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Lists of structure factors, anisotropic displacement parameters and
H-atom coordinates have been deposited with the IUCr (Reference:
MU1181). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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Abstract

Each Cu" ion in [{Cu(H,0)},(u-C;oH,;N,05S),1.4H,0
(II), is coordinated to its centrosymmetric counter-
part, the equatorial carbonyl and carboxylic O atoms
of two N-benzenesulfonylglycylglycinate moieties and
their centrosymmetric counterparts and to an ax1al wa-
ter O atom. The centrosymmetrically related Cu"" ions

©1995 International Union of Crystallography
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are linked by bridges of 2.641 (DA to form dimeric
dinuclear units. In both (I) (C;oH;2N;05S) and (II), the
terminal and peptide N atoms are in cis conformation.
The carboxylic group is localized in (I) but a complete
delocalization of this group has been observed in the
metal complex. When coordinated by the metal ion, the
N-benzenesulfonylglycylglycine moieties undergo major
conformational changes about the N—C® bonds along
the peptide backbone.

Comment

Transition metal complexes of amino acids and pep-
tides are of considerable importance because they
provide simple models for more complex metal-enzyme
and metal-peptide systems. The crystal structures of (I)
and (II) have been determined in order to study the
effect of a modified amino acid side chain on the coor-
dinating properties of the peptide bond.

N
NAWAVAN Q
e |

H0

T JUN @

Cu

H,0

In both (I) and (II), the S—N distances are shorter
than the corresponding single-bond distance of 1.764 A
in sulfamic acid (Sass, 1960), indicating considerable
double-bond character of the bonds. This shortening is
more pronounced in the metal complex; a similar finding
has been observed in the structure of N-benzenesulfonyl-
pL-alanine and its copper complex (Chaudhuri, 1984).
The enlargement of the S—O bond distances in the
metal complex may be due to the increased double-bond
character of the S—N(1) bonds in the complex.

The N(1)—C(7) bond distances in both of the
structures are shorter than corresponding distances
measured in a-glycylglycine [1.484 (2) A reported
by Kvick, Al-Karaghouli & Koetzle (1977), and 1 497 A
by Biswas, Hughes, Sharma & Wilson (1968)].
Shortening of the N(1)—C(7) bond may be at-
tributed to the conjugation of the benzene sulfon-
amide group with the glycylglycine moiety. The car-
bonyl group [C(8)—O(3)] is delocalized in both the
free ligand and the complex. The terminal and peptide
N atoms are in cis conformation in both the free ligand
(I) and the complex (II).
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Bond distances indicate localization of the terminal
carbonyl and carboxylic bonds in (I), but in the complex
there is complete delocalization of the 7 electrons in
these bonds. Similar phenomena have been observed
in the structures of other metal-peptide complexes
(Meester & Hodgson, 1977; Chaudhuri, 1984).

The coordination behaviour of the Cul ion is very
interesting in this complex. Each Cu" ion is coordi-
nated to the carbonyl and carboxylic O atoms of two N-
benzenesulfonylglycylglycine moieties, their centrosym-
metrically related counterparts and to a water O atom

0(3)

co) C®)

N@2)
) 0(2)

C(10) é

O(5)

o4

Fig 1. View of N-benzenesulfonylglycylglycine, (I), showing the atom-
numbering scheme.

Fig 2. View of tetrakis(u-N-benzenesulfonylglycylglycine)bis[aqua-
copper(I)]-water (1/2), (II), showing the atom-numbering scheme.

CioH12N205S AND [Cu(C,oH;1N;0sS),(H,0)].2H,0

(see Fig. 2). The sixth coordination site of the Cu® ion is
occupied by a centrosymmetrically related Cu!! jon at a
distance of 2.649 (1) A, forming dimeric dinuclear units.
This coordination geometry closely resembles that found
in the structure of Cu! succinate dihydrate (O’Connor &
Maslen, 1966). When coordinated by the metal ion, the
N-benzenesulfonylglycylglycine moieties undergo major
conformational changes about the N(2)—C(9) bonds.

The crystal structures are stabilized by hydrogen
bonding. The carbonyl O atom O(3) of the free ligand
molecule (I) accepts two hydrogen bonds, one from the
N(1) atom of a glide-related molecule and the other from
the carboxylic O atom O(4) of the translated-related
molecule. In the complex (II), the N(1B) atom is hy-
drogen bonded to the water molecule. The coordinated
water molecule donates a hydrogen bond to the coordi-
nated carboxylic O atom O(5) of ligand B.

Experimental

The compounds were synthesized in the Department of
Chemistry, University College of Science, Calcutta, by the
method of Mukherjee & Chakraborty (1985). Crystals of (I)
were obtained from ethanol. Deep-blue crystals of complex (IT)
were obtained from hot water. For each compound, the crystal
density D, was measured by flotation (benzene/bromoform

mixture).

Ligand (I)
Crystal data

CioH12N,05S

M, =2723
Monoclinic

P21/a
a=14980(2) A

b =6.050(2) A
c=13310(2) A
01.21(7)°
183.26 (5) A3

B=1
V=1
Z=4
D, =153 Mgm™*
D, =15Mgm™3
Data collection
Rigaku four-circle AFC-V
diffractometer
w/20 scans
Absorption correction:
none
1757 measured reflections
1715 independent reflections
1525 observed reflections
[/ > 2.5q0(N]

Refinement

Refinement on F
R =0.0615

wR = 0.0567
S$=1.17

Cu Ko radiagion

A=15418 A

Cell parameters from 14
reflections

0 = 6-20°

@ =256 mm~

T=295K

Needle

0.35 x 0.30 x 0.30 mm

Colourless

Rim = 0.01

gmax = 60°

h=0-—17

k=0-—>7

I=-15—-15

3 standard reflections
monitored every 50

reflections

intensity decay: <2%

(A/O)max = 0.984

Apmax = 0.65 e A3
Apmin = —0.04 ¢ A3
Extinction correction: none



1525 reflections
211 parameters
Only coordinates of H atoms
refined
w = 20.92/[c*(F)
+ 0.000037F2]

Complex (II)
Crystal data

[Cu(C1¢H; 1 N2058S),(H20)].-
2H,0
= 662.14
Triclinic
P1 .
a=13.716 3) A
b=12374 3) A

c=7992 @4 A
a =97.66 (3)°

3 = 83.12 (3)°

v =95.82 (2)°

vV =1329.6 (8) A3
Z=2

D, = 1.65 Mg m~?
D, =161 Mgm™3

Data collection
Rigaku four-circle AFC-V
diffractometer
w/(26 scans
Absorption correction:
none
4240 measured reflections
4201 independent reflections
3901 observed reflections
(I > 2.50(N]

Refinement

Refinement on F

R =0.0574

wR = 0.0599

§=1.13

3901 reflections

361 parameters

H-atom parameters not
refined

w = 4.67/0(F)

K. MUKHERIJEE et al.

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Cu Ka radiation

A =1.5418 A

Cell parameters from 16
reflections

0 = 10-25°

@ =3.229 mm™'
T =297K

Plate

0.30 x 0.25 x 0.20 mm
Deep blue

Rin = 0.024
Omax = 62.5°
h=-16 — 16
k=-14 — 14
1=-9-9

3 standard reflections
monitored every 50
reflections
intensity decay: <2%

(A/O’)max = Ollz

Apmax = 1.23 ¢ A3

Dpmin = —1.07 e A3

Extinction correction: none

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (Az)

Ueq = (I/S)Z;EjUijai'aj‘a;.aj.

y z Ueq

Ligand (I)

C(1) 0.2547 (2) 0.0498 (7) 0.8534 (3) 0.044 (1)
CQ2) 0.2227 (3) —0.1617 (8) 0.8368 (3) 0.051 (1)
C@3) 0.1378 (3) —0.2121 (9) 0.8583 (4) 0.055 (2)
C(4) 0.0885 (3) —0.0556 (9) 0.8971 (4) 0.058 (2)
C(5) 0.1221 (3) 0.1532 (9) 0.9167 (4) 0.063 (2)
C(6) 0.2064 (3) 0.2091 (9) 0.8951 (4) 0.055 (2)
S 0.3587 (1) 0.1237 (2) 0.8181 (1) 0.0469 (3)
o(1) 0.4199 (2) —0.0571 (6) 0.8382 (3) 0.068 (1)
0(2) 0.3836 (2) 0.3360 (6) 0.8576 (3) 0.061 (1)
N(1) 0.3368 (2) 0.1523 (6) 0.6923 (3) 0.045 (1)
Cc 0.2785 (2) 0.3334 (7) 0.6497 (3) 0.045 (1)

C(8) 0.3284 (2)
0(3) 0.2853 (1)
N(2) 0.4181 (2)
C©9) 0.4696 (2)
C(10) 0.5641 (2)
0(4) 0.6086 (2)
0o(5) 0.5921 (2)
Complex (II)

Cu 0.9898
o(1w) 0.9712 (2)
02w) 0.0138 (3)
oi3w) 0.0354 (3)
C(14) 1.4366 (3)
C(24) 1.3830 (5)
C(3A) 1.3924 (6)
C(4A) 1.4528 (5)
C(5A) 1.5050 (5)
C(6A) 1.4963 (4)
S(A) 1.4339 (1)
0O(14) 1.5173 (3)
0(24) 1.4225 (4)
N(1A) 1.3370 (3)
C(7A) 1.2407 (4)
C(8A) 1.1889 (3)
0(34) 1.1025 (2)
N(24) 1.2411 (3)
C(9A) 1.1960 (4)
C(10A) 1.1266 (3)
0@44) 1.0905 (2)
0(54) 1.1102 (2)
C(1B) 0.7190 (4)
C(2B) 0.6260 (4)
C(3B) 0.5930 (4)
C(4B) 0.6518 (4)
C(58B) 0.7436 (4)
C(6B) 0.7798 (4)
S(B) 0.7638 (1)
O(1B8) 0.6811 (4)
0O(2B) 0.8397 (5)
N(1B) 0.8178 (3)
C(7B) 0.7581 (3)
C(88) 0.7515(3)
O(3B) 0.7042 (3)
N(2B) 0.7979 (3)
C(9B) 0.7878 (3)
C(10B) 0.8701 (3)
0@4B) 0.8910 (2)
O(5B) 0.9080 (2)

0.5390 (7)
0.7089 (5)
0.5300 (7)
0.7208 (8)
0.6541 (7)
0.8305 (6)
0.4700 (5)

0.5462

0.6109 (3)
0.8680 (4)
0.1152 4)
0.6753 (4)
0.5785 (5)
0.5403 (6)
0.5967 (6)
0.6940 (6)
0.7329 (5)
0.7233 (1)
0.6860 (4)
0.8379 (3)
0.6628 (3)
0.7007 (5)
0.7327 (4)
0.7536 (3)
0.7357 (3)
0.7490 (4)
0.6523 (3)
0.6584 (3)
0.5753 (2)
0.9596 (3)
0.9952 (4)
1.0247 (4)
1.0146 (4)
0.9781 (4)
0.9502 (4)
0.9309 (1)
0.9123 (4)
1.0142 (4)
0.8182 (3)
0.7135 (4)
0.6576 (3)
0.5690 (3)
0.7130 (3)
0.6781 (4)
0.6113 (3)
0.6240 (3)
0.5483 (3)

0.6291 (3)
0.6015 (2)
0.6371 (3)
0.6181 (4)
0.6041 (3)
0.5839 (3)
0.6114 (2)

1.6597 (1)
1.9277 (4)
0.7686 (6)
0.6977 (8)
0.5864 (6)
0.5315 (8)
0.3599 (9)
0.2467 (7)
0.3005 (8)
0.4727 (7)
0.8053 (1)
0.8650 (5)
0.8235 (5)
0.9024 (5)
0.8994 (6)
1.0746 (6)
1.0896 (5)
1.2056 (5)
1.3792 (6)
1.4256 (6)
1.5804 (4)
1.3127 (4)
0.8075 (6)
0.8206 (7)
0.6736 (8)
0.5198 (7)
0.5088 (6)
0.6528 (6)
0.9928 (2)
1.1151 (5)
1.0327 (7)
0.9485 (5)
0.9384 (6)
1.0993 (6)
1.1061 (5)
1.2274 (5)
1.3949 (6)
1.4261 (5)
1.5780 (4)
1.3054 (4)
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0.040 (1)
0.0461 (9)
0.045 (1)
0.048 (1)
0.043 (1)
0.057 (1)
0.053 (1)

0.0332(2)
0.0355 (9)
0.0620 (1)
0.0760 (2)
0.033 (1)
0.060 (2)
0.071 (3)
0.060 (2)
0.057 (2)
0.050 (2)
0.0360 (4)
0.058 (1)
0.059 (2)
0.036 (1)
0.043 (2)
0.032 (1)
0.040 (1)
0.033 (1)
0.036 (1)
0.028 (1)
0.033 (1)
0.032 (1)
0.032(1)
0.042 (2)
0.047 (2)
0.044 (2)
0.042 (2)
0.037 (1)
0.0442 (4)
0.062 (2)
0.084 (2)
0.037 (1)
0.031 (1)
0.029 (1)
0.045 (1)
0.031 (1)
0.033 (1)
0.026 (1)
0.033 (1)
0.033 (1)

Table 2. Selected geometric parameters (;\, %)

Complex (IT)
Cu—Cu’
Cu—O(4A)
Cu—O(54")

O(5A"y—Cu—O(58’)
O(1W)—Cu—O(5")
O(1W)—Cu—O(5A")
0(4B)—Cu—0(5")
0(4B)—Cu—O0(54")
O(4By—Cu—O(1W)
044 —Cu—0(5")
0(4A)—Cu—O(5A")

C(1—C(2)
CQ2y—C3)
C(3)—C4)
C(4y—C(5)
C(5)—C(6)
C(6)>—C(1)
C(1)—s
S—O)
$—0(2)
S—N()
N(DH—C(7)

2.649 (1) Cu—O(1W) 2179 (3)
1.968 (3) Cu—Q(4B) 1.958 (3)
1.946 (3) Cu—O(5B’) 1.980 (3)
89.5(2) O(4A)—Cu—O(1W) 98.4 (2)
92.4(1) 0O(4A)—Cu—O(4B) 88.0 (2)
93.5(2) Cu’—Cu—0O(5") 85.2(1)
168.3 (2) Cu'—Cu—0(54") 83.3(1)
88.4(2) Cu'—Cu—0(1W) 176.0 (1)
99.2(2) Cu'—Cu—O(4B) 83.1(1)
91.6 (2) Cu'—Cu—0(44) 84.8 (1)
167.9(2)
Complex (II)
Ligand (I) A B
1.369 (7) 1.388 (8) 1.379(8)
1.391 (7) 1.385(9) 1.412(9)
1.363 (8) 1.365 (9) 1.385(8)
1.366 (8) 1.381 (9) 1.369 (8)
1.390 (7) 1.391 (8) 1.403 (8)
1.384 (7) 1.371(7) 1.404 (7)
1.770 (4) 1.768 (5) 1.761 (6)
1.419 (5) 1.430(5) 1.427 (5)
1.410 (5) 1.429 (4) 1.422 (6)
1.652 (5) 1.623 (4) 1.623 (4)
1.446 (6) 1.450 (7) 1.459 (6)
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C(7—C(®) 1.504 (7) 1.514 (6) 1.529 (7)
C(8—0(3) 1.231 (6) 1.227(5) 1.220 (5)
C(8)—N(2) 1.328 (5) 1.332(7) 1.343 (6)
N(2)—C(9) 1438 (7) 1.445 (6) 1.448 (7)
C(9)—C(10) 1518 (5) 1.509 (6) 1.527(D)
C(10—0(4) 1.314(6) 1.272 (6) 1.267(5)
C(10)—0(5) 1.188 (6) 1.244 (5) 1.253 (5)
C(1)—C(2)—C3) 118.5 (6) 118.6 (6) 1182(5)
C2)—C(3—C(4) 120.7 (6) 120.8 (7) 120.5 (5)
C(3)—C(4)—C(5) 120.5 (6) 120.7 (6) 1205 (5)
C(4)—C(5)—C(6) 120.1 (7) 118.9 (6) 120.7 (5)
C(5)—C(6)—C(1) 118.7(7) 120.3 (6) 1182 (5)
C(6)—C(1)—C(2) 121.4 (5) 120.7 (5) 121.9(5)
C(1)—S—0(1) 109.0 (4) 107.4 (3) 107.8 (3)
C(1)—S—0(2) 108.3 (4) 107.1(3) 107.2(3)
C(1)—S—N(1) 106.5 (3) 107.7 (3) 108.4 (2)
S—C(1)—CQ) 119.5 (4) 120.6 (4) 118.5 (4)
S—C(1)>—C(6) 119.1 (5) 118.6 (4) 119.5 (4)
O(1)—S—N(1) 105.4 (4) 106.4 (3) 107.7(3)
0(2)—S—N(1) 105.6 (4) 108.4 (3) 105.5 (3)
S—N(1)—C(D) 117.6 4) 120.1 (4) 119.4 (4)
0(1)—S—0(2) 121.2 (4) 119.5 (3) 119.8 (3)
N(1)—C(7)»—C(8) 114.5 (4) 113.4 (4) 113.4 (4)
C(7)—C(8)—0(3) 119.6 (4) 119.5 (4) 119.7 (4)
C(7)—C(8)—N(2) 1189 (6) 117.0 (4) 116.0 (4)
0(3)—C(8)—N(2) 121.5 (6) 123.5(5) 124.3(5)
C(8)—N2)—C(9) 121.5 (5) 121.9 (4) 122.5 (4)
N(2)—C(9)—C(10) 110.7 (5) 113.6 (4) 114.3 (4)
C9)—C(10—0(4) 109.4 (6) 115.2 (4) 114.6 (4)
C(9)—C(10—O0(5) 124.2 (6) 1185 (4) 119.0 (4)
0(4)—C(10)—0(5) 126.4 (5) 126.3 (4) 126.4 (4)
C(1)—S—N(1)—C(7) 67.1(5) —78.9(4) —78.9 (4)
0(1)—S—N(1)—C(7) —177.3(5) 166.3 (4) 37.5(5)
0(2)—S—N(1)—C(7) — 479(6) 36.6 (5) 166.6 (4)
S—N(1)—C(7)—C(8) 95.1 (6) —122.7(4) —99.3 (4)
N(1)—C(7)—C(8)—0(3) —173.5(5) —1714(5) ~1795(5)
N(1)—C(7)—C(8)—N(2) 9.3(8) 8.2(7 2.1(6)
C(7—C(8—N(2)}—C(9)  179.8(5) ~170.6 (5) 171.7 (4)
0(3)—C(8)—N(2)—C(9) 2709) 8.9(7) —6.7(8)
C(8—N(2)—C(9)—C(10) —164.7 (5) 67.6 (6) 96.4 (5)
N(2)—C(9)—C(10)—0(4)  178.2(5) 175.7 (4) 147.8 (4)
N(2)—C(9)—C(10—0(5)  —2.3(8) —4.0(6) —34.2(6)

Symmetry code: ()2 —x,1 —y,3 —z.

The structures were solved by direct methods and Fourier
syntheses using MULTAN78 (Main, Hull, Lessinger, Germain,
Declercq & Woolfson, 1978) and SHELX76 (Sheldrick, 1976).

We thank Dr G. N. Mukherjee for the gift of the
compounds and the Council of Scientific and Industrial
Research for financial support.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: AB1088). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

Single crystals of the title compound, [Cd(C;H4NO;S),-
(NHs3)4], were prepared from tetraaquabis(saccharinato-
N)cadmium dihydrate using ammonia flux [saccharin is
1,2-benzisothiazol-3(2H)-one 1,1-dioxide]. The complex
displays the same geometry as the parent compound,
although its packing in the solid state and hydrogen-
bonding network are very different as a result of the
absence of the water molecules of crystallization. If
exposed to air, the product becomes amorphous; several
studies suggest a conversion to the parent hydrogen-
bonding pattern by the acquisition of water molecules
from the moisture in the air.

Comment

The title compound, (I), crystallizes in space group
P2,/c with four molecules in the unit cell. The structure
consists of neutral molecules comprising Cd atoms
bonded to a mutually trans pair of saccharinate anions
through the (deprotonated) N atom and four equatorial
ammonia ligands which complete a slightly distorted
octahedral coordination sphere. The Cd atom sits on a
crystallographic inversion centre, which relates the two
saccharinate ligands.
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