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Abstract
C,HxFeO, monoclinic, P2, (no. 4), a = 10.204(3) A,
b = 57956(16) A, ¢ = 14.591(4) A, B = 97.876(10)°,
V = 854.7(4) A%, Z = 2, Ry((F) = 0.0676, WR,of(F?) = 0.1647,
T=170 K.

CCDC no.: 2065552

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

A mixture of 10 mmol acetylferrocene and 10 mmol cumi-
naldehyde was added to 25 mL of ethanol, and kept stirring
to make mixture completely soluble at the room tempera-
ture. Then 10 mL of KOH (20%) was added to the above
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Table 1: Data collection and handling.

Crystal: Red needle

Size: 0.12 x 0.08 x 0.03 mm
Wavelength: Mo Ka radiation (0.71073 A)
u: 0.89 mm™*

Diffractometer, scan mode:
Bmax, cOMpleteness:

N(hkD measureds N(hk[)unique, Rint:
Criterion for /ops, N(hkl)g:
N(param)reﬁned:

Programs:

Bruker APEX-Il, ¢ and w

26.4°, 99%

4779, 3020, 0.074

lobs >2 U(Iobs)v 2006

189

Bruker [1], Olex2 [2], SHELX [3, 4]

solution. Until all starting materials disappeared on the
thin layer chromatography, the solution was added to
50 mL water, and the precipitated solids were filtered off.
The solid was obtained by vacuum filtering, and washing
with water and 30% ethanol respectively. Crystals were
acquired by slow evaporation at the room temperature for
one week.

Experimental details
Hydrogen atoms were placed in their geometrically ideal-

ized positions and treated as riding on their parent C atoms
with d(C-H) = 0.95 A and Uss, (H) = 1.2 Ueq(0).

Comment

Cuminaldehyde, i.e., 4-isopropylbenzaldehyde, is an oxidized
aldehyde monoterpene compound, and is a major essential
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
C1 0.8412(7) 0.3029(12) 0.4418 (3) 0.025 (2)
c2 0.8293(7) 0.1697 (10) 0.3594 (4) 0.027 (2)
H2 0.801942 0.013134 0.353334 0.033*
c3 0.8654(7) 0.3117 (13) 0.2876 (3) 0.031 (3)
H3 0.866538 0.266769 0.225079 0.037*
C4 0.8997 (7) 0.5326 (11) 0.3256 (5) 0.035 (3)
H4 0.927701 0.661446 0.293038 0.042*
C5 0.8847 (8) 0.5272(10) 0.4209 (4) 0.028 (3)
H5 0.900906 0.651735 0.463294 0.033*
cé 0.5870(8) 0.6932(12) 0.2765 (5) 0.036 (3)
H6 0.614039 0.817307 0.240885 0.043*
c7 0.5483 (8) 0.4701 (14) 0.2428 (4) 0.054 (3)
H7 0.544871 0.418723 0.180717 0.065*
c8 0.5157 (8)  0.3373 (11) 0.3183 (6) 0.047 (3)
H8 0.486557 0.181432 0.315528 0.057*
c9 0.5342(7) 0.4783 (14) 0.3986 (5) 0.047 (3)
H9 0.519686 0.433362 0.459013 0.057*
Cc10 0.5783 (7) 0.6983 (12) 0.3728 (5) 0.033 (3)
H10 0.598473 0.826355 0.412881 0.040*
C11 0.8016 (10) 0.2197 (19) 0.5311 (6) 0.028 (2)
C12 0.8015 (10) 0.3941 (17) 0.6042 (6) 0.032 (3)
H12 0.831308 0.546075 0.594138 0.039*
C13 0.7602 (10) 0.3417 (17) 0.6848 (6) 0.027 (2)
H13 0.725369 0.191130 0.690636 0.033*
C14 0.7636 (6) 0.4963 (9) 0.7658 (3) 0.023 (2)
C15 0.7090 (6) 0.4192 (9) 0.8425 (4) 0.027 (2)
H15 0.666868 0.272772 0.841092 0.032*
C16 0.7159(6) 0.5563 (11) 0.9211 (3) 0.033 (3)
H16 0.678587 0.503617 0.973539 0.040*
Cc17 0.7775(7)  0.7705 (10) 0.9232(3) 0.026 (2)
c18 0.8321 (6) 0.8476 (8) 0.8465 (4) 0.029 (2)
H18 0.874224 0.994027 0.847904 0.035*
Cc19 0.8252(6) 0.7105 (10) 0.7678 (3) 0.031 (3)
H19 0.862507 0.763186 0.715456 0.037*
C20 0.7887 (10) 0.924 (3) 1.0111 (6) 0.035 (3)
H20 0.826183 1.075273 0.994796 0.042*
c21 0.6571 (10) 0.973 (3) 1.0426 (7) 0.048 (3)
H21A 0.598545 1.047266 0.992381 0.072*
H21B 0.669905 1.075368 1.096489 0.072*
H21C 0.617178 0.827768 1.059448 0.072*
c22 0.8871 (14) 0.818 (2) 1.0870 (8) 0.055 (4)
H22A 0.851598 0.672062 1.107247 0.083*
H22B 0.902200 0.924403 1.139566 0.083*
H22C 0.970835 0.788607 1.063321 0.083*
Fel 0.70803 (13) 0.4484 (3) 0.34352 (8) 0.0253 (4)
01 0.7700(7) 0.0189(11) 0.5397 (4) 0.0334(19)

oil of green cumin seeds, eucalyptus, myrrh, and cassia
[5, 6]. Due to its characteristic aroma, this compound has
been used as a fragrance chemical in cosmetic. Additionally,
cuminaldehyde has been reported to exhibit various thera-
peutic properties, such as anti-oxidant, anti-helminthic [7],
anti-inflammatory [6], anti-nociceptive, anti-neuropathic
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[8], antibacterial [9], antidiabetic [10], anti-cancer [11], and
antifungal effects [12, 13]. However, there is limit research on
its carbonyl derivatives [14-16]. As mentioned in our previ-
ous works [17, 18], ferrocene has a stable sandwich structure.
The incorporation of ferrocenyl into biological molecules
offers the potential to develop better and more efficacious
therapeutic drugs.

The optimized molecular structure of the title com-
pound is displayed in the figure, and it adopts an E
configuration about the C12-C13 double bond. There is a
slight twist between the two cyclopentadienyl rings of
ferrocenyl moiety forming a dihedral angle of 2.61°. The
dihedral angle between the phenyl ring (C14/C15/C16/C17/
C18/C19) and the cyclopentadienyl ring (C1/C2/C3/C4/C5)
is 14.85°, and the dihedral angle between the phenyl ring
(C14/C15/C16/C17/C18/C19) and the other cyclopentadienyl
ring (C6/C7/C8/C9/C10) is 17.12°. The intramolecular
hydrogen bonding interactions between the acyl O atoms
and C-H atoms stabilize the crystal packing. Parameters
are similar to related structures [17-19].

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

Research funding: This work was financially supported by
Open Research Fund Program of Institute of Cosmetic
Regulatory Science, Beijing Technology and Business
University (No. CRS-2021-04).

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

References

1. Bruker. SMART APEX-II CCD; Bruker AXS Inc.: Madison, WI, USA,
2006.

2. Dolomanov O. 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.

3. Sheldrick G. M. Crystal structure refinement with SHELXL. Acta
Crystallogr. 2015, (71, 3-8.

4. Sheldrick G. M. SHELXTL - integrated space-group and crystal-
structure determination. Acta Crystallogr. 2015, A71, 3-8.

5. Singh R. P., Gangadharappa H., Mruthunjaya K. Cuminum
cyminum — a popular spice: an updated review. Phcog. J. 2017, 9,
292-301.

6. Tomy M. J., Dileep K. V., Prasanth S., Preethidan D. S., Sabu A.,
Sadasivan C., Haridas M. Cuminaldehyde as a lipoxygenase
inhibitor: in vitro and in silico validation. Appl. Biochem.
Biotechnol. 2014, 174, 388-397.

7. Goel V., Singla L. D., Choudhury D. Cuminaldehyde induces oxidative
stress-mediated physical damage and death of Haemonchus
contortus. Biomed. Pharmacother. 2020, 130, 110411.



DE GRUYTER

10.

11.

12.

13.

. Koohsari S., Sheikholeslami M. A., Parvardeh S., Ghafghazi S.,

Samadi S., Poul Y. K., Pouriran R., Amiri S. Antinociceptive and
antineuropathic effects of cuminaldehyde, the major constituent
of Cuminum cyminum seeds: possible mechanisms of action.

J. Ethnopharmacol. 2020, 255, 112786.

. Wongkattiya N., Sanguansermsri P., Fraser I. H., Sanguansermsri D.

Antibacterial activity of cuminaldehyde on food-borne
pathogens, the bioactive component of essential oil from
Cuminum cyminum L. collected in Thailand. J. Compl. Integr. Med.
2019, 16. 20180195.

Lee H.-S. Cuminaldehyde: aldose reductase and a-glucosidase
inhibitor derived from cuminum cyminum L. seeds. J. Agric. Food
Chem. 2005, 53, 2446-2450.

TsaiK.-D., LiuY.-H., Chen T.-W., Yang S.-M., Wong H.-Y., Cherng].,
Chou K.-S., Cherng J.-M. Cuminaldehyde from Cinnamomum
verum induces cell death through targeting topoisomerase 1 and
2 in human colorectal adenocarcinoma COLO 205 cells. Nutrients
2016, 8, 318.

Hajlaoui H., Mighri H., Noumi E., Snoussi M., Trabelsi N.,

Ksouri R., Bakhrouf A. Chemical composition and biological
activities of Tunisian Cuminum cyminum L. essential oil: a high
effectiveness against Vibrio spp. strains. Food Chem. Toxicol.
2010, 48, 2186-2192.

Ebada M. E. Cuminaldehyde: a potential drug candidate.

J. Pharmacol. Clin. Res. 2017, 2, 555585.

15.

16.

17.

18.

19.

J. Zhang et al.: The crystal structure of C;oH,.FeO =—— 439

. KaurP.,Sharmas., Gaba]. Preparation and biological activities of

novel cuminaldehyde derivatives. Org. Prep. Proced. Int. 2021, 53,
240-253.

Bennie R. B., David S. T., Sivasakthi M., Mary S. A. J.,
Seethalakshmi M., Abraham S. D., Joel C., Antony R.
Synthesis, spectral characterization and antimicrobial studies
of Schiff base transition metal complexes derived from
cuminaldehyde and 4-aminoantipyrine. Chem. Sci. Trans. 2014,
3, 937-944.

Kaushik P. K., Varshney V., Kumar P., Bhatia P., Shukla S.
Microwave-assisted synthesis, characterization, and
antimicrobial activity of some odorant Schiff bases derived from
naturally occurring carbonyl compounds and anthranilic acid.
Synth. Commun. 2016, 46, 2053-2062.

Zhang J., Huang X. The crystal structure of (2€,4E)-1-ferrocenyl-5-
phenylpenta-2,4-dien-1-one, C;9H;5CIFeO. Z. Kristallogr. N. Cryst.
Struct. 2022, 237, 445-447.

ZhangL., Xie M. The crystal structure of (E)-3-(2-chlorophenyl)-
1-ferrocenylprop-2-en-1-one, Ci9H1sClFeO. Z. Kristallogr. N.
Cryst. Struct. 2022, https://doi.org/10.1515/NCRS-2022-
0042.

Muller T. J., Conradie )., Erasmus E. A spectroscopic,
electrochemical and DFT study of para-substituted ferrocene-
containing chalcone derivatives: structure of
FcCOCHCH(p-"BuCgHy). Polyhedron 2012, 33, 257-266.


https://doi.org/10.1515/NCRS-2022-0042
https://doi.org/10.1515/NCRS-2022-0042

	The crystal structure of (E)-1-ferrocenyl-3-(4-isopropylphenyl)prop-2-en-1-one, C22H22FeO
	Source of material
	Experimental details
	Comment
	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 1
  /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


