
Lamya H. Al-Wahaibi, Mohammed S. M. Abdelbaky, Santiago Garcia-Granda, Guido J. Reiss,
Edward R. T. Tiekink and Ali A. El-Emam*

N′-[(1E)-(4–Fluorophenyl)methylidene]
adamantane-1-carbohydrazide, C18H21FN2O
https://doi.org/10.1515/ncrs-2023-0195
Received April 23, 2023; accepted June 14, 2023;
published online July 5, 2023

Abstract
C18H21FN2O, triclinic, P1 (no. 2), a = 10.6377(5) Å,
b = 14.4869(7) Å, c = 21.0557(13) Å, α = 98.583(5)°, β = 91.979(4)°,
γ = 90.101(4)°, V = 3206.5(3) Å3, Z = 8, Rgt(F ) = 0.0815,
wRref(F 2) = 0.1930, T = 172 K.

CCDC no.: 2269765.

The crystallographic images is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.

1 Source of material

To a solution of adamantane-1-carbohydrazide (1.94 g,
0.01 mol), in ethanol (10 mL), 4-fluorobenzaldehyde (1.24 g,
0.01 mol) was added, after which the mixture was heated
under reflux for 1 h. On cooling, the separated crude product
was filtered, washed with cold ethanol, dried and recrys-
tallised from ethanol to yield 2.76 g (92 %) of the title
compound as colourless prisms [5].M.pt 476–478 K. 1H NMR
(DMSO-d6, 500.13 MHz): δ 1.66–1.69 (m, 6H, adamantane–H),
1.88 (s, 6H, adamantane–H), 2.01 (s, 3H, adamantane–H), 5.67
(s, 1H, NH), 7.27–7.29 (m, 2H, Ar–H), 7.85–7.87 (m, 2H, Ar–H),
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Table : Data collection and handling.

Crystal: Prism, colourless
Size: . × . × .mm
Wavelength: Cu Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Xcalibur, ω-scans
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 and
ORTEP []

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

Atom x y z Uiso*/Ueq

F −. () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
HN . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C −. () . () . () . ()
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
F . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
HN . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
F . () −. () . () . ()
O −. () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
HN . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
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8.25 (s, 1H, CH=N). 13C NMR (DMSO-d6, 125.76 MHz): δ 27.45,
34.57, 36.01, 39.95 (adamantane–C), 114.25, 128.85, 131.0, 166.53
(Ar–C), 144.67 (CH=N), 177.06 (C=O).

2 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
Ueq(C). The N-bound H atoms were located in a difference
map and refined with N–H = 0.88 Å and with Uiso(H) = 1.2
Ueq(N). Owing to poor agreement, one reflection, i.e. (2 13
5), was omitted from the final cycles of refinement.

Due to the weak diffracting crystals only about 43 % of
themeasured reflections are observed (see Table 2). This fact
is expressed by an enlarged R factor for all reflections
(0.1715). Nevertheless the refinement was convergent and all
geometric parameters as well as displacement ellipsoids are
all in the plausible ranges. Also the completeness in the
choosen 2θ range is near 99 %. Thus we don’t have any
doubts concerning the chemical and crystallographic
plausability of the title structure.

3 Discussion

Hydrazide and hydrazone derivatives have proved to
possess desirable chemotherapeutic activities [6, 7]. In the

Table : (continued)

Atom x y z Uiso*/Ueq

H . −. . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C −. () . () . () . ()
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
C −. () . () . () . ()
HA . . . .*
HB −. . . .*
C −. () . () . () . ()
HA −. . . .*
HB . . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
F −. () . () . () . ()
O −. () . () . () . ()
N −. () . () . () . ()
N −. () −. () . () . ()
HN −. −. . .*
C −. () . () . () . ()
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
H −. . . .*
C −. () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C −. () . () . () . ()
H −. −. . .*
C −. () . () . () . ()
C −. () −. () . () . ()
C −. () −. () . () . ()
HA −. −. . .*
HB −. −. . .*

Table : (continued)

Atom x y z Uiso*/Ueq

C −. () −. () . () . ()
HA −. −. . .*
HB −. −. . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
C −. () −. () . () . ()
H −. −. . .*
C −. () −. () . () . ()
HA −. −. . .*
HB −. −. . .*
C −. () −. () . () . ()
H −. −. . .*
C −. () −. () . () . ()
HA −. −. −. .*
HB −. −. . .*
C −. () −. () . () . ()
H −. −. −. .*
C −. () −. () . () . ()
HA −. −. . .*
HB −. −. −. .*

aOccupancy: . ().
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same way, the adamantane cage was identified some time
ago as being an essential building block in various chemo-
therapeutic agents [8, 9]. In the present study, details of the
X-ray structure of the title adamantane-1-carohydrazide-
hydrazone analogue, hereafter (I), which was originally
prepared as a crucial intermediate [5] for the synthesis of
potential chemotherapeutic agents, are described.

There are four independent molecules comprising the
asymmetric-unit of (I) and the molecular structures of these
are shown in the upper four images of the figure (50 %
probability ellipsoids). The molecules comprise an amide
residue, with an anti-conformation, connected, via the
carbon atom to an adamantanyl residue and via an imine
bond to a 4-fluorophenyl ring. The overlay diagram shown in
the figure indicates two distinct conformations; the mole-
cules were overlaid so the CNO atoms of the amide residue
are coincident; the red, green, blue and pink images repre-
sent the O1- to O4-containing molecules, respectively. With
respect to the overlay of the fluorophenyl rings, it is
evident the O1- and O3-containing molecules adopt similar
conformations but distinct to those for the inverted–O2- and
O4-molecules. However, there other twists in the molecule
indicating there is no clear correlation between the dihedral
angles between the least-squares planes through the CNO
and C6 atoms, i.e. 12.4(4), 19.8(6), 16.6(5) and 27.0(5)° for the
O1- to O4-molecules, respectively. While the C7–N1–N2–C8
torsion angle of 178.8(4)° [the equivalent angles for the O2-,
O3- and O4-molecules are −175.3(4), −175.3(4) and −174.1(4)°,
respectively] and N2–N1–C7–C1 torsion angle of 177.9(4)°
[−179.7(4), −175.9(4) and 179.9(3)°, respectively] are consistent
with more or less planar, all-trans conformations, significant
conformational differences arise from twists about the
imine–C–C(fluorophenyl) bonds, in the O2- and O4-molecules
[15.4(8) and 19.3(7)°] compared with effectively co-planar
arrangements for the O1- and O3-molecules [−1.0(7) and
1.4(8)°]. The solution NMR results (see Experimental) confirm
these differences are due to solid-state effects and are not
chemically significant.

There are two closely related derivatives in the litera-
ture which differ in their substitution patterns in the phenyl
ring, namely, the 2–PPh2 [10] and 2,6-dichloro [11]
derivatives, hereafter (II) and (III), respectively. These
present the same anti-conformation for the amide residue.
The dihedral angles between the least-squares planes
through the CNO and C6 atoms of 17.20(13) and 48.97(15)° for
(II) and (III), respectively, highlight the rather different
conformation adopted in the solid-state by (III) compared
with (I) and (II).

The anti-conformation adopted by each of the four
independent molecules of (I) facilitates the formation
of conventional amide–N–H⋯O(amide) hydrogen bonds

[N2–H2n⋯O4i: H2N⋯O4i = 2.06 Å, N2⋯O4i = 2.844(5) Å
with angle at H2n = 148°; N4–H4n⋯O1: H4n⋯O1 = 2.10 Å,
N4⋯O1 = 2.940(5) Å with angle at H4n = 159°; N6–H6n⋯O2:
H6n⋯O2 = 2.03 Å, N6⋯O2 = 2.844(5) Å with angle at
H6n = 154°; N8–H8n⋯O3ii: H8n⋯O3ii = 2.16 Å,
N8⋯O3ii = 2.994(5) Å with angle at H8n = 159° for symmetry
operations (i): −x, 1 − y, 1 − z and (ii): −x, −y, 1 − z] between
all four independent molecules leading to a twisted
supramolecular chain along the b-axis as illustrated in the
lower image of the figure (hydrogen bonds are represented
by orange dashed lines). A myriad of other directional
contacts are evident, e.g. fluorophenyl–C–H⋯F, imine- and
methylene–C–H⋯O(amide) and imine–C–H⋯N(imine).
These serve to connect the supramolecular chains into
double-layers with the adamantanyl residues projecting
to either side. The layers stack along the c-axis with the
adamantanyl residues inter-digitating along this axis.

Previous work has proven systematic analyses of the
calculated Hirshfeld surfaces for the individual molecules of
crystals with multiple molecules in the asymmetric-unit can
provide further evidence for the assigned crystallographic
symmetry [12]. Thus, the calculation of the Hirshfeld
surfaces and fingerprint plots was undertaken by employing
established procedures [13] and CrystalExplorer [14]. Clear
distinctions are noted in the percentage contributions to the
calculated Hirshfeld surfaces, commencing with H⋯H sur-
face contacts which are computed to be 54.5, 61.6, 55.1 and
61.9 % for the O1–O4-molecules, respectively, compared to
64.7 % calculated for the entire asymmetric-unit. The overall
contacts involving H atoms are 94.9, 97.2, 96.2 and 96.7 %,
respectively, with the major differences involving C⋯H/
H⋯C [15.3, 12.9, 14.8 and 12.7 %], F⋯H/H⋯F [9.9, 7.7, 10.7
and 7.8 %] and O⋯H/H⋯O [8.7, 8.3, 9.1 and 7.9 %] contacts.
Differences are also noted in F⋯C/C⋯F surface contacts,
i.e. 2.4, 0.4, 1.5 and 0.7 %, respectively. All other contacts,
i.e. F⋯N/N⋯F, F⋯O/O⋯F, F⋯F and N⋯N, contribute less
than 1.0 % to the individual surfaces.
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