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Abstract—X-Ray crystallographic structures of 5-ethyl-2-trifluorothioacetylamino-1,3,4-thiadiazole 2, 5-ethyl-3-p-nitrobenzyl-2-
trifluorothioacetylimino-1,3,4-thiadiazoline 4 and 5-n-propyl-2-trifluoroacetylamino-1,3,4-thiadiazole 7 proved to be monomeric
or dimeric bearing intermolecular hydrogen bondings and/or an intramolecular nonbonded 1,5-type S···S or S···O interactions. In
contrast, the X-ray crystallographic structure of 5-ethyl-2-trifluoroacetylamino-1,3,4-oxadiazole 5 was shown to be dimeric
involving ordinal intra- and intermolecular hydrogen bondings without any close contact. The ab initio computational studies
(HF/6-311G*) of the four monomeric formylamino- and thioformylaminothiadiazoles(or -oxadiazoles) and formylimino- and
thioformyliminothiadiazolines(or -oxadiazolines) structures 8–11 clarified the relative structure–stability order and a remarkable
discrepancy in the predominant structures of the acylamino- and thioacylaminothiadiazoles and -oxadiazoles having the potential
for rotational, geometrical and tautomeric isomerism. © 2002 Elsevier Science Ltd. All rights reserved.

Although the biological implications, or the lack
thereof, of intramolecular nonbonded S···X (X=O, S,
N, etc.) interactions have been recently discussed,1 a
large number of sulfur atom-containing heterocyclic
natural products2 and heterocyclic drugs1,3 with or
without a design involving such a specific nonbonded
interaction have been reported. Various nonbonded
S···O interactions have recently been observed to be
essential factors in regulating the conformation and
geometry of organosulfur compounds, and these inter-
actions have been discussed in terms of X-ray crystallo-
graphic and spectroscopic analyses as well as
theoretical calculations.4 There have been several
papers that have discussed the nonbonded S···S interac-
tion, e.g. the transannular S···S interaction in geometri-
cally constrained 1,5-dithiocane derivatives,5

1-tosylimino-1,5-dithiacyclooctane,6 bis(phenylthio)-
dibenzothiophenes,7 thiathiophthenes (‘bond switch-

ing’),8 etc.9 Recently, we have demonstrated
intramolecular nonbonded 1,5-type S···O interactions
(S···O close contact) in the free rotatory molecules of
acyliminothiadiazoline derivatives exhibiting extensive
angiotensin II (AII) receptor antagonistic activity and
their related compounds based on X-ray crystallo-
graphic analyses and ab initio MO calculations.10 How-
ever, the binding affinity of an acyliminooxadiazoline
derivative to the AII receptor proved to be lower than
that of an acyliminothiadiazoline derivative.10 Thus,
such difference of the affinity to the AII receptor
between thiadiazoline and oxadiazoline derivatives
prompted us to investigate the molecular structure
characteristics of the acyl and thioacyl derivatives of
aminothiadiazole, aminooxadiazole and their related
compounds. We describe here intramolecular non-
bonded 1,5-type S···S and S···O interactions and a
remarkable discrepancy in the predominant structures
of acyl(or thioacyl)aminothiadiazole and acyl(or
thioacyl)aminooxadiazole derivatives.

Treatment of 5-ethyl-2-trifluoroacetylamino-1,3,4-thia-
diazole 1 with the Lawesson’s reagent11 in toluene
under reflux afforded the desired trifluorothioacylamide

Keywords : intramolecular nonbonded interaction; thiadiazoles; oxadi-
azoles; X-ray crystallographic structures; ab initio MO calculation;
hydrogen bonding.
* Corresponding author. Tel.: +81-88-633-7271; fax: +81-88-633-9503;

e-mail: ynagao@ph2.tokushima-u.ac.jp

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )00080 -1

mailto:ynagao@ph2.tokushima-u.ac.jp


N
N

S

N
F3C

X R

N
N

S
N

CF3

XR

HH

N
N

O
N

F3C
O

Me

H

N
N

O
N

CF3

O

H3C

H

A X = S, R = Et
B X = O, R = n-Pr

N
N

S

NF3C

S

N

Me

O

O

4

······

······

····· · · ····

··

·······
··

····· ·

· · ·

· · ·
··

·

···

··········· · · ···

C

N
N

S

N
H

F3C

Me
O

N
N

S

N
H

F3C

Me
S

N
N

S

NF3C

Me
O

NO2

N
N

S

NF3C

Me
S

NO2

N
N

O

N
H

F3C

Me
O

N
N

O

N
H

F3C

Me
S

N
N

S

N
H

F3C

O

Me

toluene
 reflux

p-nitrobenzyl bromide
( 1.2 mol eq )
K2CO3 ( 1.2 mol eq )
DMF, r.t.

52 %

67 %
 Lawesson's
    reagent
( 1.2 mol eq )

toluene
 reflux

79 %

1 2

3 4

5 6

 Lawesson's
    reagent
( 1.2 mol eq )

7

Y. Nagao et al. / Tetrahedron Letters 43 (2002) 1709–17121710

2 [yellow prisms, mp 134–136°C (CHCl3–hexane)] in a
52% yield. The reaction of 1 with p-nitrobenzyl bro-
mide in the presence of K2CO3 in DMF gave N-
nitrobenzyl derivative 3 [67% yield, pale yellow prisms,
mp 103–104°C (ethanol)], which was similarly treated
with the Lawesson’s regent11 to give trifluoro-
thioacetylimide 4 [79% yield, yellow prisms, mp 116–
117°C (CHCl3–hexane)], as shown in Scheme 1. A
similar reaction of 5-ethyl-2-trifluoroacetylimino-1,3,4-
oxadiazoline 510 with the Lawesson’s reagent11 under
reflux or at room temperature, however, resulted in the

Figure 2. Rational chemical structures of A–C and 4.

Scheme 1.

decomposition of 5 without yielding the desired product
6.

The crystallographic structures of 2, 4 and 5 were
determined by X-ray analyses,12 as shown in Fig. 1.
Extremely close contact [2.971(1) A� , cf. the sum (3.60
A� ) of van der Waals radii (S and S)] between sulfur (S1)
and sulfur (S2) atoms and the planarity of the S1–C1–
N3–C3–S2 moiety (see torsion angles)12 can be seen in
compound 4 as we anticipated. Similar close contact
[2.905(1) A� ] between the thiocarbonyl sulfur and the
thiadiazole sulfur atoms can also be seen in the crystal
structure of 2. However, the analyzed crystallographic
structure unexpectedly proved to be dimeric A13 involv-
ing characteristic intermolecular hydrogen bondings, as
represented in Fig. 1. Therefore, the X-ray crystallo-
graphic analysis of the earlier reported compound 710

was carefully reexamined. As a result, a similar dimeric
structure B with the close contact of 1,5-type S1···O1
[2.648(3) A� , cf. the sum (3.32 A� ) of van der Waals radii
(S and O)] and intermolecular hydrogen bondings was
revealed. In contrast, the structure of trifluoro-
aminooxadiazole 5 based on the X-ray crystallographic
analysis (Fig. 1), was shown to be dimeric C involving
ordinal intra- and intermolecular hydrogen bondings
and without signs of any close contact.13 Hence, the
unusual dimeric structures A and B must be understood
in terms of the intramolecular 1,5-type nonbonded S···S
and S···O interactions, respectively, in comparison with
structure C. The rational crystallographic structures of
A, B, C and 4 can be represented as a characteristic
anion- or electron-delocalized formula (Fig. 2) due to
the almost similar bond lengths13 of C1–N1, C1–N3,
and C3–N3.

In order to understand the structural discrepancy
between trifluoroacetyl(or trifluorothioacetyl)amino-
thiadiazole and trifluoroacetyl(or trifluorothioacetyl)-
aminooxadiazole described above, the corresponding
eight possible kinds of monomeric rotational and
geometrical isomers and tautomers, 8–15 (Fig. 3) were
evaluated in terms of the ab initio MO calculations
at some HF levels by using simplified monomeric
formylamino(or -imino) and thioformylamino(or
-imino) structures.14,15 In our computational studies of
8–15 (R1=R2=H; X=O, Y=O or S; X=S, Y=O or
S), the sterically unstable structures 12–15 were
neglected on the basis of the earlier calculation out-
come.10,15 Thus, the relative energy values obtained

Figure 1. Computer-generated drawing of compounds A (for
2), 4, B (for 7) and C (for 5) derived from the X-ray
coordinates.
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from the ab initio geometry optimization of structures
8–11 at the HF/6-311G* level are listed in Table 1.14

In structures 8–11 of the formyl(or thio-
formyl)oxadiazole-related compounds (X=O, Y=O or
S), the plausible main structure–stability factors can be
speculated from an inspection of the molecular struc-
tures as follows. Factor 1: intramolecular hydrogen
bonding between N3-hydrogen and carbonyl oxygen
(or thiocarbonyl sulfur) atoms; Factor 2: endo-olefinic
stabilization of the heterocyclic moiety (vide infra); and
Factor 3: weak carbonyl O···O1 or thiocarbonyl S···O1
close contact.10 Thus, the relative structure–stability
order in the oxadiazole-related compounds can be
rationalized as follow: 9 (Factor 1)>11 (Factors 2 and
3)>10 (Factor 2)>8 (Factor 3).

In structures 8–11 of the formyl(or thioformyl)-
thiadiazole-related compounds (X=S, Y=O or S), the
plausible main structure–stability factors may be con-
sidered to be as follows. Factor 4: remarkable carbonyl
O···S1 or thiocarbonyl S···S1 close contact, Factor 1
and Factor 2. Eventually, the relative structure–stability
order in the thiadiazole-related compounds is regarded
to be as the follows. 11 (Factors 4 and 2)>9 (Factor
1)>8 (Factor 4)>10 (Factor 2). With regard to the
tautomeric energy gaps [8 versus 11: �E (X=O)=
5.485, 4.643 kcal/mol or �E (X=S)=2.627, 2.116 kcal/
mol], Factor 2 is fairly differential depending on
whether there is formyl(or thioformyl)amino-
oxadiazole–formyl(or thioformyl)iminooxadiazoline
tautomerism or formyl(or thioformyl)aminothia-
diazole–formyl(or thioformyl)iminothiadiazoline tau-
tomerism. The participation of the former as Factor 2

Table 2. Ab initio MO calculation of endo/exo-olefinic
tautomers

Relative energy (kcal/mol)

AOa ITdATcIOb

0.0005.8310.000HF/6-311G* 3.760
0.000 5.833HF/6-31G* 0.000 4.037

a AO: 2-amino-1,3,4-oxadiazole
b IO: 2-imino-1,3,4-oxadiazoline
c AT: 2-amino-1,3,4-thiadiazole
d IT: 2-imino-1,3,4-thiadiazoline

in the structure–stability should be larger than that of
the latter, which can also be supported by the ab initio
MO calculation outcome of 2-amino-1,3,4-oxa(or
thia)diazole and 2-imino-1,3,4-oxa(or thia)diazoline, as
shown in Table 2.14

In conclusion, the ab initio computation has deter-
mined that structure 11 (R1=R2=H; X=S, Y=O or
S) involving the intramolecular nonbonded S···S or
S···O interaction and structure 9 (R1=R2=H; X=O,
Y=O or S) involving intramolecular hydrogen bond-
ing, are the most stable among the four related isomeric
structures, respectively. The ab initio-computational
outcomes are sufficiently consistent with the X-ray crys-
tallographic analyses giving structures A (for 2), B (for
7), and C (for 5), except for their unexpected dimeric
formulas. The molecular structure characteristics
described herein may provide new insights into the
molecular design of drugs and a new type of
pharmacophore.
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