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Abstract
C8H15NO4S, orthorhombic, P212121 (no. 19), a = 5.0215 (3) Å,
b = 7.0392 (5) Å, c = 28.0593 (19) Å, V = 991.82 (11) Å3, Z = 4,
Rgt(F ) = 0.0462, wRref(F 2) = 0.0899, T = 100 K.

CCDC no.: 2367970

The molecular structure, hydrogen bonds, a part of the title
crystal structure and the electrostatic energy framework
are shown in the figure. Tables 1 and 2 contain details on
the crystal structure as well as measurement conditions
and a list of the atoms including atomic coordinates and
displacement parameters.

1 Source of materials

L–Cysteine (12.1 g, 0.1 mol) and 4-pentenoic acid (11 g,
0.11 mol) were dissolved in 500 mL of water containing 4.4 g
(0.11 mol) of NaOH and left overnight at room temperature.
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The solution was further acidified with 6.6 mL (0.11 mol) of
glacial acetic acid and allowed to stand at 4°C for next 3 days.
Colourless plates of chromatographically pure crystalline
CBC have formed during this time; the crystalline mass was
filtered out, washed with cold 95 % ethanol, dried on air and
used for subsequent diffraction studies. Element analysis.
Calc. for C8H15NO4S: N, 6.33 %. Found: N, 6.37 %. Exactmass of

the [M+H]+ ion in ESI mass-spectrum. Calc. for C6H12NO4S:
m/z 222.07. Found: m/z 222.08.

2 Experimental details

The Flack absolute structure parameter determined (−0.02
(3) for 1277 quotients5) is consistent with the (2R) configu-
ration, which was assigned for this molecule on the basis of
the known configuration for the starting material L-cysteine.
Data were corrected for Lorentz, polarization, and absorp-
tion effects. The hydroxyl and ammonium hydrogen atoms
were located in difference Fouriermaps andwere allowed to
refine freely. The remaining H-atoms were placed at calcu-
lated positions and included in the refinement using a riding
model. All hydrogen atom thermal parameters were con-
strained to ride on the carrier atoms (Uiso(methine
H) = 1.2 Ueq and Uiso(methyl H) = 1.5 Ueq).

3 Comment

The title compound, S-(4-carboxybutyl)-L-cysteine (CBC), is
a synthetic analog of two important biologically active S-
carboxyalkylcysteines, a mucolytic drug S-carboxymethyl–
L-cysteine (carbocisteine, CMC) and a natural insecticide
from legumes S-(2-carboxyethyl)–L-cysteine (β–CEC).6 Both
CMC and β–CEC are thioether-containing amino acids and,
similarly to methionine, possess the antioxidant capacity
that could be employed in clinics.7 Recently,8,9 we have
demonstrated that CMC and β–CEC can protect DNA from
oxidative degradation, protect airway and kidney cells from
cytotoxic platinum drugs or copper oxide nanoparticles,
mitigate pro-inflammatory signaling in the cells. In contin-
uation of our studies on antioxidant amino acids,8–10 we
have synthesized CBC and report here its molecular and
crystal structure.

The asymmetric unit of the title structure contains one
molecule of CBC, shown in the Figure generated by Mer-
cury.11 The valence bond lengths and angles are in the
expected ranges. The molecule of this dicarboxylic amino
acid exists as a zwitterion, with positively charged pro-
tonated α-amino group and negatively charged deproto-
nated α-carboxylic group. Most of non-hydrogen atoms,
with exception of N1, O1, and C3, are located within 0.3 Å
from a molecular plane. There is a weak intramolecular
hydrogen bond between the ammonium donor and thio-
ether acceptor heteroatoms (N1/S1 = 3.112 (3) Å,
H1C/S1 = 2.83 (4) Å, N1–H1C/S1 = 101 (3)°). The conven-
tional hydrogen bonding in crystal structure of CBC is
extensive, involves all heteroatoms and forms network

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

S . () . () . () . ()
O . () −. () . () . ()
O . () −. () . () . ()
C . () −. () . () . ()
O . () −. () −. () . ()
O . () . () −. () . ()
C . () . () . () . ()
HA . () −. () . () .*
HB . () . () . () .*
C . () −. () . () . ()
HA . () . () . () .*
HB . () −. () . () .*
C . () . () −. () . ()
HA . () . () −. () .*
HB . () . () −. () .*
C . () −. () −. () . ()
HA . () −. () −. () .*
HB . () −. () −. () .*
N . () −. () . () . ()
C . () −. () . () . ()
H . () −. () . () .*
C . () . () . () . ()
HA . () . () . () .*
HB . () . () . () .*
C . () −. () −. () . ()
HA . () −. () . () . ()*
HB . () −. () . () . ()*
HC . () −. () . () .*
H . () . () −. () .*

Table : Data collection and handling.

Crystal: Colourless plate
Size: . × . × .mm
Wavelength:
μ:

Mo Kα radiation (. Å)
.mm−

Diffractometer, scan mode:
θmax, completeness:

Bruker APEX II, φ and ω
.°, >%

N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: Bruker, SHELX,, Olex
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layers propagating in parallel to (001). Each layer is formed
by a system of intercrossing chains. In the [100] direction,
the heterodromic chain/H1C–N1–H1B/O1–C1–O2/H4–
O4–C8–O3/H1C–N1–H1B/ incorporates the shortest het-
eroatom contact formed between the α- and η-carboxylic
groups (O4/O2 = 2.534 (3) Å, H4/O2 = 1.64 (4) Å, O4–
H4/O2′ = 168 (4)°, ’ = 3/2−x, −y, −1/2 + z). In the [010]
direction, the antidromic chains/H1A–N1–H1B/O1/H1A–
N1–H1B/O1/ feature bifurcated H-bonds at the O1 atoms.
The network is reinforced by the short C3–H3A/O4 and C4–
H4B/O3 contacts contributing to the polar interactions in the
crystal structure, as well.

To account for all interactions contributing to the crystal
structure, we have performed DFT calculations, at the B3LYP/
6–31 G(d,p) theory level,12,13 of the electrostatic, dispersion,
polarization, and repulsion energies in the CBC crystal struc-
ture. According to the calculations, the interactions between
pairs ofmolecules linked via theN1–H1B/O1″ hydrogen bond
(” = 2−x, −1/2 + y, 1/2−z) provided the largest contribution,
about 30 %, to the lattice energy, with the electrostatic in-
teractions contributing the most for the attractive forces be-
tweenneighbouringmolecules of CBC (i.e.Eelstat =−90.3 kJ/mol,
Eenergy-dispersive = −15 kJ/mol for 2 − x, −1/2 + y, 1/2 − z). The
spatial distribution of the energetically most significant in-
teractions is illustrated in the Figure, showing the electrostatic
energy framework as red cylinders penetrating the crystal
lattice of CBC. The cylinders connect centroids of the inter-
acting molecules, and their diameters are proportional to the
total energies of the interactions, with the 10 kJ/mol cut-off, for
clarity. The most extensive intermolecular interactions occur
in the directions parallel to [001]. To estimate the crystal
structure energy, the total energies of unique pairwise in-
teractions between molecules were integrated, thus yielding
Ecryst = −353.5 kJ/mol for the CBC crystal.
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