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Abstract

CaoH36F,N,0,4, monoclinic, P2;/c (no. 14), a = 9.8180(16) A,
b =19.355(3) A, ¢ =17.930(3) A, B = 102.353(3)°, V = 3328.3(9) A3,
Z =4, R,(F) = 0.0564, eref(FZ) =0.1866, T = 296(2) K.
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Table 1: Data collection and handling.

Crystal: Colourless block

Size: 0.18 x 0.16 x 0.15 mm
Wavelength: Mo Ka radiation (0.71073 A)
u 0.09 mm™'

Diffractometer, scan mode:
Omax, cOMpleteness:
N(hkl)measureds N(hkl)unique: Rint: 20,489, 7585: 0.034
Criterion for Iops, N(hkl)gy: Iops > 20(Iops), 4295
N(param)refined: 473

Programs: Bruker [1], SHELX [2,3]

Bruker APEX-IL, ¢ and w
27.5°,>99 %

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 displacement
parameters.

1 Source of material

A 100 mL round bottom flask was sequentially charged with
50 mL of 1,2-dichloroethane, 30 mmol of 4-fluoroaniline,
30 mmol of ethyl propionate, 30 mmol of cinnamaldehyde,
12 mmol of piperazine and 0.24 mmol of p-toluenesulfonic
acid. The reaction mixture was slowly heated to reflux for
12 h. At the end of the reaction the mixture was cooled, to
room temperature. Then 200 mL of water were slowly
added, with ethyl acetate was extracted three times
(3 x 100 mL), the organic layer was separated, and saturated
aqueous sodium chloride was washed twice (2 x 100 mL), and
the organic layers were combined. The organic layer was
dried over anhydrous sodium sulfate, filtered, distilled
under reduced pressure, and separated by silica gel column
chromatography (ethyl acetate:petroleum ether = 1:50) to give
1, a white powdered solid. An amount of 1 g of 1 was added to
the mixed solution of methanol/tetrahydrofuran, added to a
30 mL quartz tube, and irradiated by 410 nm UV light for 72 h.
The product was separated by column chromatography,
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
F1 0.6963 (2) 0.97589 (9) 0.47231 (12) 0.1322 (7)
C1 0.6467 (2) 0.49669 (13) 0.19420 (14) 0.0768 (7)
H1 0.562781 0.474591 0.194619 0.092*
01 0.22769 (16) 0.61826 (10) 0.14321 (8) 0.0840 (5)
02 0.41076 (18) 0.68466 (10) 0.13638 (9) 0.0828 (5)
F2 0.93853 (17) 0.47412 (9) 0.10501 (10) 0.1121 (6)
(o] 0.7306 (3) 0.47082 (15) 0.14912 (16) 0.0869 (8)
H2 0.702761 0.432216 0.118800 0.104*
03 0.68921 (16) 0.64025 (9) 0.54550 (8) 0.0784 (5)
a 0.8522 (3) 0.50090 (15) 0.14866 (14) 0.0770 (7)
N1 0.46538 (16) 0.72575 (8) 0.36222 (8) 0.0477 (4)
N2 0.59973 (16) 0.57907 (9) 0.28714 (9) 0.0540 (4)
04 0.82344 (16) 0.67755 (9) 0.46835 (8) 0.0726 (5)
c4 0.8935 (3) 0.55757 (17) 0.19074 (17) 0.0977 (10)
H4 0.978888 0.578119 0.190126 0.117*
() 0.8071 (3) 0.58497 (15) 0.23509 (15) 0.0846 (8)
H5 0.834204 0.625064 0.262903 0.102*
C6 0.6825 (2) 0.55447 (10) 0.23906 (11) 0.0502 (5)
7 0.6023 (3) 0.42589 (13) 0.40095 (15) 0.0741 (7)
H7 0.506494 0.419474 0.385721 0.089*
(@] 0.6885 (3) 0.36920 (13) 0.40570 (16) 0.0830 (7)
H8 0.649528 0.325738 0.393760 0.100*
9 0.8263 (3) 0.37527 (14) 0.42702 (18) 0.0897 (8)
H9 0.889780 0.345286 0.412287 0.108*
c17 0.4186 (2) 0.55270 (11) 0.35957 (12) 0.0532 (5)
H17 0.362804 0.510689 0.359300 0.064*
c1e6 0.3433 (2) 0.61699 (10) 0.37881 (11) 0.0510 (5)
H16 0.281579 0.606945 0.413771 0.061*
C15 0.46274 (19) 0.66781 (10) 0.41420 (11) 0.0477 (5)
H15 0.456343 0.683123 0.465440 0.057*
c14 0.60060 (19) 0.62616 (10) 0.41450 (10) 0.0472 (5)
C13 0.5535 (2) 0.55083 (10) 0.42098 (12) 0.0538 (5)
H13 0.525529 0.547136 0.470127 0.065*
C20 0.5046 (2) 0.69105 (10) 0.29770 (11) 0.0491 (5)
H20 0.530858 0.723768 0.261509 0.059*
c19 0.3840 (2) 0.64179 (11) 0.25869 (11) 0.0511 (5)
c18 0.45101 (19) 0.56865 (11) 0.27905 (11) 0.0523 (5)
H18 0.413455 0.533521 0.240800 0.063*
C21 0.6262 (2) 0.64104 (10) 0.33267 (11) 0.0489 (5)
H21 0.718442 0.660852 0.333591 0.059*
C22 0.1754 (2) 0.70690 (12) 0.30082 (11) 0.0542 (5)
C12 0.6522 (2) 0.49109 (11) 0.41773 (12) 0.0573 (5)
26 0.1030 (3) 0.82274 (14) 0.25998 (14) 0.0767 (7)
H26 0.113357 0.861676 0.231320 0.092*
C25 0.0051 (3) 0.82207 (14) 0.30448 (15) 0.0766 (7)
H25 -0.051169 0.860493 0.306016 0.092*
C24 —-0.0093 (2) 0.76401 (14) 0.34690 (14) 0.0714 (7)
H24 —-0.076096 0.763119 0.376693 0.086*
23 0.0748 (2) 0.70753 (13) 0.34516 (12) 0.0615 (6)
H23 0.064398 0.668860 0.374222 0.074*
c27 0.1860 (2) 0.76533 (13) 0.25795 (12) 0.0650 (6)
H27 0.250714 0.766017 0.226917 0.078*
€32 0.6160 (2) 0.82532 (11) 0.35302 (13) 0.0594 (6)
H32 0.636321 0.807797 0.308344 0.071*
31 0.6716 (3) 0.88846 (12) 0.38108 (15) 0.0729 (7)
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Table 2: (continued)
Atom X y z Uisu*lueq
H31 0.728432 0.913232 0.355312 0.087*
C30 0.6425 (3) 0.91342 (12) 0.44591 (16) 0.0773 (7)
C29 0.5599 (3) 0.87847 (13) 0.48522 (15) 0.0797 (7)
H29 0.542306 0.896424 0.530331 0.096*
c28 0.5035 (2) 0.81682 (12) 0.45754 (12) 0.0640 (6)
H28 0.445575 0.793381 0.483801 0.077*
37 0.3442 (2) 0.65226 (12) 0.17306 (12) 0.0594 (6)
C36 0.7391 (4) 0.7320 (2) 0.6354 (2) 0.171 (2)
H36A 0.804493 0.748746 0.679328 0.256*
H36B 0.649624 0.725914 0.647965 0.256*
H36C 0.731292 0.764866 0.594538 0.256*
C38A° 0.1756 (9) 0.6113 (5) 0.0635 (4) 0.0664 (15)
H38A? 0.128871 0.567260 0.051306 0.080*
H38B? 0.249765 0.615422 0.035666 0.080*
C39A° 0.0740 (12) 0.6708 (5) 0.0456 (4) 0.129 (3)
H39A? 0.051118 0.678473 —-0.008512 0.194*
H398B? 0.115586 0.711697 0.070938 0.194*
H39C? —0.009363 0.659859 0.063107 0.194*
c388° 0.1742 (13) 0.6432 (7) 0.0555 (6) 0.0665 (16)
H38C® 0.188204 0.692503 0.051094 0.080*
H38D° 0.224898 0.619266 0.022386 0.080*
C398° 0.0296 (10) 0.6268 (9) 0.0350 (5) 0.114 (4)
H39D® —-0.007007 0.640663 —-0.016849 0.171*
H39E® 0.017365 0.577878 0.039682 0.171*
H39F° -0.019139 0.650733 0.068241 0.171*
C35 0.7862 (3) 0.66785 (16) 0.61212 (14) 0.0878 (9)
H35A 0.796102 0.635055 0.653840 0.105*
H35B 0.877080 0.674027 0.599958 0.105*
C11B¢ 0.7794 (10) 0.4905 (5) 0.4714 (8) 0.075 (2)
H11B¢ 0.806562 0.527787 0.503928 0.090*
C10B¢ 0.8633 (10) 0.4324 (5) 0.4743 (8) 0.078 (2)
H10B¢ 0.948072 0.431634 0.509432 0.094*
C10A? 0.8846 (4) 0.4425 (2) 0.4297 (3) 0.0815 (14)
H10A¢ 0.979747 0.448273 0.433165 0.098*
c11Ad 0.7983 (4) 0.4992 (2) 0.4271 (3) 0.0709 (13)
H11AY 0.836696 0.543352 0.431570 0.085*
C34 0.7183 (2) 0.65120 (11) 0.47714 (11) 0.0506 (5)
33 0.53043 (19) 0.78798 (10) 0.39067 (10) 0.0457 (5)
C40 0.2629 (2) 0.64276 (11) 0.30082 (11) 0.0526 (5)
H40 0.198989 0.605594 0.278819 0.063*

®Occupancy: 0.584 (11), bOccupancy: 0.416 (11), “Occupancy: 0.300 (8),

d0ccupancy: 0.700 (8).

and the elution solvent was petroleum ether and ethyl acetate
20:1. Finally, the obtained solution was evaporated to dryness
in vacuo and recrystallized from methanol and dichloro-
methane to obtain the title compound.

2 Experimental details

All hydrogen atoms were placed in the calculated posi-
tions and all the non-hydrogen atoms were refined
anisotropically.
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3 Comment

In recent years, cage compounds, as an important class
of three-dimensional polyhedral structure compounds, have
been a hot topic of research due to their wide applications in
antitumor, immunity enhancement and antiviral [4,5].
Photochemical reactions have been widely used in various
synthetic reactions [6, 7]. In particular, six-membered rings
with symmetrical double bond structure are often used as raw
materials for photoreaction. A cage compound (systematic
name: diethyl 1,9-bis(4-fluorophenyl)-4,6-diphenylhexahydro-
3H-2,7,3 5-(epimethanetriyliminomethanetriyl) cyclopenta[b]
pyridine-3,7(2H)-dicarboxylate) of the title structure is shown
in the figure. Stereochemically the compound is the product of
common enantiometric forms. It can formally be considered
as resulting from the attack of one dihydropyridine molecule
on the far side of the dihydropyridine ring of the second
molecule (i.e., the side that does not face the aryl moiety) [8,9].

In the molecules forming the title crystal structure,
several important bond angle data are involved as follows:
C18-N2-C6 = 126.95(19)A, C33-N1-C20 = 120.12(18) A,
C16-C40-C22 = 116.5(2) A. The bond lengths and angles are in
the expected ranges [10,11].
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and approved submission.

Research funding: None declared.

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

Z.-A. Zhang et al.: Crystal structure of C4oH36F.N,0, —— 1187

References

1. BRUKER. SAINT. Version 8.23B.; Bruker AXS Inc.: Madison, Wisconsin,
USA, 2013.

2. Sheldrick G. M. Crystal structure refinement with SHELXL. Acta
Crystallogr. 2015, C71, 3-8.

3. Sheldrick G. M. A short history of SHELX. Acta Crystallogr. 2008, A64, 112-122.

4. Simeonova L., Gegova G., Galabov A. S. Prophylactic and therapeutic
combination effects of rimantadine and oseltamivir against
influenza virus A (HsN,) infection in mice. Antiviral Res. 2012, 95,
172-181.

5. Liu )., Obando D., Liao V., Lifa T., Codd R. The many faces of the
adamantyl group in drug design. Eur. J. Med. Chem. 2011, 46,
1949-1963.

6. HanY., JinY., Jiang M., Yang H., Fu H. Photocatalyst-free visible-light
photoredox dearomatization of phenol derivatives containing ketoximes:
an easy access to spiropyrrolines. Org. Lett. 2019, 21, 1799-1803.

7. Mishiro K., Kimura T., Furuyama T., Kunishima M. Phototriggered active
alkyne generation from cyclopropenones with visible light-responsive
photocatalysts. Org. Lett. 2019, 21, 4101-4105.

8. Hilgeroth A, Baumeister U. The first functionalized
6,12-diazatetrakishomocubanes. Angew. Chem. Int. Ed. 2000, 39, 576-578.

9. ShaoH.Q., LuY. M, Lin Q. W., Wang Y. C., Xie Y. S. Crystal structure of
diethyl 3,9-bis(4-fluorophenyl)-6,12-diphenyl-3,9-diazapentacyclo
[6.4.0.0> 7.0* "dodecane-1,5-dicarboxylate, C4H36F,N204.

Z. Kristallogr. N. Cryst. Struct. 2021, 2, 385-386.

10. WangY.-X,, Geng S.-Q., QinJ.-R., Zhang W.-L., Zhong Q.-D. Crystal structure
of dimethyl 1,4,6,9-tetraphenylhexahydro-3H-2,7,3,5-
(epimethanetriyliminomethanetriyl)cyclopenta[b]pyridine-3,7(2H)-
dicarboxylate, C3gH34N,04. Z Kristallogr. N. Cryst. Struct. 2022, 237, 463-465.

1. FanS., Zhang Q., Lv X.-D., Jin Y.-Y., Yang Z.-Y. Crystal structure of
diethyl 4,6-diphenyl-1,9-di-p-tolylhexahydro-3H-2,7,3,5-
(epimethanetriyliminomethanetriyl)cyclopenta[b]pyridine-3,5(2H)-
dicarboxylate, C4oH4oN,04. Z. Kristallogr. N. Cryst. Struct. 2022, 237,
455-457.



	Crystal structure of diethyl 1,9-bis(4-fluorophenyl)-4,6-diphenylhexahydro-3H-2,7,3,5-(epimethanetriyliminomethanetriyl)cyc ...
	1 Source of material
	2 Experimental details
	3 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 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


