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The bioinorganic complex of aspartic acid and arsenic triiodide was synthesized by a solid-state reaction at room temperature. The
formula of the complex is AsI

3
[HOOCCH

2
CH(NH

2
)COOH]

2.5
.The crystal structure of the complex belongs tomonoclinic system

with lattice parameters: 𝑎 = 1.0019 nm, 𝑏 = 1.5118 nm, 𝑐 = 2.1971 nm, and 𝛽 = 100.28∘. The infrared spectra can demonstrate the
complex formation between the arsenic ion and aspartic acid, and the complex may be a dimer with bridge structure. The result
of primary biological test indicates that the complex possesses better biological activity for the HL-60 cells of the leukemia than
arsenic triiodide.

1. Introduction

Arsenical compounds are toxicoid and hazardous materials.
But the oxide and sulfide of arsenic can be used as the
medicaments in the traditional Chinese medicine. Potassium
arsenite was first reported for leukaemia treatment in 1865.
Indeed, the main group metal elements, such as arsenic,
antimony, and bismuth, can possess not only toxicity but also
a certain biologic or medicinal function. For example, some
compounds of arsenic, antimony, and bismuth can have good
cytotoxicity and antitumor activities [1–5]. Nowadays, based
on the gradually understood characteristics of these elements,
many arsenic, antimony, and bismuth compounds have been
synthesized and some have clinical and health applications.
Currently, the major medicinal use of the compounds is
focussed in two fields: antimicrobial and anticancer. Pharma-
cological applications of the inorganic complexes of themetal
ion and organic ligands have also been reported [6, 7]. In par-
ticular, the arsenic trioxide has appreciable biological activity
for the cell line of acute promyelocytic leukemia (APL) [8–11],

but the amount of arsenic trioxide must be controlled strictly
in clinical therapy because of high toxicity. The investigation
of arsenic interactions with potential targeting biomolecules,
including amino acids, peptides, proteins, and enzymes, will
lead to understanding of the mechanism of action of these
complexes and in turn to the further application in medicine.
Thus, seeking arsenical medicament with high curative effect
and low toxicity is urgent to clinical therapy of leukemia.
Some complexes of arsenic have been reported [12, 13].

There are always the natural amino acids in the human
body. A lot of bioinorganic complexes of the natural amino
acids and various transition metal ions have been prepared.
However, the chemistry of natural amino acids of main
group elements is less widely explored than that of transition
metals, in particular the synthesis, structures, and biological
activities of arsenic (III) complexes with natural amino acids.
Therefore, to prepare the complexes of the arsenic and natural
amino acids and to study the biologic activity of these
complexes will be very interesting not only for the biologic
chemistry of main group metal elements but also for the
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medicinal application of the amino acid complexes. Some
amino acid or peptide complexes of antimony and bismuth
have been synthesized by a direct solid-solid reaction [14–
17]. Aspartic acid is one of the natural amino acids in the
humanbody.Wefind that the aspartic acid complex of arsenic
can be synthesized very easily through a direct solid-solid
reaction of the aspartic acid and arsenic triiodide powders.
The characterizations can demonstrate the complex forma-
tion between the arsenic ion and aspartic acid. In particular,
the primary biological test shows that the complex possesses
larger inhibition rate on the growth of the HL-60 cells of the
leukemia than arsenic triiodide.

2. Materials and Methods

All the chemicals used in the experiments are analytical
reagents as received from commercial sources and with-
out further purification. First, weigh 1.00 g aspartic acid
and 1.36 g AsI

3
and very well mix up the two reactants

together in an agate mortar. The molar ratio of AsI
3
to

HOOCCH
2
CH(NH

2
)COOH is 1.0 : 2.5. Then, the mixture

was grinded carefully. At first, the color of the mixture
was orange and then became yellow. This indicated that
the reaction did happen. The reaction was conducted in
grinding at room temperature for 6 h. The resultant was
washed repeatedly by dehydrated ethanol. Last, the resultant
was dried at 40∘C in a vacuum drying oven for 4 h. The
yield of the complex was 95.8%.The resultant is the yellowish
powder. Unlike arsenic triiodide, the resultant does not show
appreciable moisture.

The contents of carbon, hydrogen, and nitrogen in the
resultant were determined by an Elementar Vario EL III
elemental analyzer.The content of arsenic in the resultant was
measured on a TJA IRIS 1000 ICP-AES analyzer.The analyses
results are C (calcd. 15.23%, found. 15.29%), H (calcd. 2.24%,
found. 2.37%), N (calcd. 4.44%, found. 4.59%), and As (calcd.
9.50%, found. 9.38%). This shows that the possible formula
of the resultantwill beAsI

3
[HOOCCH

2
CH(NH

2
)COOH]

2.5
.

We find that the complex with 1.0 : 3.0 molar ratio of AsI
3

to HOOCCH
2
CH(NH

2
)COOH cannot be prepared by the

same method.
To characterize if the resultant was a single-phase com-

pound, the powder X-ray diffraction pattern of the resultant
was recorded by a Rigaku D/max-YB X-ray diffractometer,
Cu K

𝛼1
radiation, and Ni filter, and scanning rate was

2∘(2𝜃)min−1 at room temperature (𝜆 = 0.154056 nm). The
powder X-ray diffraction pattern of the resultant is shown in
Figure 1. The results of indexing to the powder X-ray
diffraction pattern are listed in Table 1.The infrared spectrum
of the resultantwasmeasured by aNicolet 5SXC spectrometer
and the potassium bromide disk technique. The infrared
spectrum of the complex in the range from 400 cm−1 to
4000 cm−1 is shown in Figure 2.

The HL-60 cell line is from Shanghai Institute of Bio-
chemistry and Cell Biology. The MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) colorimetric
method was used to test the inhibition activities of the
complex and arsenic triiodide on the growth of the HL-60
cells in the culture medium with different concentrations

Table 1:The experimental data and the calculated results for powder
X-ray diffraction pattern of title complex (monoclinic system: 𝑎 =
1.0019 nm, 𝑏 = 1.5118 nm, 𝑐 = 2.1971 nm, and 𝛽 = 100.28∘).

Number ℎ 𝑘 𝑙 dexp/nm dcal/nm 𝐼/𝐼
0

1 0 2 1 0.7132 0.7135 6.9
2 1 2 0 0.6011 0.5999 0.8
3 1 0 3 0.5374 0.5378 7.9
4 0 1 4 0.5092 0.5089 2.5
5 −1 1 5 0.4088 0.4090 23.0
6 −2 1 4 0.3893 0.3882 7.2
7 1 2 4 0.3820 0.3815 3.0
8 0 2 5 0.3744 0.3753 7.3
9 0 4 2 0.3570 0.3568 85.3
10 −2 3 2 0.3481 0.3484 5.4
11 2 3 1 0.3398 0.3409 6.4
12 −3 1 0 0.3211 0.3211 100.0
13 3 0 1 0.3159 0.3166 15.0
14 1 4 4 0.2868 0.2872 12.5
15 −3 3 2 0.2772 0.2768 1.1
16 −2 5 1 0.2591 0.2588 4.1
17 2 2 6 0.2533 0.2534 22.4
18 −1 1 9 0.2407 0.2405 6.2
19 3 4 2 0.2351 0.2349 2.1
20 −2 4 7 0.2277 0.2279 3.3
21 −4 3 3 0.2217 0.2219 1.4
22 −2 5 7 0.2077 0.2076 36.5
23 3 0 7 0.2072 0.2073 1.0
24 −3 6 3 0.1983 0.1983 16.8
25 −5 2 5 0.1868 0.1869 1.3
26 −4 5 6 0.1796 0.1794 20.8
27 3 2 9 0.1745 0.1744 11.0
28 −5 3 7 0.1707 0.1708 1.2
29 −6 0 0 0.1644 0.1643 1.4
30 −6 1 6 0.1598 0.1598 4.2
31 2 8 8 0.1435 0.1436 3.6
32 −6 6 6 0.1354 0.1355 3.9
33 2 9 8 0.1337 0.1337 5.6
34 5 7 5 0.1327 0.1328 2.9
35 5 6 8 0.1272 0.1271 1.9
36 7 6 2 0.1201 0.1201 0.8

of the complex or arsenic triiodide. First, the HL-60 cells
(cell suspension adjusted to 20 × 104 cells/mL) of logarithmic
growth phase were cultured in the 100 𝜇L fresh RPMI-1640
culture medium containing 10% inactivated newborn calf
serum, in 96-well plates incubator maintained at 37∘C in a
95% air containing 5% carbon dioxide atmosphere at 100%
humidity. The procedure was repeated at intervals of 72 h.
The physiological salt solution with different concentrations
of the complex or arsenic triiodide was added to the test
culture medium, respectively. The control culture medium
does contain neither the complex nor arsenic triiodide. The
blank culture medium does not contain any HL-60 cell. After
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Figure 1: Powder X-ray diffraction pattern of title complex.
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Figure 2: Infrared spectra of title complex.

3 days, a certain amount of the MTT (5𝜇g/mL) physio-
logical salt solution was added to the various test culture
media, the control culture medium, and the blank culture
medium, respectively. The above culture media hold in the
incubator for 4 h. After 200𝜇L solvent of dimethyl sulphoxide
was added to 200𝜇L of supernatant liquor from eachwell, the
solutions were homogenized for 10min. Last, the inhibition
activities of the complex or arsenic triiodide on the growth
of the HL-60 cells in the various test culture media with
different concentrations of the complex or arsenic triiodide
were determined. Absorbance was measured in an automatic
enzyme-mark analyzer at 530 nm wavelength. The inhibition
rates of the complex and arsenic triiodide on the growth
of the HL-60 cells in the culture medium with different
concentrations of the complex and arsenic triiodide are
shown in Figure 3, respectively.

3. Results and Discussion

All the peaks in the X-ray diffraction pattern of the resultant
can be readily indexed by a set of lattice parameters according
tomonoclinic system, although the number of the diffraction
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Figure 3: Inhibition rate of title complex (A) and AsI
3
(B) on the

growth of the HL-60 cells in the culture medium with different con-
centrations of AsI

3
[OOCCH

2
CH(NH

2
)CO]
2.5
⋅2.5H

2
O and AsI

3
.

peaks in the pattern is more. As Table 1 shows, all the
relative deviations between the calculated and experimental
𝑑
ℎ𝑘𝑙

are less than 0.5%. This indicates that the resultant is
a single-phase compound with monoclinic symmetry. The
crystal structure of arsenic triiodide belongs to hexagonal
system (JCPDS card 7-272). Although the crystal structure
of L-aspartic acid also belongs to monoclinic system (JCPDS
card 23-1519), the lattice parameters (𝑎 = 0.7608 nm, 𝑏 =
0.6966 nm, 𝑐 = 0.5122 nm, and 𝛽 = 99.44∘) of L-aspartic acid
are very different from the lattice parameters (𝑎 = 1.0019 nm,
𝑏 = 1.5118 nm, 𝑐 = 2.1971 nm, and 𝛽 = 100.28∘) of the
resultant complex. So, the resultant must be a new com-
plex with a formula AsI

3
[HOOCCH

2
CH(NH

2
)COOH]

2.5
.

Many complexes of arsenic are often dimer [18]. The new
complex may also be a dimer and possess the formula
I
3
As[HOOCCH

2
CH(NH

2
)COOH]

5
AsI
3
. The dimer always

possesses a bridge structure. The configuration of the com-
plex may be [HOOCCH

2
CH(NH

2
)COOH]

2
AsI
3
[HOOC-

CH
2
CH(NH

2
)COOH]AsI

3
[HOOCCH

2
CH(NH

2
)COOH]

2
.

Figure 2 shows the infrared spectrum of the resultant.
There is an absorption peak at 3430 cm−1 in the infrared
spectrum of the complex. Generally, the absorption peak at
3430 cm−1 can be assigned to the stretching vibration of
the O–H bond from the water molecule [19]. This shows
that there may be the water molecules in the solid complex.
Besides, there is also an absorption peak at 1888 cm−1 in
the infrared spectrum of the complex, unlike in the infrared
spectrum of aspartic acid. In particular, we have noted that
the absorption peak at 1510 cm−1 is the most intense peak in
the infrared spectrum of aspartic acid [20]. But the intensity
of the absorption peak at 1305 cm−1 is appreciably larger than
that of absorption peak at 1510 cm−1 in the infrared spectrum
of the complex. The absorption peak at 1888 cm−1 in the
infrared spectrum of the complex may be from the vibration
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of the carboxylic acid radical (–CO–O–OC–) group [19].
If this assignment is correct, we can understand why the
absorption peak at 1305 cm−1 is such intense in the infrared
spectrum of the complex. Because the vibration of the
C–O–C bond in the carboxylic acid radical group can always
give a very intense absorption peak at about 1300 cm−1 in
the infrared spectrum [19], the presence of the absorption
peaks from the various vibrations of the carboxylic acid
radical group can reasonably explain the appearance of new
absorption peak at 3430 cm−1 from the stretching vibration of
the O–H bond in the infrared spectrum of the solid complex.
As above mentioned, the complex is prepared through a
direct solid-solid reaction, and the complex does not show
moisture.Therefore, thewatermolecules in the complexmust
be produced in the synthesis process of the complex. If the
dehydration reaction of the aspartic acid can occur in the
synthesis reaction process of the complex, the dehydration
reaction must lead to formation of the water molecule and
carboxylic acid radicals groups. This is just why there are
the absorption peaks both from the vibration of the O–H
bond of thewatermolecule and from the vibrations of various
bonds of the acid radical groups in the infrared spectra of the
complex. On the basis of the above experimental results, we
consider that themost possible formula of the dimer complex
is {AsI

3
[OOCCH

2
CH(NH

2
)CO]
2.5
⋅2.5H
2
O}
2
.

As Figure 3 shows, the primary biological test can demon-
strate that the aspartic acid complex of arsenic possesses
better inhibition action on the growth of the HL-60 cells of
the leukemia than the pure arsenic triiodide. To compare
the concentration (IC

50
) of the complex and arsenic triiodide

in the test culture medium, when the inhibition rate of the
complex or arsenic triiodide on the growth of the HL-60 cells
is 50%, IC

50
(about 20𝜇mol/L) of the complex is only a half

of IC
50
(about 40 𝜇mol/L) of arsenic triiodide. In particular,

the inhibition rate of the complex on the growth of the HL-
60 cells increases rapidly with increasing the concentration
of the complex when the concentration of the complex in test
culture medium is smaller. Besides, we have also noted that
the inhibition rate of the complex on the growth of the HL-
60 cells is always larger than that of the pure arsenic triiodide
when the molar concentration of the complex and arsenic
triiodide in test culturemedium is the same.The difference of
the complex AsI

3
[OOCCH

2
CH(NH

2
)CO]
2.5
⋅2.5H
2
O from

arsenic triiodide is only that the complex contains some
aspartic acid radical groups coordinated to the arsenical ion.
It is not reported that the aspartic acid can possess any
inhibition action on the growth of the HL-60 cells.Therefore,
we can reasonably conclude that the complex formation of
the aspartic acid radical groups and arsenic triiodide or the
presence of the aspartic acid radical groups must play an
enhanced role for the inhibition activity of arsenic triiodide
on the growth of the HL-60 cells. Because even if all the
complex molecules in test culture medium had been dis-
sociated when the molar concentration of the complex and
arsenic triiodide in test culture medium is the same, the
concentrations of the free arsenic triiodide or arsenical ions
in the test culture medium and without the complex must
be the same. If the organic ligand (or aspartic acid radical

group) could not play any enhanced role for the inhibition
activity of arsenic triiodide on the growth of the HL-60 cells,
the inhibition rate of the complex on the growth of the HL-
60 cells would be the same or close to that of the pure
arsenic triiodide. Obviously, the experimental results show
that the organic ligand or the aspartic acid radical group in
the complex can play an enhanced role for the inhibition
activity of arsenic triiodide on the growth of the HL-60 cells.
Although the above biological test gives only the primary
results, this can still demonstrate that some organic ligands
in the bioinorganic complex of arsenic can enhance the
inhibition activity of arsenic on the growth of the HL-60 cells
of the leukemia. Perhaps to synthesize some complexes of
arsenic and the amino acids with better inhibition activity on
the growth of the HL-60 cell of the leukemia will be possible.

4. Conclusions

New solid bioinorganic complex of the aspartic acid
and arsenic triiodide can be synthesized very easily by a
room temperature solid-state reaction of the aspartic acid
and arsenic triiodide powders. The advantages of this
synthetic method is simple and convenient operation,
high yield, energy saving and environmental friendly,
it is in accordance with the requirements of green
chemistry. The crystal structure of the complex belongs
to monoclinic system. The infrared spectrum demonstrates
the complex formation between the arsenical ion and the
organic ligands. The complex may be a dimer with bridge
structure. The formula of the dimer complex may be
{AsI
3
[OOCCH

2
CH(NH

2
)CO]
2.5
⋅2.5H
2
O}
2
. The oxygen

atoms of two –CO bonds in a carboxylic acid radical
(–CO–O–OC–) group will be coordinated to the two
arsenical ions in two complex molecules, respectively. In this
case, theM–OC–O–CO–Mbridge links can be formed in the
solid complex. The primary biological test can demonstrate
that the complex possesses better inhibition activity on the
growth of the HL-60 cells of the leukemia than the pure
arsenic triiodide. Perhaps this may be because the aspartic
acid radical groups in the complex play a certain enhanced
role for the inhibition activity of arsenic triiodide on the
growth of the HL-60 cells.
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