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Abstract
C»,H,08, monoclinic, P2;/n (no. 14), a = 6.7729(3) A,
b = 17.3973(6) A, ¢ = 16.6277(6) A, B = 92.380(3)°,
V =1957.55(13) A%, Z = 4, Ry(F) = 0.041, wR,((F?) = 0.100,
T=90K.

CCDC no.: 2174516

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.
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Table 1: Data collection and handling.

Crystal: Block, colorless

Size: 0.12x0.11 x0.11 mm
Wavelength: Mo Ka radiation (0.71073 A)
u: 0.17 mm™*

Diffractometer, scan mode: ROD, Synergy Custom DW system,
¢ and w-scans

29.3°,>99%

14307, 4301, 0.030

lobs >2 U(Iobs)v 3558

224

CrysAlis™°[1], OLEX-II [2], SHELX[3, 4]

Bmax, cOMpleteness:
N(hk[)measured, N(hk[)unique: Rint:
Criterion for lyps, N(hkl)g:
N(param)reﬁned:

Programs:

Source of material

All chemicals and solvents are analytical grade. The
starting materials 2,6-di-tert-butylphenol (0.1 mmol, 1.0 eq)
and 4-methylsulfanyl-benzaldehyde (0.13 mmol, 1.3 eq)
were mixed, dissolved in toluene (0.25 M), and then placed
in a Dean-Stark device for sonication for 15 min. The re-
action was heated at 393 K. Piperidine (2 eq) was added
dropwise to the reaction at a constant speed within 3 h.
After the reaction was completed, the temperature was
adjusted to 383 K, and an appropriate amount of acetic acid
anhydride was added. After 15 min, the reaction solution
was poured into ice water. Extract with dichloromethane
(25 mL x 3). The organic phases were combined, dried over
anhydrous Na,SO,, the organic phase was concentrated
under reduced pressure, and the residue was purified by
column chromatography using petroleum ether as eluent
to obtain the product with a yield of 91.3%. The product
was dissolved with an appropriate amount of methanol at
room temperature, and the title compound was obtained as
crystals after slowly evaporating the solvent.

Experimental details

Using Olex2 [2], the structure was solved with the SHELXT
[3] structure solution program and refined with the SHELXL
[4] refinement package. All H atoms were positioned
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Table 2: Fractional atomic coordinates and isotropic or equivalent

isotropic displacement parameters (A?).

X y z Uiso*/ueq
S1 0.00756 (6) 0.65263 (2) 0.64058 (2) 0.02640 (12)
01 1.15916 (17) 0.71746 (6) 0.23651 (7) 0.0277 (3)
c1 1.0309 (2) 0.68243 (8) 0.27213 (8) 0.0188 (3)
c2 0.9601 (2) 0.60623 (8) 0.24299 (8) 0.0184 (3)
c3 0.9387 (2) 0.71763 (8) 0.34295 (8) 0.0168 (3)
C4 0.8152(2) 0.57147 (8) 0.28237 (8) 0.0199 (3)
H4 0.772509 0.522082 0.264554 0.024*
Cc5 0.7880 (2) 0.68036 (8) 0.37669 (8) 0.0181 (3)
H5 0.723464 0.704559 0.419556 0.022*
cé 0.7208 (2) 0.60531 (8) 0.35044 (8) 0.0185 (3)
c7 0.5714 (2) 0.56579 (8) 0.38399 (8) 0.0199 (3)
H7 0.543471 0.516896 0.360749 0.024*
c8 0.4476 (2) 0.58714 (8) 0.45024 (8) 0.0186 (3)
c9 0.2497 (2) 0.56358 (8) 0.44567 (9) 0.0200 (3)
H9 0.204160 0.532010 0.402126 0.024*
c10 0.5122 (2) 0.62896 (8) 0.51841 (8) 0.0196 (3)
H10 0.647227 0.643473 0.524366 0.023*
C11 0.3836 (2) 0.64959 (8) 0.57724 (8) 0.0198 (3)
H11 0.430954 0.677793 0.623002 0.024*
C12 0.1193 (2) 0.58535 (8) 0.50327 (9) 0.0199 (3)
H12 —-0.015438 0.570418 0.497649 0.024*
Cc13 0.1839(2) 0.62901 (8) 0.56949 (9) 0.0196 (3)
C14 0.0916 (2) 0.74458 (9) 0.67660 (10) 0.0288 (4)
H14A 0.101660 0.779940 0.631077 0.043*
H14B 0.221603 0.738947 0.704103 0.043*
H14C —-0.002480 0.765121 0.714324 0.043*
C15 1.0521 (2) 0.57099 (8) 0.16859 (9) 0.0222 (3)
C16 0.9608 (3) 0.49260 (9) 0.14774 (10) 0.0314 (4)
H16A 0.983176 0.457429 0.193242 0.047*
H16B 1.022333 0.471621 0.100157 0.047*
H16C 0.818445 0.498591 0.136477 0.047*
c17 1.0151 (3) 0.62373 (9) 0.09509 (9) 0.0314 (4)
H17A 0.872583 0.630748 0.085230 0.047*
H17B 1.071769 0.600240 0.047698 0.047*
H17C 1.077455 0.673771 0.105578 0.047*
Cc18 1.2742 (3) 0.55909 (10) 0.18434 (11) 0.0319 (4)
H18A 1.336514 0.608385 0.198411 0.048*
H18B 1.332147 0.538474 0.135811 0.048*
H18C 1.296039 0.522789 0.228890 0.048*
Cc19 1.0153 (2) 0.79546 (8) 0.37396 (8) 0.0207 (3)
c20 0.9893 (3) 0.85790 (8) 0.30874 (9) 0.0249 (3)
H20A 1.070696 0.845183 0.263214 0.037*
H20B 1.030594 0.907734 0.331191 0.037*
H20C 0.850160 0.860531 0.290301 0.037*
C21 1.2348 (3) 0.78843 (9) 0.40011 (10) 0.0291 (4)
H21A 1.250867 0.748615 0.441559 0.044*
H21B 1.282185 0.837730 0.421912 0.044*
H21C 1.311282 0.774464 0.353547 0.044*
c22 0.9018 (3) 0.82178 (9) 0.44694 (10) 0.0319 (4)
H22A 0.762170 0.829009 0.430952 0.048*
H22B 0.957146 0.870448 0.467216 0.048*
H22C 0.913665 0.782704 0.489323 0.048*
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geometrically and treated as riding, and Ujs, was fixed at
1.2 times of C(H) groups and at 1.5 times of C(H, H, H)
groups.

Discussion

The p-quinone methides is a unique class of compounds
with two &, f-unsaturated carbonyl groups [5]. It is a widely
used intermediate in many chemical, pharmaceutical and
biosynthesis [6, 7]. The structure of cyclohexenone and
exocyclic conjugated double bonds endows it with
aromatization and electron-deficient driving forces [8, 9],
thus exhibiting unique electrophilic reactivity and prone to
1,6-addition reactions, and has good research value. Such
compounds [10] can be extracted from natural products by
biological and chemical methods, or they can be directly
synthesized by chemical methods [11, 12]. The presence of
the electrophilic methylthio group in the title compound
makes it more susceptible to 1,6-addition reaction, thereby
enhancing the activity of this class of compounds. Many
similar crystal structures have been reported [13-16]. The
structures of the compounds were identified by NMR and
X-ray diffraction.

The unit contains one molecule, as shown in the figure,
two tert-butyl groups replace the two hydrogen atoms at
the C2 and C3 positions, respectively, and the electrophilic
methylthio group replaces the hydrogen atom at the
C13 position. The bond lengths and bond angles of this
structure are within reasonable ranges [17]. The cyclo-
hexadiene plane (C1-C2-C4-C6-C5-C3) and the benzene
ring plane (C8-C9-C12-C13-C11-C10) make an angle of
37.46°. The bond lengths of 01-C1, C14-S1, C13-S1 are
1.233(18), 1.793(16), 1.763(15) Angstrom, respectively. The
torsion angles of C6-C7-C8-C9, C6—C7-C8-C10, C14-S1-
C13-C11 are 144.56(15)°, —35.95(2)°, and 33.94(14)°. The angle
of C14-S1-C13is102.56(7)°. The distance from O1 to the plane
of the benzene ring (C8-C9-C12-C13-C11-C10) is 2.763
Angstrom, and the distance of S1 to the cyclohexadiene
plane (C1-C2-C4-C6-C5-C3) is 0.561 Angstrom.

Author contributions: Xiaofan Bai: Writing—Original Draft;
Ziwen Zhang: Methodology and Conceptualization; Wei
Guo: Formal analysis; Yongkang Zhang: Visualization;
Ligiang Zhang and Huihui Liu: Data Curation; Haixia Wu:
Writing—Review and Editing; Yong Li: Supervision. All the
authors have accepted responsibility for the entire content
of this submitted manuscript and approved submission.



DE GRUYTER

Research funding: This work was supported by Hebei
Province Science and Technology Support Program (No.
16214016).

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

References

1. Agilent Technologies. CrysAlis™° Software System, Version [171.]
38.41r; Agilent Technologies UK Ltd: Oxford, UK, 2015.

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. /. Appl. Crystallogr. 2010, 42, 339-341.

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

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

5. Dayma G., Glaude P. A., Fournet R. Experimental and modeling study
of the oxidation of cyclohexene. Int. J. Chem. Kinet. 2003, 35, 273-285.

6. Zhao K., ZhiY., Valkonen A., Rissanen K. Organocatalytic domino
Oxa-Michael/1,6-addition reactions: asymmetric synthesis of
chromans bearing oxindole scaffolds. Angew. Chem. Int. Ed.
2016, 55, 12104-12108.

7. Schonborn A, Le M. D., Fournet R. Auto-ignition control using an
additive with adaptable chemical structure. Part 1: development
of a kinetic model for 1,3-cyclohexadiene and 1,3,5-hexatriene
combustion. Combust. Flame 2019, 205, 466—-483.

8. Wang Z., Wong Y. F. Catalytic asymmetric 1,6-conjugate addition
of para-quinone merhides: formation of all-carbon quaternary
stereocenters. Angew. Chem. Int. Ed. 2015, 54, 13711-13714.

10.

11.

12.

13.

14.

16.

17.

X. Bai et al.: The crystal structure of C5,H,50S —— 1145

. Itoh T. Polymerizations and polymers of quinonoid monomers.

Prog. Polym. Sci. 2001, 26, 1019-1059.

Toteva M. M., Richard J. P. The generation and tractions

of quinone methides. Adv. Phys. Org. Chem. 2011, 45,

39-91.

Baschieri A., Amorati R., Valgimigli L., Sambri L. 1-Methyl-
1,4-cyclohexadiene as a traceless reducing agent for the
synthesis of catechols and hydroquinones. J. Org. Chem. 2019,
84,13655-13664.

Hilt G., Janikowski )., Hess W. Meta-directing cobalt-catalyzed
Diels—Alder reactions. Angew. Chem. Int. Ed. 2006, 45,
5204-5206.

Hampel N., Richter D., Ofial A. R., Mayr H., Mayer P. 4-[4-
(Dimethylamino) benzylidene]-2,6-dimethylcyclohexa-
2,5-dienone. Acta Crystallogr, Sect. E: Struct. Rep. Online 2009,
65, 02102.

Guo W., Zhai P., Bai X., Li N., Wu H., Zhang Z., He ). Crystal
structure of 2,6-di-tert-butyl- 4-(4-methoxybenzylidene)
cyclohexa-2,5-dien-1-one, C,,H,50,. Z. Kristallogr. N. Cryst.
Struct. 2022, 237, 75-77.

. DingY., Wang H., Zheng Q., Guo J., Zhang G., Wang J., Wang X.,

Guo H. Crystal structure of 2,6-di-tert-butyl-4-
(4-chlorobenzylidene) cyclohexa-2,5-dien-1-one, C5;H,5ClO.

Z. Kristallogr. N. Cryst. Struct. 2022, 237, 413-415.

Zhai P., Guan H., Wang )., Zhang Y., Wu H., Jia Y., Li S., Shan J.,
Ding Y. The crystal structure of methyl 4-((3,5-di-tert-butyl-
4-oxocyclohexa-2,5-dien-1-ylidene)methyl) benzoate, C,3H,503.
Z. Kristallogr. N. Cryst. Struct. 2022, 237, 857-859.

ZhangX., Gan K., Liu X., Deng Y.-H., Wang F.-X., Yu K. Y., Zhang .,
Fan C.-A. Enantioselective synthesis of functionalized 4-aryl
hydrocoumarins and 4-aryl hydroquinolin-2-ones via
intramolecular vinylogous Rauhut-Currier reaction of para-
quinone methides. Org. Lett. 2017, 19, 3207-3210.



	The crystal structure of 2,6-di-tert-butyl-4-(4-(methylthio)benzylidene)cyclohexa-2,5-dien-1-one, C22H28OS
	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


