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Abstract

Nitrilotriacetic acid participates as a multidentate ligand
in many metal chelation compounds of Al, B, Bi, Ca, Co,
Cr, Cu, Fe, Mo, Nd, Ni, Pb, Ti, W, Zn and Zr. The struc-
ture of this popular ligand has been refined and compared
with that of calcium nitrilotriacetate dihydrate [Whitlow
(1972). Acta Cryst. B28, 1914-1919], which is another
structure where this ligand is not affected by chelation.

Comment

The structure of nitrilotriacetic acid, which exists in the
zwitterionic form (I) in the crystal, has been published
previously (Stanford, 1967); it was described as well as
possible on the basis of visually estimated photographic
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data (R = 0.093). As part of our continuing studies of
amide derivatives of nitrilotriacetic acid and their chela-
tion complexes with metals (Smith, Sucheck & Pinkerton,
1992; Smith, Cramer, Sucheck & Skrzypczak-Jankun,
1992; Skrzypczak-Jankun & Smith, 1994a,b), we have re-
examined this ligand and report here the structure refined
to a higher degree of accuracy.

N /— COOH

1N ———COOH
\—coo -
)

Nitrilotriacetic acid (NTA) or its derivatives are present
in many complex structures in which a metal atom is
bonded to several atoms of the polydentate complex-
ing agent. However, only a few structures of unchelated
acid, anion or NTA derivatives are known: nitrilotriacetic
acid (Stanford, 1967); calcium nitrilotriacetate dihy-
drate (Whitlow, 1972); 2,2’,2" -nitrilotriethanol (Mootz,
Brodalla & Wiebcke, 1989); N-methyInitrilotriacetamide
(Skrzypczak-Jankun & Smith, 1994a). In the last two
of these structures, the central N atom is not protonated
and the N—C bonds are shorter (1.467 and 1.463 A,
respectively) and the C—N—C angles smaller (110.7
and 110.9°, respectively) than in the protonated com-
pounds. In CaNTA.2H,0, five of the six NTA O atoms
are bound to metal ions, but each O atom is joined
to a different Ca ion, so that the NTA zwitterion is
not the chelating ligand, but part of a three-dimensional
ionic network similar to that seen in NTA itself. The
structure described in this paper agrees very well with
that observed in CaNTA.2H,;0 [mean values for N—
C and C—N—C: 1.500 (2)A and 113.0(7)°, respec-
tively, in NTA, and 1.496 (5) A and 112.0 (15)°, respec-

Fig. 1. ORTEPII (Johnson, 1976) drawing of the molecule with 50%
displacement ellipsoids.
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tively, in CaNTA.2H,0]. The ammonium H atom is in-
volved in bifurcated intramolecular hydrogen bonds and
in one long-range intermolecular bond (see Table 3) to
the carbonyl group containing O(6). Such a configura-
tion could be described as a four-centered bond (Jef-
frey & Saenger, 1991). The molecules are held together
tightly in an extended hydrogen-bonding network. Each
OH group interacts with the carboxylate ion from a dif-
ferent neighboring molecule; the interconnected zwitter-
ions form channels parallel to the ¢ axis. The carbonyl
atom O(4) does not participate in the hydrogen-bonding

lattice.

Fig. 2. Stereopacking diagram of the unit cell.

Experimental
Crystal data

CsHoNOg

M, = 191.14
Monoclinic

Cc .
a=17961(2) A
b=18.560 (3) A
c=6.501()A
B =12747 (3)°
V=1624(7) A3
Z=4

D, =167 Mgm™3

Data collection

Enraf-Nonius CAD-4
diffractometer

6/20 scans

Absorption correction:
none

2646 measured reflections

- 1324 independent reflections

1311 observed reflections

[F > 3.00(F)]

Refinement

Refinement on F
R = 0.0256

wR = 0.0330

S =188

Mo Ka radiation

A=071073 A

Cell parameters from 25
reflections

0 =8-19°

u=0.142 mm™’

T=294K

Prism

0.5 x 0.3 x 0.15 mm

Transparent

Crystal source: crystallized
from water

Rt = 0.0135

Omax = 31.97°

h=-9—->9

k=-9-9

=015

3 standard reflections
frequency: 50 min
intensity variation: 0.5%

(A/0)max = 0.008

Apmax =025 A2
Apmin = —0.18 e A3
Extinction correction: none

CsHgNOg

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

1311 reflections

152 parameters

H atoms refined isotropically
w = 1/[¢*(F,) + 0.0001F2]

Table 1. Fractional atomic coordinates and isotropic or
equivalent isotropic displacement parameters (A?)

Uss, for H atoms; Ueq = (1 /3)2;2jUgja;‘a].'a;.aj for others.

x y E4 Uiso/Ueq
N 0.11265¢ 0.11512 (5) 0.19547¢ 0.0207 (4)
o(1) 0.33175 (24) 0.04415 (5) 0.08538 (30) 0.0304 (5)
0(2) 0.52603 (26) 0.13749 (6) 0.12368 (34) 0.0384 (7)
0@3) 0.05491 (25) 0.22778 (6) 0.61000 (29) 0.0310 (5)
04) 0.02272 (24) 0.25444 (5) 0.25132 (29) 0.0285 (5)
o) —0.41780 (23) 0.05636 (5) —0.31586 (29) 0.0300 (4)
0O(6) —0.13638 (25)  —0.00210 (6) 0.02632 (29) 0.0309 (5)
cQ) 0.09927 (27) 0.13275 (7) 0.41022 (31) 0.0236 (5)
CQ) 0.27989 (26) 0.15700 (7) 0.20781 (31) 0.0231 (5)
C(3) —0.09740 (25) 0.11814 (7) —0.06781 (29) 0.0239 (5)
(e(C)] 0.05393 (24) 0.21169 (7) 0.41284 (30) 0.0221 (5)
C(5) 0.38772 (26) 0.10888 (7) 0.13097 (31) 0.0242 (5)
C(6) —0.21980 (25) 0.05018 (6) —0.11187 (31) 0.0224 (5)
H(N1) 0.1546 (32) 0.0664 (11) 0.2203 (39) 0.029 (5)
H(1) —0.0046 (32) 0.1024 (11) 0.3928 (44) 0.029 (5)
H(11) 0.2283 (40) 0.1229 (12) 0.5595 (50) 0.040 (6)
H(Q2) 02141 (33) 0.1994 (10) 0.0952 (39) 0.033 (5)
H(21) 0.3855 (39) 0.1744 (11) 0.3882 (48) 0.040 (6)
HQ@3) —0.0708 (33) 0.1201 (10) —0.1974 (43) 0.031(5)
H(@31) —0.1746 (35) 0.1617 (11) —0.0891 (43) 0.034(5)
H(03) 0.0483 (41) 0.2736 (14) 0.6120 (52) 0.044 (6)
H(OS) —0.4852 (41) 0.0125 (16) —0.3403 (55) 0.055 (7)

t Coordinate fixed to define origin.

Table 2. Selected geometric parameters @A, °)

N—C(1) 1.499 (2) 0(6)—C(6) 1210 2)
N—C(2) 1.501 (2) N—HN1) 094 (2)
N—C(3) 1.499 (1) C(H—H(1) 0.95 (3)
C(1)—C(@) 1.511 2) c()—H(11) 0.90 (2)
C)—C(5) 1.519 3) C(2)—H(Q) 0.98 (2)
C(3)—C(6) 1.511 (2) C(2)—H21) 0.99 (2)
o(1)—C(5) 1253 (2) C(3)—H(3) 0.99 (3)
0@2)—C(5) 1.249 (3) C3)—HQ31) 097 2)
0(3)—C(4) 1.311 (3) 0(3)—H(03) 0.85 (3)
0(4)—C(4) 1.215 2) 0(5)—H(05) 093 (3)
0O(5)—C(6) 1.309 (2)

C@)—N—C(1) 113.6 (1) C2)—C(5)—0(2) 116.8 (1)
C2)—-N—C(3) 1123 (1) 0(1)—C(5)—0(2) 126.4 (2)
C(1)—N—C(3) 113.2 (1) 0(5)—C(6)—C(3) 111.0 (1)
N—C(1)—C(4) 1120 2) 0(5)—C(6)—0(6) 127.0 )
N—C(@2)—C(5) 109.8 (1) C(3)—C(6)—0(6) 122.0 (1)
N—C(3)—C(6) 109.2 (1) C(2)—N—H(N1) 106.1 (17)
0(3)—C(4)—C(1) 1119 (2) C(1)—~N—H(N1) 105.5 (18)
0(3)—C(4)—O0(4) 124.9 (2) C(3)—N—H(N1) 105.3 (10)
C(1)—C(4)—0(4) 1232 (2) C(4)—0(3)—H(03) 106.2 (26)
C(2)—C(5)—0(1) 116.8 2) C(6)—O(5)—~H(05) 108.0 (14)
C(2)—N—C(1)—C(4) 58.6 N—C(1)—C(4)—0@3) —1762
CB3)—N—C(1)—C@#)  —709 N—C(1)—C(4)—0(4) 32
C(1)—N—C(2)—C(5) 1414 N—C(2)—C(5)—0(1) -36
CB3)—N—C()—C(5)  —88.6 N—C(2)—C(5)—0(2) 177.5
C(1)—N—C(3)—C(6) —78.5 N—C(3)—C(6)—0(5) 167.8

C(2)—N—C(3)—C(6) 1513 N—C(3)—C(6)—0(6) —13.7

Table 3. Hydrogen-bonding geometry A,°)

D H A H.--A D---A D—-H---A
N H®N) o) 2.11 2.609 112
N HN) 0(6) 224 2,687 108
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N H(N) 0(1?) 2.79 3.582 143

0(3) H(03) 02" 1.67 2.518 176

o) H(0S) o(1'ty 1.61 2512 160

Symmetry codes: (i) x, —y, —} + z; (ii) —3+xi—y itz ii)l+
n=yitz

Backgrounds were obtained from analysis of the scan pro-
file (Blessing, Coppens & Becker, 1974). All H atoms were
located in difference Fourier maps and refined isotropically.
Data collection and cell refinement: CAD-4 (Enraf-Nonius,
1977). Data reduction: MolEN (Fair, 1990); SHELX76 (Sheld-
rick, 1976). Program(s) used to solve structure: SHELX76. Pro-
gram(s) used to refine structure: SHELX76. Molecular graphics:
SHELXTL-Plus (Sheldrick, 1987); ORTEPII (Johnson, 1976).
Software used to prepare material for publication: CIF in MolEN
(Fair, 1990).

We thank the College of Arts and Sciences of the Uni-
versity of Toledo for generous financial support of the X-
ray diffraction facility.

Lists of structure factors, anisotropic displacement parameters and
complete geometry have been deposited with the IUCr (Reference:
BK 1008). Copies may be obtained through The Managing Editor, Inter-
national Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England.
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Abstract

The molecules of the title compound [bis(5-acetylamino-
1,3,4-thiadiazole-2-sulfonyl)amine dihydrate, CgHoN-
06354.2H,0 (1)] consist of two nearly planar acety-
laminothiadiazolesulfonyl units which are parallel to one
another. Coplanarity of the acetylamino groups and the
thiadiazole rings is achieved by w-electron delocalization
over these groups and by non-bonded S- - -O interactions
[S1---012.667 (4), S1'-- .01’ 2.661 (4) Al.

Comment

The title compound (1) was isolated as an impurity in the
chemical synthesis of the commercial diuretic known by
its generic name of acetazolamide (2) (Roblin & Clapp,
1950).

Q o
0-$—¥ S 7—N?_CH3
HN/ N=N o

S ?_CH
o’;S A ’
0

N—N
M

thf o
o’s—(s7_"‘$—m3
g N=N -
2

The title compound is a dimer containing two aceta-
zolamide moieties (Fig. 1) and, as in acetazolamide it-
self (Mathew & Palenik, 1974), the acetylamino group
is nearly coplanar with the thiadiazole ring [C2—
N3—C3—01 1.3(8), C2'—N3'—C3'—01’ -5.8 (7)°].
This coplanarity is most probably caused by m-electron
delocalization over the acetylamino and thiadiazole
groups as well as by non-bonded S.--O interactions
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