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Abstract
C20H24N4O2S, monoclinic, C2/c (no. 15), a = 28.5901(10) Å,
b = 6.4383(4) Å, c = 20.060(1) Å, β = 99.682(4)°,
V = 3639.9(3) Å3, Z = 8, Rgt(F ) = 0.0557, wRref (F

2) = 0.1514,
T = 150 K.

CCDC no.: 2203657

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.

Source of material

To a solution of 5-(adamantan-1-yl)-4-methyl-4H-1,2,4-
triazole-3-thiol [5] (1.25 g, 5.0 mmol) in DMF (10 mL),
4-nitrobenzyl chloride (1.08 g, 5.0 mmol) and anhydrous
potassium carbonate (0.69 g, 5 mmol) were added; the
mixture was then stirred at room temperature for 8 h. After
this, ice-cold water (10 mL) was added to the reaction

Table : Data collection and handling.

Crystal: Colourless prism
Size: . × . × . mm
Wavelength: Cu Kα radiation (. Å)
μ: . mm−

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

Programs: CrysAlisPRO [], SHELX [, ],
WinGX/ORTEP []
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mixture with continuous stirring for 1 h. The precipitated
crude product was filtered, washed with cold water, dried
and crystallised from aqueous ethanol to yield 1.71 g
(89%) of the title compound as colourless prisms. M. pt:
443–445 K (uncorrected). Anal. Calcd. for C20H24N4O2S:
C, 62.48; H, 6.29; N, 14.57; S, 8.34%. Found: C, 62.44; H,
6.31; N, 14.53; S, 8.32%. 1H NMR (CDCl3, 700.17 MHz): δ
1.78 (s, 6H, adamantane-H), 1.98–2.02 (m, 9H,
adamantane-H), 3.32 (s, 3H, CH3), 4.35 (s, 2H, benzylic
CH2), 7.36 (d, 2H, Ar–H, J = 8.5 Hz), 8.01 (d, 2H, Ar–H,
J = 8.5 Hz). 13C NMR (CDCl3, 176.08 MHz): δ 33.25 (CH3),
28.0, 35.14, 37.16, 40.60 (adamantane-C), 36.30
(benzylic-CH2), 122.84, 130.30, 142.53, 146.02 (Ar–C),
149.64, 161.26 (triazole-C). Single crystals for X-ray
diffraction were obtained by slow evaporation of a so-
lution of the title compound in ethanol:chloroform (2:1,
v/v) held at room temperature.

Experimental details

The C-bound H atoms were geometrically placed
(C–H = 0.95–1.00 Å) and refined as riding with Uiso

(H) = 1.2–1.5 Ueq (C).

Comment

Considerable attention has been devoted to adamantane-
based derivatives owing to their diverse chemotherapeutic
activities [6–8]. For example, several adamantane-linked
1,2,4-triazole derivatives have been identified as efficient
therapies for the treatment of type 2 diabetes and obesity
through the inhibition of 11β-hydroxysteroid dehydroge-
nase type 1 (11β-HSD1) [9, 10]. In an extension of on-going
interest in the structural studies and potential biological
applications of adamantane-linked 1,2,4-triazoles [11,
12], herein the crystal and molecular structures of the
title compound, a potential 11β-HSD1 inhibitor [5], are
described.

The molecular structure of (I) is shown in the figure
(50%probability ellipsoids). The central 1,2,4-triazolyl ring
is planar with a r.m.s. deviation for the five atoms being
0.004 Å with maximum deviations of ±0.003 Å noted for
the N1 and C1 atoms. The C1–N1 and C2–N2 bond lengths of
1.323 (4) and 1.306 (4) Å, respectively, are experimentally
equivalent, and systematically shorter than the C1–N3

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

Atom x y z Uiso∗/Ueq

S . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
N . () −. () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .∗
HB . . . .∗
C . () . () . () . ()
H . . . .∗
C . () . () . () . ()
HA . . . .∗
HB . . . .∗
C . () −. () . () . ()
H . −. . .∗
C . () . () . () . ()
HA . . . .∗
HB . −. . .∗
C . () −. () . () . ()
HA . −. . .∗
HB . −. . .∗
C . () −. () . () . ()
HA . −. . .∗
HB . −. . .∗
C . () −. () . () . ()
H . −. . .∗
C . () . () . () . ()
HA . . . .∗
HB . . . .∗
C . () . () . () . ()
HA . . . .∗
HB . . . .∗
HC . . . .∗
C . () . () . () . ()
HA . . . .∗
HB . . . .∗
C . () . () . () . ()
C . () . () . () . ()
H . . . .∗
C . () . () . () . ()
H . . . .∗
C . () . () . () . ()
C . () . () . () . ()
H . . . .∗
C . () . () . () . ()
H . . . .∗
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and C2–N3 bond lengths of 1.364(4) and 1.371(4) Å,
respectively, which are also experimentally the same. In
connection with the last mentioned bonds, which are
shorter than their standard single bond values, the
decrease in the N1–N2 bond length [1.386(4) Å] is
suggestive of substantial delocalisation of π-electron
density in the five-membered ring. The adamantan-1-yl
group is appended at the C1-position with the S-bound
[(4-nitrophenyl)methyl]sulfanyl substituent connected at
the C2-position. A significant kink is apparent in the
molecule, at the S–CH2– link, as seen in the C2–S1–C14
[101.77(14)°] and C15–C14–S1 [105.8(2)°] bond angles
although the four atoms are co-planar: the C2–S1–C14–C15
torsion angle = 176.9(2)°. As expected, the C2–S1 bond
length of 1.756(3) Å, i.e. involving the ring-carbon atom, is
shorter than the C14–S1 bond of 1.830(3) Å, involving the
methylene-carbon atom. Despite the kink in the molecule,
the aromatic residues are close to parallel with the dihedral
angle between them being 11.21(17)°. Finally, the nitro
group is twisted out of the plane of the phenyl ring it is
connected to, as reflected in the O1–N4–C18–C17 torsion
angle of 9.1(4)°.

The most closely related structure in the crystallo-
graphic literature available for comparison is the deriv-
ative with a nitrogen-bound phenyl group instead of a
nitrogen-bound methyl group [12]. Here, the crucial
central Cring–S–Cmethylene–Cphenyl torsion angle is 84.3
(3)° resulting in an orthogonal relationship between
the triazolyl and phenyl rings. Similar conformations
were noted in the 4-fluorophenyl (83.1(3)°) and
4-chlorophenyl (79.06(13)°) analogues. Presumably this
change of conformation in these three molecules arises
as a result of the steric congestion due to the nitrogen-
bound phenyl rings [12]. However, other influences come
into play as in the two other nitrogen-bound methyl
derivatives, quite distinct conformations are apparent.
Thus, in the 4-chloro species, a very similar conforma-
tion is noted as for the title compound (torsion
angle = 179.32 (14)°) [11]. In the parent compound with an
unsubstituted phenyl ring [13], the torsion angle of
163.3(2)° resembles that in the title compound, yet amore
open conformation was noted as manifested in the
dihedral angle of 51.42(8)° between the rings; the second
independent molecule comprising the asymmetric-unit
suffered from positional disorder but presented an
analogous conformation.

In the absence of conventional hydrogen bonding, C–-
H/O, C–H/N and nitro-O/π interactions come to the fore
in themolecular packing of (I). Thus,methyl-C–H/O (nitro)
[C13–H13a/O1i: H13a/O1i = 2.55 Å, C13a/O1i = 3.103(5) Å
with angle at H13a = 116° for symmetry operation (i): 1 − x, y,

3/2 − z], phenyl-C–H/O (nitro) C17–H17/O1ii:
H17/O1ii = 2.56 Å, C17/O1ii = 3.342(5) Å with angle at
H17 = 140° for (ii): 1 − x, 1 − y, 2 − z] and phenyl-C–H/N
(triazolyl) C20–H20/N2iii: H20/N2iii = 2.60 Å,
C20/N2iii = 3.496(4) Å with angle at H20 = 158° for (iii): x,
1 + y, z] interactions occur at separations within the
respective sum of the van der Waals radii [14]. The
prominent role of the nitro-O atoms in the molecular
packing is emphasised by the presence of a nitro-
O/π(triazolyl) interaction [N4–O2/Cg (N1–N3, C1,
C2)iv: O2/Cg (N1–N3, C1, C2)iv = 3.259(3) Å with angle at
O2 = 105.1(2)° for (iv): 1 − x, 1 + y, 3/2 − z]. The nitro-O atom
approaches the triazole ring in a side-on fashion with the
closest O2/C2 contact being short at 2.991(4) Å. The afore-
mentioned contacts occur within layers that stack along the
a-axis with the adamantan-1-yl residues projecting to either
side. There are no directional interactions between layers.

A recent studyonorganotin compoundsofadamantanyl-
substituted carboxylates indicated very high contributions
to the calculated Hirshfeld surfaces by H/H contacts owing
to the relatively large volume occupied by these substituents
[15]. Thus, analogous calculationswere conducted for the title
compound employing standard methods [16] and Crystal
Explorer 17.5 [17]. The present analysis indeed showed H/H
surface contacts contributed 50.9% to all contacts, despite
the identified interactions giving rise to the described su-
pramolecular layer. The nextmajor contributionswere due to
N/H/H/N [13.6%], O/H/H/O [12.0%] and C/H/H/C
[10.4%] contacts. After these, the only significant contacts
to the Hirshfeld surface were from S/H/H/S [4.1%],
O/N/N/O [2.2%], then O/C/C/O and S/C/C/S con-
tacts, each contributing 1.7%.
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