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The Structure of Dichloro(4-hydroxy-L-proline)cadmium (II)
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An X-ray diffraction study of the title complex has been carried out.

The crystal is monoclinic, with the space

group P2,; Z=2; a=8.196(4), 6=7.275(3), ¢=7.740(4) A, $=103.73(4)°. Full-matrix least-squares refinements

have led to the final R value of 0.030.

and a carboxyl group. Four chlorine atoms coordinate to a cadmium atom and form a square plane.
extend in the direction of the b axis like an infinite folding screen, sharing opposite edges.

The structure consists of one-dimensional polymers bridged by chlorine atoms

The planes
From the trough positions

in the zigzag structure, the carboxyl oxygen atoms of 4-hydroxy-L-proline coordinate forkedly to two cadmium atoms.

The ligand is a zwitter ion in the complex.

Amino acids such as 4-hydroxy-L-proline (Hhpro)
and proline are important to biochemists who inves-
tigate the constitution and configuration of proteins.
The crystal structure of Hhpro has been determined by
Donohue and Trueblood! and by Koetzele et al.?

There are few studies, however, about metal com-
plexes with Hhpro. In this work a cadmium complex
with Hhpro was prepared. Its crystal and molecular
structure was determined in order to investigate how
Hhpro coordinates to the metal.

Experimental

Preparation of Dichloro(4-hydroxy-L-proline)cadmium(II) ; CdCl,-
(Hhpro). To an aqueous solution of 2.62 g (0.02 mol) of
Hhpro, 4.57 g (0.02 mol) of CdCl,-2.5H,0 was added.
Then the solution (pH 3.7) was stirred for several hours on a
water bath at 60—70 °C. Clear colorless prisms were obtained
by standing at room temperature; they were dried in vacuo at
50 °C for several hours.

Found: C, 19.08; H, 2.86; N, 4.49; Cl, 22.40; Cd, 35.99%.
Calcd for CdClL,(C,H,\NO,): C, 19.10; H, 2.88; N, 4.45; ClI,
22.55; Cd 35.75%.

X-Ray Measurements.
Table 1.

The reflections were collected by the 6-20 scan technique
(26<70°) on a Philips PW 1100 automated four-circle diffractom-
eter. The 1990 independent reflections with |F,|=30(|F,|)
were used for the structure refinement. The intensities were
corrected for Lorentz and polarization factors, but no correc-
tion was made for the absorption because of the low magnitude
of ur(=0.42). All the calculations were carried out on a
HITAC M-200H computer at the Computer Center of the
University of Tokyo, using the local versions of UNICS?® and
LINUS.# The atomic scattering factors were taken from
tables.?

Structure Determination.

The crystal data are given in

The structure was solved by a

TaBLE 1. CRYSTAL DATA
CdCl,(CH,NO;) F.W.=314.44
Monoclinic Space group P2,
a=8.196(4) A
b=7.275(3) A p=103.73(4)°
c=7.740(4) A

U=448.3(4)A3
D,=2.33gcm-?

Z=2
D,=2.35gcm=3
#(Mo Ka)=29.7 cm !

heavy-atom method. The positions of the cadmium atom
and chlorine atoms were obtained from a three-dimensional
Patterson function, while the positions of all the other non-
hydrogen atoms were successively located by Fourier syntheses.
Since the positions of few hydrogen atoms were obtained by a
difference Fourier syntheses, all of the positions were calculated
and fixed. Their isotropic temperature factors were all
assumed to be 5.0 A% Since the absolute configuration of
Hhpro was known, the structure analysis was based on the
configuration.

The crystal used for data collection showed quite severe
extinction, and full-matrix least-squares refinements including
an extinction correction were carried out, using LINUS. The
weighting scheme was W=1/[{a(|F,|)}2+ (0.06 x |F,|)].

In the last cycle of the refinement with anisotropic temper-
ature factors for all non-hydrogen atoms, all the parameter
shifts were less than one-third of the corresponding standard
deviations. The final R value (R=3]||F,|—|F.||/3J|F,]) was
0.030.

IR Measurements. The infrared spectra of the samples
were obtained by means of a Hitachi EPI-G2 type infrared
spectrophotometer, using Nujol mull and KBr pellets.

Results and Discussion

The final atomic parameters are listed in Table 2,8
the interatomic distances in Table 3, and the bond
angles in Table 4. The perspective drawing of the
complex and the numbering scheme of atoms are shown
in Fig. 1.

The complex has the structure of a one-dimensional
polymer bridged by chlorine atoms and carboxyl
oxygen atoms as shown in Fig. 2. Four chlorine atoms
coordinate to a cadmium atom and form a square plane
within 0.002 A. The cadmium atom deviates 0.04 A
from the plane. The planes extend zigzag in the direc-
tion of the b axis like an infinite folding screen, sharing
opposite edges. The dihedral angle between adjacent
planes is 142°. From the trough positions in the zigzag
folding structure the carboxyl oxygen atoms of Hhpro
coordinate forkedly to two cadmium atoms. Therefore
the cadmium atom has octahedral coordination.

The bond distances of the coordinating Hhpro are
not so different from those of the free molecule. The
interatomic distance between N and O(2) is rather
short, 2.62 A. Koetzele et al.? carried out a neutron
diffraction study of Hhpro. Their results also show
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TABLE 2.
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FINAL POSITIONAL PARAMETERS (X 10* FOR NON-
HYDROGEN ATOMS; X 10® FOR HYDROGEN ATOMS) AND EQUIV-

ALENT ISOTROPIC TEMPERATURE FACTORS (Beq/Az),
WITH THE ESTIMATED STANDARD DEVIATIONS

Atom x » z Beq/A2
Cd 23.7(5) 0 —38.8(5) 1.6
CI(1) 2125 (1) —2494 (4) —502 (1) 2.1
Cl1(2) 2315(1) 2489 (4) 1173 (1) 1.8
o(1) —273(4) 1025(5) —2973(4) 2.1
0O(2) 81 (4) 4083 (5) —2780(4) 2.0
0O(3) 5883 (4) 1508 (6) —3728(5) 3.0
N 2705 (4) 4107(6) —4153(6) 2.5
C(1) 389 (3) 2511(7) —3292(3) 1.4
C(2) 1645 (4) 2413(6) —4484(4) 1.7
C(3) 2917 (5) 842(7) —4060 (6) 2.3
CH4) 4530 (5) 1645(6) —2856(5) 2.0
C(5) 4119(5) 3659(7) —2590(6) 2.5
H(21) 88 222 —581

H(31) 317 29 —527

H(32) 244 —27 —338

H(41) 492 92 —160

H(51) 374 383 —136

H(52) 519 452 —257

H(N1) 199 525 —386

H(N2) 318 442 —530

The numbering scheme of hydrogen atoms is based on
the number of the atom attached to the hydrogen atom.

TABLE 3. INTERATOMIC DISTANCES WITH THE ESTIMATED
STANDARD DEVIATIONS IN PARENTHESES
A IA

Cd-Cd* 3.638(1) C(1)-C(2) 1.538 (4)

C(2)-N 1.494(6)
Cd-CI(1) 2.585(2) C(2)-C(3) 1.529(6)
Cd-Cl1(2) 2.617(2) C(3)-C4) 1.540(5)
Cd-CI(1)* 2.636(2) C(4)-0(3) 1.432 (6)
Cd-Cl(2)" 2.643(2) C(4)-C(5) 1.529 (6)
Cd-O(1) 2.347(3) C(5)-N 1.499(5)
Cd-0O(2)" 2.303(3) N---O(2) 2.615(5)
O(1)-C(1) 1.260 (6)
0O(2)-C(1) 1.256 (6) N...0o(3)™ 2.825(6)

Key to symmetry operations: I. —x, 0.5+y, —z;II. —x,
—0.5+y, —z; I11. 1.0—x, 0.5+y, —1.0—2z.

TABLE 4. BOND ANGLES, WITH THE ESTIMATED
STANDARD DEVIATIONS IN PARENTHESES

$/°

#/°

95.17(6)
90.47(8)
95.97(9)
91.60(8)
92.61(9)
126.3(3)
117.3(4)
116.4(4)

C(3)-C(2)-N
C(2)-C(3)-C(4)
C(3)-C(4)-O(3)
C(3)-C(4)-C(5)
C(5)-C(4)-0(3)
C(4)-C(5)-N
C(5)-N-C(2)

103.9(3)
106.9(3)
109.8(3)
105.1(3)
110.5(4)
104.6(3)
105.4(3)

CI(1)-Cd-C1(2)
CI(1)-Cd-O(1)
CI(1)-Cd-0O(2)!
C1(2)-Cd-O(1)
C1(2)-Cd-O(2)*
O(1)-C(1)-0(2)
O(1)-C(1)-C(2)
0(2)-C(1)-C(2)
C(1)-C(2)-C(3) 115.2(3)
C()-C(2)-N  107.7(3)
Key to symmetry operations: I. —x, —0.5+y, —z; II.
1.0—~x, —0.5+y, —1.0—=z.

that the nitrogen atom in the pyrrolidine ring is close

to the carboxyl oxygen atom. They have reported that

C(4)-0O(3)---N" 141.9(3)
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Fig. 1. The perspective drawing of CdCl,(Hhpro) and
the numbering scheme of non-hydrogen atoms.
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Fig. 3. The projection of the structure along the b axis.
------ : Hydrogen bonding.

an unusual intramolecular hydrogen bond exists
between these atoms: this intramolecular hydrogen bond
remains after the coordination to cadmium atoms.

In the free molecule the four atoms of a pyrrolidine
ring are nearly coplanar, except for the carbon atom
carrying a hydroxyl group. On coordination, however,
the pyrrolidine ring is bent on the line from N to C(3)
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and C(4) and C(5) atoms deviate from the best-plane
of the pyrrolidine ring. Some bond angles, N-C(2)-
C(3), N-C(2)-C(1) and C(2)-N-C(5), are smaller
than those of the free molecule, and other angles,
C(1)-C(2)-C(3) and C(3)-C(4)-C(5), are larger.

The projection along the b axis is given in Fig. 3.
The zigzag folding screen is parallel to the b axis with
the cadmium atoms lying on the corners and on the
middle of the b axis of the unit cell. It is connected with
the neighboring one by hydrogen bonds between the
nitrogen atom in the pyrrolidine ring and the hydroxyl
oxygen atom, as indicated with broken lines in Fig. 3.
Thus, a sheet forms parallel to the (101) plane. The
whole structure is made up of these sheets, stacked
together, only with van der Waals’ contacts.

There are a few infinite folding screen structures:
CuCl,(1,2,4-triazole),” Cu(benzoato),-3H,0,® CuCl,-
(N-nitrosodimethylamine).””  Each ligand of these
complexes has two adjacent atoms which coordinate to
form the structure favorably. In the case of Hhpro
there is the nitrogen atom of pyrrolidine ring as a
coordinating atom besides the carboxyl oxygen atoms.
In general both of them coordinate to a metal, but only
carboxyl group coordinates to cadmium atoms in
CdCl,(Hhpro). Since the preparation conditions of
the complex were at rather low pH, the Hhpro behaves

—OH, and the nitrogen
“O0OC"™N”
H,*

atom will not be able to coordinate to a cadmium atom.
This suggestion was confirmed by infrared spectra.

The infrared spectra of the free ligand, the deuterated
ligand, CdCl,(Hhpro), and the deuterated complex are
shown in Fig. 4. The deuterated compounds were
obtained by recrystallization from 99.75%, D,O. It has
been established that the free ligand molecule is a
zwitter ion, and the peaks in the region above 3000
cm-! shift, by deuteration, from 2500 cm~! to 2000
cm-1l. These peaks are assigned to an OH stretching
vibration and to NH stretching vibrations.l® The
peaks at 1637 cm~! and 1429 cm~! shift to 1133 cm™!
and 993 cm, respectively. In CdCly(Hhpro), similar-
ly, the peaks in the region above 3000 cm=! shift from
2500 cm~! to 2250 cm—! (the peak at 3475 cm™! is
assigned to an OH stretching vibration, and the others
are NH stretching vibrations'!»*), and the peaks at
1532 cm~! and 1360 cm~! shift to 1145 cm~! and 1000
cm~1, by deuteration respectively. If the ligand in
CdCl,(Hhpro) contained NH instead of NH,*, only one
bending vibration should be observed. Since two
corresponding peaks of NH bending vibrations are
observed, the ligand can be regarded as a zwitter ion.

The characterization study of some metal complexes
with Hhpro has been carried out in our group and will

be published soon.

as a zwitter ion,
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Fig. 4. Infrared spectra of (a) Hhpro, (b) the deuterated

ligand, (c) CdCl,(Hhpro), and (d) the deuterated
complex. The shifts of the peaks by deuteration are
indicated by the dotted lines.
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