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The Crystal Structures of Two Derivatives of 8-Hydroxyquinoline-5-sulfonic Acid,

2-Methyl-8-hydroxyquinoline-5S-sulfonic Acid Monohydrate,
and 7-Iodo-8-hydroxyquinoline-5-sulfonic Acid*
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The crystal structures of 2-methyl-8-hydroxyquinoline-5-sulfonic acid monohydrate and 7-iodo-8-
hydroxyquinoline-5-sulfonic acid have been determined by Fourier syntheses and refined by the method
of least squares using three-dimensional photographic data. The 2-methyl derivative crystallizes from
water as the monohydrate and the monoclinic unit cell has the dimensions a=13-35,5=9-11, c=17-84 A
B=90-3°. The space group is C2/c with eight molecules in the unit cell. The molecule exists as a zwit-
terion and hydrogen bonds of lengths ranging from 2-65 to 2:94 A link molecules together to form a
three-dimensional hydrogen-bonded network in the structure. The final R was 0-087 for 1926 observed
reflections. The 7-iodo derivative has a monoclinic unit cell of dimensions: a=9-55, b=13-35, c=8:83 A,
B=109-2°, and the space group is P2;/c with Z=4. The structure consists of sheets of molecules paral-
lel to (010), the molecules being related by unit-cell translations in the a and ¢ directions and linked
by interactions of length 3-07 A between iodine and oxygen atoms and hydrogen bonds of length 2:80 A
between oxygen atoms and quinoline nitrogen atoms. Sheets are bonded in pairs by hydrogen bonds
between sulfonic acid oxygen atoms and hydroxyl groups, and distances between adjacent double
sheets correspond to normal van der Waals interactions. The final R was 0-14 for 954 observed reflec-
tions.

Introduction

Structures of chelating organic molecules and the
chelate complexes they form with inorganic ions,
especially those complexes used by the analytical chem-
ist, have long been of special interest to this laboratory.

* Contribution No. 1715 from the Chemical Laboratories
of Indiana University.

T Present address: Unilever Research Laboratory, Port
Sunlight, Cheshire, England.

The compound 8-hydroxyquinoline forms complexes
with a large number of inorganic ions and so do most
of its derivatives. However, substitution in the 2-posi-
tion of the parent molecule prevents reaction with
aluminum ions (Merritt & Walker, 1944) and it was
felt desirable to determine the structures of derivatives
with a 2-substituent and a 7-substituent, as these po-
sitions are adjacent to the chelate forming groups in
the 1,8 positions of the 8-hydroxyquinoline molecule,
in order to learn, if possible, what influences structure
has on the formation and properties of the chelate
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molecule. In this article we report the structures of 2-
methyl-8-hydroxyquinoline-5-sulfonic acid monohy-
drate (2-8-5 derivative) and 7-iodo-8-hydroxyquinoline-
S-sulfonic acid (7-8-5 derivative).

2-8-5 DERIVATIVE
Experimental

2-Methyl-8-hydroxyquinoline-5-sulfonic acid was pre-
pared by sulfonation of 8-hydroxyquinaldine using
Matsumura’s (1927) method. Recrystallization of the
product from hot water gives the monohydrate in the
form of green diamond-shaped crystals. X-ray oscilla-
tion and Weissenberg photographs indicate a mono-
clinic unit cell of dimensions given in Table 1.

Table 1. Crystal data

2-Methyl-8-hydroxyquinoline-5-sulfonic acid monohydrate
Molecular formula: CoHgO4NS.H,0

M=2573
Monoclinic; space group C2/c or Cc
(C2/c confirmed by structure analysis)
a=1335+005A
b= 9-11+0-03A
c=17-84+0-05A
=903 +03°
V=2169-7 A3
dobs = 1565 g.cm~3
deale=1-574 g.cm‘3
Z=8.

7-Iodo-8-hydroxyquinoline-5-sulfonic acid
Molecular formula: CoHglO4NS

M=351-1

Monoclinic; space group P2i/c
a=9-55
b=13-35A
c=883 A
£=109-2°
V=1063-1 A3

deale=2"19 g.cm‘f’

Z=4.

Using Cu K« radiation, equi-inclination multiple
film Weissenberg photographs were taken of the levels
Hklfor0<H<6and hKlfor0<K<6. A total of 1934
independent reflections were observed and their inten-
sities were measured visually using calibrated scales. A
further 276 reflections were below the minimum obser-
ved intensity M. Each of these latter reflections was
given an intensity equal to the smallest M/2 on all
films and a standard error of 0-7 M. After scaling and
correlating the data, Lorentz and polarization factors
were applied but no correction was made for extinction
or absorption.

The systematically absent reflections k! with (h+k)
odd and 40/ with / odd show the space group to be
either C2/c or Ce.
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The two independent groups of Akl data, those with
h and k even and those with 4 and k odd, were placed
on a common relative scale by Wilson’s (1942) method.
The standard errors of the observations were calculated
from the agreement obtained in scaling reflections
observed on more than one film in a pack and modified
for the agreement between common reflections on
different film packs.

In order to determine the correct space group, the
statistical test of Howells, Phillips & Rogers (1950) was
applied to the hk! data. This test indicated that C2/c is
the true space group, and the subsequent solution of
the structure confirmed this choice.

Structure analysis

The structure determination commenced by exami-
nation of the three two-dimensional zones. Sharpened
Patterson syntheses were computed from 4k0, 40/ and
0kl data and the positions of the sulfur atoms in the
unit cell were determined from the vector density dis-
tributions. Rows of peaks on the 40/ vector map indi-
cated a possible molecular orientation and, together
with consideration of van der Waals approaches, en-
abled a trial structure to be proposed for this projection.

An electron density projection onto (010), based on
the phases calculated for the sulfur atom only, con-
firmed the trial structure and indicated the positions of
the non-hydrogen atoms, although the water molecule
position could not be determined at this stage. Struc-
ture factors were calculated for the 40/ zone using the
new set of positional parameters and R, the usual
reliability factor, was 0-53. The atomic scattering fac-
tors used were those given in International Tables for
X-ray Crystallography (1962) with B=2-0 A2 for all
atoms. After three cycles of Fourier refinement, the
agreement R for the 40/ data was 0-30.

Three-dimensional refinement

A three-dimensional electron density map based on the
phases of the sulfur atom showed all the atoms (except
hydrogen and the water oxygen) well resolved and con-
firmed the trial structure derived from the 40/ projec-
tion. Structure factors calculated for 518 hkl planes of
greatest intensity, using the set of atomic coordinates
obtained from the Fourier synthesis, gave an agree-
ment R of 0-33, and a new electron density map located
the position of the water oxygen atom.

Refinement continued by the method of least
squares using the full-matrix program of Busing, Mar-
tin & Levy (1962). Three cycles, refining the two scale
factors for data with #and k£ odd and with 4 and & even,
positional parameters and isotropic temperature fac-
tors, reduced the reliability factor R from 0-33 to 0-15
for the 518 strongest reflections. The function mini-
mized was Zw(|Fo|2—|Fe|?)?, and the weights used dur-
ing all refinement cycles were taken equal to the recip-
rocals of the squares of the standard errors of the obser-
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Table 2. Observed and calculated structure factors for 2-methyl-8-hydroxyquinoline-5-sulfonic acid monohydrate

The three columns contain, from left to right, the values of /, 10F, and 10F.. 8 low order reflections omitted from refinements
because of extinction are marked with E, while the unobserved reflections are indicated by an asterisk.
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Table 2 (cont.)
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vations as determined from the scaling of films in a
pack and correlation of different film packs.

At this stage it was seen that eight large, low order
reflections were probably affected by extinction; these
were omitted. from subsequent refinement cycles.

A three-dimensional difference synthesis did not
show the hydrogen atom positions but indicated an-
isotropic thermal motion for most of the heavieratoms.
The positions of the four aromatic hydrogen atoms of
the quinoline ring were calculated, assuming them to
lie on the diagonals of the benzene rings at a distance
of 1-05 A from the carbon atoms. They were included
as fixed atoms (B=5-0 A2) in three cycles of anisotropic
refinement using all the observed data, and the relia-
bility factor dropped from 0-18 to 0-094. A three-dimen-
sional difference synthesis indicated the positions of the
hydrogen atoms in the water molecule and methyl
group and they were included as fixed atoms (B=5-0
A2) in a further refinement cycle. At this stage, the cal-
culated shifts in parameters were less than the corres-
ponding standard deviations and the refinement was
terminated. The final reliability factor was 0-087 for the
1926 observed reflections.

Inclusion of the eight reflections affected by extinc-
tion and the 276 unobserved reflections gave an agree-
ment factor R, of 0-100. The observed and calculated
structure factors are listed in Table 2. At the end of
refinement a difference Fourier synthesis was calculated
(Fig.1), for which the contributions of the hydrogen
atoms were not included in the F¢’s. The final set of po-
sitional and thermal parameters for the non-hydrogen
atoms are given in Tables 3 and 4 respectively, together
with the standard deviations calculated from the dia-
gonal terms of the inverse matrices. Hydrogen atom
coordinates are presented in Table 5 with the distance
to the atom to which the hydrogen atom is attached.
The remaining intramolecular bond lengths and angles
are given in Table 6.

TWO DERIVATIVES OF §-HYDROXYQUINOLINE-5-SULFONIC ACID

Table 3. Final atomic positional parameters in the
2-8-5derivative

The e.s.d.’s in parentheses correspond to the last significant

digit.
x y z
S 0-1807 (1) 0-0234 (1) 0:1673 (1)
N(1D) 0-4286 (3) 0-1415 (3) —0-0498 (1)
C() 0-3861 (4) 00457 (4)  —0-0947 (2)
C(3) 0-3052 (4) ~0-0377 (5) —0-0679 (2)
C(4) 02703 (4) —0-0185 (5) 0-0032 (2)
C(5) 0-2815 (3) 0-1214 (4) 0:1261 (1)
C(6) 0-3289 (3) 0-2323 (5) 0-1659 (2)
C(7) 0-4104 (3) 0-3087 (5) 0-1375 (2)
C(8) 0-4449 (3) 0-2808 (4) 0-0657 (2)
C(9) 0-3959 (3) 0-1698 (4) 0-0228 (2)
C(10) 03143 (3) 0-0885 (4) 0-0512 (2)
Oo(11) 0-5212 (2) 0:3479 (3) 0-0325 (1)
CcQ2) 0-4243 (5) 0-0313 (6) —0:1741 (2)
o(13) 0:0932 (2) 0-0581 (3) 0-1206 (2)
0@14) 0-1720 (3) 0-0767 (4) 0-2434 (1)
0O(15) 0-2080 (3) —-0-1317 (3) 0-1625 (1)
0(16) 0:0998 (3) 0-2476 (4) 0-3718 (2)

7-8-5- DERIVATIVE
Experimental

The compound 7-iodo-8-hydroxyquinoline-5-sulfonic
acid crystallizes from water in the form of pale
yellow needles elongated along the ¢ crystallographic
axis. A small crystal of suitable dimensions was moun-
ted in a thin-walled glass capillary tube and X-ray os-
cillation and Weissenberg photographs indicated a mo-
monoclinic unit cell of dimensions given in Table 1.

Using Cu Ka radiation, equi-inclination multiple-
film Weissenberg photographs were taken of the levels
hkO to hk4. A total of 978 independent reflections were
observed and their intensities were measured visually
using a calibrated scale obtained from timed exposures
of one of the crystal reflections.

Systematic absences (#0/ with / odd, 0k0 with k odd)

Table 4. Anisotropic temperature coefficients in the 2-8-5 derivative

E.s.d.’s in parentheses.
All values have been multiplied by 105.

Bu* B2 Bas3 b2 b3 B2

S 311 (6) 606 (15) 77 (3) —96 (6) 88 (3) —13 (3)

N(1) 344 (20) 775 (46) 66 (7) Z5(24) 80 (9) ~13(12)
c) 428 (27) 848 (54) 75 (9) —51(29) 69(12)  —78(16)
C@3) 489 (31) 1015 (63) 138 (10) —230 (35) 34 (149 —138 (18)
C(4) 451 (29) 814 (57) 150 (11) —108 (31) 64 (14) —69 (18)
C(5) 353 (23) 665 (47) 67 (8) —115 (26) 50 (11) —12 (14)
C(6) 330 (24) 845 (55) 97 (8) 93 (27) 80 (11) —62 (16)
Cc 410 (27) 833 (54) 118 (9) —188 (31) 44 (12) —107 (18)
C(8) 304 (23) 693 (48) 109 (8) —83(27) 30(11)  —43 (16)
C(%) 299 (21) 533 (43) 78 (8) 125 58 (10) —3(14)
C(10) 345 (23) 553 (46) 98 (8) —37 (27) 68 (11) 11 (16)
Oo(11) 462 (20) 1186 (50) 166 (8) —386 (25) 128 (10) —-75(@15)
C(12) 656 (40) 1713 (91) 101 (10)  —287 (44) 156 (15)  —185(22)
Oo(13) 335 (19) 820 (40) 241 (9) —89 (22) 32(11) 22 (14)
0(14) 608 (24) 1321 (50) 109 (7) —230 (27) 171 (10) —113 (14)
o(15) 534 (21) 605 (38) 198 (8) 68 (23) 141 (10) 34 (12)
0(16) 506 (27) 1478 (64) 300 (10) — 66 (28) 176 (13)  —258 (18)

* The anisotropic thermal parameters are in the form: exp {—(h2811 + k2822 + 12833+ 2hk B2+ 2hiB13 + 2kif23) ).
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among the reflections indicate unambiguously the space
group P2,/c. The calculated density for four molecules
in the unit cell is 2-19 g.cm~3, which seems reasonable
for this type of compound. No experimental density
was determined.

After applying the usual Lorentz and polarization
corrections, the intensities were corrected for absorp-
tion (u=259 cm~! for Cu Ku radiation) using the values
given in International Tables for X-ray Crystallography
(1959) and assuming a cylindrical crystal. No correction
was made for extinction and reflections thought to be
affected were omitted from the final cycles of refine-
ment. These reflections are marked with an asterisk in
the list of F, and F. (Table 7).

Structure analysis

The data from each of the five hk L levels were placed
on a common relative scale by Wilson’s (1942) method
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and a three-dimensional Patterson synthesis was com-
puted. The positions of the iodine and sulfur atoms in
the asymmetric unit were determined from the Patter-
son map and were used in a structure factor calculation
to assign phases to the Fourier coefficients. The first
three-dimensional electron density map confirmed the
coordinates of the iodine and sulfur atoms and showed
the positions of all the other atoms (except hydrogen)
in the molecule. The packing of molecules in the unit
cell appeared reasonable with regard to hydrogen
bonding and van der Waals close approaches and a
structure factor calculation based on the atomic co-
ordinates derived from the first three-dimensional
Fourier synthesis gave an agreement factor, R, of 0-29.
The scattering factor curves used were those of Hoerni
& Ibers (1954) for carbon, nitrogen and oxygen atoms,
the values given by Dawson (1960) for sulfur and those
of Thomas & Umeda (1957) for iodine. No correction
was made for anomalous dispersion.

Table 5. Hydrogen atom coordinates in the 2-8-5 derivative

Atom Attached to x
*H(1) N(D) 0-480
H@3) Cc@3) 0-270
H4) C4) 0-209
H(6) C(6) 0-303
H(®) C() 0-446
H(12a) C(12) 0-342
H(12b) C(12) 0-417
H(12¢) C(12) 0-458
H(l6a) 0(16) 0-083
H(16b) 0O(16) 0-163

y z Distance

0-203 —0-070 094 A
—0-116 —-0-102 1-05
—0-076 0-023 1-04
0-254 0-220 1-05
0-389 0170 1-05
0-050 —0-205 1-24
—0-066 —0-189 0-93
0-126 —0-180 0-98
0-197 0-328 0-93
0-303 0-363 1-00

* Coordinates taken from the final difference map (Fig.1) and not included in the least-squares refinecment.

Table 6. Intramolecular bond lengths and angles in the 2-8-5 derivative

E.s.d.’s in parentheses.*

Length
S-———0(13) 1-466 (3) A
S———0(14) 1-447 (3)
S——0(15) 1-462 (3)
S———C(5) 1-777 (4)
N(1)-C(9) 1-387 (4)
N(1)-C(2) 1-334 (5)
C(2)-C(12) 1-514 (5)
C(2)-C(3) 1-406 (6)
C(3)-C(4) 1:365 (5)
C(4)-C(10) 1-422 (5)
C(5)-C(10) 1-440 (4)
C(5)-C(6) 1-386 (5)
C(6)-C(7) 1-386 (5)
C(N)-C(8) 1-388 (4)
C(8)-0(11) 1-330 (5)
C(8)-C(9) 1-425 (5)
C(9)-C(10) 1-413 (5)

Angle
0(13)-S——0(14) 113:2 (2)°
O(13)-S——0(15) 111-9 (2)
0(14)-S——0(15) 113:6 (2)
O(13)-S——C(5) 105-0 (2)
0O(14)-S——C(5) 1065 (2)
O(15)-S——C(5) 105-8 (2)
C(2)—N(1)—C(9) 122-4 (3)
C(3)—C(2)—C(12) 122:3 (4)
C(3)—C(2)—N(1) 119-2 (3)
C(12)-C(2)—N(1) 118-5 (4)
C(4)—C(3)—C(2) 1209 (4)
C(10)-C(4)—C(3) 120-4 (4)
S-——C(5)—C(6) 1199 (2)
S——C(5)—C(10) 120-9 (3)
C(6)—C(5)—C(10) 119-1 (3)
C(5)—C(6)—C(7) 122:3 (3)
C(6)—C(7)—C(8) 120-7 (3)
C(7)—C(8)—C(9) 118-1 (3)
C(7)—C(8)—0O(11} 126:0 (4)
O(11)-C(8)—C(9) 1159 (3)
C(8)—C(9)—C(10) 1221 (3)
C(8)—C(9)—N(1) 1181 (3)
C(10)-C(9)—N(1) 119:8 (3)
C(9)—C(10)-C(5) 117-5 (3)
C(9)—C(10)-C4) 117-4 (3)
C(5)—C(10)-C4) 125-1 (4)

* The e.s.d.’s were computed using the full variance-covariance matrix from the least-squares refinement.

AC26B-6
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The structure was refined by the least-squares method
using the Busing, Martin & Levy (1962) full-matrix
program. Two cycles of isotropic refinement reduced
the R factor to 0-19. At this stage it was seen that
several low order planes of strong intensity were mak-
ing too large a contribution, probably because of ex-
tinction; these were omitted from subsequent cycles.
Weighting of the: observations during the refinement
was based on the standard errors determined from the
scaling of films in a pack.:

It was now thought justified to do amsotroplc refine-
ment of the heavier atoms (I, S and O), although the
scaling procedure precludes meaningful discussion of
the resulting parameters (Lingafelter & Donohue,
1966). The isotropic temperature factors of the:lighter
atoms were kept fixed as it was not possible to refine
both anisotropic and isatropic temperature factors in
the same refinement cycles with the program used.
Three cycles of refinement reduced the reliability factor
R to 0-14; at this stage the calculated shifts in atomic

parameters were all less than their standard errors and .
refinement was considered complete. An analysis of the

reliability factor for different ranges of sin 6, however,
showed an increase in" R from 0-11 for the innermost
reflections with sin § <0-35, to 0-21 for planes, with sin
6>09. This is probably due to the application of an
inexact absorption correction curve. Including the 24
planes affected by extlnctlon gave an overall reliability
factor R of 0-17.

The list of observed and calculated structure factors
is presented in Table 7 and the final atomic coordinates
and their standard deviations are given in Table 8. The
atomic thermal parameters are shown in Table 9. Val-

ues for intramolecular bond distances and, angles are ... .

shown in Fig.2.

RESULTS AND DISCUSSION
2-8-5 Derivative

The molecular dimensions of the hydroxyquinoline
group of the 2-8-5-derivative agree well. with those
obtained by Palenik (1964a,b) for the molecule in its
copper and zinc salts respectively and with the values
reported by Datta (1959) for 2,2’-biquinolyl. None of
the bond distances differs significantly from its mean
value observed in the four determinations.

The mean S-O bond length of 1-458 A agrees with
the values reported for NH{CsH,SO3.H,0 (Rae &
Maslen, 1962), NH1SO7 (Sass,1960), and K,[NH(SO3),]
(Cruickshank & Jones, 1963), and the slight flattening
of the sulfur tetrahedron (average O-S-O=112-9°,
average C-S-0=105-8°) has also been reported in
these previous investigations. The C-S::distance of
1-777 A is in good agreement with the value given by
Rae & Maslen (1962).

The equation of the best plane through the atoms
in the quinoline ring was calculated by the method of
least-squares and is given by:

X—1-083 Y+0-561 Z—3-799=0,

TWO DERIVATIVES OF 8-HYDROXYQUINOLINE-5-SULFONIC ACID

H(123)

e H(12b)
H(16a) -

H(160)

0(16)

=]

38

T pooan

0(13)

0(14)

e

Fig.1. 2-Methy]-8-hydroxyquinollne-S-sulfonic acid monohy-

drate. Composite sections of the final difference synthesis
drawn through the centers of the hydrogen atoms. A skel-
eton of the molecule is also shown. Contours are drawn at
intervals of 0-2 e.A-3, starting with 0-4 e.A-3.

- 0(12)

0(14)

c(5)

0(13)

Fig.2. Intramolecular bond lengths and angles in 7-iodo-8-
hydroxyquinoline-5-sulfonic acid. Average e.s.d.=0-04 A
(bond length), 3° (bond angle).
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0-015,

0-025, N(1)
C(4)

S

Table 7. Observed and calculated structure factors for T-iodo-8-hydroxyquinoline-5-sulfonic acid

plane are

C(3)= —0-016,
The three columns contain, from left to right, the values of 4, 10F, and 10F.. Reflect

where X, Y, Z are orthogonal coordinates in A in the
directions of a, b and ¢*. The atom deviations from the
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Table 8. Final atomic coordinates and their standard
deviations in the 7-8-5-derivative
E.s.d.’s in parentheses.
X y z

I 0:3107 (2) 0'1691[(1) 0-1206 (2)
S —0-2324 (7) 0-0979 (5) 0-2432 %12)
N@1) —0-2170 (24) 0-1178_(17) —0-3318 (31)
C(2) —0-3667 (28) 0-1108 (17) —0-3958 (39)
C(@3) —0-4610 (26) 0-1034 (18) —0-3082 (34)
C4) —0-3747 (25) 0-1072 (16) —01218 (33)
C(5) —0-1431 (28) 0-1205 (16) 0-0910 (34)
C(6) —0-0015 (26) 0-1408 (17) 0-1398 (36)
C() 0-0911 (29) 0-1358 (18) 0-0333 (40)
C(8) 0-0113 (27) 0-1337 (17) —0-1165 (46)
C9) —-0-1373 (19) 0-1224 (12) —0-1730 (30)
C@10) —0-2240 (30) 0-1146 (20) —0-0624 (38)
o1 0-0765 (17) 0:1408 (13) —0-2377 (24)
0(12) —0-2841 (14) —0-0004 (11) 0-2209 (17)
0(13) —0-3499 (22) 0-1658 (14) 0-2140 (31)
0(14) —0-1315 (21) 0-1175 (11) 0-3933 (28)

tions, it is thought that these latter values may have
been underestimated.

In the structure hydrogen bonds, of length 2-94 and
2-86 A between water molecules and sulfonic acid
oxygen atoms O(13) and O(14) respectively in hydroxy-
quinoline molecules related by twofold screw axes,
form a spiral of hydrogen-bonded molecules parallel
to the b crystallographic axis. Molecules related by the
(a+Db)/2 translation are linked by hydrogen bonds of
length 2-65 A between the sulfonic acid oxygen atoms
0O(12) and the hydroxyl oxygen atoms O(11). These
bonds serve to connect molecules in adjacent hydrogen-
bonded spirals.

An interesting feature of the structure is that the
molecule exists as a zwitterion in the solid state. Na-
sanen & Ekman (1952) had proposed that 8-hydroxy-
quinoline-5-sulfonic acid exists as a zwitterion in
acidic solutions, the proton being transferred from the
sulfonic acid group to the quinoline nitrogen atom.
More recent work, however, has shown that the hydrox-
yl group is more acidic than the sulfonic acid group

(Ballard & Edwards, 1964). Only ten of the eleven
hydrogen atoms in the asymmetric unit have been
located in this present determination, the remaining
proton being associated with either the sulfonic acid
group or the hydroxyl oxygen atom.

Fig.3. 2-Methyl-8-hydroxyquinoline-5-sulfonic acid mono-
hydrate. Projection of one-fourth the unit cell onto the (010)
plane. Water molecules are shown by crossed circles and
hydrogen bonds by broken lines.

Table 9. Final atomic thermal parameters in the 7-8-5 derivative

Anisotropic temperature factors x 104,

Bu* B2

I 120 99
S 120 92
o(11) 177 72
0(12) 133 91
0(13) 133 177
0(14) 230 65
N(1)

C(2)

C(3)

C(4)

C(5)

(6

C(7)

C(8)

€

C(10)

B33

236
164
206
100
244
357

B2 B3 B2 Isot;opic

-10 46 -8
-19 17 9
-21 —-10 —50
0 —-11 18
25 86 -79
11 158 2

69

53

6-1

4-3

4-5

5.5

51

55

2:4

5-5

* The anisotropic thermal parameters are in the form: exp {—(h2811 + k222 + 2833+ 2hkB 2+ 2hIB13 + 2kif23)}.
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The NH+ group takes part in hydrogen bonding and
acts as a proton donor in forming a hydrogen bond of
length 2-86 A to the water oxygen atom O(16) in a
direction which completes a distorted trigonal planar
environment for the water molecule. A close approach
of length 3-00 A between N(1) and the sulfonic acid
oxygen atom O(13) of a hydroxyquinoline molecule in
an adjacent hydrogen-bonded spiral is not in a direc-
tion suitable for the formation of a hydrogen bond and
may be due to electrostatic interaction. The closing of
the O(11)-C(8)-C(9) angle of 115:9° must also be
ascribed to an electrostatic attraction of O(11) to N(1).
The distance N(1)-O(11) is 2:66 A. Bond lengths and
angles between atoms involved in hydrogen bonding
are presented in Table 10 and the b axis projection of
the structure is shown in Fig. 3.

Table 10. Bond lengths and angles between atoms
involved in hydrogen bonding in the 2-8-5 derivative

Bond Length
O(14) (I)- - - O(16) () 2:936 A
O(16) (I)- - -O(15) (I1) 2-860
O(11) (I)- - -O(13) (II1) 2:654
O(16) (I)- - - N(1) (IV) 2-858
Atoms Angle
0O(14) (I)--0(16) (I)-—-O(15) (1) 74-8°
H(16a) (1)-0(16) (1)—H(165) (1) 108-6
C(8) (I—0(11) (H—O(13) (11I) 1101
0O(14) (IN--0(16) (D—N(1) (IV) 146-0
O(15) (II)-0O(16) (D--N(1) (IV) 1339
S(I)—-——0(14) ()—0(16) (I) 159-7
S(I)—-—0(15) (IN-0(16) (I) 127-5
(0] Xy Y z am - +x, 3+, z

V) —%+x, 31—y, ¥+2

(II) 'i'_-xy %+y9 %'—Z

-
-
-
-

c

Fig.4. 7-Iodo-8-hydroxyquinoline-5-sulfonic acid. View of part
of the unit cell contents showing the hydrogen bonding and
iodine-oxygen interactions.
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All other distances less than 4-0 A between non-
bonded atoms have been calculated and none are less
than normal van der Waals contacts.

7-8-5 Derivative

The average bond length within the quinoline ring of
the 7-8-5 derivative is 1-39 A and all bonds in the ring
except C(2)-C(3) differ from this value by less than
three times the average standard deviation. Two of the
quinoline bond angles, C(2)-C(3)-C(4), and C(6)-C(7)~
C(8) differ significantly, by the criterion of Cruickshank
& Robertson (1953), from 120°, but the difficulty in
obtaining accurate light atom coordinates in the pres-
ence of an iodine atom may explain these differences.
In the sulfonic acid group, the average S-O bond
length is 1:39 A, which is somewhat, but not signifi-
cantly, shorter than the corresponding value in the
2-8-5 derivative, and there is also a slight flattening of
the sulfur tetrahedron (average O-S-O angle=111°,
average C-S-O angle=107°). The C-S and C-I bond
lengths agree well with average values reported by
Sutton (1958).

The hydroxyquinoline group is planar within experi-
mental error, the average deviation from the least-
squares plane being 0-03 A. The equation for the plane,
referred to a set of orthogonal axes, is given by

X—10-299 Y+0-313 Z+18:323=0

where X=x+z cos f, Y=y, Z=z sin B. Individual
deviations from the plane are: N(1)=0-0l, C(2)=
—-0-03, C(3)=—0-02, C(4)=0-01, C(5)=0-03, C(6)=
—0-10, C(7)=0-05, C(8)=0-01, C(9)=0-02, C(10)=
0-04, O(11)= —002, I= ~0-19, S=0-25 A.

In the structure, a hydrogen bond of length 2:80 A
links the sulfonic acid oxygen atom O(3) in one mole-
cule to the quinoline nitrogen atom N(1) in the equiv-
alent molecule displaced one unit cell in the ¢ direc-
tion. Between molecules related by a unit-cell trans-
lation in the a direction, an I-O(13) distance of 3-07 A
suggests a strong interaction; similar iodine-oxygen
distances of 2-72 and 2:87 A have been reported by
Archer (1948) in p-chlor-iodoxybenzene and distances
of 2:94 and 2-95 A by Groth & Hassel (1965) in the
1:1 addition compound of cyclohexane-1,4-dione and
diiodoacetylene. The structure thus consists of sheets
of molecules perpendicular to the b axis and a second
hydrogen bond, of length 2-70 A between the third oxy-
gen atom O(12) of the sulfonic acid group and the hy-
droxyl oxygen atom O(11) of a molecule in an adjacent
sheet, forms a double layer of hydrogen-bonded mole-
cules. Forces between adjacent double layers are due
solely to van der Waals interactions, which is consis-
tent with the observation that the crystal is most easily
cleaved in a direction parallel to the ¢ crystallographic
axis. A view of the structure showing the hydrogen
bonds and iodine-oxygen interactions is given in Fig.
4. The hydrogen bond angles at atoms O(11), O(12) and
O(14) are 114, 115 and 121° respectively, while the
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interaction angle S—O(13)-1' is 140°. No attempt has
been made to locate the hydrogen atoms.in the struc-
ture.

The authors wish to thank the U.S. Atomic Energy
Commission for financial support under contract
AT(11-1)-120, the staff of the Indiana University Rese-
arch Computing Center for assistance in performing
the computations, and Kirsten Folting Streib for modi-
fication of some of the programs used in these:deter-
minations.
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_ The Crystal Structure of Brs-(2-methylpentane-2 4- droxydlmethyltltamum), o
i(CH3)2T102C6H12]2

,BY/AKIE YOSHINO, YASUSUKE SHUTO* AND YOICHI IITAKA
Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Tokyo, Japan

- . T s (Receiued3 July 196_9)

- The crystal- structure of bis- (2-methylpentane-2 4-dloxyd1methylt1tan1um), [(CH3)>Ti02CeH2]2, has
been determined by the X-ray diffraction method. The crystals are monoclinic with space group P2;/n and
the unit-cell dimensions are, a=14-16, b=1295, ¢=12-09 A, #=103-0°. There are four formula units,
[(CH3):TiO,CsH 2]z, per unit cell. The atomic parameters were refined by the block-matrix least-squares

- method allowing-for anisotropic thermal vibration. The ﬁnal R'value for 1107 observed structure factors

‘was.0-158.

- The structure of the complex molecule was found to con51st of two units with essentlally the same.
structure, 2-methylpentane-2,4-dioxydimethyltitanium, joined together by a shared oxygen atom at
the 4-position to form a binuclear dimer molecule. Each of the two titanium atoms coordinates three
oxygen and two methyl carbon atoms forming a trigonal bipyramidal pentacoordinated group. The
lengths of the titanium-methyl-carbon bonds range from 2-11 to 2-19 A. -

T ~ Introduction o
During the last decade a number of organometallic
complexes containing titanium have been synthesized
and - their. structures’ and catalytic activities in poly-
merization reactions of ethylene and other olefins have

* Pemtaneut -address: Research department, Idemltsu
Kosan Co. Ltd., Tokuyama, Yamaguchi-Prefecture, Japan,

been investigated (Natta & Mazzanti, 1960). Most of
these compounds, however, involve the cyclopentadi-
enyl groups which are bound to titanium by means of
o-n bonds and .only a few compounds have been re-
ported in which the alkyl groups are bound to the
titanium atom through ¢ bonds. Among the latter type
of compound, dicyclopentadienyl dimethyltitanium
(Plper & Wilkinson, 1956) is the only. substance whlch
is stable at room temperature: :



