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a b s t r a c t

A new phosphonic diamide containing thiazolyl rings, N,N0 bis(2-thiazolyl) phenylphosphonic diamide,
with general formula H5C6P(O)[NHCN(CH)2S]2 (1), was synthesized and characterized by NMR, IR, UV,
EI mass-spectrometry and elemental analysis. The X-ray diffraction structure obtained for 1 shows that
the crystalline compound exists in the imine form, forming centro-symmetric dimers which are produced
by intermolecular cooperative hydrogen bonds leading to a two-dimensional polymeric chain. The pre-
ferred tautomeric and conformational equilibria have also been identified in solution. Thus, a tautomeric
equilibrium of 97:3% between the amine:imine form is observed in DMSO-d6. Structural and conforma-
tional properties are analyzed using a combined approach involving crystallographic data, vibrational
spectra and theoretical calculations at the B3LYP and MP2 (with 6-311++G�� and CBSB7 basis sets) level
of approximations.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

Thiazole and its derivatives show biological significance, e.g.,
they are found in the penicillin and vitamin B1 molecules and in
coenzyme cocarboxylase [1]. The chemistry of 2-thiazolines,
including new methodologies for their preparation, and recent
applications, such as their growing use in organic synthesis in
the biological field and asymmetric catalysis as ligands has been
recently reviewed [2]. 2-Aminothiazoles are known mainly as bio-
logically active compounds with a broad range of activity and as
intermediates in the synthesis of antibiotics and dyes [3]. Several
papers have been published on the use of these compounds as anti-
microbial [4–6], antifungal [7], anti-inflammatory activity [8,9],
anesthetic [10] and antiviral drugs [11].

Plausible tautomeric equilibria of 2-aminothiazole are illus-
trated in Scheme 1 [12]. Numerous experimental studies, including
infrared (IR) [13,14] ultraviolet (UV) [15,16], and nuclear magnetic
resonance (1H NMR) [17] spectra, indicate that 2-aminothiazole
derivatives exist in solution preferentially in the amino form, based
on the analysis of the reactivity data. Additionally, the pKBH+ values
ll rights reserved.
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of a number of 2-aminothiazoles and their derivatives showed that
these generally exist in the amino aromatic form and are proton-
ated at the aza-nitrogen [18]. The amine/imine tautomeric equilib-
rium (Scheme 1A and B) in the isolated, mono-, di-, and trihydrate
forms and dimmer of 2-aminothiazole and the effects of hydration
or self assistance on the transition state structures corresponding
to proton transfer from the amine to imine form, was calculated
in the gas phase as well as in solution [19]. The results showed that
the amine form is always the predominant tautomer, whereas the
stability of the imine form is enhanced in polar solvents. Moreover,
molecular orbital calculations were performed on 2-, 4- and 5-
aminothiazoles using different calculation levels in order to study
the 1,3-hydrogen transfer between the amino group and the endo-
cyclic nitrogen atom or carbon atom at position five (Scheme 1)
[10]. The effect of type and substituent position on the tautomeric
equilibrium was also studied at the DFT and MP2 levels in the gas
and solution phases [20].

Only few examples of molecules containing the thiazole ring
and the phosphoramidate group are known. Although the pesti-
cidal and herbicidal utility of phosphorus containing thiazoles
and thiazolines have been reported in a patent [21], chemical
structures and spectroscopic studies for these compounds were
not investigated so far. Woollins et al. reported the synthesis of
three phosphines containing aminothiazole [22]. Very recently, in
the frame of our work concerning the synthesis and structural
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Scheme 1. Tautomeric equilibrium of 2-aminothiazole.
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study of carbacylamidophosphate compounds, a number of new
species has been reported [23–25]. In this work, the synthesis of
the first phosphonic diamide containing the 2-aminothiazole moi-
ety is described. The X-ray structural determination, including the
study of the conformational and tautomeric equilibria, has been
performed by using experimental and quantum chemical methods.
2. Experimental

2.1. Materials and methods

All reagents and solvents were purchased from Merck. 1H, 13C
and 31P NMR spectra were recorded on a Bruker (Advance DRS)
500 MHz spectrometer. 1H, 13C and 31P chemical shifts were ob-
tained in DMSO-d6 relative to TMS and 85% H3PO4 as external stan-
dards, respectively. IR spectrum was obtained using KBr pellets on
a Shimadzu IR-60 model spectrometer. Elemental analysis was
performed using a Heraeus CHNAOA RAPID and melting point
was obtained with an Electrothermal instrument. Electronic spec-
tra were recorded on a Shimadzu UV-2100 spectrometer. Mass
spectrum was obtained on a MS Model 5973 Network apparatus
at ionization potential of 70 eV.

X-ray data of compound 1 were collected on a Bruker SMART
1000 CCD single crystal diffractometer with graphite monochro-
mated MoKa radiation (k = 0.71073 Å). The structure was refined
with SHELXL-97 [26] by full matrix least squares on F2. The posi-
tions of hydrogen atoms were obtained from the difference Fourier
map.

All quantum chemical calculations were performed with the
GAUSSIAN 03 program package [27]. Gradient techniques were
used for the geometry optimizations and vibrational calculations.
The stationary structures are confirmed by ascertaining that all
ground states have only real frequencies. The three-parameter
B3LYP hybrid density functional theory method was used in
conjunction with standard Gaussian basis sets up to the extended
valence triple-f basis sets augmented with polarization and diffuse
functions for both hydrogen and non-hydrogen atoms [6-311++G
(3df,2p)]. This basis set has been shown to be near the basis set
saturation limit when used with the B3LYP functional [28]. Addi-
tionally, the CBSB7 basis set was used. The CBSB7 has the form
6-311G(2d,d,p) and has been developed by Petersson and cowork-
ers as a part of the complete basis set CBS-QB3 energy compound
method [29,30]. The combination of the B3LYP functional in con-
nection with the CBSB7 basis set was recommended for studying
spectroscopic properties of related thiadiazole derivatives [31].
Single point energy calculations were performed for the B3LYP
fully optimized geometry employing the MP2 treatment of the
electronic correlation.

2.2. Chemical synthesis and characterization

The thiazolyl phosphonic diamide have been synthesized essen-
tially by following the reaction procedure shown in Scheme 2.
A mixture of 2-aminothiazole (0.817 g, 8 mmol) and triethylamine
(0.801 g, 8 mmol) in 30 cm3 of chloroform was added dropwise to a
chloroform solution of phenylphosphonic dichloride (0.78 g,
4 mmol) at 0 �C. The mixture was subsequently allowed to warm
to room temperature. After stirring for 2 days, the product was
filtered off and then washed with CHCl3, CH3CN and H2O. The
compound was recrystallized from methanol. Yield: 80%, m.p.
220–222 �C. Compound 1 is soluble in DMSO and DMF, and less
soluble in methanol and insoluble in CHCl3, CH2Cl2, acetone and
hydrocarbons. The product was characterized by 13C, 31P, 1H
NMR, IR, UV–vis absorption spectrum, mass-spectrometry, ele-
mental analyses and X-ray diffraction.

Physical and spectroscopic data of the title compound are as be-
low: Anal. Calc. for C12H11N4OPS2 (322.34): C, 44.71; H, 3.44; N,
17.38; found: C, 44.69; H, 3.43; N, 17.39%. 1H NMR (500.14 MHz,
DMSO-d6, 25 �C): d = 6.7 (d, 3JH,H = 3.9 Hz, 2H, thiazolyl), 7.1 (d,
3JH,H = 4.1 Hz, 2H, thiazolyl), 7.4 (m, JP,H = 3.6 Hz, 3JH,H = 7.5 Hz,
3Ar-H), 7.8 (dd, 3JH,H = 6.9 Hz, 3JP,H = 13.0 Hz, 2Ar-H), 10.7 (br,
2NH). 1H{31P} NMR, (500.13 MHz, DMSO-d6, 25 �C): d = 6.7 (d,
3JH,H = 4.1 Hz), 7.1 (d, 3JH,H = 4.1 Hz), 7.4 (m, 3JH,H = 7.5 Hz), 7.47
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Table 1
13C NMR chemical shift (in ppm) and coupling constant (nJC,P in Hz) for the title
compound dissolved in DMSO-d6.

Atoma C1, C4 C2, C5 C3, C6 C7 C8, C12 C9, C11 C10

Chemical
shift

165.3 109.0 131.7 133.4 131.0 127.9 131.1

nJC,P 162.3
(n = 1)

9.7
(n = 2)

13.8
(n = 3)

2.1
(n = 4)

a For atom numbering see Fig. 1.
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(m, 3JH,H = 7.2 Hz), 7.8 (d, 3JH,H = 6.9 Hz), 10.7 (br). 13C NMR
(125.8 MHz, DMSO-d6, 25 �C): 106.5, 109.0, 127.9 (d, 3JP,C =
13.6 Hz), 131.0 (d, 2JP,C = 9.7 Hz), 131.1 (d, 4JP,C = 2.1 Hz), 131.7,
133.4 (1JP,C = 162.3 Hz), 138.0, 165.3. 31P NMR (202.5 MHz,
DMSO-d6, 25 �C): 12.1 (m, J = 12.3 Hz). IR (KBr, cm�1): 3407 cm�1

(w), 3020 (m), 2750 (s), 1565 (vs), 1528 (vs), 1471 (s), 1426 (s),
1312 (m), 1247 (w), 1179 (s), 1146 (s), 1111 (s), 1062 (w), 962
(s), 932 (m), 882 (w), 840 (s), 723 (m), 686 (s), 634 (s), 601 (m),
521 (m).

The electronic spectra of 1 were studied in the UV and visible
regions in methanol and DMSO solutions. A very strong band at
kmax 302 and 305 nm was observed in the spectra of the com-
pound, respectively, which is attributed to the p–p* transition in
the thiazole rings.

In the mass spectrum of 1 the molecular ion is present at
m/z = 322 and the base peak is the aminothiazole fragment with
m/z = 100. Relevant fragments originated from logical ruptures
are (%): 322(8) M+, 223(33), 183(21), 100(100), 73(24), 58(82),
45(20).
3. Results and discussion

3.1. Multinuclear NMR spectroscopy

By using experimental UV–vis and NMR techniques, Forlani
et al. discussed the amide/imide tautomeric equilibrium of 2-amin-
oazoles derivatives (acetamidothiazole) in terms of external
(hydrogen bond interactions, polarity of the medium, acidity)
and internal (energy of isolated molecule, molecular geometry
and intramolecular hydrogen bonding interactions, electronic dis-
tribution, presence of electron-withdrawing groups) parameters
[32]. The equilibrium can be expected to be shifted towards the
imide form when electron accepting substituents are bonded to
the thiazole ring or to the exocyclic nitrogen, e.g., 2-p-tosyl-amino-
thiazole [33].

The more relevant 13C NMR data of 1 are listed in Table 1. The
two thiazole rings appear equivalent in the NMR spectra, and C1
and C4 present resonances at higher frequency (d = 165.3 ppm)
due to their location between sulfur and nitrogen atoms. Regarding
the configuration of the geometric isomers around the exo CAN
bond, two forms can be expected with the phosphorus atom in
cis or trans position with respect to the endocyclic CAS bond. As
suggested by Contreras and coworkers [34] in the study of 2-ami-
nobenzothiazole phosphorus amides, the geometric isomerism can
be determined by the observation of the long range W-coupling
constants in the 13C NMR spectrum [34]. Thus, a detailed analysis
of the 4JC,P coupling at C2 and C5 base of the sulfur (d =
109.0 ppm) was performed. There is no visible phosphorus cou-
pling with these carbons, which indicates that P is on the same side
of endocyclic sulfur atom.

The 1H NMR spectrum in DMSO-d6 shows a characteristic broad
signal at d = 10.7 ppm for NAH. By analyzing the signals for the
protons of the AHC@CHA group in the thiazole rings and some
protons of phenyl group, two series of signals with different inten-
sities (97:3%) were observed at room temperature (Table 2). From
their relative chemical shifts and coupling constants measured for
these signals, the presence of both amine/imine tautomers could
be determined for the title compound. The equilibrium composi-
tion was determined by integration of the proper signals in the
1H NMR spectrum. Comparison with the reported chemical shift
values for 2-aminothiazole and 2-iminothiazoline indicates a com-
position ratio of 97:3% for the amine with respect to the imine
form, respectively. As was early reported by Barone et al. [35] it
is expected that the ring protons in 2-iminothiazolines should ap-
pear shifted to higher fields than those of 2-aminothiazoles. It was
suggested that the identification of tautomers of 2-aminobenzothi-
azole in solution could be done by evaluating the chemical shift of
the carbon atom bonded to the endocyclic nitrogen in the 13C NMR
spectrum [36]. In the present case C3 and C6 absorb at
d = 131.7 ppm, originating a broad signal precluding a further
analysis of the tautomeric equilibrium. The overall analysis of 1H
and 13C NMR spectra indicates the presence of the amine tautomer
with minor, but clearly detectable, amounts of the imine form in
DMSO solution at room temperature.



Table 2
1H NMR data for tautomeric forms of compound 1 (DMSO-d6). Chemical shift are
given in ppm and coupling constant in Hz.

Atoma HAC2, HAC5 HAC3, HAC6 HAC8, HAC12

Amine form d = 6.7 (d)
3JH,H = 3.9

d = 7.1 (d)
3JH,H = 4.1

d = 7.8 (dd)
3JH,H = 6.9, 3JP,H = 13.0

Imine form d = 6.5 (d)
3JH,H = 3.7

d = 6.9 (d)
3JH,H = 3.7

d = 7.7 (dd)
3JH,H = 6.9 Hz, 3JP,H = 13.0

a For atom numbering see Fig. 1.
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3.2. Vibrational spectra and quantum chemical calculations

The infrared spectrum of the title compound (solid in KBr pel-
lets) is given as Supplementary material. Harmonic vibrational fre-
quencies were obtained for the fully optimized geometries of both
tautormers as well as for several plausible conformers of the title
compound and compared with the experimental spectrum. The
vibrational analysis enables the characterization of a given molec-
ular structure as a true minimum on the molecular potential en-
ergy surface. The calculated harmonic frequencies are also useful
for the assignment of the experimental vibrational data. The com-
puted relative energy values for structures that result to be minima
at B3LYP and MP2 methods are listed in Table 3. The B3LYP method
computes a mixed structure with non-equivalent thiazole rings –
in which one of endocyclic nitrogen atom in the thiazole ring is
protonated, while the other thiazole group is deprotonated – as
the most stable form for the gas phase (vacuum isolated) molecule.
The two conformations (named as A and B in the molecular struc-
tures showed in Table 3) of the amine and imine tautomers are
computed to be also stable forms, located at 1.09 (amine_A) and
Table 3
Relative energies (kcal/mol) calculated at the B3LYP and MP2 methods for plausible tauto

Form Molecular structure B3LYP

6-31+G�

Imine_A 3.11

Imine_B 4.89

Imine/amine 0.00

Amine_A 0.58

Amine_B 1.12
2.44 kcal/mol (imine_A) higher in energy than the imine/amine
form, respectively, at the B3LYP/CBSB7 level. As observed in Table
3, the order of the computed stability exhibits little effect on the
basis sets. However, a different description is obtained by applying
the MP2 method: a drastic change is obtained in the relative stabil-
ity values. In this case the most stable tautomer corresponds to the
amine, lying the imine form much higher in energy (11.6 kcal/mol
for the imine_A form at the MP2/CBSB7 level). The structure with
only one thiazole ring protonated has intermediate energy values,
i.e. ca. 4.6 kcal/mol at the same level of calculation.

The computed vibrational frequencies for both tautomers are
quite similar, precluding the unambiguous identification of each
form based on the sole comparison of computed and experimental
infrared spectra. Thus, a tentative assignment of the most promi-
nent bands observed in the infrared spectrum was carried out by
comparison with relevant data reported in the literature for related
carbacylamidophosphates [24,37–44] and thiazolyl derivative spe-
cies [45]. The infrared spectrum is dominated by very intense and
broad absorptions at 1565 and 1528 cm�1, assigned to the coupled
symmetric and antisymmetric stretching of the exocyclic C@N
bonds in the imine tautomer. Intense absorptions observed at
1179 and 962 cm�1 can be assigned with confidence to the charac-
teristic P@O and PAN stretching modes, respectively. The high
wavenumbers region of the infrared spectrum shows the presence
of a strong absorption centered at 2750 cm�1 associated with the
m(CAH) modes on the thiazolyl ring. The m(NAH) stretching modes,
presumably due to the symmetric and antisymmetric group
motions of the endocyclic NAH groups, appears at 3020 and
2990 cm�1, respectively. A weak signal shifted at higher frequen-
cies (at 3407 cm�1) suggests that minor quantities of the amine
form are also present in the solid. In effect, it is expected that the
mers of N,N0 bis(2-thiazolyl) phenylphosphonic diamide in different conformations.

MP2

6-311++G�� CBSB7 6-311++G�� CBSB7

2.87 2.44 13.10 11.58

4.62 4.55 14.98 12.62

0.00 0.00 5.11 4.57

0.68 1.09 0.00 0.00

0.92 1.49 2.00 1.42



Table 4
Crystal data and structure refinement parameters of N,N0 bis(2-thiazolyl) phenyl-
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m(NAH) stretching mode for the exocyclic NAH group appear at
higher frequency values than that of the endocyclic one.
phosphonic diamide.

Crystal data
Chemical formula C12H11N4OPS2

Mr 322.34
Temperature 100(2) K
Wavelength 0.71073 Å
Crystal system, space group Orthorhombic, Pbca
a, b, c (Å) 8.2866(6), 11.4253(9), 29.314(2)
V (Å3) 2775.4(4)
Z 8
Density (mg/m3) 1.543
Absorption coefficient (mm�1) 0.499
F(0 0 0) 1328
Crystal size (mm3) 0.6 � 0.4 � 0.08
Refinement method Full-matrix least squares on F2

Reflections collected 14,196

Data collection
Data/restraints/parameters 3035/0/181
Goodness-of-fit on F2 1.034
Final R indices [for 2699 refl. with

I > 2sigma(I)]
R1 = 0.0298, wR2 = 0.0781

R indices (all data) R1 = 0.0347, wR2 = 0.0816
Largest diff. peak and hole (e Å�3) 0.440 and �0.318
Theta range for data collection (�) 2.78–27.00
Index ranges �10 6 h 6 8, �14 6 k 6 14,

�37 6 l 6 37
3.3. Crystal structure

The title compound crystallizes from dried methanol at room
temperature to give brown crystals. In order to unambiguously
determine the tautomeric form present in the solid state, a single
crystal X-ray diffraction structure determination was performed.
The ORTEP of the final refined structure of 1 is shown in Fig. 1
and crystallographic data are given in Table 4. Selected bond
lengths and bond angles found in this compound are listed in
Table 5. The X-ray analysis of the orthorhombic crystals shows
the tautomer with the NAH protons at the endocyclic nitrogen
atoms and the conjugate system C@NAP@O. One of the sulfur atom
and oxygen of the phosphoryl group are coplanar and close to each
other (3.081 Å), and thus, an intramolecular S� � �O interaction is
anticipated (

P
rvdw = 3.32 Å). The intermolecular non-bonded dis-

tances are shown in Fig. 2. The torsional angle S1AC1AN1AP1
[5.5(2)�] indicates that the phosphorus is nearly located on the
same plane formed by the thiazolyl ring. The preferred conforma-
tion in the solid state of the studied molecule shows the phos-
phoryl group and both thiazolyl rings adopting a mutual
synclinal orientation, with dihedral angles around the PAN1 and
PAN3 bonds of 59.39(15) and �42.10(16) degrees, respectively.
The PAN bond lengths (P1AN2 and P1AN3) are 1.6404(14) and
1.6406(14) Å, which falls between a single- (ca. 1.77 Å) and a dou-
ble- (ca. 1.56 Å), nitrogen–phosphorous bond [46]. This intermedi-
ate bond distance indicates some degree of electronic
delocalization, that is consistent with the corresponding distances
found in previous reported phosphonic diamides [47]. Bond angles
around phosphorus are characteristic of a distorted tetrahedral
geometry. The P(1)AO(1) bond length (1.498(2) Å) are slightly
longer than the P@O double bond length (1.45 Å) [46]. Bond
lengths N4AC4 1.348(2) Å, N2AC1 1.352(2) Å, N3AC4 1.314(2) Å
and N1AC1 1.298(2) Å show that the exocyclic NAC bonds present
a strong double bond character, as expected for the imine tauto-
mer. The C1AS1 [1.7767(16) Å] and C4AS2 [1.7545(17) Å] bond
lengths are slightly longer than a single CAS bond (1.75 Å).
Fig. 1. Ortep view of compound 1 with atom numbe
For comparison purposes, calculated geometrical parameters at
the B3LYP method using the extended 6-311++G(3df,2p) basis set
are also included in Table 5. It is worthy to notice, that the most
stable conformer of the imine tautomer, the imine_A form in
Table 3, calculated for the vacuum isolated molecule at this level
of approximation belongs to the point group of symmetry CS, with
the phenyl ring lying in the symmetry plane. In this conformation,
both thiazolyl groups are equivalent with both CAS bonds eclips-
ing the P@O bond, with synperiplanar orientation around the
C@Nexo bonds (see molecular structure displayed in Table 3). Thus,
intermolecular interactions can play a major role not only in deter-
mining the tautomeric species present in the solid-phase but also
affecting the conformational behavior.
ring scheme, showing 50% probability ellipsoids.



Fig. 2. Molecular structure of 1 showing hydrogen bonds interactions in ADAD–
DADA arrangements.

Table 5
Experimental (X-ray) and calculateda [B3LYP/6-311++G(3df,2p)] selected bond lengths (Å) and angles (degrees) for N,N0 bis(2-thiazolyl) phenylphosphonic diamide.

Experimental Calculated Experimental Calculated

Bond lengths
P(1)AN(3) 1.6404(14) 1.656 N(3)AC(4) 1.314(2) 1.280
P(1)AN(1) 1.6406(14) N(1)AC(1) 1.298(2)
P(1)AC(7) 1.8111(17) 1.812 N(4)AC(4) 1.348(2) 1.371
S(2)AC(4) 1.7545(17) 1.789 N(2)AC(1) 1.352(2)
S(1)AC(1) 1.7767(16) N(4)AC(6) 1.383(2) 1.383
S(2)AC(5) 1.7435(19) 1.752 N(2)AC(3) 1.380(2)
S(1)AC(2) 1.7402(18) C(5)AC(6) 1.338(3) 1.338
P(1)AO(1) 1.4980(12) 1.491 C(2)AC(3) 1.337(2)

Bond angles
O(1)AP(1)AN(3) 115.87(7) 115.2 C(1)AN(2)AC(3) 116.09(14) 116.9
O(1)AP(1)AN(1) 116.07(7) C(4)AN(4)AC(6) 115.73(14)
O(1)AP(1)AC(7) 108.32(7) 112.2 N(1)AC(1)AN(2) 123.28(14) 122.3
N(3)AP(1)AC(7) 106.54(7) 104.6 N(3)AC(4)AN(4) 122.48(15)
N(1)AP(1)AC(7) 108.80(7) N(2)AC(1)AS(1) 107.76(11) 107.2
C(2)AS(1)AC(1) 91.47(8) 91.0 N(4)AC(4)AS(2) 108.79(12)
C(5)AS(2)AC(4) 91.21(8) C(2)AC(3)AN(2) 114.03(15) 113.0
C(1)AN(1)AP(1) 122.61(12) 123.7 C(5)AC(6)AN(4) 113.41(16)
C(4)AN(3)AP(1) 122.32(12) N(1)AC(1)AS(1) 128.96(13) 130.5
C(6)AC(5)AS(2) 110.84(14) 111.9 N(3)AC(4)AS(2) 128.73(13)
C(3)AC(2)AS(1) 110.65(13) N(3)AP(1)AN(1) 100.62(7) 103.9

a The most stable conformer in the imine form belongs to the point group of symmetry CS.
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It has been recognized that related 2-aminobenzothiazole
derivatives are at the same time a base and a very reactive acid
[48]. Interestingly the formation of ADAD–DADA type (A, acceptor
Fig. 3. A two-dimensional polymer obtained from intermol
site; D, donor site) centro-symmetric dimers is observed in the
crystalline state. This cyclic eight-member motif is formed through
NH� � �N3 (2.034 Å) and CH� � �N1 (2.930 Å) interactions, which are
shorter than the corresponding sum of the van der Waals radii
(
P

rvdw = 3.00 Å) (Fig. 2). It is also observed another intermolecular
hydrogen bond through N2AH2N� � �O1AP1 (1.87 Å) interactions
involving the phosphoryl group. Thus, the whole packing structure
results in the two-dimensional polymeric chain showed in Fig. 3.
4. Conclusion

N,N0 bis(2-thiazolyl) phenylphosphonic diamide was prepared
in good yield and purity by treating chloroform solutions of 2-ami-
nothiazole and phenylphosphonic dichloride using a 2:1 M ratio in
the presence of triethylamine as a Lewis base catalyst. The novel
species was characterized by elemental analysis and mass-spec-
trometry and confirmed by UV, multinuclear (1H, 13C and 31P)
NMR and IR spectroscopy techniques. Structural properties were
determined by using experimental techniques which include
vibrational spectroscopy as well as X-ray diffraction analysis. The
prominence of the amine tautomer was determined in DMSO
ecular hydrogen bonds in the crystalline network of 1.
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solution at room temperature, with minor contribution of the
imine form (3%). On the other hand, the crystalline solid consist
of the imine tautomer – with the tautomeric proton attached to
the endocyclic nitrogen atom –, and a preferred cisoid conforma-
tion – the dihedral angles around the NexoAC bonds amount
5.5(2) and 10.9(2) degrees – with the phosphorous on the same
side of the endocyclic sulfur atoms.

5. Supplementary data

Crystallographic data for the structure reported in this paper
have been deposited with the Cambridge crystallographic data
center as supplementary publication No. CCDC-709116 (C12H11-
N4OPS2). Copies of the data can be obtained free of charge on appli-
cation to CCDC.12 Union Road Cambridge CB2 1EZ UK (fax: C441223
336033; e-mail: deposit@ccdc.cam.ac.uk). 1H, 13C and 31P NMR
spectra for the title compound are given in Figs. S1–S8. Infrared
and mass spectra are showed in Figs. S9–S11. The crystallographic
data, condition and some feature of the structure are listed in Table
S1 (Supporting information). Atomic coordinates, equivalent isotro-
pic displacement coefficients, and anisotropic displacement param-
eters are given in Tables S1–S4. Hydrogen coordinates and the whole
geometrical parameters derived from the X-ray analysis are given in
table format (Tables S5–S7).
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