(3) 0.2247 0.2325 0.1891 0.0078 0.0082 0.0099
c(4) 0.1334 0.0285 0.1533 0.0074 0.0078 0.0077
c(5) -0.0445 -0.0565 0.1115 0.0079 0.0076 0.0080
c(6) 0.3424 -0.024% 00,1946 0.0081 0.0086 0.0094
H(1) -0.593 0.114 0.002 0.12 0.12 0.12
E(2) -0.555 0.243  0.000 0.11 0.12 0.12
H(3) 0.527 0.101  0.391 0.11 0.11 0.11
H(4) 0.312 0.085 0.383 0.11 0.11 0.11
H(5) -0.184 0.224 0.276 0.13 0.13 0.13
H(6) -0.182 0.106 0.291 0.12 0.12 0.12
a(7) 0.170 0.310 0.038 0.10 0.10 0.10
H(8) 0.280 0.404 0.131 0.13 0.13 0.13
H(9) 0.216 0.252  0.277 0.09 0.09 0.09
H(10) 0.393% 0.225 0.165 0.12 0.12 0.12
H(11) 0.326 =0.065 0.26% 0.10 0.10 0.10
H(12) 0.384 =-0.083 0.110 0.11 0.11 0.11
H(13) 0.445 0.029 0.202 0.12 0.12 0.12



Atom

Cu
w(1)
w(2)
W(3)
o(1)
0{2)
0(3)
0(4)
c(1)
c(2)
c(3)
C(4)
c(5)
c(6)
H(1)
H(2)
H(3)
H(4)
2(5)
H(6)
H(7)
H(8)
H1(9)
H(10)
a011)
g2(12)
H(13)

By

0.0110
0.0152
0.0199
0.0145
0.0141
0.0191
0.0207
0.0124
0.0105
0.0181
0.017%
0.0090
0.0116
0.0142
0.0120

.

= P OVWwWuU 3 &~ 03O0

VI W = Ul O Ul - v O N

Pas
0.0038
0. 0047
0.0078
0.0051
0. 0041
0.0045
0.0036
0.0050
0.0053
0.0042
0.0039
0.0046
0.0053
0.0042
0.0056

P33
0.0059
0.0078
0.0078
0.0110
0.0079
0.0095
0.0073
0.0070
0.0040
0.0058
0.0083
0.0079
0.0038
0.0042
0.0063

Biz
~0.0001
-0.0010
~0.0024

0.0002
~0.0022
~0.0012

0.0013
~0.0008
~0.0015
~0.0017
~0.0028
~0.0039

0,G012
~0.0007

0.0022

Bis
0.0021
~-0.0049
0.0002
-0.0054
0.0017
0.0018
-0.0049
-0.0001
0.0018
0.0027
0.0102
-0.0003
0.0043
0.0030
-0.0005

Thermal parameters in the molecule of pyruvidene-
B-alaninatoaguocopper(II) dihydrate.

Bos
-0.0005
~0.0006
-0.0028
-0.0008
-0.0008
~0.0007

0.0007
~0.0008
0. 0006
-0.0005

0.0000

0.0002
-0.0008

0.0006

0.0010

Thermal parameters for hydrogen atoms are isotropic B values

in 32.
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Table 8. Observed and Calculated Structure Factors in SGCT.

XK Fo F¢ x Fo Fce XK fFo FC XK FO FC kK fo FC K Fo FC X Fo FfC K FO FC x fo FC ) AU
T TRLLATTOTTOTTTIR T 48 44T T 923 2247 4 70 =65 8 128 127 138 29 26 2126 WL TE ST T s T T
2 85 17 44 =44 11 99104 & 18 21 10 0 N M, 3 7 5 & “ ENETARY Z 35 e
4132128 wooe 171 137T6Y TN TR T VS 08T 1 B =78 17 67 -87 TS =82 2 % -is 1 %: :5'6 - -
6 126 123 1 1852180 15 20 22 10 46 =45 14 0 2 3 21 20 9 29 s2 4 120 120 13 28 23
LBYLEYL) PEEST T EURERE IR S W) SUNNE T AT % ST S S PYN S BT T~ 0 0§  H..e J°il T IT -3E  wWeoe 2z
. 10 129-126 5 190 189 1127 128 314 42 42 7 12 ~1? 119 -17 8 28 -28 156 -1s
12 807548 TTUS4TI3FT TN 12371287 16 21 e 2 80 < 6 -6 387 <68 10 38 4n 7 2 - -
14 16 -4 9 151~149 5 96-301 Hels 2 4 1 5 49 50 12 18 i a: .Z;
TE 45 <46 T UL TBZ TRY TTUYTTI4TI&T U0 1071077 F ot Mt By A et S v a1 A 21 TR —
HWels 0 1 13 82 82 9 127 128 2 19 7% A 3 B 9 63 =72 H.Ls 4 -3
rirs SAri'xé 1S5 2% =571 1T %V =81 ¥ 1827 157 I 15 15 1T 25 28 ENRYER Y4 ‘% T18-177 1? h .b;
o 4 85 61 KLs & 2 18 72 -87 s 2 =88 12 32 34 S 24 =20 1 0 9 4“3 a2 13 3y
B 12 4 87 =62 15 20 21778 60760 147 437 -39 TUUETIE IV IT0SIE TI03 1ol W lw- -;'v-'——"*‘ -
8 28 =29 3 138 143 MLz 1 -4 10 0 5 H.Le 2 -7 7 59 61 s 0 -312 8 94 -91 {2 5
SRS eBYTT 5 45 <46 1 55 -49 12 072 23T YT TR UM L T IS I T IT 23S 1”10 37 s
12 76 78 7 111-117 3 237-237 14 63 -58 4 48 =54 11 14 =17 1 32 -51 12 80 77 5 5 -4
¥ S I 4 v 67 64 5 62 54 W,Ls Z 5 5 ST 853 H,ls 3 9 A.Ls & U 34 0 7 T ST 30
“‘_"%igx_—lgn ;g }é g 1: ; z: -1g A 3’ & 68 87 1 42 -39 0 177-188  M.ls 4 -4 9 14 ~18
T - 4 T2 -TTL0 TITIS ITIEETIO D OTJELGS 6 36 1 : . -
0147 14015 24 =31 11 21 21 6 150-144 17 44 ~42 5 88 85 s 59 fgc 2 3; -;: :‘ . nq-\o
279 e TR, LE - 1T 3T T1e 170 8 2T 4 AN 0 6 7 9716 TTeT 82758 4 83 ‘-"e‘?A“";L 7”7“‘1'77
4 117-117 1 89 =67 15 14 =12 10 0 =% H.Le 2 -8 9 51 -48 8 62 -4 6 70 73 3 48 .s?,
& 45 38 3101 106 Hels 1 -5 17 98 -84 0 535 =60 11 28 28 10 100 103 & 37 3'7 5 A% A2
.8 56_9%8 5 43 43 1214 214 16 0 0 2 8 3 HM,s 310 12 0 8 10 105-103 7 2123
16 62 =61 753 51 3 37 37 H.s 2 6 4 60 58 1 13 ~16 14 86 -81 127 38 32 9 "&n ko Tt
L is :‘1; 1: 1:8"32 ; .5 -32 0 27 =25 & 42 -apd 35 0 11 M.le 4 1 14 _S& 54 11 13 17
40 -37 2 10 5 8 29 -28° S 9 85 T2 89 Y T W/(e 4 .5 T y
16 o & 13 S8 S8 9 91 90 4 0 -2 10 84 80 -4 et M e
H.ls 6 3 15 0 =10 it 15 -17 % 130 127 12 27 25 : ‘3 § : ;: 2 - 35
2 267-257 MeLx 1 @ 13 9 -6 - - -8 pRT A : 7370
e 8 17 “16 H.Ls 2 =9 W,z 3 11 a A
475 7.4 1 182-181 15 96 60 10 55 56 2 49 <54 ;." 0 -5 10 54 :g - :” 5 I s —
. ..,6 225 221 3139 141 HeLz 1 -6 12 0 8 4 17 24 3 14 =15 12 47 -45 I s %
'8 142-136 5 19 20 1 56 =55 14 51 49 6 37 4C 5 32 36 4 24 % e o -
10 77 -78 7 143-145 3 113 107 M.Ls 2 7 ) . TR TS A S L
R R e e oL 7 12 4; -lg 7 0 [ H.Le 4 2 14 23 4n 1 19 22
o -8‘7}6 20 11 62 &6 7 117-114 4 21 18 12 26 ;1 ”;.Lllol-ég g gf ug s e . I
670 8 13 63 -65 9 31 30 5 85 -84  HiLs  2-10 3 37 3% « 7 27 g ’§3 ‘;2 : ;: ;: -
Mex O 4 15 25 -28 11 109 108 & 17 - : T
051924500  Hols 1 5 13 47 -48 19 55 21 g 9 4 H,x 3 -1 6 7 -9 4 84 -B4  H,L" S 10
2 283-282 1 91 94 15 40 =39 12 24 21 o ;Z -ios i 13:-1‘;!2 AT R 4 Loer 7 "
= _yh Ve 12 40 mJY 1l ¢ - 8 -11 10 62 o1 8 63 o 3 8
4192 183 T3 48775 H.ls 177 ) < - B3 3‘1 183
6 92 =90 5 169-168 153 -5 :.L-lsz 1; : 13 -5 ; 30 :2 if g; -gg ig :7 ';’i NsL e 1
87ig4-100 7 S6 58 3 a1 -41 0 51 S 3 Tes— e rLr 5 11 R
gl JROE S ah wmo ogma oomen wg e n L na T
12 31 $4 11 53 -58 7 29 =32 4 129-128 2 23 =24 o L
3 - 13 67 67 4 31 =35 279 9 H T
14 O 0 13 27 -31 9 17 ~14 6 95 92 4 27 27 H 1 1 JLe 5 <3
$ 27 =31 9 17 ~14 9 2 S 48 -48 6 83 -88 4 80 -%3 A
16 53 83 157 1821 11 0 -8 8 48 4 6 22 20 Y — A
W,ls T3 -2 8 1337126 6 47 -44 X
HeLe 0 5 HiLe 1 6 13 39 41 10 53 -48 A 67 <67 : I '
. - T 65 &0 10 23 28 8 78 77 5 15 .
f :; :; i :: -:: H;L-291 ;: .1‘2 10 14 H.ls 2-32 3 65 =69 12 88 -84 10 o0 3 7 n 1: i
6 37 32 5 24 =24 3116 131 éuuz-sz g ?2 -:; ; gi ’ g: ;‘L 201 22 :2 M Y
e 4 =N - T
e S P B S - U S Y B0 S st P S Pl S N :
oy A A ¢ .‘a 4 18 20 11 23 -2% 2 12 9 2 15 19 W, (e & -2
14 49 -47 13 0 3 11 22 19 10 23 26 Néu nzqé 3'5‘ 23 32 P4 e 5.0 1283
Hets 0 6 15 0 =15 13 38 =39 12 46 4 . 642042 g sk 3 oM N
0 244-239  H.lx 1 7 Hilx 1 -9 :'Ll 62 13 ";L;oas-og "i‘!oz’di xg i: 3% 1: o <
2 36_23 1109 107 1 60 -58 0 41 40 3 175 ) : 0och pammn
_10; 0= . 3.175 178 3 37 -28 12 74 =22 X
4 184 104 3 16 13 3 o4 - o~ = 2 M2l _tel8 | ? 2 12 10 -14 9 LY
6 104-102 5 160-164 5 g6 :% 2 § - 5.8 5 37 =36 14 46 44 H.Ls 4 -9 11 98 99
8 54 -53 7 41 41 7 16 -21 6 ?J -:; 3 ég -;: : 157 15. AP 2 82 81 13 3% -9
10 %3 55__ 9 88 83 9 53 -51 A 10 _13__ 11 48 D I P S ¢ S G TPNe0e-
__10__53_ | 131 48 11 34 31 450 52 6 -
12 456 43 11 46 -43 11 0 = - B T aaanEIE .6, 59 =59 1 2v\e-?v?.
I TN UL S B I S R s IR0 Ny
H.ls 0 7 H,Le 1 8 1 0 - - R = <0 5 130 13e
T et ot N _1; 2 62 =62 MsL® 3 1 M, 3 -4 10 18 =22 M.Le 4=10 7 Ty -e 104
L p . T , 1 4 S50 53 1 42 -44 177 15 12 o0 0 0 105-102 9 1nn-1np
4 81.-79 5 14 -18 20 63 se 34z 43 3 7579 a0 32 16 12 1183 60
8778 77 7T 71 68T 9 20 <21 H.um 2 1% ; 5? ?3 3 :o Tee - Mt By
15 18 21 7 7i es 9 212 see, 212 73 ? : 98 s 21 18 67782 =59  H.L® % -4
12 3¢ -26 11 30 =33  H.lw 1-11 PSR Y RS SO} s 239 =37 814 16 118 11
. 1« 48 53 13 52 30 i 2325 o 28 26 13 15 -19 13 123-125 4 1fesiie MoLs el T3 )
Mot 0 8 M,Ls 1 9 3 13 12 6 21 -27 1% lg xo :; ?2 1 s n zon o 34 %
0163 155 1 48 =45 5 77 78 M,Lm 2 -1 M, 3 2 M 10 4 0 -4 4 0 0 7 8 -a
27134 125 3 53 a9 7 3 - 2 93 -96 1 99-101 iuus ;: :g ;: -’: 6 0 5 9 12 -11:
4 23 8 5 910 9 0 1 4 95 - o 8 es 11 04
RS AN e AR I W e T 093 3_77 83 S 14 14  M,Le & 7 HeLw 4=1? 13 0 S
s 49 38 5 33 35 5 4
8 18 =7 4 0 12 . 0 te . 3 7 =58 2 84 =81 0 49 <52 H.le & -5 -
8 115-121 7 181-166 ? o -2
10 ] 7 11 10 19 3 83 -88 in 0 =10 9 27 28 9 &3 YT e T e . A4
12 34 =39 W,ls 1 10 5 31 =36 12 120 127 11 70 69 1 3 PN PRSI SO
Mo 0 3 iTe9l 50 7 50 32 14 32 =57 13 49 -4 13NN 0 N MMl 3%
149 145 3 66 -64  H.Lz 113 16 65 =65 - -2 -90 Y w0
15 -
T LI T e T e L e e T I I e R S e
6 97 =94 7 87 85 3 21 26 0 72 63 1 109-103 " ¢ ls A s oW -
8 56 55 9 43 ~43 Mebw 2 O 2 93 =98 3 160 1%8 § 7 . 0 1% =17 7 $11-118 13 s« 38
10 17 _22 11 39 -43 0 11 -6 s 36 34 5 98 90 5 ;0 .‘6 2 6 -2 9 30 32 HeLs B «f
1221714 TW,ia 1 11 2 64 -58 6 31 37 3 15 12 " 2 =22 4 16 6 11 57 o8 1 1%8 186
Hols 0 10 1 45 -4 Y 62 -56 8 128 131 2 se 55 4 i? -20 6 13 18 13 486 ~an 3 17 =98
U 101 96 3 19 -18 6 75 <81 10 106- 212 8 S.-il Mels 3 1 3 15 =14
2 '3 1 s s 23 R 10 106-109 11 25 =27 11 50 =50 10 0 =1 REETRYY) T
2 31 14 5 12 25 - -
47100-102 7714 217 10 22 237 14 90 5: i; :3 ;; :3 R e T Gt 11 T2 SEEI RN g |
& 36 32 9 <8 -48 b ; oLs 3 =7 2 13 =11 5 203-2n9 11 74 <72
1 1 16 16 0 1 Mel® 3 4 1 34 4 4
8 71 69 M,La 112 14 0 10 M.is 2 -3 1 s 3 ":’ 1¢e :\,, 9 7_33 32 13 %9 78
1070 =68 1 0 -10 16 18 20 ? 129 130 3 11 =11 s 57 6 49 32 9 86 89 M.l 8 -7
H,Ls 0 11 3 '] ? Hsbe 2 % 4 89 -9 5 53 =53 7 EE R FRETRETY A28 -3 127 2%
2 37-36__ 5 0 10 7 85 -85 & 80 -80 7 3 272 10 0T M3 soer 3o 8
TTIVTIE T 7 0 -8 4 62 64 "8 90 -390 o 3535 11 o w5 "o -z itleoiss 3 473
e 622 25  H,Ls 1 13 6 176 181 10 0 0 11 0 H 11 ‘o -2 0 26 -23 1 140 138 ? noo.2 -
8 0 -is 156 -5 8 24 20 127 0 -1 13 0 o :‘4 93.“ AN HEEHI ® 2e 23
Hefs 0 12 3_15 -2 10 _44_-49 14 17 -17 15 ) 1 i“b -: 4 38 5 1113 11 73 =26
g gg ';g Nit.-“x =1 12 107 107 16 0 5 W.,Ls 3 $ 92 ')30 g ig -i; ; S BT I T
2 52 - 51 14 9 =14 N . : - e -4 39
Py ] P iteers a0 3 .:1 "ousoz ‘; ; Z; 7; g 12 16 MW,Ls 4 11 11 16 -3 3 oA .::
& 25 27 s Nz e 90 3oz e ? 37 -38 2 20 S1 13 22 -8 s 29 <3p
WoLs 03577 88 Ba o se-ss 2 5 %5 ik ) B2 40z _Ma 537 s N
2_92 =96 9 %9 .58 2 118 110 6 50 53 o 4 IR L £ LS S
e T T i e ey ke 4 12 3 20 19 1148 =37
- _"_;L,',,_l IR R IV I :; _:‘.2 n;u DT -; 0 37 =31 587 8A H.Ls 5 -9
181 185 15 37 <37 8 e -5p . oy e AT 0 o2 —
1 - 2 o s Lcl_ 70 =2 178 72
. 3 18 =19 17 0 & 10 118 117 14 34 32 ";“n" .3 N 2 133°15¢ Y 2z 3 7% 76
§ 14 13 Hils 1 =2 12 0 2 16 24 -24 3 S =2 4 358 163 1127 -2 & 97 -o%
7 32 79 1021115 13 88 -bs a2l gt 7 o -1 6 83 =81 713 0 Th T2 v 1a e
1.: :E ;: : ?;0-221 6770 o 27119 126 785 8% 1: 1: 2; 8ol ke .
_ 64 - 8 58 Mia 2 3 4 69 =70 @ . 10 6 =8 1112 113 WL S-10
13724 28 7 176 379 2 s0 $3 6 79 -82 11 og -;g “iuchw AR G S i L PR A4 -
26 14 35 =36 97722 -22 3 2 20



Table 8(cont.).
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Table 10.
Bond
cu - W(1)
' - 0(1)
- N
- 0(3)
(1) - 0(1)
- 0(2)
- ¢(2)
N - C(2)
- C(3)
G(4) - ¢(3)
- C(5)
- C(9)
c(6) - c(5)
- ¢(7)
c(8) - ¢(7)
- C(9)
c(9) - 0(3)

seqt

.965(06)
.959(06)
.913(07)
.936(06)
287(11)
.238(12)
.509(14)
L461(12)
.302(12)
L450(13)
.389(13)
.409(12)
L394(14)
.391(14)
L367(13)
LA4T(13)
.350(10)

SGCH

.016(06)
.953(06)
.949(07)
.928(06)
.284(10)
.249(10)
.533(12)
LA46(11)
.282(11)
LA457(11)
.420(12)
.409(11)
.389(13)
.379(13)
.409(12)
LA412(11)
.337(10)

Bonds to hydrogen atoms

in SGCH.

Ww(1)-H(1),H(2) 0.81,

W(2)-H(3) 1.04
c(2)-H(4),H(5) 1
c(3)-2(6)  1.07

c(5)-H(T7) 0.96
c(6)-H(8) 0.82
c(7)-H(9) 0.96
c(8)=-H(10) 0.90
in SGCT
W(1)=H(10),H(11)
W(2)-H(8),H(9)
W(3)-H(12),H(13)

W(4)=-H(14),H5(15)
W(5)-H(16),H(17)
c(2)-H(1),H(2)
c(3)-H(3) 1.01
Cc(5)-H(4) 1.06

c(6)=-H(5) 0.98
c(7)-H(6) 1.20
c(8)=H(T) 1.15

Bond lengths in the molecules of SGCH and SGCT
and thelr standard deviations.

o O O©O

.03, 1

.88,
.91,
. 86,
.09,
.01,
L1,

1.

17

.08

1.1
1.0
0.7

1.2

The standard deviations for the bonds are listed in parentheses.



Table 11. Bond angles in SGCH and SGCT.

’..A_ngle SGeT  SGCH Angles with hydrogen atoms.
W(1)- cu -0(1) 92.0 88.0 SGCT
W(1)- cu -0(3) 89.8  91.0 o(2) with E(1), H(2)
0(1)- Cu = N 83.9 83.4 102, 121, 99, 111, 112
0(3)- Cu - N 93.4 94.6 C(3) with H(3)
W(1)=- Cu - N 168.0 165.3 111, 124
0(1)= Cu -0(3) 174.8 166.3 0(5) with H(4)

120, 118

Cu -0(1)-c(1) 115.7  116.5
0(1)-c(1)=-0(2) 124,8  125.3
0(2)-c(1)-c(2) 119.1 119.5
0(1)=c(1)-c(2) 116, 1 115,2

C(6) with H(5)
121, 121
c(7) with H(6)

c(1)-c(2)- N 110.0 109.8 125, 113
¢(2)- N - Cu 13,4 112.3 C(8) with H(T)
C(3)= N = Cu 128.1 125.5 131, 109

H(10)=-Ww(1)-H(11) 99
H(8)-W(2)-H(9) 127
H(12)-W(3)-H(13) 139
H(14)-w(4)-H(15) 89
H(16)-W(5)-H(17) 86

c(2)- ¥ =c(3) 118.3 121.8
N =C(3)-C(4) 124,3 125, 1
c(3)=-c(4)=-0(5) 17.7 116.1
C(3)=C(4)=C(9) 122.9 124,3
c(5)=C(4)=-C(9) 119.4 119.6
c(4)-c(5)=-C(6) 122.4 120.7 SGCH
c(5)=C(6)=-C(T) 117.9 120.2 c(2) with H(4), H(5)
c(6)-c(7)-C(8) 122.3 120.0 112, 123, 117, 89, 107
c(7)-c(8)-c(9) 119.7 121.1 c(3) with H(8)
c(8)-C(9)-0(3) 116.4 17.4 116, 118
c(4)-0(9)-0(3) 125.4 124,3 c(5) with H(T)
c(8)-c(9)~c(4) 118.2 118.4 120, 120
¢(9)-0(3)- Cu 125.4 125.8 c(6) with H(8)
114, 125
Cc(7) with H(9)
113, 124
0(8) with H(10)
17, 122
H(1)=-W(1)=H(2) 112



Table 12. Bond lengths and angles in PACD with thelr standard
deviations for lengths.
Bond Angle
Cu =-W(1) 1.946(06) 0(4)= Cu =W(1) 92.5

-0(1) 1,906(06) W(1)= Cu -0(1) 87.9

- N 1.963(06) 0(1)= Cu-- N 96.6

-0(4) 1.963(06) 0(4)- Ou = N 82.2
g(1)=-0(1) 1.282(10) W(1)= Cu - N 168.3

-0(2) 1.23%1(10) 0(1)= Ou =0(4) 178.7

-¢(2) 1.516(12) cu =0(1)=-c(1) 127.9
c(3)-c(2) 1.547(12) Cu - N =-C(3) 120.1

- N 1.480(10) Cu~- N =C(4) 115.1
c(4)- N 1.247(10) Cu -0(4)-c(5) 113.3

-c(6)  1.504(12) 0(1)-c(1)=0(2) 121.5
c(5)-c(4) 1.531(12) 0(1)-c(1)-c(2) 118.9

-0(3) 1.234(10) 0(2)=c(1)-c(2) 119.6

~-0(4) 1.278(10) c(1)-0(2)=-c(3) 113.7
W(1)-H(1) 0.99 c(2)-c(3)- N 110.0

-H(2) 0.81 C(3)- N -0(4) 124.8
W(2)-H(3)  1.03 N -0(4)-0(6) 128.6

-H(4)  0.86 N -c(4)-c(5) 114.3
W(3)-H(5) 0.84 c(5)=Cc(4)-c(6) 117.0

~H(6) 0.76 c(4)=-C(5)=-0(3) 120.3
c(2)-H(7) 1.09 C(4)-C(5)-0(4) 114.8

-H(8) 1.08 0(3)-0(5)-0(4) 124.9
c(3)-H(9) 1,22 around C(2) with H(7), H(8)

-H(10) 1.29 117, 110, 106, 111, 98
c(6)-H(11) 1.07 around C(3) with H(9), H(10)

-H(12) 1.41 114, 121, 115, 105, 91
H( -H(13) 0.91 around C(6) with H(11), H(12), H(13)

99, 1o, 113, 125, 118, 94
H(1)=W(1)-H(2) 111
H(3)-W(2)-H(4) 100
H(5)-W(3)-H(6) 116

The standard deviations for the bonds are listed in parentheses.



Table 13, Hydrogen bonds and some closest contacts of atoms
in neighboring molecules, in SGCH.

Hydrogen bonds
w(2) - o(2td) 2.9524

w(1) - o(3tly 2,637

Close contacts of atoms less than 3.5£

o(r)-c(6t)  3.3988 o(1)-0(2*t)  3.2954
N -c(6l)  3.382 o(z)-o(2) 3134
c(1)-0(6%)  3.458 N -0(1ly 3,382
c(2)-c(7t)  3.456 ¥ -o(2tt) 343
c(3)-c(4t)  =.456 o(1)-0(11ty 3 481
c(3)-c(ot)  3.424 c(2)-0(1tty 3,240
o(4)-c(4t) 3,276 w(1)-w(1ttly 3,048
cu ~0(11ty 3,444 w(i)-c(8ttly 3 444
cu -o(23t) 2,344 w(1)-c(ottl)y 3,406
ou -c(1t) 3,200 o(3)-w(2ttly 3,410
w(1)-o0(2t) 3,021 w(2)-w(11Y)  2.996
o(1)-0(1tY) 3.488 0(8)-0(2") 3,448
Code for. superscripts
| i -X, =¥, -Z
ii $-x, #+y, #-2
111 ~X, ¥y 2=2
iv x, l+y, 2
v ~-$+x, &4y, 2

#% This contact is taken as the fifth coordination bond to
copper(II) ion in the crystal.



Table 14, Hydrogen bonds and some close intermolecular atomic
contacts in neighboring molecules, in SGCT.

Hydrogen bonds

W(2) - W(3) 2,864 (within the original set)
W(2) - W(5) 3,13  (within the original set)
W(3) - W(4) 2.77 (within the original set)
W(4) - W(5) 2.86 (within the original set)

w(1) - w(stl) 2.74
w(2) - o(3*Y)y  2.85
w(1) - o(131ly 2,76
w(4) - o(3") 2.79

Close contacts of atoms less than 3.5A

cu - c(sd) 3,354 c(5) - o(s5tt)  3.494
cu - c(6})  3.46 o(2) - w1ty 3,29
c(3) - o(ot) 3.43 w(1) - c(1tily 3,36
o(7) - c(1t)y - 3.48 W) - o(31V)  3.43
o(1) - c(6')y  3.29 W(4) - c(8") 5.40
c(4) - o(atl)y 344 W(4) - o(9") 3.45
w(s) - w(st)y  3.20 W(4) - w(1Y) 3.24
w(2) - c(ott)  3.45 o(2) - o(8")  3.26
Code for superscripts
i -X, =¥, =2
i1 -X, ¥, £-2

111 $-x, 2=y, -z
iv t-x, #+y, %-2
v #+x, %7, i#z

vi  lax, ¥, 2



Table 15. Hydrogen bonds and some.close intermolecular atomic
- contacts in the neighboring molecules, in PACD.

Hydrogen bonds
o(2) - w(elly 2,74
w(3) - o(3td) 2.85
o(2) - w(3tt) 2.73

Close contacts of atoms less than 3.5A

o(3) - N* 3,414 o(1) - w(2it) 3,401
04) - o(4l) 3.3 o(2) - il 3.33
c(5) - o(4t) .43 o(2) - o5ty 335
o(5) - o(5Y)  3.46 c(6) - w(zitly 3,42
o(1) - w2ty 3,49 o(3) - writly 3,47
o(2) - c(4tty 3,10 w2) - o2y 3,47

Code for superscripts
1 ’-x, -y, =2

11 -X, $+Y, -2
111 1+x, 5, z

iv X, 8-y, £+42



Table 16.

P(1)
P(2)
B(3)
P(4)

P(5)

Benzene

Equations of least-squares planes and normal
distances from the planes in SGCH and SGCT.

Plane of complex
Four about Cu(II)
Cu=-glycinato

Cu-salicylaldimine

ring

Normal distances from the planes(x1o3i)

Atom

Cu
o(1)
0(2)
0(3)

N
c(1)
c(2)
c(3)
o(4)
c(5)
c(6)
c(7)
c(8)
c(9)
w(1)

P(1)

SGCH SGCT SGCH SGCT SGCH

243 -134 2227 =135 24

101 79
362 115
-155 ~-195
=254 =120
83 39
=316 =162
77 6
-2 33
124 170
183 159
91 29
-25 =58
-64 =81

205 253

0.3529x+0.9065y+0.23182z=1,8856  SGCH
-0.0480x+0.2270y+0.97272=1.6733  SGCT
0.1769x+0.8712y+0.4581z=2,0112  SGCH
«0.0004x40.3394y+0.94042=1,9752  SGCT
0.2802x+0,8267y+0.48802=2,3668  SGCH
0.0148x+0.2962y+0.9550z=1.9981  SGCT
0.1627x40.9525y+0.25752=1.6428 SGCH
-0.0502x+0. 1479y+0.98772=1.6993  SGCT
0.1827x40.9511y+0.24892=1.6172  SGCH
~0.0412x40. 1317y+0.99042=1.6907  SGOT
P(2) B(3) P(4) P(5)
SGCT SGCH SGCT SGCH _S:CT
=40 =34 77
-5 =60 16 24
=60 2
-5 =52 51 =21 =26 1
5 63 142 67 -65 =55
-19 8
-55 =55 =105
315 -6 =17 =45
-18 6 6 -9
«27 43 3 13
-19 19  -10 -1
29 =20 8 =14
29 =6 2 16
-3 =15 -9 =4
5 54 243 611

*fhose which are underlined were not included in the least-

squares calculations.

to orthogonal axes, a, b, and o¥%*,

The coordinates (x,y,z) are referred



Table 17. Equations of least-squares planes and the normal
distances from the planes in PACD.

P(1) plane of complex, 0.3855x+0.0097y=0,9226+1.6774=0
P(2) four about Cu(II) 0.4607x+0.0735y-0.8845z+1,6651=0

P(3) Cu~p-alaninato 0.0447x+0.1601y=0.9861240,8014=0
P(4) Cu-pyruvate 0.4039x40,0781y-0.9115241,6437=0
P(5) C=N- 0.3925x+0.0897y=0.9153z4+1,6565=0

Normal distanoes(i) from the planes.

Atom P(1) Cp(2) P(3) P(4) - P(5)
Cu -0.141  (=-0.125) (-0.193) =0.017 (-0.067T)

Ww(1) 0.188 0.054

0(1) -0.201 -0.054 0.001

0(2) -0.156 0.001

0(3) 0.152 (-0.010) =0.002
0(4) 0.064  -0,052 ( 0.031)  0.003
N -0.098 0.059 0.017 -0.007
c(1) 0.048 -0.002 |

o(2) 0.611 0.000 ( 0.915)

c(3) -0.215 (=1.121) <-0.001 (~-0.026)
c(4) -0.005 0.017 0.012
c(5) 0.072 0.005 -0.004
0(6) -0.006 -0.020 -0.002

The coordinates(x,y,z) are referred to orthogonal axes, a, b,
and c#, A distance in parentheses indicates that the atom

was not included in the least-squares calculation.



Fig. 1. Bond lengths in the Molecule,of SGCH.
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Pig. 11, A schematical Figure of the Crystal Structure of SGCE, looking down
along the a axis.



Fig. 12. A Part of the Crystal Structure of SGCT, looking along the ¢ axis. |



Fig. 13. The crystal Structure of PACD, looking along the c axis.



Pig. 14, The Crystal Structure of PACD, looking down along the a axis, with the
Hydrogen Bonds. '



