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epoc ABSTRACT: The reactions of several derivatives of 1,2,5-thiadiazole 1,1-dioxide [3,4-diphenyl-(1a), 3,4-bis(p-
methoxyphenyl)-(1b), phenanthro[9,10-c]-(1c) and acenaphtho[1,2-c]-1,2,5-thiadiazole 1,1-dioxide (1d), 3,4-diphe-
nyl-1,2,5-thiadiazoline 1,1-dioxide (2a) and 4-ethoxy-5-methyl-3,4-diphenyl-1,2,5-thiadiazoline 1,1-dioxide (2b)],
with reagents possessing two nucleophilic nitrogen atoms (urea, N,N0-dimethylurea, thiourea, N-methylthiourea, N-
ethylthiourea, N-allylthiourea, N,N0-diethylthiourea, N,N0-diphenylthiourea, dithioxamide and sulfamide), were
followed by cyclic voltammetry (CV) and UV–visible spectrophotometry in aprotic solvent solution. The products
were isolated, characterized by IR, 1H NMR and 13C NMR methods and their structure was confirmed by single-
crystal x-ray diffraction. Several substrate–nucleophile combinations (1a–d and 2a with some ureas and thioureas)
reacted to give good yields of new compounds formed by the addition reaction of the two nitrogen atoms of the
nucleophile to the two >C——N— double bonds of the 1,2,5-thiadiazole 1,1-dioxide ring. Some systems (1a–
dithioxamide and 2b–thiourea) did not react, whereas in others (e.g. 1a–sulfamide) a monoaddition equilibrium
reaction was observed. Copyright # 2004 John Wiley & Sons, Ltd.
Additional material for this paper is available in Wiley Interscience
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INTRODUCTION

Monofunctional alcohols, thiols, amines and amides add
reversibly:

ð1Þ

in aprotic solvent solution to only one of the two >C——
N— double bonds of 1,2,5-thiadiazole 1,1-dioxide deri-
vatives,1–5 yielding carbon-substituted thiadiazolines. A
difunctional nucleophile, ethylene glycol, in high relative
concentration,5 was also found to yield a monoaddition
product. Consistently, the above-listed nucleophiles do
not react, under similar conditions, with 1,2,5-thiadiazo-
line 1,1-dioxides (such as 2a or 2b, Scheme 1),5 which
have a single >C——N— double bond.

However, in Part I,1 we reported that the reaction of 1a
(Scheme 1) with urea yielded 3a,6a-diphenyltetrahydroi-
midazo[4,5-c]-1,2,5-thiadiazol-5-one 2,2-dioxide (3a,
Scheme 1), a bicyclic compound formed by the addition
of urea, through both of its nitrogen atoms, to both
heterocyclic double bonds of the substrate.

We report here the results of similar studies on the
reactions of several derivatives of 1,2,5-thiadiazole 1,1-
dioxide (see Scheme 1 for structures of reactants and
products): 3,4-diphenyl-(1a), 3,4-bis(p-methoxyphenyl)-
(1b), phenanthro[9,10-c]-(1c) and acenaphtho[1,2-c]-
1,2,5-thiadiazole 1,1-dioxide (1d), 3,4-diphenyl-1,2,
5-thiadiazoline 1,1-dioxide (2a) and 4-ethoxy-5-methyl-
3,4-diphenyl-1,2,5-thiadiazoline 1,1-dioxide (2b), with

Copyright # 2004 John Wiley & Sons, Ltd. J. Phys. Org. Chem. 2004; 17: 1091–1098

*Correspondence to: E. J. Vasini, Instituto de Investigaciones
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reagents possessing two nucleophilic nitrogen atoms
(urea, N,N0-dimethylurea, thiourea, N-methylthiourea,
N-ethylthiourea, N-allylthiourea, N,N0-diethyltiourea,
N,N0-diphenylthiourea, dithioxamide and sulfamide).
The substrate–nucleophile systems 1a, 1c and 2a
with urea, 1a–d and 2a with thiourea and 1a with
N-methylthiourea, N-ethylthiourea, and N,N0-diethylthio-
urea formed bicyclic diaddition products in good yields.
An equilibrium mono-addition reaction was observed
between 1a and sulfamide. The bisurea derivative 4 was
the main product of the reaction of 1d with urea (4 has
been synthesized by the reaction of acenaphthenequinone
with urea in ethanol–water mixed solvent6), whereas no
reaction took place for the 1a–dithioxamide and the 1a–
N,N0-dimethylurea systems.

The nucleophilic addition reactions were followed
using cyclic voltammetry (CV) and classical UV–visible
spectrophotometric methods.

To the best of our knowledge, the synthetic reactions
and compounds 3a–h are new. A recent review7 describes
other bicyclic compounds, also containing urea
and sulfamide moieties, obtained by the reaction of
4,5-dihydroxy-1,3-dialkylimidazolidin-2-one with N,N0-
alkyl-substituted sulfamides,8 and tri- and tetracyclic
compounds obtained by the reaction of di- and tetra-
N-hydroxymethyl-substituted bicyclic bisureas with sul-
famide.9 As is known, several 1,2,5-thiadiazolidine
1,1-dioxide derivatives are used as heart stimulants,10

antiparasitics,11,12 or �-lactamic antibiotics.13 The 2-
imidazolone ring is present in several biologically active
molecules.14–18 Moreover, an important number of
thioureas with antitubercular, fungicide, herbicide and
antiviral properties19,20 have been reported. The combi-
nation of chemical functions in 3a–h might endow these
molecules with valuable biological effects.

RESULTS AND DISCUSSION

Urea, thiourea and monosubstituted and symmetrically
disubstituted thioureas added to both >C——N— double
bonds of 1,2,5-thiadiazole 1,1-dioxides to form bicyclic
thiadiazolidines (3, Scheme 1) with good yield (ca 90%).
The compounds were spectroscopically and analytically
characterized, and the structure of seven of the eight
synthesized compounds could be confirmed by single-
crystal x-ray diffraction. In all cases, typical IR bands
corresponding to NH, Ar, SO2, and C——O or C——S were
observed. 13C NMR spectra showed sp2 carbon atoms
resonances (C——O or C——S) at ca 158 or 180 ppm,
respectively, and the thiadiazolidine sp3 carbon atoms
were detected between 84 and 92 ppm.

Compound 3b was also obtained by the reaction of
thiourea with the thiadiazoline 2a. This behavior was
ascribed to the easy oxidation of 2a (apparently by traces
of dissolved oxygen) to 1a in solution. In contrast, 2b,
which does not contain labile H atoms and is stable in
solution, does not react with thiourea.

General structural characteristics of the
compounds (x-ray diffraction results)

ORTEP21 molecular drawings of 3a and h [Fig. 1(a) and
(b)] are used as example and reference for the structural

Scheme 1
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comments below. A CIF file for 3a–c, e–h and corre-
sponding XYZ files are available as electronic supple-
mentary information (available in Wiley Interscience).

As expected, the urea or thiourea groups form planar
five-membered rings with the heterocyclic (C1; C2)
carbon atoms. These rings subtend dihedral angles in
the 61–66� range with the N1C1C2N2 planes of the
thiadiazolidine ring at the shared C1—C2 bond. The
fused bicycle skeleton of all compounds (except 3f )
exhibit an approximate Cs symmetry, with the mirror
plane bisecting the C1—C2 bond. All compounds crys-
tallized in centrosymmetric space groups and therefore
both stereoisomers of each molecule were present in the
corresponding solid, even in the case of 3h, where the
asymmetry is probably present only in the solid state, as
an effect of packing distortions. The thiadiazolidine cycle
is bent around the N1 � � �N2 ‘envelope’ hinge in dihedral
angles that range from ca 33 to 36�. The NH bonds
present intermediate directions between near tetrahedral
orientation around the nitrogen atom and the bisector of
the S—N—C bond angle.

In the case of 3f, because of the bulky ethyl groups,
both heterocycle molecular fragments are appreciably
twisted from a planar conformation in nearly equal
torsion angles (�26.0� for the N1C1C2N2 thiadiazoli-
dine group and �24.7� for the N3C1C2N4 thiourea
group). Corresponding torsion angles for all the other
compounds are less than 11�.

Bond lengths and angles in the thiadiazolidine frac-
tions of the new compounds are similar to those found for
the only two (to our knowledge) 1,2,5-thiadiazolidine
1,1-dioxides which were studied by x-ray diffraction.22

Only the C1—C2 bond, which averages 1.62 Å, is
appreciable longer than that previously measured
(1.52 Å), but this is surely caused by the bulky 3,4-
substituents in our compounds, that were not present in
the reported thiadiazolidines.

A tautomeric equilibrium [Eqn (2)], similar to that
known to exist in thiourea, is, in principle, possible in 3b–
e, g, h. However, no evidence of tautomerism was found
by x-ray diffraction. Also, no evidence was found for the

asymmetric isomers which might form through the attack
of the HN——C(SH)—NH2 thiourea tautomer.

ð2Þ

Voltammetric measurements

Typical changes in the CV response caused by the
addition of nucleophiles to the >C——N— bonds of the
thiadiazole 1,1-dioxide ring were observed in our studies
of the voltammetric behavior of 1a. Briefly, these changes
are as follows: 1a in aprotic solvent solution presents two
reversibly couples, their corresponding cathodic peaks (Ic
and IIc, at ca �0.9 and �1.4 V vs Agþ/Ag) were assigned
to the formation, respectively, of the radical anion and the
dianion of the substrate. On addition to one of the >C——
N— double bonds, a thiadiazoline is formed. Thiadia-
zolines present two cathodic peaks (IIIc and IVc) at about
�1.7 to �2.2 V. Peaks Ic, IIIc and IVc are typically
observed in solutions of a thiadiazole and a monofunc-
tional nucleophile (i.e. in thiadiazole–thiadiazoline mix-
tures). These peaks can be employed [see Eqn (6) below]
to estimate equilibrium constants for monoaddition reac-
tions1–5 [Eqn (1)]. We have verified that under similar
experimental conditions, the corresponding totally satu-
rated compounds, 1,2,5-thiadiazolidine 1,1-dioxides,
either do not present voltammetric signals or show an
ill-defined cathodic peak at potentials ca �2.4 Vor lower,
that frequently appears as a shoulder on the background
current of the solvent.

Experimental voltammograms of a solution of 1a and
thiourea (molar ratio [thiourea]/[1a]¼ 10) in DMF at
several reaction times are presented in Fig. 2. A gradual

Figure 1. Molecular plots of (a) 3a and (b) 3h showing the
labeling of the non-H atoms and their displacement ellip-
soids at the 30% probability level

Figure 2. Time evolution of the cyclic voltammogram of an
11.9mM solution of 1a in DMF on thiourea addition
([thiourea]¼0.12M). (—) Before addition; (- - -), 1 h; (- � -),
5.5 h; (- � � -), 20 days; (� � � �), 90 days after addition. Sweep
rate, 0.2 V s�1
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disappearance of the 1a peaks (solid line, initial CV) was
observed, along with the appearance of two thiadiazoline
cathodic peaks at �1.7 and �2.1 V (i.e. dashed-dotted
line, at 5.5 h). As noted above, the voltammogram at 5.5
h, presenting peaks Ic, IIIc and IVc, is typical of a
thiadiazole–thiadiazoline mixture. The intensity of these
peaks decreased thereafter, while a peak at �2.4 V
appeared (dashed-two dotted and dotted lines, 20 and
90 days).

The time evolution of the CV of 1a solutions in DMF,
on the addition of urea or substituted thioureas, or of 1d
solutions, on addition of thiourea was similar to that
shown in Fig. 2 for the 1a–thiourea system. These
experiments suggested a stepwise mechanism, with an
intramolecular second step, as outlined in Eqns (3) and
(4) for 1a and thiourea.

ð3Þ

ð4Þ

The spectrophotometric results for the 1a–urea system
presented below are also in agreement with this
mechanism.

The reactions are reversible in solution and the equili-
brium is shifted to the reactants by a temperature in-
crease: a 3.54 mM solution of 3b in DMF, with 0.1 M

NaClO4 as supporting electrolyte, presented a featureless
CV between 0.9 and �2.8 V but, after heating the solu-
tion at 105�C for 3 h, the CV registered immediately after
the solution had been rapidly cooled to room temperature
showed the Ic and IIc cathodic voltammetric peaks of 1a
and the anodic peak of thiourea at ca 0.3 V. Likewise, a
DMF solution of 1a (42 mM) and urea (0.3 M), with 0.2 M

NaClO4 as supporting electrolyte, was left to react until
an almost flat CV was observed, after the solution had
been heated to 90�C for 3 h. When rapidly cooled and
scanned, the CV showed the typical voltammogram of a
mixture of 1a and its corresponding (monoaddition)
thiadiazoline, i.e. peaks Ic, IIIc and IVc.

As mentioned, 1d reacted with thiourea to give 3h
(Scheme 1). However, 1c, which also has a 3,4-substi-
tuent with a fused �-system, reacted differently: attempts
to isolate the corresponding bicycle by the standard
method (see Experimental) gave a reduction product of
1c, the thiadiazoline 1cH2 (Scheme 2), which we have
recently synthesized and identified.23 It should be noted,
as we have reported, that thiadiazoline 1cH2 differs from
the typical 1,2,5-thiadiazoline structure, since both

carbon–nitrogen bonds are single, and a sulfur precipitate
was also observed. The difference is presumably caused
by the resonance stability provided by the phenanthrene
group in 1cH2, whereas in a hypothetical 1dH2

(Scheme 2), the resulting acenaphtylene group would
not represent an appreciable aromaticity increase over the
original naphthalene group.

The voltammetric response of the 1a–sulfamide system
suggested that only monoaddition [Eqn (5)] took place.

ð5Þ

In effect, the changes in the CV of solutions of 1a on
addition of sulfamide (shown in Fig. 3) were similar to
those found when alcohols were added to solutions of 1a
as described in the first paragraph of this section (i.e.

Scheme 2

Figure 3. Equilibrium cyclic voltammogram of a 1a
(9.32mM)-sulfamide (1.13M) solution in DMF (solid line).
Sweep rate, 0.2 V s�1; supporting electrolyte, 0.14M

NaClO4. A cyclic voltammogram of 1a (dotted line) under
similar experimental conditions is shown for comparison
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formation of a thiadiazoline 1,1-dioxide from a thiadia-
zole 1,1-dioxide). As reported for these reactions,24 the
equilibrium constant can be estimated from cyclic vol-
tammetric data using Eqn (6) [�¼ sweep potential rate;
i(Ic), i(IIIc)¼ current intensity of labeled voltammetric
peaks in Fig. 3].

K½sulfamide�0 ¼
2 iðIIIcÞ=v1=2 þ iðIcÞ=2v1=2
� �

iðIcÞ=v1=2
ð6Þ

The linear dependence of the current intensity of peaks
Ic and IIIc with v1/2 [a requisite for the employment of
Eqn (6)] was verified in the experimental sweep rate range
(0.05–0.3 V s�1). The calculated equilibrium constant
K(1a–sulfamide), was 3.8� 0.4 M

�1. This value is similar
to that obtained with other N- or O-nucleophiles.1,2

Solutions of 1a and dithioxamide presented cyclic
voltammograms that remained unchanged for several
months, indicating lack of reaction. A similar behavior
was observed for the 1a–N,N0-dimethylurea system.
However, probably owing to the greater nucleophilicity
of the N atoms of thioureas, as compared with those of
ureas, N,N0-diethylthiourea yielded 3f. Also, the cyclic
voltammograms of the 1a–N,N0-diphenylthiourea system
evolved similarly to the 1a–thiourea system, suggesting
the formation of the corresponding bicyclic compound,
which, however, was apparently unstable and could not
be isolated.

Spectrophotometric results

Compound 1a in aprotic solvent solution presents a UV
band at ca 325 nm, with a molar absortivity (") of ca
9000 M

�1 cm�1, thiadiazoline 1aH2 has an intense ab-
sorption band at ca 260 nm, with "� 15 000 M

�1 cm�1,
while saturated thiadiazolidine 1,1-dioxides absorb very
weakly in the same spectral region ["(260 nm)
� 500 M

�1 cm�1). Thus, the reaction of 1a with urea in
MeCN–DMF (1:2) mixed solvent solution could be
followed by UV spectrophotometry. The MeCN–DMF
(1:2) mixed solvent used was a convenient experimental
compromise: DMF alone would have masked the spec-
trum because of its UV absorption (the mixed solvent
cutoff was ca 255 nm). However, even though MeCN,
which does not absorb in the region of interest, the
reaction was found to be very slow in this solvent (times
of the order of months, versus days in DMF). The results
are shown in Fig. 4: a band at 325 nm (corresponding to
1a), which was initially observed, decreased as the
reaction advanced. Simultaneously, a band at 260 nm
appeared and increased. The first three spectra (covering
a lapse of 14 days) coincide at an isosbestic point (ca
272 nm). This is the typical spectral behavior of mono-
addition reactions to 1a,2 indicating the slow conversion
of 1a to the 1a–urea monoaddition compound. At

prolonged reaction times, the bicyclic thiadiazolidine
3a was formed and the band at 260 nm decreased greatly
in intensity.

CONCLUSIONS

Bicyclic compounds that are structurally related to bio-
logically active molecules were obtained in very good
yields by simple reactions of 1,2,5-thiadiazole 1,1-diox-
ides with urea and thioureas. The reactions involved the
nucleophilic attack of both N atoms of the nucleophile on
both >C——N— double bonds of the substrate. Probably
because of the greater nucleophilicity of the N atoms of
thioureas than those of ureas, the reaction was about 10
times faster with thioureas and, under similar conditions,
a sterically hindered thiourea (1,2-diethylthiourea) re-
acted, but a similarly hindered urea (N,N0-dimethylurea)
did not.

Theoretical calculations in progress in our group are
aimed at comparing relative stabilities of monoaddition
compounds, diaddition compounds of monofunctional
nucleophiles and cyclic compounds of difuntional
nucleophiles.

EXPERIMENTAL

Compounds 1a–d and 2a, b were synthesized, purified
and characterized according to standard methods.25 Stan-
dard methods26–28 were used for the purification of
commercial solvents, ureas and thioureas. The solvents
were dried with activated 4A molecular sieves and stored
under a dry nitrogen atmosphere. Their water content was
<50 ppm (Karl Fischer).

A Cary 3 UV–visible spectrophotometer equipped with
thermostated cell holders and PTFE-stoppered quartz
cells of 1 cm optical pathlength was used.

Figure 4. UV spectrum of a solution of 1a (0.10 mM and
urea (7.1 mM) in mixed DMF–MeCN (1:2) solvent. Solid line,
initial spectrum; long dashed line 6; medium dashed line 14;
short dashed line 20; dotted line, 27; dashed-dotted line, 41
days after solution preparation
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1H and 13C NMR spectra were measured with a Bruker
200 MHz instrument and IR spectra with a Shimadzu IR-
435 spectrophotometer.

CV experiments were performed in a conventional
undivided gas-tight glass cell with dry nitrogen gas inlet
and outlet. The working electrode was a 3 mm diameter
vitreous carbon disk encapsulated in PTFE, the counter-
electrode was a 2 cm2 Pt foil and an Agþ (0.1 M, MeCN)/
Ag reference electrode (to which all potentials reported
are referred) was used. The supporting electrolyte
was 0.1 M NaClO4. An LYP-M2 potentiostat, a three-
module LYP sweep generator and a Houston
Omnigraphic 2000 pen recorder were used. The prepara-
tion of solutions, the CV experiments and other manip-
ulations were carried out in a glove-box under a dry
nitrogen atmosphere.

Single crystals for x-ray diffraction studies (of seven
out of the eight synthesized compounds) could be ob-
tained from ethanol or MeCN solutions by slow evapora-
tion of the solvent. Details of the crystal structure
determination are given below. General structural char-
acteristics of the compounds were commented on above
(see Results and discussion).

Synthesis of compounds

Compounds 3a–h were obtained in high yield by a
general procedure, exemplified here for 3b: 1a (0.150 g;
0.56 mmol) and thiourea (0.211 g; 2.77 mmol) were
mixed with 1–2 ml of DMSO or DMF at room tempera-
ture. The initial suspension turned into a homogeneous
solution in a day. On addition of water (ca 5 ml), a
precipitate was obtained. The precipitate was filtered
and washed thoroughly with water. A 0.179 g amount
(93% yield) of solid (TLC pure) 3b was obtained.
Compound 4 was obtained by the same procedure
through the mixture of similar molar proportions of 1d
and urea in 2 ml of DMSO.

Compound 3b could also be obtained by the reaction of
2a with thiourea in DMSO solution, by a similar proce-
dure (yield: 90%).
3a: m.p. 310–312�C (decomp.); �max (KBr) (cm�1),

3355 and 3325 (s, NH), 3050 (br, CArH); 1700 (s, C——O),
1495 and 1440 (vw; s, arom. ring str.), 1410 (m), 1395,
1380 and 1360 (m, thiadiazolidine ring), 1320 and 1180
(s, SO2); �H (200 MHz; DMSO-d6, Me4Si), 7.06–7.76
(10 H, m, Ph), 8.50 and 7.97 (2Hþ 2H, s, NH); �C

(200 MHz; DMSO-d6, Me4Si), 159.6 (C——O), 127.2–
137.5 (Ph), 83.8 (Ph–C–C-Ph). Found: C, 54.60; H,
4.17; N, 18.18; S, 10.01. Calc. for C15H14N4O3S: C,
54.54; H, 4.24; N, 16.97; S, 9.70%.
3b (yield 93%): m.p. 243–245�C (decomp.);

�max(KBr) (cm�1), 3600 and 3300 (m; s, NH), 1610,
1510 and 1440 (m; s; s, arom. ring str.), 1365 (s,
thiadiazolidine ring), 1290 and 1150 (s, SO2), 1200
(m), 1035 (s, C——S); �H (200 MHz; DMSO-d6, Me4Si),

7.06–7.10 (10 H, m, Ph), 8.80 and 9.68 (2Hþ 2H, s, NH);
�C (200 MHz; DMSO-d6, Me4Si), 182.3 (C——S), 127.0–
136.2 (Ph), 86.9 (Ph–C–C–Ph). Found: C, 49.44; H, 4.51;
N, 15.51; S, 18.50. Calc. for C15H14N4O2S2�H2O: C,
49.43; H, 4.43; N, 15.37; S, 17.60%.
3c (yield 93%): m.p. 174–175�C (decomp.); �max(KBr)

(cm�1), 3400 and 3275 (m; s, NH), 2950 and 2800 (vw,
CH), 1610, 1585, 1515 and 1445 (s; m; vs; m, arom. ring
str.), 1420 (m), 1395 and 1365 (m, thiadiazolidine ring),
1310 and 1175 (s, SO2), 1295 (s), 1270 (s), 1210 (m),
1050 (m, CN), 1040 (m, C——S); �H (200 MHz; DMSO-
d6, Me4Si), 3.63 (6 H, s, CH3O), 6.65–6.98 (8 H, m, Ph),
8.65 and 9.56 (2Hþ 2H, s, NH); �C (200 MHz; DMSO-
d6, Me4Si), 182.1 (C——S), 159.1–112.7 (Ph), 86.7 (Ph–
C–C–Ph), 55.0 (CH3O). Found: C, 50.35; H, 4.86; N,
14.61; S, 17.92. Calc. for C17H18N4O4S2: C, 50.24; H,
4.43; N, 13.79; S, 15.76%.
3d (yield 91%): m.p. 220–221�C (decomp.);

�max(KBr) (cm�1), 3250 and 3100 (s, NH), 3030 (s,
CArH), 2655 and 1480 (w, s, CAliphH), 1495 and 1455
(s, arom. ring str.), 1410 (m), 1385 (s, thiadiazolidine
ring), 1310 and 1170 (s, SO2), 1230 (m), 1055 (s, CN),
1035 (m, C——S); �H (200 MHz; DMSO-d6, Me4Si), 2.89
(3H, s, CH3), 6.83–7.16 (10H, m, Phs), 8.92, 9.25 and
9.81 (1Hþ 1Hþ 1H, s, NH); �C (200 MHz; DMSO-d6,
Me4Si), 182.0 ppm (C——S), 126.6–136.0 (Ph), 89.6 and
84.6 (bridgehead C atoms), 29.3 (CH3). Found: C, 52.42;
H, 4.44; N,15.89; S, 18.11. Calc. for C16H16N4O2S2: C,
53.33; H, 4.44 N, 15.56; S, 17.78%.
3e (yield 94%): m.p. 202–205�C (decomp.); �max

(KBr) (cm�1), 3300 (s, NH), 3050 (s, CArH), 1470 (s,
CAliphH), 1500 and 1450 (s, arom. ring str.), 1430 (m),
1380 (s, thiadiazolidine ring), 1330 (m), 1310 and 1150
(s, SO2), 1270 (w), 1210 (m), 1060 (s, C—N), 1035 (vw,
C——S); �H (200 MHz; DMSO-d6, Me4Si), 1.17–1.22 (3H,
t, CH3), 2.98–3.12 and 3.65–3.79 (2H, m, CH2), 6.85–
7.19 (10H, m, Phs), 8.91, 9.25 and 9.72 (1Hþ 1Hþ 1H,
s, NH); �C (200 MHz; DMSO-d6, Me4Si), 181.7 ppm
(C——S), 126.8–136.2 (Ph), 90.3 and 84.4 (bridgehead C
atoms) and 13.2 (CH3–CH2–), the CH2 resonance is
hidden by the DMSO solvent signals. Found: C, 53.12;
H, 4.82; N, 15.07; S, 16.44. Calc. for C17H18N4O2S2: C,
54.54; H, 4.81; N, 14.97; S, 17.11%.
3f (yield 95%): m.p. 194–196�C (decomp.); �max

(KBr) (cm�1) 3300 and 3125 (s, NH), 3000 (m, CArH),
2950, 2750 and 1460 (m; w; s, CAliphH), 1415 (m), 1475
and 1445 (arom. ring str.), 1395, 1380 and 1365 (s,
thiadiazoline ring), 1345 (s), 1310 and 1175 (s, SO2),
1265 (s), 1215 (m), 1045 (m, C——S); �H (200 MHz;
DMSO-d6, Me4Si), 1.21–1.26 (6H, t, CH3), 3.11–3.25
and 3.57–3.71 (4H, m, CH2), 6.91–7.13 (10H, m, Phs),
9.24 (2H, s, NH); �C (200 MHz; DMSO-d6, Me4Si), 182.6
(C——S), 127.5–134.2 (Ph), 88.7 (bridgehead C atoms),
and 13.3 (CH3–CH2–), the CH2 resonance is hidden by
the DMSO solvent signals. Found: C, 56.18; H, 5.48; N,
14.12; S, 15.43. Calc. for C19H22N4O2S2: C, 56.69; H,
5.51; N, 13.92; S, 15.93%.
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3g (yield 81.3%): m.p. 190–194�C (decomp.);
�max(KBr) (cm�1) 3300 (s, NH), 3050 (w, CArH), 2850,
2650 and 1460 (s; m; s, CAliphH), 1500 and 1450 (s, arom.
ring str.), 1410 (m), 1380 (s, thiadiazolidine ring), 1340
(m), 1320 and 1160 (s, SO2), 1250 (w), 1210 (s); �H

(200 MHz; DMF-d7, Me4Si), 3.91–3.99 and 4.41–4.50
(4H, m, CH2), 4.96–5.23 (2H, m, CH2

——), 5.83–6.12
(1H, m, ——CH–), 7.03–7.81(10H, m, Ph), 9.06 and 9.77
(2Hþ 1H, s, NH); �C (200 MHz; DMF-d7, Me4Si), 183.6
(C——S), 137.3 (——CH–), 134.8–127.9 (Ph), 117.1
(CH2¼ ), 91.7 and 85.8 (bridgehead C atoms) and 47.4
(–CH2–). Found: C, 55.39; H, 4.97; N, 14.53; S, 16.59.
Calc. for C18H18N4O2S2 C, 55.94; H, 4.69; N, 14.50; S,
16.59%.
3h (yield 88%): m.p. 249–250�C (decomp.); �max

(KBr) (cm�1), 3400, 3380 and 3200 (s, NH), 3050 (m,
CArH), 1480 (s, arom. ring str.), 1410 (s), 1395 (s), 1320
and 1180 (s, SO2), 1120 (s), 1070 (s); �H (200 MHz;
DMSO-d6, Me4Si), 9.84 and 8.70 (2Hþ 2H, s, NH) and
7.52–7.96 (6H, m, Ph); �C (200 MHz; DMSO-d6, Me4Si),
180.8 (C——S), 152.6, 139.0–120.5 (arom. ring) and 90.43
(Ph–C–C–Ph). Found: C, 46.71; H, 3.42; N, 16.98; S,
26.87. Calc. for C13H10N4O2S2: C, 49.04; H, 3.17; N,
17.60; S, 20.14%.
4 (yield 49%): �max (KBr) (cm�1), 3250 and 3100 (s,

NH), 1660 (s, C——O), 1500 and 1450 (m, arom. ring str.),
1415 (m), 1380 (m), 1360 (m), 1340 (m), 1260 (m), 1190
(s), 1100 (s); �H (200 MHz; DMSO-d6, Me4Si): 6.28 (2H,
s, NH) and 7.45–7.81 (6H, m, Phs); �C (200 MHz;
DMSO-d6, Me4Si), 157.7 (C——O), 143.3–118.8 (6 sig-
nals, acenaphthyl) and 92.23 (bridgehead C atoms).

Crystal structure determination
of compounds 3a, b and d–h

The x-ray diffraction patterns of 3b and 3g were mea-
sured with an Enraf-Nonius CAD4 x-ray diffractometer,
employing the !� 2� scan mode and Cu K�, graphite
monochromatized, radiation (�¼ 1.54184 Å). The rest of
the compounds were measured with a Enraf-Nonius
KappaCCD diffractometer, working in the ’ and ! scan
modes with Mo K�, graphite monochromatized radiation
(�¼ 0.71073 Å). CAD4 and KappaCCD data were re-
duced with the XCAD429 and DENZO & SCALE-
PACK30 programs, respectively. The structures were
solved by direct methods employing SHELXS31 and
refined by full-matrix least-squares with the SHELXL32

program.
All but the thiadiazoline and water hydrogen atoms

were included in the molecular models at stereochemical
positions and refined with the riding model. The thiadia-
zoline hydrogen atoms of all compounds along with one
water H atom of 3b were found in a difference Fourier
map and refined isotropically with N—H and Ow—H
distances constrained to target values of 0.89(1) and
0.82(1) Å, respectively.

Crystal data
3a: C15H14N4O3S, M¼ 330.36, monoclinic, a¼ 9.948
(1), b¼ 13.039(1), c¼ 12.675(1) Å, �¼ 109.63(1)�,
U¼ 1548.6(1) Å3, T¼ 293(2) K, space group P21/c
(No. 14), Z¼ 4, �(Mo K�)¼ 0.230 mm�1, 14 437 reflec-
tions measured, 3548 unique (Rint¼ 0.039) which were
used in all calculations. The final wR(F2) was 0.112 (all
data).
3b: C15H14N4O2S2�H2O, M¼ 364.44, orthorhombic,

a¼ 17.096(1), b¼ 10.800(3), c¼ 17.868(2) Å, U¼
3298.8(9) Å3, T¼ 293(2) K, space group Pbca (No. 61),
Z¼ 8, �(Cu K�)¼ 3.129 mm�1, 3141 reflections mea-
sured, 2972 unique (Rint¼ 0.035). Final wR(F2)¼ 0.1297.
3d: C16H16N4O2S2, M¼ 360.45, monoclinic, a¼

10.537(1), b¼ 14.709(1), c¼ 11.425(1) Å, �¼ 111.153
(1)�, U¼ 1651.4(1) Å3, T¼ 100(2) K, space group P21/n
(No. 14), Z¼ 4, �(Mo K�)¼ 0.339 mm�1, 15 578 reflec-
tions measured, 3229 unique (Rint¼ 0.048). Final
wR(F2)¼ 0.0855.
3e: C17H18N4O2S2, M¼ 374.47, monoclinic, a¼

10.5263(2), b¼ 15.3045(4), c¼ 11.6783(3) Å, �¼
112.071(1)�, U¼ 1743.50(7) Å3, T¼ 100(2) K, space
group P21/n (No. 14), Z¼ 4, �(Mo K�)¼ 0.324 mm�1,
10 795 reflections measured, 3396 unique (Rint¼ 0.047).
Final wR(F2)¼ 0.0932.
3f: C19H22N4O2S2, M¼ 402.53, monoclinic, a¼

12.759(1), b¼ 9.530(1), c¼ 16.027(1) Å, �¼ 103.96
(1)�, U¼ 1891.2(2) Å3, T¼ 100(2) K, space group P21/
c (No. 14), Z¼ 4, �(Mo K�)¼ 0.304 mm�1, 9262 reflec-
tions measured, 3288 unique (Rint¼ 0.070). Final
wR(F2)¼ 0.1183.
3g: C18H18N4O2S2, M¼ 386.48, monoclinic,

a¼ 10.523(1), b¼ 8.333(1), c¼ 20.681(3) Å, �¼ 90.27
(1)�, U¼ 1813.5(4) Å3, T¼ 293(2) K, space group P21/c
(No. 14), Z¼ 4, �(Mo K�)¼ 2.839 mm�1, 3250 reflec-
tions measured, 3074 unique (Rint¼ 0.008). Final
wR(F2)¼ 0.1065.
3h: C13H10N4O2S2, M¼ 318.37, orthorhombic,

a¼ 10.3017(1), b¼ 18.7506(1), c¼ 13.2639(1) Å, U¼
2562.10(3) Å3, T¼ 100(2) K, space group Pbca (No. 61),
Z¼ 8, �(Mo K�)¼ 0.426 mm�1, 39 084 reflections mea-
sured, 2253 unique (Rint¼ 0.052). Final wR(F2)¼
0.1060.
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