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KPUCTAVIMYECKAS CTPYKTYPA BUC[(AUAMUHOMETUJI-1-EH) AMWHOTHO-
METHUJIAMMOHU] CYJIb®ATA

B oaunoit pabome npedcmasnensvt 0annbvle PEHM2EHOCMPYKIMYPHO20 AHATU3A MOHOKPU-
cmanna oucl(ouamunomemun-1-en)amunomuomemunammonuii] cyrogpama, oopasyrouiezoca Ha
HPOMENCYMOYHOU cmaouu cunmesa 2-umuno-4-muoouypema. Ilonyuennoiii npodykm oxapax-
mepuzoean memooamu UK cnekmpockonuu u nemenmuozo ananusa. Kpome mozo, onucamnul
nomeHyuabHble 001ACMU NPUMEHEHUA CUHMEIUPOBAHHO020 coeduHeHus. CmpykmypHble Xa-
PaAKmepucmuKu coeOUHeHUs HAX00AMCA 8 COOMEENICMEUN C MAKOBLIMU 0714 MUOMOYEGUHbL U
ee panee uzyuyeHHvlx coneil. H3eecmno, umo npou3so0nbvle MUOMOUEGUHBL CYULECIEYION 6 He-
CKOJIbKUX MAYMOMEPHbIX (hopmax, cOCmoanue KOMopvix 8 KPUCMAIAIUYECKOM U YACMO OMl-
auyaemca om cocmosanus 6 pacmeope. Tax Kak nPomMesHCymouHslii NPOOYKM HA CMAOUU CUHE-
3a 2-umuno-4-muoouypema evioensnemcsa 6 eude KpUCMAIIUUeCKO20 NOPOUIKA, d He OCIAenics 6
pacmeope, nPeodI0Hcena U3SMEHEeHHAs CXema cCunmesa. JiemMeHmapHas A4eiika cocmoun u3 0gyx
Hen10cKux Kamuonos 1-(ouamunomemunen)muomouesunsl u cynvhpam-anuona. Ilonusiii navop
PEHm2eHOCMPYKMYPHBIX OAHHbIX OenoHuposan ¢ Kemopuoicckuii 6ank cmpykmypHsix 0anHbIX
(oenonenm CCDC 1421710) u modrcem Ovimb Cc860000HO NONYUEeH RO 3ANPOCY HA caiime
www.ccdc.cam.ac.uk/data_request/cif.

Karwouesble ciioBa: Ouc[(1naMuHOMETHII-1-6H)aMUHOTHOMETHIIAMMOHUH | cynb(aT, THOMOYEBUHA,
PEHTTEHOCTPYKTYPHBINA aHAIIN3
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CRYSTAL STRUCTURE OF BIS[1-(DIAMINOMETHYLENE)-THIOURON-1-lUM] SULFATE

In this work crystal data of bis[1-(diaminomethylene)-thiouron-1-ium] sulfate is shown.
This compound was characterized by IR spectroscopy and elemental analysis. The monocrystal of
this compound was obtained and the structure was confirmed by single X-ray analysis. Moreover,
the work describes potential application of synthesized compound. Comparative characteristics of
thiourea and its known salts are demonstrated. It is known, that derivatives of thiourea have sev-
eral tautomeric forms, which can be different in crystalline state or in solution. Therefore,
changed scheme of the synthesis of 2-imino-4-thiobiuret is proposed. Elemental cell of crystal
consists of two 1-(diaminomethylene)thiouron-1-ium cations and one sulfat anion. A full set of X-
ray diffraction data was deposited in the Cambridge Structural Database (deposit CCDC
1421710) and it can be gotten from the site www.ccdc.cam.ac.uk/data_request/cif.

Key words: bis[1-(diaminomethylene)-thiouron-1-ium] sulfate, thiourea, X-ray analysis

INTRODUCTION

1-(Diaminomethylene)thiourea (1) and its imino
tautomer, namely 2-imino-4-thiobiuret (2) (Scheme 1),
have several potential coordination modes and can
form complexes with metal ions [1]. Compound 1 is
organic ligand with multiple coordination sites, which
can be used as building units for formation highly
ordered supramolecular compounds with predeter-
mined structure and properties [2].

THZ THZ ﬁH rile
Ca. _C ' C
HNT SN g H,N” \H/ Ns
1 2

Scheme 1. Tautomeric forms of 1-(diaminomethylene)thiourea
Cxema 1. TayromepHbie GopMbl 1 -(IHaMHHOMETHIICH)THO-
MOYECBHHbBI
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Fig. 1. Structure of bis[1-(diaminomethy-lene)thiouron-1-ium]
sulfate
Puc. 1. Crpykrypa 6uc[(anaMuHOMeTIII-1-€H)aMIHOTHO-
METHJIAMMOHHUIA| Cynbdara

2

This property is a result of the presence of
donor atoms (N and S) bearing lone pair electrons [3].
It is known, that N,N-coordination is characteristic for
basic solution and S,N-coordination was observed in
neutral and weakly acid media [4]. 1-(Diaminomethy-
lene)thiourea forms salts both with inorganic and with
organic acids. For example, the authors [2] published
X-ray data of bis[1-(diaminomethylene)-thiouron-1-
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ium] tetrachlorozincate. The crystal structures of sev-
eral salts of 1-(diaminomethylene)thiourea are known,
namely chloride, bromide, iodide [5], perchlorate,
hydrogen sulfate, dihydrogen phosphate, dihydrogen
arsenate [6], hydrogen difluoride, hexafluorsilicate
[7], formate and oxalate dehydrate [8]. In this article,

the crystal structure of bis[1-(diaminomethylene)thio-
uron-1-ium] sulfate (3) is described for the first time
(Fig. 1).

The authors [9] proposed new method of syn-
thesis of 2 according to Scheme 2.

HzN—ﬁ—NH—CEN +NayS,0; + H,0 + 2H,S0, ——=— H,N—C—NH—C—NHy HSO; + 2NaHSO,

NH

NH S
4

H,N—C—NH—C—NHy HSO;+ NaOH ——=— H,N— C—NH—C—NH, + NaHSO, + H,0

NH S

NH s
2

Scheme 2. The synthesis of 2-imino-4-thiobiuret
Cxewma 2. CunTe3 2-UMHHO-4-THOOMYypeTa

It is known that substances having tautomeric
transformations can have one state in crystalline form
and other state in solution, so authors [9] expected
that the formation of 2-imino-4-thiobiuret occurs
through obtaining of 1-(diaminomethylene)thiourea
hydrogen sulfate (4). However, we obtained the single
crystal of compound formed on intermediate step of
synthesis of compound 2.

EXPERIMENTAL PART

IR spectra were measured with an AVATAR
360 FT-IR spectrometer. X-Ray analysis were carried
out with the monocrystal automatic diffractometer
Xcalibur R with CCD-detector by standard method.

Crystal of 2C,H;N,S"-SO,* 3 was obtained
from dicyandiamide (8.4 g, 0.1 mol) and sodium thio-
sulfate pentahydrate (27.3 g, 0.11 mol). This mixture
was dissolved in water (50 mL) under heating and
then 25% sulfuric acid (36.6 mL, 0.11 mol) was add-
ed by dropwise. Reaction mixture was heated to 80°C
and stirred at this temperature during 5 hours. Formed
sulphur was removed by the method of hot filtration.
After several days at room temperature, crystals of 3
were obtained. Yield: 14.14 g (86%). T e = 190-192 °C.
IR: v (KBr)/em™: 3394 (NH,, vas), 3309 (NH,, vs),
3196, 2809, 1700 (C=N), 1631 (NH,, d), 1601, 1513,
1339, 1199 (C-N, aliph), 1109 (C=S), 1085 (S=0),
835, 750, 663, 636, 612, 545, 511, 445, 427. Found, %:
C 1441, H 4.28, N 31.97, S 28.61. C4H14sNgO,Ss.
Calc., %: C 14.37,H 4.22, N 33.51, S 28.77.

H atoms were located in difference Fourier
maps and refined with isotropic displacement pa-
rameters. The N-H distances were fixed at 0.86 (2)
A using DFIX restraint. Crystal data was obtained
using of computer programs: CrysAlis PRO [10],
SHELXS97 [11], SHELXL97 [11], Mercury [12],
pubICIF [13]. A full set of X-ray diffraction data was

deposited in the Cambridge Structural Database (de-
posit CCDC 1421710).

RESULTS AND DISCUSSION

X-ray analysis of monocrystal 3 shown that
the elemental cell contains two nonplanar 1-(diamino-
methylene)thiouron-1-ium cations and the sulfate ani-
on linked together via N-H--O hydrogen bonds,
which were formed by H atom of amino-group 1 and
O atom of sulfate anion (Fig. 2).

Fig. 2. Fragment of crystal packing of 3
Puc. 2. ®parMeHT KpUCTAUTNYECKOH YIIAaKOBKH 3

o1
02
04

H2B N2 H2A
03

Fig. 3. The molecular structure of the elemental cell of 3
Puc. 3. MonekymsipHas CTpYKTypa JIEMEHTapHOH SYeiKu 3
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The compound 3 constructed by two crystal-
lographic independent cations and one anion is crys-
tallized in centrosymmetric space group of triclinic
crystal system (Fig. 3).

Sulfate-anion represents slightly distorted tet-
rahedron, which is typical for structures of this type.
As in other salts of 1-(diaminomethylene)thiourea [6],
cations consist of two planar parts twisted about each
other. The dihedral angle between the mean least-
squares planes of fragments N1C2N2N3 and
N3CIN4S2 is 12.0° the angle between fragments
NSC3N6N7 and N7C4N8S3 is 10.2°. Double bonds
C2=N3 and C3=N7 (Table) are elongated significant-
ly and single bonds C2-N1, C2-N2, C3-N5, C3-N6
are shortened comparing with neutral molecule [1].

The C1=S2, C4=S3 bond lengths in 3 are
comparable to those in thiourea (where the C=S dis-
tance is 1.683 A) [14] and in other salts of 1-
(diaminomethylene)thiourea, such as the perchlorate
and the dihydrogen arsenate [6]. However, these dou-
ble bonds are shortened significantly comparing with

2H;N—C—=—N—C=N+3Na;S$,0; + H,0 + 3H,SO4——=—|H,N—C=—=NH—C—NH,

NH,

HZN—C=l\IH—ﬁ—NH2
S

NH
2 2

SO% + 2NH,O0H ——=— 2H,N—

neutral molecule [1]. Such redistribution bond length
indicates delocalization of the positive charge of cati-
ons between the nitrogen atoms of the amino groups.

Table 1
Selected geometric parameters (A) for 3
Taénuya 1. M36pannbie reoMeTpuyueckne napamerpsi (A) 3

bond length bond length
S2-C1 1.667 (2) S3-C4 1.662 (2)
C1-N3 1.375(2) N7-C3 1.358 (3)
C1-N4 1.326 (2) N7-C4 1.383 (2)
N3-C2 1.366 (2) N6-C3 1.305 (2)
C2-N1 1.302 (2) N5-C3 1.314 (2)
C2-N2 1.305 (3) N8-C4 1.318 (2)

CONCLUSIONS

Crystal of bis[1-(diaminomethylene)-thiou-
ron-1-ium] sulfate was obtained and characterized by
X-ray analysis for the first time. Thus, the synthesis
of 2-imino-4-thiobiuret carries out according to
Scheme 3.

SOZ +2NaHSO, + 2Na,S0, + S + SO,

NH, s
2
3
ﬁ—NH—“—NH2 + (NH,),S0, + 2H,0
NH s
2

Scheme 3. The synthesis of 2-imino-4-thiobiuret
Cxema 3. Cunre3 2-uMHHO-4-THOOMYpeTa
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