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Abstract
C28H34N4O12, triclinic, P1 (no. 2), a = 8.5022(17) Å, b = 9.790(2) Å,
c = 10.736(2) Å, α = 113.52(3)°, β = 91.93(3)°, γ = 115.68(3)°,
V = 715.1(3) Å3, Z = 2, Rgt(F ) = 0.0394, wRref(F 2) = 0.1025,
T = 173(2) K.

CCDC no.: 1407908

The molecular structure is shown in the figure. Table 1
contains the crystallographic data.

The list of the atoms including atomic coordinates and
displacement parameters can be found in the cif-file
attached to this article.

1 Source of materials

DL-1-carboxy-2-(1H-indol-3-yl)ethan-1-amine,more commonly
known as DL-tryptophan and oxalic acid were purchased
from Sigma Aldrich. Acetic acid was obtained from Merck.
DL-Tryptophan (0.148 mmol, 0.0302 g) and oxalic acid
(0.143 mmol, 0.0129 g) were dissolved in 1 mL of acetic
acid:water (1:1) with heating. The solution was allowed to
cool to room temperature. Slow evaporation of the solution
gave plate colourless crystals after 3 weeks.

2 Experimental details

The carboyxlic acid hydrogen atoms, indole hydrogen atom
and the aminium hydrogen atoms were located in the dif-
ference electron density map and freely refined with
isotropic temperature factors. The C–H atoms were
geometrically constrained at 0.95 Å for aromatic, 0.98 Å for
methyl H atoms and 0.99 Å for methylene H atoms.
Uiso(H) = 1.2 for aromatic, methylene and tertiary H atoms
with Uiso(H) = 1.5Ueq(C) for methyl H atoms.

3 Comment

Tryptophan is an α amino acid and can occur in the L- or
D-enantiomeric forms. L-tryptophan is an essential amino
acidwhich is acquired through the diet or supplementation.7

D-tryptophan is produced by probiotic bacteria.8 Amino

Table : Data collection and handling.

Crystal: Colourless plate
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Bruker Apex II, ϕ and ω scans
θmax, completeness: .°, %
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), ,
N(param)refined: 

Programs: Bruker,, WinGX, SHELX,, XSeed
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acids are important biological molecules and thus have been
a focus area for crystal engineering studies.9–11 The crystal
structure of DL-tryptophan revealed a zwitterion.12 A
multicomponent crystal of (S)-tryptophan, acetic acid and
water also gave the zwitterionic form of tryptophan.13

However the crystal structure of D-tryptophan with oxalic
acid displayed the transfer of a proton from the oxalic acid
to the amine nitrogen of tryptophan, forming a salt.14

We have previously reported salts of tryptophan with
p-toluenesulphonic and camphorsulphonic acids.15

In the crystal structure of bis(DL-1-carboxy-2-(1H-indol-
3-yl)ethan-1-aminium) oxalate acetic acid solvate more
commonly named bis(DL-tryptophanium) oxalate acetic acid
solvate, a proton is transferred from the oxalic acid to the
amine nitrogen of tryptophan and the acetic acid remains
neutral. The oxalate anion is situated on an inversion centre.
The aminium moiety of the tryptophanium cation forms
NH⋯O hydrogen bonds to two acetic acid molecules
(N5⋯O20a = 2.9719(14) Å; a = x, y, z; N5⋯O20b = 2.827(2) Å; b =−x,
−y + 1, −z + 1) and an oxalate anion (N5⋯O17b = 2.8404(16) Å).
The indole nitrogen forms an NH⋯O hydrogen bond with
the carbonyl oxygen of another tryptophanium cation
(N9⋯O2c = 3.0209(16) Å; c = x, y + 1, z). The carboxylic acid
group of the tryptophanium cation forms an OH⋯O
hydrogen bond with the oxalate anion (O1⋯O17d = 2.5582(13)
Å; d = x, y − 1, z). The acetic acid is also hydrogen bonded to
the oxalate anion (O19⋯O16e = 2.5621(14) Å; e = x − 1, y − 1, z).

Two tryptophanium cations and two oxalate anions
form R44(20) hydrogen bonded rings. Two tryptophanium
cations and two acetic acid molecules form R42(8) rings.
Tryptophanium cations and oxalate anions form C22(10)
chains, resulting in hydrophilic and hydrophobic layers
parallel to [100].
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