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Abstract
A novel guanidine organomercury complex 1, [HgCl(DNP)]·CH5N3·CH3CN 1 (DNP = 2,4- dinitrophenol), has
been synthesized. Each mercury(II) atom is tricoordinated to one chlorine atom, one carbon atom of the
benzene ring, and one oxygen atom from 2, 4-dinitrophenol. The coordination arrangement around the
mercury atom is Y-shaped. This is the �rst structural report on an organomercury derivative of 2, 4-
dinitrophenol and guanidine. The distance of Hg-Cl between the two Hg ions groups is 3.272 Å, which
indicates the presence of weak Hg···Cl interactions. Secondary bonds make complex 1 form 3D
interspersed network structure, which is 2D [HgCl(DNP)CH5N3]n plane and 1D solvent [(CH3CN)2]∞
broadband. The antibacterial activity of 1 were studied. It shows complex 1 has very good bactericidal
activity, and is also a potential antimicrobial agents.

Introduction
Guanidine is a strong organic base, which is found in urine and is a metabolite of protein [1]. Guanidine,
commonly used in the form of salt, is an intermediate in organic synthesis (synthetic heterocyclic
compounds), drug synthesis, and dye synthesis [2]. Many derivatives of guanidine are physiologically
important, such as p-aminobenzene sulfonyl guanidine, an anti-in�ammatory intestinal drug [3]. The
antiviral morpholine guanidine also contains guanidine. Guanidine is used as a nucleophile and catalyst
in various reactions [4]. Many compounds of biological signi�cance were synthesized by nucleophilic
reaction of guanidine [5–7]. Guanidine ligands containing CN3 have been widely used in the synthesis of
a variety of metal complexes, using them as neutral, single or double anion ligands to form a variety of
new complexes with metal structures [8, 9]. Guanidine compounds are a kind of super-base compounds,
which can be used as organic catalysts, as carriers of transition metals, and as main group elements to
form guanidine complexes [10–13].

Compounds formed by d10 metal ions Zn(II), Cd(II) and Hg(II), with organic ligands have attracted wide
attention due to their excellent properties and can be used in organic light-emitting diodes [14–15],
photocatalytic reaction catalysts [16] and �uorescence sensor materials [17–19]. However, Hg(II) ionic
complexes have been less studied, mainly because mercury (II) ions are harmful to both the environment
and human health. Analysis of the concentration of mercury ions in the environment has become the
mainstream of chemists. Hg(II) ions have a �exible coordination environment, reported from two to eight
coordination, and can be used to construct coordination polymers and frames. When combined with
mercury ions, organic compounds can signi�cantly change their properties for high sensitivity and
selective mercury sensors. However, complexes of guanidine and mercury have been rarely reported.

2,7-dibromo-4'-(hydroxymercurio)-�uorescei disodium salt (Mercurochrome) is the oldest organic mercury
topical disinfectant, which is used for disinfecting super�cial wounds. Mercurochrome is the most
common bacteriostatic agent in China. Antimicrobial resistance has become a serious threat to human
health and economic development [20]. Many strategies involving the development of new antimicrobial
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agents [21], the revival of old antibiotics [22], and combination therapy had been putting forward to �ght
or delay resistance [23].

As we can know, the crystallographic structural studies should provide much more detailed information
characterizing rather than the spectroscopic investigations. Interaction between ligands, metal ions or
host molecules plays a vital role in the nucleation and growth of a molecular crystal. Up to date guanidine
organic mercury compounds are rarely reported [24]. Herein, we have reported the crystal structure and
germicidal property of [HgCl(DNP)]•CH5N3•CH3CN.

Experimental
Synthesis

The commercially available Hg(CH3COO)2 (0.01mol, 3.19g), 2,4-dinitrophenol (DNP, 0.01mol, 1.84g) and
guanidine hydrochloride (CH6N3Cl, 0.01mol, 0.96g), was dissolved in 30 mL CH3CN solution, by using a
pot in the te�on in the reaction kettle, and then set at 180ºC in 8 hours. Then, temperature control to
reduce the rate of 60ºC/h to room temperature, opening the reaction kettle get acicular red block crystal,
the yield of 78.5% based on Hg(CH3COO)2. The red block crystals suitable for diffraction is obtained
directly. The single crystals X-ray con�rmed that the red block crystal was [HgCl(DNP)]•CH5N3•CH3CN.
The elemental analysis supports this formulation. Anal. Calc. for C9H10ClHgN6O5: C, 20.84%; H, 1.93%; N,
16.21%; Cl, 6.85%; Hg, 38.70%; O, 15.44%. Found: C, 20.67%; H, 1.89%; N, 16.04%.

Structure determination

The diffraction data were collected on an SMART APEXII diffractometer with graphite monchromatic Mo-
Kα (λ = 0.71073 Å, T = 293K) radiation. Empirical absorption correction was carried out by using the
SADABS program. Their structures were solved by direct methods and re�ned by least squares on Fobs

2

with SHELXTL software package. All non-H atoms were anisotropically re�ned. The hydrogen atoms were
located by difference synthesis and re�ned isotropically. The molecular graphics were plotted using
SHELXTL. Atomic scattering factors and anomalous dispersion corrections were taken from International
Tables for X-ray Crystallography. A summary of the key crystallographic information was given in
Supporting Information (SI) Table S1. The CCDC number is 2042589.

Antibacterial property test for guanidine derivative

Main instruments and equipment: High temperature and high pressure steam sterilizer (Hirayama VE-50).
Multi-function marker (Switzerland TECAN SPARK 10M). Clean table (SW-CJ-2FD). Constant temperature
vibration Swing device (IS-RDV1). Analytical Electronic balance (FA2004).

The main reagent: Tryptone (AR), Yeast powder (AR), Agar powder (AR), NaCl (AR).

Bacterial strain: E. coli, Staphylococcus aureus.
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Sample to be tested: Sample 1 to 9, for the structure of compounds 1-9 see Supporting Information (SI)
page 4-6.

Preparation of LB medium

LB liquid medium: Using a measuring cylinder, 100 mL distilled water was poured into a 250 mL reagent
bottle, and 1 g tryptone, 0.5 g yeast powder and 1 g sodium chloride were weighed by analytical electronic
balance, respectively. The above weighing reagent was added to mix well, and sterilized in a high-
temperature and high-pressure steam sterilization pot at 121 ℃ for 15 minutes.

LB solid medium: Using a measuring cylinder, 100 mL distilled water was poured into a 250 mL reagent
bottle, and then 1 g tryptone, 0.5 g yeast powder, 1 g sodium chloride and 1.5 g AGAR powder were
weighed by analytical electronic balance. The above weighing reagent was added to mix well, and put in
a high temperature and high pressure steam sterilization pot at 121℃ for 15min to be used after
sterilization.

Preparation of bacterial suspension

Three 12 mL bacterial culture tubes were added into 3 mL LB liquid medium. 6 L Staphylococcus aureus
and Escherichia coli freezers were added to two of them, and the other one was used as blank control. It
was placed in a thermostatic oscillator (37 ℃, 200 RPM) and incubated overnight (15 h). OD 460 (1.25
for E. coli OD 460, corresponding concentration of 5.9×108 CFU/mL) was measured on a multifunctional
microplate reader.Staphylococcus aureus OD 460 was 1.5 and the corresponding bacterial liquid
concentration was 5.8×108 CFU/mL. Then LB medium was used to dilute the bacterial suspension to
5×106 CFU/mL for later use.

Treatment of samples to be tested

5 mg samples to be tested were respectively weighed and placed in a 15 mL centrifuge tube according to
groups, and then sterilized at 121℃ for 20 min in a high temperature and high pressure steam
sterilization pot.

Plate coating count test

The LB liquid medium was used to dilute the bacterial suspension to a concentration of 5×106 CFU/mL,
and then 1 mL of the bacterial suspension was absorbed and added to a 15 mL centrifuge tube with the
sterilized sample. The suspension was placed in a thermostatic oscillator at 37℃ and oscillated at 200
RPM for 18 h.

After the culture was completed, 100 L bacterial suspension was diluted with a ratio of 10 times (10-5, 10-

6 and 10-7 were used in this test), and 100 L was uniformly coated on LB solid medium. Placed in a
constant temperature incubator for 18 h at 37℃, the number of colonies was recorded and photos were
taken.
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Results And Discussion
Crystal structure

Single crystal X-ray analysis showed that the structural unit of title compound 1 was composed of the
host [HgCl(DNP)]1- anion, the guest guanidine (CH6N3)1+ cation and the solvent molecule CH3CN. The
bond lengths and bond angles, ORTEP diagram and corresponding atomic numbers are shown in
Supplementary Materials Table SI, Table S2 and Figure S1. As a bidentate ligand, DNP is best described
as (DNP)2-, it should lose two protons in OH group and CH group to provide two negative charges. The
host is expressed as [HgCl(DNP)]1- anion. The guest guanidine absorbs a proton with a positive charge,
and the whole molecule is electrically neutral. The metal Hg is in triangular coordination with the oxygen
atoms on the hydroxyl group, the carbon atoms on the benzene ring and the Cl- anion. The length of Hg-C
bond is 2.058(5)Å, and the length of Hg-Cl bond is 2.328(1)Å, both of which are consistent with similar
structures reported previously [25-27]. The Hg-O bond distance is 2.981(1)Å, which is signi�cantly longer
than the commonly reported bond distance (average 2.07Å) [28-29], indicating the existence of a weak
chemical bond between Hg and O atoms. Considering the long-term force, Hg atoms form chemical
bonds with Cl along the b axis, and the length of the Hg-Cl bond is 3.272(3)Å, which can be considered as
electrostatic force. Thus, the coordination environment of Hg atoms can be described as a tetragonal
pyramid structure, and the host can be represented as the [HgCl(DNP)]nn- one- dimensional trapezoidal
polymer (Fig. 1).

In the crystal, each unit contains one [HgCl(DNP)]1-, one (CH6N3)1+ cation and one CH3CN molecules.

(CH6N3)1+ cation and CH3CN is forming the strong hydrogen bonds with donor and acceptor distance of
3.054 Å and 2.845 Å, respectively. CH3CN molecules are joined end to end to form one dimensional
chains (CH3CN)∞, which then form double-chains [(CH3CN)2]∞ structures by strong π···π action of the

C≡N groups. The (CH6N3)1+ cation is located on both sides of double-chains, like a railing around CH3CN
molecules in the middle (Figure 2).

Secondary bonds play an important role in the construction of organomercury compounds [30].
Compound 1 exhibits a variety types of secondary interactions between host [HgCl(DNP)] and guest
CH5N3 and CH3CN. First, nitro-oxygen atoms in DNP formed strong hydrogen bonds with guanidine
hydrogen atoms, and the O···H bond lengths were 2.106 Å, 2.068 Å, 2.256 Å and 2.105 Å, respectively. The
corresponding donor and acceptor were established as N4···O1 distance of 2.856 Å, N3···O1 2.831 Å,
N5···O3 2.991 Å, and N3-O2 2.920 Å, respectively. These strong hydrogen bonds between host
[HgCl(DNP)] and guest guanidine form a plane with symmetrical structure (Figure 3a). Second, the plane
of [HgCl(DNP)]·CH5N3 connected double-chains [(CH3CN)2]∞ by strong hydrogen bond, with the N6···H of
2.237 Å, and the N6···N4 of 3.054 Å. Finally, double-chains [(CH3CN)2]∞ and [HgCl(DNP)]·CH5N3 plane
form interpenetration structure as shown in Figure 3b. Detailed data for the hydrogen bonds are given in
SI Table S3. All the above-mentioned secondary interactions and the hydrogen bonds at the
supramolecular level lead to a three-dimensional network (Figure 3c).
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The antibacterial results show

Bacterial infections are responsible for a large number of deaths every year worldwide. Both Escherichia
coli and Staphylococcus aureus are important human pathogens and representatives of Gramobacteria.
The human infections caused by them rank the �rst and second in the world. These two bacteria are also
prone to develop drug resistance. As a result, they are the most studied bacteria in modern biology [31].
Guanidine complex have been experimentally documented to possess broad-spectrum antibacterial and
antifungal activities, and they can remarkably inhibit the growth of Gram-positive bacteria, yeast, and
fungi [32-35]. Moreover, they also show antitrichomonal and antitumor activities [36]. Our research group
has been engaged in the synthesis and properties research of guanidine derivatives, and found that
guanidine compounds have certain bactericidal activity [37]. The antibacterial tests of guanidine
compounds were carried out by plate coating counting method.

The antibacterial experiment data of guanidine compounds, and coli and staphylococcus aureus
experiment photo, are found in SI Table S4 and Page 8-11. Figure 4 shows the comparative data of
bactericidal e�cacy of Escherichia coli and Staphylococcus aureus. From Figure 4 we can clearly see
that the bactericidal properties of the title compound are almost 100%, which antibacterial property was
signi�cantly better than those of other guanidine compounds synthesized by us. It is expected that the
title complex is a potential and candidate drug for new fungicides.

Conclusions
In summary, a new organomercury complex [HgCl(DNP)]·CH5N3·CH3CN was synthesized and prepared
through a simple method. Crystal structure analysis showed that interspersed with each other 3D network
structure formed by host [HgCl(DNP)] and guest CH5N3 2D plane and solvent molecules [(CH3CN)2]∞ 1D
broadband through strong secondary bonds is rare and novel. Also, guanidine stability in crystal structure
as an electroneutral molecule is reported for the �rst time. This could be helpful for future research on
drug release inhibitors. The study on bioactivity of guanidine derivatives shows that the complex 1 has
very good bactericidal activity, and is also a potential antimicrobial agents.

Declarations
Supporting Information Available: CCDC 2042589 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif. Detailed experimental procedure, crystal data, bond length,
bond angle, hydrogen bond and antibacterial property test data of the compounds are shown in the
supplementary materials.

Acknowledgements

We gratefully acknowledge Special Term Professor �nancial support from Henan University



Page 7/12

of Science and Technology

Funding

We gratefully acknowledge Special Term Professor �nancial support from Henan University

of Science and Technology

Con�icts of Interest:

No con�ict of interest exits in the submission of this manuscript, and the manuscript is approved by all
authors for publication. I would like to declare on behalf of my co-authors that the work described was
original research that has not been published previously, and not under consideration for publication
elsewhere, in whole or in part. All the authors listed have approved the manuscript that is enclosed.

References
1. Francos, V. Cadierno, Dalton Trans. (2019) https://doi.org/10.1039/c9dt01289c

2. Pricop, M.E. Fortună, D. Popovici, M. Asandulesa, C. Racles, M.F. Zaltariov, N. Marangoci, M. Savin , V.
Harabagiu, J. Inorg. and Organomet. Polym. and Mater. (2019) https://10.1007/s10904-019-01161-9

3. Gorbunova, L. Lemkina, A. Nechaev, J. Inorg. and Organomet. Polym. and Mater. (2021)
https://doi.org/10.1007/s10904-021-01941-2

4. Dong, X. Feng, Chem. Soc. Rev. (2018) https://doi.org/10.1039/c7cs00792b

5. J. Cragoe, O.W. Woltersdorf, J. Med. Chem. (1967) https://doi.org/10.1021/jm00313a014

�. Watanabe, H. Koike Bioorg. Med. Chem. (1997) https://doi.org/10.1016/S0968-0896(96)00248-9

7. Y. Cui, C. Tan, Org. Biomol. Chem. (2019) https://doi.org/10.1039/c8ob02240b

�. T. Edelmann, Adv. Organomet. Chem. (2013) https://doi.org/10.1016/B978-0-12-407692-1.00002-3

9. Chlupatý, A. Ruzicka, Coord, Chem, Rev. (2016) https://doi.org/10.1016/j.ccr.2015.07.012

10. G. Doyle, E.N. Jacobsen, Chem. Rev. (2007) https://doi.org/10.1126/science.aao5894

11. E. Taylor, S.D. Bull, Chem. Soc. Rev. (2012) https://doi.org/10.1039/c2cs15288f

12. J. Bailey, S. Pace, Coord. Chem. Rev. 214, 91–141 (2001).

13. Jones, Coord. Chem. Rev. 254,1273–1289 (2010).

14. N. Wang, Coord. Chem. Rev. 215, 79-98 (2001)

15. F. Liu, Q.G. Wu, J. Am. Chem. Soc. (2000) https://doi.org/10.1021/ja9944249

1�. Paw, S.D. Cummings, Coord. Chem. Rev. 171, 125-150 (1998)

17. D.L. Durantaye, T. McCormick, Dalton. Trans. (2006) https://doi.org/10.1039/b604047k

1�. Teolato, E. Rampazzo (2007) Chem Eur J 13: 2238-2246. https://doi.org/10.1002/chem.200600624

19. Taki, M. Desaki, J. Am. Chem. Soc. (2008) https://doi.org/10.1021/ja803429z

20. Laxminarayan, D. Sridhar, Science. (2016) https://doi.org/10.1126/science.aaf9286



Page 8/12

21. Cassir, J. Rolain, Front. Microbiol. (2014) https://doi.org/10.3389/fmicb.2014.00551

22. Bush, Curr. Opin. Pharmacol. (2012) https://doi.org/10.1016/j.coph.2012.06.003

23. Xu, L. Xu, Sci. Rep. (2018) https://doi.org/10.1038/s41598-018-25714-z

24. Rout, A.K. Manna, Inorg. Chim. Acta. (2019) https://doi.org/10.1016/j.ica.2018.11.021

25. A. Al-Maythalony, M. Fettouhi et al, Inorg. Chem. Commun. (2009)
https://doi.org/10.1016/j.inoche.2009.04.014

2�. K. Nicholson, S.K. Whitley, J. Organomet. Chem. (2004)
https://doi.org/10.1016/j.jorganchem.2003.10.040

27. K. Mohapatra, S. Nayak, Tetrahed. Lett. (2007) https://doi.org/10.1016/j.tetlet.2007.05.147

2�. Liu, P.F. Yan, Inorg. Chem. Commun. (2010) https://doi.org/10.1016/j.inoche.2010.03.005

29. P. Philipp, N. Christian, J. Chem. Sci. (2020) https://doi.org/10.1515/znb-2019-0171

30. Hu, M. Wang, J. Nat. Prod. (2018) https://doi.org/10.1021/acs.jnatprod.7b00859

31. Yuan, K. Hong et al, Mar. Drugs. (2013) https://doi.org/10.3390/md11030817

32. Ivanova, V. Gesheva, et al, J. Antibiot. (2000) https://doi.org/10.7164/antibiotics.53.627

33. Y. Kim, J.D. Kim et al, J. Basic. Microbiol. (2013) https://doi.org/10.1002/jobm.201200045

34. Y. Song, G.J. Yuan et al, Molecules (2019) https://doi.org/10.3390/molecules24213913

35. Q. Jia, W.Y. Zhou et al, ChemistrySelect. (2020) https://doi.org/10.1002/slct.202002938

3�. Jia J, Chen X et al, Org. Chem. (2019) https://doi.org/10.1134/S1070428019090215

37. Wang, P.Z. Zhang, Z. Naturforsch. (2018) https://doi.org/10.1515/znb-2018-0102

Figures



Page 9/12

Figure 1

The host [HgCl(DNP)]nn- is shown the trapezoidal structure by Hg-Cl electrostatic force along the b axis.
The guest (CH6N3)1- and solvent CH3CN are omitted for clarity.
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Figure 2

(a) CH3CN molecules are joined end to end by the C≡N···H hydrogen bond and π···π action to form a 1D
broadband, guanidine molecule located on either side of the broadband. (b) Space�ll view of
[CH5N3·CH3CN]n like “highway with guardrail”. The host HgCl(DNP) are omitted for clarity.

Figure 3

(a) View of 2D plane structure of [HgCl(DNP)CN5H3]n. (b) 2D [HgCl(DNP)CN5H3]n plane and 1D
[(CH3CN)2]∞ broadband interpenetrate 3D network through N-H···O, C-H···N, N-H···N and π···πinteractions
(dash lines). (c) 2D layer and 1D broadband are interpenetrating 3D network.
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Figure 4

The bactericidal effect of compounds 1-9 was tested by plate coating counting method. (a) Escherichia
coli. (b) Staphylococcus aureus. 1 = [HgCl(DNP)]·CH5N3·CH3CN; 2 =1,3-Bis(3,5-di-tert-butyl-2-
hydroxyphenyl-methylideneamino ) ; 3 =1,3-Bis(3-hydroxy-phenyl-methylideneamino) guanidine ;4=1,3-
Bis(5-chloro-2-hydroxyphenyl-methylideneamino) guanidine hydrochloride 5= Tri-(5-chloro-2-
hydroxyphenyl-methylideneamino)guanidine 6= Tri-3,5-dibromo-2-hydroxyphenyl-methylideneamino
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guanidine 7= Tri-(3-phenyl-allylideneamino) guanidine 8= Tri-3,5-di-tert-butyl-2-hydroxyphenyl-
methylideneamino guanidine 9= Tri-(3-hydroxy-phenyl-methylideneamino) guanidine hydrochloride.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupportingInformation.doc

https://assets.researchsquare.com/files/rs-288543/v1/b0250925646a502c739e3494.doc

