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Structural Studies of Tryptophan Metabolites by X-ray Diffraction Method. III.
The Crystal and Molecular Structure of 5-Methoxyindole-3-acetic Acid
Toshimasa Sakaki, Akio WakaHARrA, Takaji Fujiwara, and Ken-ichi Tomrra

Faculty of Pharmaceutical Sciences, Osaka University, Toneyama, Toyonaka, Osaka 560
(Received September, 7, 1974) ‘

The crystal structure of 5-methoxyindole-3-acetic acid (5-MIAA) has been solved by application of the

direct method with symbolic addition procedure.

5-MIAA, colorless transparent prism, is monoclinic, space

group C2/c, with lattice parameters: a=34.461(9) A, 5=6.150(5) A, ¢=9.480(5) A, B—96.14(2) °, Z=8.
The molecules are hydrogen-bonded into dimers related by the center of symmetry, which are held together
in an infinite double-layered sheet structure perpendicular to the g-axis with N-H---O hydrogen bond between
indole nitrogen and carboxyl oxygen atoms. The methyl groups of adjacent molecules contact to each other

by van der Waals forces.

The conformation of the side-chain is quite distinguishable from that of indole-3-

acetic acid. The dihedral angle between carboxyl and indole planes is 59.5 © in this molecule, whereas that
is 90.0 ° in indole-3-acetic acid, and the carboxyl group sticks out to be perpendicular to the indole plane.

5-MIAA, one of the final products in a metabolic
pathway of tryptophan, is excreted into urine, through
5-hydroxyindole-3-acetaldehyde, efc.)) As a series of
structural investigation of tryptophan metabolites,2~%)
the authors describe here the crystal and molecular
structure of 5-MIAA in order to obtain the substantial
information about the stereospecific conformation of
individual metabolites suitable for performing the re-
lated enzyme action in living cells.

Experimental

The sample was purchased from the Sigma Co., and pre-
liminary oscillation and Weissenberg photographs using the
suitable crystal showed it to be monoclinic with space group
as Cc or C2/c from systematic absent spectra, (hkl) with
h+k=2n+1 and (hOl) with /[=2n+1. The space group was
determined finally as C2/c from the statistical distribution
of normalized structure factors (E).» The unit cell dimen-
sions were determined with the Rigaku Denki automatic
four circle diffractometer at room temperature. The
density was measured by the floatation method in a
benzene-carbon tetrachloride mixture. The crystallographic
data are shown in Table 1. Intensities of 951 independent
reflections having the number of counts over three times of
standard deviation were measured with the diffractometer
using Ni-filtered Cu—Ko radiation, by means of /20 scan
technique (crystal dimension: 0.10%0.10%0.35 mm), and
adjusted to the absolute scale by the program for Wilson’s
statistics. A 37, list was then computed using 270 reflections
with the normalized structure factors E, greater than 1.2.

Determination and Refinement
of Structure

Phases for the reflections were determined by means
of the symbolic addition procedure. To specify the
origin for nonprimitive space group C2/c, two reflec-
tions with large E-values were chosen to have positive
sign.® The signs of other reflections having many
>3, interactions were specified by symbols a, b and c,
respectively. This starting set is summarized in Table 2.
By hand calculation, the phases of additional 219 re-
flections were determined in terms of the starting sign and
symbols. Of the three-dimensional £ maps calculated
with possible two combinations (a=b=+-, ¢=— and
a=b=—, ¢=-}), the former one revealed reasonable
positive peaks which correspond to all non-hydrogen

TABLE 1. CRyYSTAL DATA oF 5-MIAA

C;,H,;NO;, MW. 205.22
Colorless and transparent prisms, Monoclinic
a=34.461(9), b=6.150(5), ¢=9.480(5) A
B =96.14(2)°
V=1997.3 A3, Z=8, F(000)=2864
u (for Cu-Ko)=9.67 cm™
D, =1.363 g/cm?, D;=1.365 g/cm?
Absent spectra; (hkl) : h+k=2n-+1
(ROD) : 1=2n+1
Space group; C2/c

TABLE 2. STARTING SET OF 5-MIAA CHOSEN
FOR SYMBOLIG ADDITION PROGEDURE

k k | Phase |E|
8 2 3 4+ 3.118
31 1 -1 + 3.325
3 1 a 4.152
6 2 5 b 3.067
22 2 —4 ¢ 3.465

atoms. These positional parameters were refined
by successive Fourier syntheses and block-diagonal
least-squares method, first with the isotropic thermal
parameters for all the non-hydrogen atoms, and then
with the anisotropic temperature factors. At this
stage, R-value was dropped to 0.120, and the difference
Fourier synthesis was computed in order to find the
position of eleven hydrogen atoms. (see Fig. 1). The

Fig. 1. The location of hydrogen atoms from a three-
dimensional difference Fourier map.
Contours from 0.2 e. A~% at intervals of 0.2 e. A-3,
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TaBLE 3. OBSERVED AND CALCULATED STRUCTURE FACTORS FOR 5-MIAA

0 FO FC H FO FC n Fo FC H FO FC i
K,L= 0 0 K,L= 0 -8 19 8 6 3 36 37 22
2 28 27 2 19 18 21 6 5 5 8 8 X,L=
4 66 -65 6 7 -8 K,L= 1 8 7 6 -3
6 78 =77 10 17 18 3 ? 5 9 13 14 2
8 59 -S6 12 17 19 5 8 -8 11 9 9 4
10 32 -28 16 25 -26 11 8 9 13 18 =-20 10
12 11 -13 18 52 -53 17 7 -7 15 13 =13 12
14 45 -42 22 21 22 K,L= 1 9 17 9 -9 16
16 89 -92 K,L= 0 -1 8 -10 21 9 10 K,L=
18 44 -39 -4 3 5 -6 23 11 -14
20 58 =52 16 19 11 9 ~6 K,L= 1 -9 6
22 7s 71 K,L= 1 0 K,L= 1 -1 1 -8 10

24 13 -14 72 9 31 31 28 21 -22 4
26 16 16 5 143 161 11 57 -59 30 29 -30 6
30 11 -7 31 -35 13 82 -84 32 -5 8
32 19 -17 9 31 34 17 11 =11 K,L= 2 1 10
34 8 -6 11 52 -58 19 s1 4 4 30 12

4 26 26 19 17 =15 29 10 8 21 25 24
6 45 42 2 8 31 18 19 10 20 -22 26
8 28 28 23 19 -20 33 7 4 12 18 -17 28
10 33 -28 25 8 35 18 -18 14 12 -16 30

18 14 9 31 10 9 3 38 32 20 40 -40

20 33 35 35 21 20 5 50 46 22 21 -24 4
22 12 -16 K,L= 1 2 7 38 34 24 6 -6 6
24 22 -22 3 282 299 9 63 60 26 22 21 8
26 22 21 60 64 11 24 25 28 19 21 12

2
4
6
8 23 -24 21 22 -23 19 11 13 2 90 82 24
10 16 16 23 33 -31 21 22 -20 4 50 ~49 28
12 10 11 27 6 -8 23 40 43 44 46 32
14 20 =19 23 7 6 25 12 13 8 116 115 K,L=
18 5 -4 31 12 10 27 35 =33 10 5
K,L= 0 -2 33 14 14 29 19 20 12 14 15 4
2123 113 K,L= 1 4 31 8 =7 14 24 -23 6
4 93 -85 9 -8 33 7 5 16 24 -24 8
6 80 73 3 57 54 K,L= 1 -5 18 25 -28 10
8 165 156 5 70 =71 1 30 20 9 -11 12
10 38 -33 7 32 33 7 7 22 13 -13 16

4 71 -71 13 8 8 10 28 10 12 20
51 44 15 11 11 3 36 35 K,L= 2 5 22
8 123 -113 17 7 -6 5 26 -26 9 -9 K,L=

4
7 (3 1 18 -19 20 7 7 6

rc H FO FC
-18 8 8 7
7 12 6 -6
-8 K,L= 3 o
~11 1 41 -44
-6 3 22 -23
17 7 34 -38
13 9 12 -13

-1 K,L= 3
=23 1 7 =55
32 3 23 22
30 5 12 12
-29 7 12 11
=36 9 18 21
15 13 8 -8
15 12 =12

-4 23 -21
9 3 17 17
6 5 19 18

60 7 14 12

8 17 9 -8
=31 21 9 10
10 K,L= 3 7
32 1 13 10
15 7 5 =5
=21 9 7 5
-42 11 7 -8
22 13 9 -9
-12 15 ? 6
-7 K,L= 3 8
35 7 -9

6

13

3

=22 36 =32
9 3 65 -65
-9 7 9 11
27 o 82 83

FC
16

H o FC H FO FC
20 19 18 3 24 22
KL= 4 4 5 26 26
0 20 -18 7 15 14

2 13 -11 9 18 -19

4 7 9 11 22 -22

6 21 21 13 21 20

g8 29 31 17 9 ~-10
14 28%-26 19 11 -11
16 12 10 21 5 -6
18 7 4 kL= 5 3
20 10 -13 1 -6
22 -10 3 23 -22
KL= & 5 9 17 -14
1 8 13 7 -8

2 13 -11 17 8 8
4 13 -12 19 8 9
6 16 -15 K,L= 5 4

€ -7 3 11 9

12 12 -11 5 6 1
14 2 -10 9 10 11
16 8 -8 11 16 14
20 14 14 13 7 -2
K,L= 4 6 15 13 -14

16 9 9 KLe 5 6
K,L= 4 7 5 =12
2 10 9 6 -3

« $ 8 Kie 5 -1
10 11 -11 3 6 -4
KL= & ~1 7 13 12
43 42 8 71 -7

12 9 17 19 19
16 8 8 K,L= 5 -2
18 8, 9 1 9 -7
20 7' -5 3 -9

25 -25 K,L= 5 -5

4« 9 -7 18 -16
6 38 31 3 6 -5
8 11 10 7 8 -7
10 6 -2 9 14 -13
12 29 =30 11 10 =10
14 23 26 13 6 -5
16 21 21 15 8 6
22 21 =20 K,L= 5 -6
24 20 =21 B 4 -12
26 6 -6 5 1
KL= 4 -5 K,L= 6 0

6
8

10 23 23 10 12 -10

12 9 10 12 9 8

16 14 13 K,L= 6 2

18 16 -16 o 9 6

20 7 -8 2 7 8

KL= 4 -7 4 19 16

4 8 -7 6 14 12

6 8 -8 KL= 6 3

8 14 -14 o 8 7

12 s 6 2 13 10

149 8 4 13 -11

K,L= 5 0 6 10 -10

1 26 28 K,L= 6 -1

5 19 -19 4 9 -8

8 17 16 6 10 -8

11 23 -22 8 14 11

13 12 -13 ,10 15 -14

21 6 -2 K,L= 6 -2

23 15 16 2 9 -6

K,L= 5 1 6 14 12

1 11 -9 8 21 -19

5 16 -18 10 10 -10

9 23 -22 12 8 -10

11 24 24 K,L= 6 -3

17 20 20 6 1 -6

19 5 3 8 11 10
2 6 4

K,L= 5 2

final refinement by block-diagonal least-squares meth-
od was carried out with anisotropic temperature
factors for all non-hydrogen atoms and with isotropic
temperature factors for all hydrogen atoms to reduce
R-value to 0.078. The electron density map is il-
lustrated in Fig. 2. The observed and calculated
structure factors obtained by the last cycle of refinement
are given in Table 3, and the atomic coordinates and

thermal parameters with their estimated standard de-
viations in Table 4.
of 5-MIAA, the atomic scattering factors cited in
““International Tables for X-ray Crystallography (1962)7
were used, and all the numerical calculations were
carried out on an NEAC-2200-700 computer of com-
putation center of this University, using the UNICS

programs.

In the structure factor calculation
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Fig. 2. Electron-density map for 5-MIAA viewed along
b-axis.
Contours are drawn at intervals of 0.2 e. A-3.

Description and Discussion of
the Structure

The final bond lengths and angles are shown in
Fig. 3, where the average standard deviations for non-
hydrogen atoms are about 0.009 to 0.011 A and 0.6 to
0.7°, respectively. The deviation from a regular
trigonal angle of C(2)-C(3)-C(10) is about 11°,
which is also observed in serotonin creatinine sulfate
(about 6°)% and melatonin (about 5°).% This may
be explained by the fact that the cis-orientation of
C(3)-C(10) bond with respect to C(1)-C(2) bond
around C(2)-C(3) bond causes bond angle C(2)-C(3)-
C(10) to be larger by the repulsion between G(10) and
C(1). The angle of O(3)-C(6)—-C(5) is also about 11°
larger than that of O(3)-C(6)-C(7), as well as melatonin
(9°)» or 5-methoxy-N,N-dimethyltryptamine HCI
(10°).8 This may be also explainable by similar

il o, ad H2
(ﬁcu}
Sy

Cil - H10 0,95

H9-Cl-H10 112
10 - €11 - HIL 97
HO-C11-03 114
Wl -C11-03 100

Fig. 3. The final bond lengths and angles of 5-MIAA.
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reason described above, provided the special orienta-
tion of methoxy group around C(5)-C(6) bond is
effective. The planarity of the two parts of the mole-
cule, indole ring and carboxyl group, was examined
by the equation of the least-squares plane.
Equation for indole ring;

0.39119X — 0.54044Y + 0.74491Z = 4.74731.
Equation for carboxyl group and «-carbon atom;
0.31420X + 0.44497Y + 0.83862Z = 6.83928.

The deviations of the individual atoms from the best
planes are given in Table 5. The H(l) atom lies
almost on the plane through four atoms, G(1), O(1),
O(2) and a-carbon C(2), whereas C(2) and O(3) are
on the plane through indole ring, except C(11) atom
which is slightly deviated. It is of interest to compare
the molecular conformation of this compound with
that of indole-3-acetic acid (IAA).? Relevant torsion
angles!®) of TAA and 5-MIAA are given in Table 6 in
order to elucidate the difference of conformation. The
torsion angle C(10)-C(3)-C(2)-C(1) is in the region
of anti-clinal in IAA, but syn-periplanar in 5-MIAA.
(see Figure 4). The dihedral angle between the two

TABLE 5. DEVIATIONS OF ATOMS FROM THE LEAST-SQUARES
PLANES THROUGH THE INDOLE RING AND CARBOXYL GROUP

(in A)
Indole group Acid group
———

Atomnce Atom Distance
C (3) —0.0157 o(l) 0.0019
C4) 0.0117 0O (2) 0.0021:
C (5) 0.0146 C (1) —0.0056
C (6) —0.0159 C(2) 0.0016
C (7) 0.0011
C (8) —0.0143 *C (3) —1.2325
C©9 0.0278 *C 4) —1.4799
N —0.0017 *C (10) —2.2417
C (10) —0.0072 *H (1) 0.0025

*C (1) —0.1715

*C(2) —0.0247

*C(11) 0.1036

*O (1) —1.2203

*0O(2) 0.6575

*0 (3) 0.0126

Atoms with asterisk were excluded from the least-squares
calculations. The mean deviation from the indole ring
is 0.0122 A and from the acid group is 0.0028 A.

TABLE 6. COMPARISON OF TORSION ANGLES BETWEEN
5-MIAA anp IAA

Bond sequence IAA 5-MIAA
C (10)-C (3)-C (2)-C (1) 97.7° 6.0°
c(3)-C2)-C (1)-0(1) 173.6 119.2
C(3)-C (2)-C (1)-0 (2) —~11.7 —61.9
C(@2)-C(1)-O(1)-H(1) —175.2 —179.7
0(2)-C (1)-0 ()-H (1) 0.5 —-0.8
C (5)-C (6)-0 (3)-C (11) —1.1
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Indole-2-acetic acid 5-Methoxyindole-3-acetic acid

Fig. 4. Comparison of conformation between 5-MIAA
and TAA projected to indole ring plane.

Fig. 5. The crystal structure of 5-MIAA viewed down
along b-axis.

2bl-

Fig. 6. The crystal structure of 5-MIAA viewed down
along c-axis.
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planes, one through carboxyl group and the other
through indole ring, is 59.5° in 5-MIAA, while that
is 90.0° in IAA. These facts may reflect that
IAA and 5-MIAA are the final products of
tryptophan  metabolites in  different metabolic
pathways.1)  The molecular arrangements in
crystals viewed along b- and c-axes are shown in
Figs. 5 and 6. Between the two adjacent molecules
related by the center of symmetry, a dimer was formed
at carboxyl end with O-H---O hydrogen bond. This
dimer was also connected by hydrogen bond N-H(5)---
O(2) around diad axis to make the infinite sheet elon-
gated toward b- and c-axes. The methyl groups have
very short contact to each other around the screw diad
axis. (3.596 A) In crystals, the polar part of the mole-
cules is held together by hydrogen bond and the non-
polar part, by van der Waals forces. Therefore, it
seems that the molecules are arranged into a double
layered sheet structure perpendicular to a-axis with
N-H---O hydrogen bonds between indole nitrogen
and carboxyl oxygen atoms.
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