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C—C length in the tert-butyl group, 1.530 (5) A, is in
excellent agreement with that in (III), 1.527 (5) A.

Bond distances associated with the P atom reflect
the steric bulk of its substituents. Thus the P—C(2)
length in (I) of 1.844 (6) A, from P to the backbone
phenylene ring, falls directly between the P—C dis-
tances in (IT) and (IIT) of 1.821 (4) and 1.864 (7) A
respectively. Similarly, the P—phenyl-C(11) distance
of 1.840 (6) A in (I) is significantly longer than that
of 1.818‘35) A in (IV), and the mean value of
1.827 (3) A in (II). The bond length P—rters-butyl-
C(17) of 1.888 (6) A in (I) is considerably shorter
than the mean value of 1.917(6) A in the di-ters-
butyl complex (III), while the P—n-butyl-C(17) dis-
tance in (IV) is only 1.817 (5) A.

The six-membered chelate ring adopts a twist-boat
conformation of absolute configuration A, in which
atoms C(2), C(1) and C(7) are displaced by 0.149 (5),
—0.250 (6) and —0.789 (6) A respectively from the
Pt—P—N plane. The C(8) methyl group is axially
disposed, as is the C(10) N-methyl group, while C(9)
is equatorial. The sterically uncrowded position of
C(10) is consistent with the twofold disorder
observed in a difference Fourier synthesis. The zert-
butyl and phenyl substituents on the P atom bracket
the plane of the chelate ring almost equally, showing
no tendency to occupy pseudo-axial and pseudo-
equatorial positions.

In conclusion, the absolute configuration of the
less-soluble diastereomer of cis-PtCl,(terphenphos)
crystallized from methylene chloride—diethyl ether

Acta Cryst. (1992). C48, 48-50

mixtures has been shown to be (S,1S); that of the
free ligand is therefore (R,1S5). Studies of the efficacy
of complexes of this and related ligands in asym-
metric synthesis are in progress.

We thank the Natural Sciences and Engineering
Research Council of Canada for financial support of
this work.
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Abstract. Na*.C3H,N,O5 .4H,0, M, =336.28, PI,
Z=2,a=17297(1), b=17.704 (2), c=6.343 (1) A,
a=94.03(1), B=107.71(1), y=83.40(1)°, V=

0108-2701/92/010048-03%$03.00

774.9 A3, D.=1.441 Mgm™?3, A(Mo Ka) =
0.71069 A,  graphite  monochromator, p =
0.132mm"!, F000)=352, T=173K, R=0.037,

© 1992 International Union of Crystallography



RICHARD L. HARLOW, DONALD M.

wR = 0.036 for 2106 reflections. The crystal structure
consists of hydrophilic and hydrophobic layers
stacked along the b axis. The hydrophilic layer con-
tains the Na ions, the water molecules, and the
hydroxyl and carboxylate groups of the azobenzene
anion. The hydrophobic layer consists of the azoben-
zene moieties which pack in an anti-parallel fashion
along the a axis. The azobenzene moiety itself is
found to be quite planar.

Introduction. The changes in absorbance of 2-(4'-
hydroxyphenylazo)benzoic acid (HABA) when
bound to the biotin-binding protein avidin are
routinely used to quantify avidin concentration
(Baxter, 1964; Green, 1970). Several structural
analogs of HABA were synthesized as part of a
program to understand the structural basis of the
interaction of HABA in the biotin-binding site of
streptavidin, an avidin-like protein secreted from
Streptomyces avidinii (Chaiet & Wolf, 1964). An
accurate crystal structure of one analog was
determined when no reliable structures of simple
azobenzene derivatives were found in the literature.
Here we report the crystal structure of the sodium
salt of 4-(4’-hydroxyphenylazo)benzoic acid (I) syn-
thesized by coupling diazotized 4-aminobenzoic acid
to phenol.

N |:Ho ROatN 5):| LaH0

[}

(M

Experimental. Intensity data were collected on a
light-orange plate with dimensions 0.06 x 0.35 x
0.35mm on a Syntex P3 diffractometer equipped
with a graphite monochromator and a Syntex LTI
low-temperature apparatus which kept the crystal
cooled to 173 K. Unit-cell parameters were obtained
from the least-squares refinement of the computer-
centered positions of 70 reflections in the range 20 <
26 < 30°. The w-scan method was used with a scan
width of 1.0° and the scan speed varied from 2.9 to
11.7°min~'. A total of 3885 reflections were col-
lected with 4.0 < 26 < 55.0° and within the range —9
<h=<9, -22<k<22 —9=</[<(. With the averag-
ing of 320 redundant reflections, R;, =0.026, the
total number of unique reflections was 3565. Of
these, 2106 reflections were found to be non-zero
with 7> 3a(l). Three standard reflections (222, 421,
080) were measured every 97 reflections and showed
less than 2% variation. No absorption correction
was applied (a ¢ scan showed a 2.9% variation). The
structure was solved by direct methods using the
program MULTAN (Germain, Main & Woolfson,
1971) and full-matrix least-squares refinement was
performed on F, using a package of local programs
(Calabrese, 1990). The Na, O, N and C atoms were
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Table 1. Fractional coordinates and equivalent iso-

tropic thermal parameters (A?) with e.sd.’s in
parentheses

Refinement with anisotropic thermal parameters, B, =

{2322 Bya,.a, where a, and a; refer to the real lattice vector.

x y z B,
Na(l) 0.0 0.0 0.0 2.20 (3)
Na(2) 0.5 0.0 0.0 199 (3)
o) 0.0691 (2) 0.1273 (1) 0.1513 (2) 2.60 (5)
0(2) -0.0303 (2) 0.1180 (1) 0.4464 (2) 217 (4)
0(3) 0.4260 (2) 0.7680 (1) 1.1018 (3) 2.61 (5)
0@4) 0.3284 (2) -0.0270 (1) 0.2619 (3) 2.68 (5)
O(5) 0.1873 (2) 0.0105 (1) -0.2517 (2) 223 (4)
0(6) 0.5721 (2) -0.1309 (1) -0.1054 (3) 241 (5)
o(7) —0.3622 (3) 0.1641 (1) 0.5362 (3) 2.60 (5)
N(I) 0.2298 (2) 0.4560 (1) 0.6230 (3) 2.08 (5)
N(2) 0.2227 (2) 0.4773 (1) 0.8138 (3) 207 (5)
C() 0.1769 (3) 0.3807 (1) 0.5578 (3) 1.9(1)
(2) 0.1748 (3) 0.3558 (1) 0.3454 (4) 2.1(1)
C(3) 0.1305 (3) 0.2829 (1) 0.2697 (3) 2.0(1)
C) 0.0854 (3) 0.2340 (1) 0.4063 (3) 1.7.(1)
C(5) 0.0863 (3) 0.2599 (1) 0.6189 (3) 2.1 (1)
C(6) 0.1314 (3) 0.3324 (1) 0.6956 (3) 21()
C(7) 0.0399 (3) 0.1545 (1) 0.3258 (3) 1.8 (1)
C(8) 0.2796 (3) 0.5513 (1) 0.8814 (3) 19(1)
C9) 0.2612 (3) 0.5795 (1) 1.0840 (4) 21 (1)
C(10) 0.3111 (3) 0.6515 (1) 1.1634 (3) 21 (D)
c(1) 0.3781 (3) 0.6957 (1) 1.0366 (3) 20(1)
C(12) 0.3980 (3) 0.6679 (1) 0.8332 (4) 2.3 (1)
C(i3) 0.3511 (3) 0.5959 (1) 0.7568 (4) 2.2(1)

refined with anisotropic thermal parameters; the H
atoms, located by difference Fourier techniques,
were refined with isotropic thermal parameters.
Refinement converged at R = 0.037 and wR = 0.036,
error of fit=1.22, A/o,. =0.05, 279 parameters,
data/parameter ratio = 7.55, with weights assigned as
[o*(]) + 0.0009/7) 2* The maximum peak in the
final difference Fourier map was 0.23 ¢ A~ % and was
located near C(4); the minimum was —0.25e¢ A 2.
The scattering factors, including anomalous terms
for Na, were taken from International Tables for
X-ray Crystallography (1974, Vol. IV, pp. 99-102).

Discussion. Atomic positions and equivalent iso-
tropic temperature factors for the non-H atoms are
listed in Table 1. The bond distances and angles are
given in Table 2. The atomic numbering scheme is
shown in Fig. 1. No unusual bond distances were
found. The difference in the chemically equivalent
C(7)—O(1) and C(7)y—O(2) bonds is related to the
different environments of the two O atoms: O(1) has
more sp* character because it bonds to three atoms
[C(T), Na(1), H(O6)] in a distorted trigonal confor-
mation, while O(2) has more sp® character because it
bonds to four atoms [C(7), H(O5) H(O5’), H(O7)] in
a distorted tetrahedral arrangement. The azobenzene
moiety is essentially planar: the ring containing
atoms C(1) through C(6) is planar to within

* Lists of structure factors, anisotropic thermal parameters,
H-atom coordinates and least-squares planes have been deposited
with the British Library Document Supply Centre as Supplemen-
tary Publication No. SUP 54154 (12 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystallog-
raphy, 5 Abbey Square, Chester CH1 2HU, England.
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Table 2. Interatomic distances (A), angles (°) and
hydrogen-bond geometries (A, °) with esd’s in

parentheses
Na(1)—0(1) 2.433(1) C(1Y—C@) 1.384 (3)
Na(1)—0(4) 2482 (2) C(1)y—C(6) 1.397 (3)
Na(1)—0(5) 2425 2) C(2—C(3) 1.386 (3)
Na(2)—0(4) 2.464 (2) C(3—C(4) 1.397 (3)
Na(2)—0(5) 2.349 (2) C@)—C(5) 1.392 (3)
Na(2—0(6) 2411 (2) C(@—C(7) 1.502 (3)
o(1)y—C(7) 1.243 (2) C(5—C(6) 1.380 (3)
0(2—C(7) 1.284 (2) C(8)—C(9) 1.384 (3)
oQ3)—C(11) 1.368 (2) C(8—C(13) 1.398 (3)
N(1)—N(2) 1.257 (2) C(Or—C(10) 1.384 (3)
N(1)—C(1) 1.428 (2) C(10—C(11) 1.384 (3)
N(2)—C(@®) 1.418 (3) C(11)y—C(12) 1.391 (3)
C(12—C(13) 1.374 (3)
O(1)—Na(1—0(4) 79.18 (6) O(1—C(71—C(4) 1206 (2)
O(1)—Na(1)—0(49 100.82 (6) OQ)y—C(T—C@9) 116.0 (2)
O(1)—Na(1)—0(5) 89.74 (5) 0(3)—C(11)—C(10) 122.5 (2)
O(1)—Na(1)—0(5% 90.26 (5) O3)—C(11)—C(12) 117.0 (2)
O(4)y—Na(1)—0(5) 81.33 (5) N(I)»—C(1)»—C(2) 116.2 (2)
O(4)—Na(1)—0(5% 98.67 (5) N(1)}—C(1)}—C(6) 1239 (2)
O(4)—Na(2)—0(5) 83.22 (6) N(Q)—C(8—C(9) 116.5 2)
O(4)—Na(2)—0(5) 96.78 (6) N(2)—C@)—C(13) 1240 (2)
O(4y—Na(2)—0(6) 96.08 (6) C@—C(1)—C(6) 119.9 (2)
O(4)—Na(2—0(6*) 83.92 (6) C(1y—C2—CA3) 1203 (2)
O(5y—Na(2y—0(6) 94.10 (6) C2—C(3—C@4) 120.3 (2)
O(5y—Na(2—0(6*) 85.90 (6) C(3y—C4)y—C(5) 118.9 (2)
Na(1)—O0(4)—Na(2) 95.08 (6) C(3y—C@)—C(7) 1204 (2)
Na(1)—O(5)—Na(2) 99.67 (6) C(5)—C(@)—C(7) 120.7 2)
Na(1)—0(1)—C(7) 124.1 (1) C4)—C(5y—C(6) 121.0 (2)
NQ)—NQ1)y—C(1) 114.1 (2) C(1)—C(6)—C(5) 119.6 (2)
N(1)—N(2)—C(®) 1144 (2) CO—CE—C(13) 119.5 2)
O(1—C(7—0(2) 1234 (2) C(8)—C(9—C(10) 120.8 (2)
CO—C10—C(1) 119.1 2)
C(10—C(11y—C(12) 1206 (2)
C(11)—C(12—C(13) 1200 (2)
C(8—C(13—(12) 1199 (2)
D—H-4 D-H DA H-A D—H-4
O@3)y—H(03)--0(79 0.87 (3) 2.659 (2) 1.80 (3) 166 (2)
O(4—H(04)--0(79) 0.86 (3) 2.776 2) 1.92 (3) 172 3)
O(5—H(05)--0(29) 0.88 (3) 2.788 (2) 1.92 (3) 171 (2)
O(Sy—H(05')--0(29 0.82 (3) 2712 (2) 1.89 (3) 175(2)
O(6)—H(06)-~0(1*) 0.88 (3) 2.730 2) 1.89 (3) 159 (3)
0(6)—H(06)-0(3) 0.78 (3) 2773 2) 2.00 3) 168 (3)
O(7)—H(07)0(2) 0.93 (3) 2.679 (2) 1.78 (3) 162 (3)
O(7—H(07')--0(67 0.82 (3) 2.755 (2) 1.95(3) 168 (2)
Symmetry codes: (@) —x, —y, —z; (6) 1 —x, —y, —z; (c) —x,

l1=y,2=z(d —x, ~y, 1=z x,p, ~1+z(H x, —1+y,
—1+z

%0.004 (2) A with atoms N(1), N(2) and C(7) de-
viating by —0.037 (2), 0.008 (2) and —0.027 (2) A,
respectively; the ring containing C(8) through C(13)
is planar to within +0.009 (2) A with atoms N(1),
N{2) and O(3) deviating by 0.122 (2), 0.030 (2) and
0.028 (2) A, respectively; the dihedral angle between
the two rings is 7.8 (4)°. The plane of the carboxylate
group is twisted 11.5(3)° out of the plane of the
C(1)-C(6) ring. The two crystallographically
independent Na cations sit on inversion centers in
octahedral sites. Na(1) and Na(2) are bridged by two
independent water molecules, O(4) and O(5), and
their symmetry equivalents, to form an infinite chain
along the a axis. The coordination sphere of the
Na(l) is completed by bonding to two carboxylate O
atoms; two water molecules complete the Na(2)
sphere. All of the O—H protons, except H(O4),
participate in forming strong hydrogen bonds, some
details of which are given in Table 2. The arrange-
ment of the various ions and water molecules, along

Fig. 1. Asymmetric unit of sodium 4-(4’-hydroxyphenylazo)-

benzoate tetrahydrate.

Fig. 2. Packing diagram. The unit cell as shown has the a axis
horizontal and the b axis, from —b/2 to /2, vertical.

with the complete hydrogen-bonding pattern, is
shown in Fig. 2, which also shows the segregation
into hydrophobic and hydrophilic iayers along the b
axis. While the parallel packing of the azobenzene
moieties suggests some m-type interaction between
neighbouring rings, there are no particularly short
contacts: the shortest C—C and N—N contacts are
3.456 (2) and 3.474 (2) A, respectively.
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