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Abstract
C21H45N9O3S2, orthorhombic, Pbca (no. 61), a = 9.5299(6) Å,
b = 16.5181(9) Å, c = 36.886(2) Å, β = 90°, V = 5806.4(6) Å3, Z = 8,
Rgt(F ) = 0.0568, wRref(F 2) = 0.1420, T = 296(2) K.

CCDC no.: 2238113

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

Source of materials

Amidinothiourea and tetrabutylammonium hydroxide (10%
aqueous solution) were mixed in a molar ratio of 1:2. The
mixture was dissolved in a minimum amount of ethanol/
water, then the mixture was vigorously stirred for about
1.5 h. Subsequently the clean solution was set aside to allow
it slow evaporation at room temperature. Colorless block
crystals were obtained about 15 days later. It can be
concluded that one part of amidinothiourea molecules

Table : Data collection and handling.

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

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

Programs: Bruker [], SHELX [, ]
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form 1,2,4-thiadiazole-3,5-diamine molecules under basic
conditions, and another part of amidinothioureamolecules
should absorb CO2 of the atmosphere to convert to the cor-
responding 1,3,5-thiadiazole-5-amido-2-carbamate anions
under basic conditions.

Comment

Amidinothiourea, which is a derivative of thiourea, is a key
pharmaceutical intermediate of famotidine [4]. Observing
the structure of amidinothiourea, it can be regarded as a
planemolecule composed of two triangular parts, which can
generate more than nine hydrogen bonds. As the related
literatures [5–7] indicated, amidinothiourea is unstable and
it can form heterocycle under specific conditions, such as
1,3,5-thiadiazole-5-amido-2-carbamate or 1,2,4-thiadiazole-
3,5-diamine. In 2012, two compounds of 1,3,5-thiadiazole-
5-amido-2-carbamate were reported with the existence of
tetrapropylammonium and tetrabutylammonium [5]. In 2022,
one dihydrate of tetraethylammonium 1,3,5-thiadiazole-
5-amido-2-carbamate was reported [6]. As to 1,2,4-thiadiazole-
3,5-diamine, it can be concluded that it is also a derivative of
amidinothiourea under basic conditions, just like 1,3,5-thiadiazole-

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

Atom X y z Uiso*/Ueq

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

Table : (continued)

Atom X y z Uiso*/Ueq

HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA −. . . .*
HB . . . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
HC −. . . .*
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5-amido-2-carbamate. Compared with 1,3,5-thiadiazole-
5-amido-2-carbamate, 1,2,4-thiadiazole-3,5-diamine doesn’t
absorb extra CO2 to further yield the additional carboxyl
group to link with the heterocycle derived from amidino-
thiourea during the actual experimental process. It is
noticeable that 1,2,4-thiadiazole-3,5-diamine is normally syn-
thesized by amidinothioureawith the existence of H2O2 [7]. But
in this manuscript, with the absence of H2O2, 1,2,4-thiadiazole-
3,5-diamine can also be obtained under basic conditions.

In the asymmetric unit of the crystal structure, there
exist one tetrabutylammonium, one 1,3,5-thiadiazole-
5-amido-2-carbamate, 1,2,4-thiadiazole-3,5-diamine and one
water molecule. As the calculation implies, the carbamate
anion and neutral diamine have qualified planarity with
the mean deviation values from the least-square planes
of 0.0050 Å and 0.0027 Å. In the carbamate, the bond
lengths of the deprotonated carboxyl group tend to be
average with the values of 1.249(3) Å and 1.244(3) Å.
Analyzing the hydrogen bonds, it can be seen that one pair
of 1,3,5-thiadiazole-5-amido-2-carbamate firstly connect
with each other to form a hydrogen-bonded dimer by two
N–H⋯N hydrogen bonds and two N–H⋯O hydrogen bond,
then the adjacent dimers are further linked with N–H⋯O
contacts to generate the extended ribbons along the a axis.
Additionally, two neighboring 1,2,4-thiadiazole-3,5-diamine
molecules are connected with N–H⋯N hydrogen bonding
to yield a ziazag hydrogen-bonded chain along the a axis.
Consecutively, the hydrogen-bonded chains interact with
the anionic hydrogen-bonded ribbons mentioned above by
the water molecules to finally construct the 2-dimensional
layer. As to tetrabutylammonium cations, they are regu-
larly contained between the layers to form the ultimate
sandwich-like crystal structure. From this, it can be seen

that 1,3,5-thiadiazole-5-amido-2-carbamate and 1,2,4-thiadiazole-
3,5-diamine, as two derivatives of amidinothiourea, both display
excellent abilities of forming hydrogen bonds, which can be
further explored in the related crystal structures.
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