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Crystal structure of N-ethyl-4-[3-(trifluoromethyl)-
phenyl]piperazine-1-carbothioamide, C;,H,sF3N3S

Table 1: Data collection and handling.

Crystal: Plate, colourless

Size: 0.19 x 0.06 x 0.03 mm

Wavelength: Cu Ko radiation (1.54184 A)

u: 2.18 mm™

Diffractometer, scan mode: SuperNova, w-scans

Bmax, cOmpleteness: 74.5°, 599%

N(hKD measureds NCAKD uniques Rint: 15,788, 3093, 0.016

Criterion for lops, N(hkl)g: lobs > 2 0(/ops), 2960

N(param)efined: 223

Programmes: CrysAlis™ [1], SHELX [2, 3],
OLEX2 [4]

Abstract

C14H;5F5N5S, monoclinic, P2;/c (no. 14), a = 4.61919(4) A,
b = 29.1507(3) A, ¢ = 11.27803(10) A, B = 94.4768(8)",
V=1513.99(3) A, Z = 4, Ry((F) = 0.0588, WR,AF?) = 0.1579,
T =160 K.

CCDC no.: 2211988

The molecular structure and supramolecular chain in
the crystal are 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.
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

X y z Uiso*/ueq
F1A° 0.4357 (7)  0.58429 (9) 0.6886 (3) 0.0474 (5)
F1B® 0.3499 (13)  0.58397 (15) 0.7181(5)  0.0486 (6)
F2A? 0.2987 (8) 0.54297 (12) 0.5417 (2)  0.0476 (5)
F2B° 0.3990 (13) 0.5475 (2) 0.5534 (4)  0.0470 (6)
F3A° 0.0078 (6) 0.55534 (12) 0.6761(3) 0.0490 (5)
F3B® ~0.0038 (7) 0.5406 (2) 0.6326 (6) 0.0480 (6)
N1 —0.0072 (5)  0.22093 (7) 0.65401(18) 0.0303 (4)
H1 0.030(7)  0.2288(11) 0.724(3)  0.036 (8)*
N2 0.1803 (4)  0.28986(6) 0.59848 (16) 0.0259 (4)
N3 0.3860 (4)  0.37736(6) 0.68388(16) 0.0255 (4)
s1 —0.14082(13)  0.24423(2)  0.42956 (5) 0.0308 (2)
c1 0.0077 (8) 0.13887 (10) 0.6014 (3) 0.0518 (8)
H1A 0.091089 0.146572 0.526609 0.078*
H1B -0.114146 0.111468 0.589903 0.078*
H1C 0.164508 0.132875 0.663057 0.078*
C2 —0.1743 (6)  0.17842 (9) 0.6392(2) 0.0397 (6)
H2A -0.338581 0.183240 0.578665 0.048*
H2B -0.255863 0.170638 0.715243 0.048*
c3 0.0232(5)  0.25208(7) 0.56815(19) 0.0235 (4)
C4 0.2233(6)  0.32746 (8) 0.51589(19) 0.0296 (5)
H4A 0.080032 0.324900 0.446205 0.036*
H4B 0.420077 0.325286 0.487260 0.036*
5 0.1886 (5)  0.37352(8) 0.57601(19) 0.0272(5)
H5A 0.230083 0.398459 0.520192 0.033*
H5B —0.014348 0.377036 0.596975 0.033*
3 0.3377(5)  0.33956(8) 0.76581(19) 0.0273 (5)
H6A 0.138233 0.341476 0.791780 0.033*
H6B 0.475838 0.342147 0.837163 0.033*
c7 0.3790 (5)  0.29401 (8) 0.7059 (2) 0.0276 (5)
H7A 0.582014 0.291312 0.684401 0.033*
H7B 0.341862 0.268811 0.761588 0.033*
c8 0.4369 (5)  0.42106 (8) 0.7331(2) 0.0263 (5)
c9 0.3234(5)  0.46090 (8) 0.6790 (2) 0.0285 (5)
H9 0.193717 0.458766 0.609566 0.034*
C10 0.3992(5)  0.50383 (8) 0.7263(2) 0.0322(5)
C11 0.5772(7)  0.50860 (9) 0.8290 (2)  0.0422 (6)
H11 0.623244 0.538034 0.861293 0.051*
C12 0.6876 (7)  0.46900 (10) 0.8840 (3) 0.0488 (7)
H12 0.810089 0.471421 0.955373 0.059*
C13 0.6226 (6)  0.42604 (9) 0.8367 (2) 0.0384 (6)
H13 0.704986 0.399548 0.875030 0.046*
Cl4 0.2839(5)  0.54539 (9) 0.6596 (2) 0.0442 (5)

Occupancies: 20.642 (5), °0.358 (5).

39.98 (CH,), 52.50, 54.82 (Piperazine-C), 112.06, 114.20,
119.62, 130.76, 132.25, 150.14 (Ar—C), 124.86 (CF5), 179.84
(C=S). ESI-MS, m/z: 318.4 [M+H]".

Experimental details

The C-bound H atoms were geometrically placed (C—H = 0.95—
0.99 A) and refined as riding with Ui,(H) = 1.2-1.5U¢4(C). The
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N-bound H atom was located in a difference map and refined
using isotropic approximation. The F atoms of the —CF; group
are disordered over two positions. Some restraints had to be
used to correct the geometry of the disordered components
(SADI) and the thermal parameters of the constituent atoms
(SIMU). At the conclusion of the refinement, the major
component of the disorder had a site occupancy = 0.642(5).
The maximum and minimum electron density peaks of 1.04
and 0.65 e A7, respectively, were located 0.86 and 0.36 A
from the Fla atom.

Discussion

The piperazine scaffold has been identified as a privileged
structure in drug discovery and various piperazine-
based derivatives are currently employed as efficient
chemotherapeutic agents [5, 6]. Several piperazine-
1-carbothioamide derivatives were reported to possess
potent anti-bacterial [7, 8] and anti-inflammatory [9]
activities. It was in this context that the crystal and
molecular structures of the title hybrid piperazine-
1-carbothioamide derivative, (I), were studied.

The molecular structure of (I) is shown in the upper
image of the figure (50% probability ellipsoids; only the
major component of the disordered —CF5 group is shown).
The C3-N2-C7-C6 torsion angle is —135.4(2)°, indicating a
significant twist about the C7-N2 bond, in order to reduce
steric congestion. Despite this rotation, a close intra-
molecular H1---H7b contact of 1.88 A as well as a C7---H1
contact of 2.51 A are evident. The C3-N1 [1.343(3) A] and
C3-N2 [1.348(3) A] bond lengths are experimentally
equivalent; the C3-S1 bond length is 1.698(2) A. Further
twists in the molecule are manifested in the dihedral angle
between the CN,S chromosphere and terminal phenyl ring
of 34.00(9)°. The 1,4-di-substituted piperazine ring has a
conformation of a chair.

There are two closely related piperazine derivatives
in the literature, each of which has a terminal, unsub-
stituted phenyl ring. In the simplest derivative of these,
the N-bound substituent is an adamantan-1-yl group [10]
while in the second literature molecule the nitrogen atom
is connected to a more complicated fused, three-ring
system comprising a five-, six- and five-ring sequence
[11]. The equivalent C3-S1 bond lengths in the literature
precedents of 1.694(4) and 1.692(4) A, respectively,
are the same as in (I). While for the adamantan-1-yl de-
rivative [adam] the C3-N1 and C3-N3 bond lengths
[1.351(4) & 1.369(4) A] are indistinguishable, there is
evidence of disparities in these bonds [1.336(5) &
1.371(6) A] in the second literature molecule.



DE GRUYTER

As illustrated in the lower view of the figure, supra-
molecular chains are apparent in the crystal. The
molecules in the chain are related by glide symmetry
along [001] and are connected by amine—N-H---S(thione)
hydrogen bonds [N1-H1---S1: H1---S1' = 2.63(3) A,
N1---S1' = 3.372(2) A with angle at H1 = 151(3)° for sym-
metry operation (i): x, 1/2 - y, 1/2 + z]. While no N-H:--S
hydrogen bonds are noted in the crystal of the literature
adamantan-1-yl structure, probably owing to the bulk of
the N-bound substituent, linear chains are apparent in
the second literature structure. Connections between
zigzag chains in (I), to form an undulating supramolecular
layer are of the type C—H- - -F with the shortest of these being a
piperazine-methylene-C-H---F interaction [C5-H5a---F3b':
H5a---F3bf = 2.52 A, C5---F3b® = 3.390(6) A with angle at
H5a = 147° for (ii): 1 - x, 1 - y, 1 — 2], i.e. involving an atom
comprising a minor component of the disordered residue. The
chains stack along the g-axis in an ---ABA--- sequence
without directional between them.

In order to gain a greater appreciation of the supramo-
lecular association, an analysis for the calculated Hirshfeld
surfaces was conducted employing CrystalExplorer 17 [12] in
accord with standard methods [13]. The Hirshfeld surfaces
were calculated for both the major and minor components of
the disordered —CF5 group. The differences in percentage
contributions to the surfaces from either component of the
disorder were no greater than 1.0% so the following dis-
cussion is based on calculations performed for the major
component. By far the greater contribution to the Hirshfeld
surface was from H---H contacts, i.e. 46.2%. Significant
contributions also came from F---H/H---F [22.9%)], S---H/
H---S [11.2%] and C---H/H:--C [8.9%)] contacts. Relatively
minor contributions to the surface were of the type N---H/
H---N [3.2%)], F---C/C:--F [3.0%)] and F---F [2.7%)]. The only
other contribution to the Hirshfeld surface greater than
0.1% was from C---C contacts, i.e. 1.7%.

Author contributions: All the authors have accepted respo-
nsibility for the entire content of this submitted manuscript
and approved submission.

Research funding: This work was funded by the
Deanship of Scientific Research at Princess Nourah
bint Abdulrahman University through the Research
Group Program (Grant No. RGP-1442-0010-5).

Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

L.H. Al-Wahaibi et al.: Crystal structure of C;;H,gFsNsS —— 47

References

10.

11.

12.

13.

. Rigaku Oxford Diffraction. CrysAuis™; Rigaku Corporation: Oxford,

UK, 2019.

. Sheldrick G. M. A short history of SHELX. Acta Crystallogr. 2008,

A64, 112-122.

. Sheldrick G. M. Crystal structure refinement with SHELXL. Acta

Crystallogr. 2015, C71, 3-8.

. Dolomanov 0. V., Bourhis L. J., Gildea R. J., Howard J. A. K.,

Puschmann H. OLEX2: a complete structure solution, refinement
and analysis program. J. Appl. Crystallogr. 2009, 42, 339-341.

. Shaquiquzzaman M., Verma G., Marella A., Akhter M., Akhtar W.,

Khan M. F., Tasneem S., Alam M. M. Piperazine scaffold:
a remarkable tool in generation of diverse pharmacological
agents. Eur. J. Med. Chem. 2015, 102, 487-529.

. ZhangR. H., Guo H. Y., Deng H., Li )., Quan Z. S. Piperazine

skeleton in the structural modification of natural products:
a review. J. Enzym. Inhib. Med. Chem. 2021, 36, 1165-1197.

. Foley T. L., Rai G., Yasgar A., Daniel T., Baker H. L., Attene—

Ramos M., Kosa N. M., Leister W., Burkart M. D., Jadhav A.,
Simeonov A., Maloney D. J. 4-(3—Chloro-5-(trifluoromethyl)pyridin-
2-y))-N-(4-methoxypyridin-2-y))piperazine-1-carbothioamide
(ML267), a potent inhibitor of bacterial phosphopantetheinyl
transferase that attenuates secondary metabolism and thwarts
bacterial growth. J. Med. Chem. 2014, 57, 1063-1078.

. Bala V., Mandalapu D., Gupta S., Jangir S., Kushwaha B.,

ChhonkerY. S., Chandasana H., Krishna S., Rawat K., Krishna A.,
Singh M., Sankhwar S. N., Shukla P. K., Maikhuri J. P., BhattaR. S.,
Siddiqi M. I, Tripathi R., Gupta G., Sharma V. L. N-Alkyl/aryl-4-
(3-substituted-3-phenylpropyl)piperazine-1-carbothioamide as
dual-action vaginal microbicides with reverse transcriptase
inhibition. Eur. J. Med. Chem. 2015, 101, 640-650.

. Karthik C. S., Manukumar H. M., Sandeep S., Sudarshan B. L.,

Nagashree S., Mallesha L., Rakesh K. P., Sanjay K. R., Mallu P.,
Qin H. L. Development of piperazine-1-carbothioamide chitosan
silver nanoparticles (P1C-Tit*CAgNPs) as a promising anti-
inflammatory candidate: a molecular docking validation.
MedChemComm 2018, 9, 713-724.

Al-Abdullah E. S., Ghabbour H. A., Alkahtani H. M.,

Al-Tamimi A.—M. S., El-Emam A. A. Crystal structure of
N-(adamantan-1-yl)-4-phenylpiperazine-1-carbothioamide,
C,1H,9NsS. Z. Kristallogr. — New Cryst. Struct. 2016, 231, 991-993.
Mishra K. B., Rajkhowa S., Tiwari V. K. An expeditious one-pot
synthesis of thiourea derivatives of carbohydrates from sugar
azides. J. Carbohydr. Chem. 2020, 29, 334-353.

Spackman P. R., Turner M. J., McKinnon J. J., Wolff S. K.,
Grimwood D. J., Jayatilaka D., Spackman M. A. CrystalExplorer:
a program for Hirshfeld surface analysis, visualization and
quantitative analysis of molecular crystals. J. Appl. Crystallogr.
2021, 54,1006-1011.

Tan S. L., Jotani M. M., Tiekink E. R. T. Utilizing Hirshfeld surface
calculations, non-covalent interaction (NCI) plots and the
calculation of interaction energies in the analysis of molecular
packing. Acta Crystallogr. 2019, E75, 308-318.



	Crystal structure of N-ethyl-4-[3-(trifluoromethyl)-phenyl]piperazine-1-carbothioamide, C14H18F3N3S
	Source of material
	Experimental details
	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


