Journal of Structural Chemistry. Vol. 59, No. 5, pp. 1210-1214, 2018.
Original Russian Text © 2018 G. E. Delgado, E. Osal, A. J. Mora, T. Gonzdlez, A. Palma, A. Bahsas.

STRUCTURAL CHARACTERIZATION OF 11-ETHYL-
6,11-DIHYDRO-5H-DIBENZO|[b,e]AZEPINE

G. E. Delgado', E. Osal', A. J. Mora',
T. Gonzalez’, A. Palma’, and A. Bahsas®

The title compound C,¢H,;N, a potential pharmaceutical agent, crystallizes in the monoclinic P2,/n space
group with unit cell parameters a=9.911(7) A, b=5.542(3) A, c¢=23.245(16) A, B =96.25(2)°. The
dibenzazepine ring adopts a twist-boat conformation. The crystal packing is entirely dominated by cohesive
weak N-H---Cg(n) and Cg(mn)---Cg(n) interactions among the neighboring molecules producing an efficient

packing with 66.4% of the occupied space.
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INTRODUCTION

Heterocycles containing nitrogen in organic molecules have received considerable attention, mainly due to a broad
range of biological properties in medicinal chemistry [1]. One of these heterocycles (benzoazepines) are drugs which exhibit
the potent activity as selective agonists and antagonists to D-1 receptors [2] to treat Parkinson disease, esquezophrenia, renal
disorder, hypertension, and cardiac arrest [3, 4]. These types of drugs are generally constructed from a seven-member ring
fussed with benzene rings in different scaffolds (scheme 1). Due to their biological activity and diverse uses in agriculture
[5], many synthetic routes for [b,e]dibenzazepines have been reported in the literature over the last 50 years.
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Scheme 1. Structural diagram of different scaffolds of dibenzazepines.
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In recent works, Palma et al. [6,7] have described an expedient synthetic route to construct a tetrahydro-1-
benzazepine skeleton from readily available N-allyl-N-benzylanilines, through the aromatic amino-Claisen rearrangement
and the intramolecular 1,3-dipolar cycloaddition as main transformations, and also applied the above synthetic route to the
stereoselective synthesis and crystal structure analyses of different derivatives [8-10]. Compounds of this type show
a promising action against Trypanosoma cruzi and Leishmania chagasi parasites [10].

The present work reports the crystal structure of 11-ethyl-6,11-dihydro-5SH-dibenzo[b,e]azepine synthesized by the
BF;—Et,0 catalyzed aromatic amino-Claisen rearrangement and the intramolecular alkene Friedel-Crafts alkylation [6].

EXPERIMENTAL

Synthesis. 11-Ethyl-6,11-dihydro-5H-dibenzo[b,e]azepine (I) was synthesized by the BF;—Et,O catalyzed aromatic
amino-Claisen rearrangement and the intramolecular alkene Friedel-Crafts alkylation (Scheme 2) explained elsewhere [6].
Reagents and conditions are: NaBH,;, MeOH (a), BrCH,CH=CH,, DMF, K,COs;, reflux (b), BF;-OEt,, 140-155 °C (c),
H,S0,4, 80-90 °C (d). X-ray quality crystals suitable for the X-ray diffraction analysis were obtained from a chloroform

solution after slow evaporation.
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Scheme 2. Synthesis of 11-ethyl-6,11-dihydro-5H-dibenzo[b,e]azepine 1.

NMR spectroscopic studies. 'H NMR and "C NMR spectra were recorded on a Bruker Avance 400 model
spectrometer in the DMSO-d; solution. "H NMR (400 MHz, CDCls, ppm): & =0.91 (3H, t, J=7.4 Hz, H13), 2.17 (2H, m,
H12), 3.69 (1H, t, J=7.3 Hz, H11), 4.00 (1H, d, J= 14.8 Hz, H6b), 4.95 (1H, d, J = 14.8 Hz, H6a), 6.50 (1H, d, J= 8.0 Hz,
H4), 6.67 (1H, td, J= 8.0, 1,0 Hz, H2), 6.96 (1H, td, /= 8.0, 1.0 Hz, H3), 7.12 (1H, dd, J = 8.0, 1.0 Hz, H1), 7.19-7.30 (4H,
m, H7-H10). *C NMR (100 MHz, CDCl;, ppm): & = 13.0 (C13), 31.6 (C12), 51.1 (C6), 54.8 (C11) 117.9 (C4), 118.2 (C2),
127.2 (C3), 127.6-129.5 (C7-C10), 130.2 (Cl11a), 130.8 (C1), 136.5 (C6a), 142.1 (C10a), 146.2 (C4a).

X-ray data collection and structure determination. A colorless rectangular crystal (0.5x0.3x0.2 mm) was used
for data collection. Diffraction data were collected at 298(2) K by the w-scan technique on a Rigaku AFC7S Mercury
diffractometer [11] with graphite-monochromatized MoK, radiation (A =0.71073 A). The data were corrected for Lorentz
polarization and absorption effects. The structure was solved by direct methods using the SHELXS program [12] and refined
by a full-matrix least-squares calculation on F* using SHELXL [13]. All H atoms were placed at the calculated positions and
treated using the riding model, with C—H distances of 0.97-0.98 A, and N-H distances of 0.86 A. The Ui, (H) parameters
were fixed at 1.2U,q (C, N) and 1.5U, (methyl groups). All geometrical calculations were made using the Platon program
[14]. Table 1 summarizes the crystal data, intensity data collection, and refinement details for I. CIF file containing complete
information on the studied structure was deposited with CCDC, deposition number 995653, and is freely available upon

request from the following web site: www.ccdc.cam.ac.uk/data_request/cif.
RESULTS AND DISCUSSION

Title compound I C;¢H ;N crystallizes in the monoclinic space group P2,/n. The crystal packing efficiency reaches
66.4%. Fig. 1 shows the molecular structure and the atom labeling scheme of 11-ethyl-6,11-dihydro-5H-dibenzo[b,e]azepine.
Selected geometrical parameters are presented in Table 2. All bond distances and angles are normal [15] and are in agreement
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TABLE 1. Crystal Data, Data Collection, and Structure Refinement

Chemical formula Ci¢Hi7N
Formula weight 223.31
Crystal system Monoclinic
Space group P2,/n
a,b,c, A; B, deg. 9.911(7), 5.542(3), 23.245(16); 96.25(2)
v, A’ 1269.2(14)
Z 4
D,, g/em’ 1.169
F(000) 480
i, mm~' 0.068
Crystal size, mm 0.50x0.30x0.20
CCDC 995653
Radiation (MoK,) A=0.71073 A
0 range, deg. 1.8-27.8
hkl range -11,11; -4, 6; 26,26
Reflections unique / rint / with /> 2c(/) 2321/0.039/ 1468
Refinement method Full-matrix least-squares on F*
Number of parameters 155
R(F?) /| wR(F®) [I > 26(1)] 0.081/0.259
Goodness of fit on F* 1.03
Max / min Ap, e/A’ 0.42/-0.24

Fig. 1. Molecular structure of I showing the atomic
numbering scheme. Displacement ellipsoids are drawn
at a 25% probability level. H atoms are shown as
spheres of arbitrary radii.

with the average values found in 22 entries with the dibenzo[b,e]azepine fragment in the Cambridge Structural Database
(CSD, version 5.37, May 2016) [15]. The C6-N5-C4a bond angle 126.7(4)° is greater than the N5—C6—C6a bond angle of
116.9(3)°. This difference is also observed in all 22 fragments with average values of 119.2° and 116.3°, respectively. The
N5-C6 bond distance is shorter than the N5-C4a bond distance by 0.028(5) A (Table 2 and Fig. 1). This shortening is
attributed to resonance effects between the benzene ring and the free electron pair of N5, giving a double bond character to
the N5—C6 bond distance. This effect has also been observed in the related structures reported in the Cambridge Structural
Database [15]. The dihedral angle between the benzene rings is 42.8(2)°. The azepinic ring presents a pseudo-mirror plane

passing through C4a and bisecting the C6a—C10a bond, ACS = 22.78, thus adopting a twist-boat conformation [16, 17].
1212



TABLE 2. Selected Geometrical Parameters (A, deg.) for I

N5-C6 1.379(6) C6-N5-Cda 126.7(4) N5-C6-Céa 116.9(3)
N5-C4a 1.407(5) N5-C4a-Clla 124.6(4) N5-C4a-C4 115.9(4)
C6-Céa 1.472(5) C4a-N5-C6-Céa —63.1(6) C6-N5-Cda—C4 ~166.8(4)
C6a-C10a 1.385(4) N5-C6-C6a—C10a 58.6(5) N5-C6-C6a—C7 ~120.9(4)
C9-C10 1.389(5)
Cl1-Clla 1.525(4)

TABLE 3. Parameters (A, deg.) for Short Intermolecular Contacts

D-HA D-H HA DA D-H-A

N5-H5a---Cg® 0.860 2.910 3.730(5) 160

Symmetry codes: V' 1/2—x, —1/2+y, 2—=.
(D — donor; A — acceptor; H — hydrogen). Cgl represents the centroid of the C6a—C7-C8—-C9—C10—C10a ring.

Fig. 2. Partial view of the crystal packing in the ca plane, showing
the intermolecular weak N—H---Cg(m) and Cg(m)---Cg(m) contacts.

The crystal packing of title compound I is governed by non-conventional hydrogen bonds interacting with the «
aromatic system of the benzene rings of the N-H---Cg type (Table 3), furthermore, the molecules are weakly linked in pairs
by a single aromatic m—r stacking interaction to form dimeric units. Fig. 2 shows these interactions, and details of the
hydrogen-bonding geometry are given in Table 3. In other to achieve an efficient packing of 66.4% of the occupied space

[14], a pair of vessel-like molecules packed alternatively as concave and convex structures along the [010] direction.
CONCLUSIONS

The title compound has been prepared by the BF;—Et,O catalyzed aromatic amino-Claisen rearrangement and the
intramolecular alkene Friedel-Crafts alkylation. The crystal packing is completely dominated by cohesive weak N—H:--Cg(m)
and Cg(m)---Cg(m) interactions among the neighboring molecules producing an efficient packing with 66.4% of the occupied

space.
This work was supported by CDCHT-ULA (grant C-1921-15-08-AA) and FONACIT (grant LAB-97000821).

1213



REFERENCES

1. J. Ashby and B. M. Elliott. In: Comprehensive Heterocyclic Chemistry / Eds. A. R. Katritzky, C. W. Rees and O. Meth-
Cohn. Oxford: Pergamon Press, 1984.

N. Baindur, J. L. Neumeyer, H. B. Niznik, et al. J. Med. Chem., 1998, 31(11), 2069-2071.

S. J. Coote, S. G. Davies, D. Middlemiss, et al. Tetrahedron Asymmetry, 1990, 1(1), 33-56.

H. A. Dondas, M. Frederickson, R. Grigg, et al. Tetrahedron, 1997, 53(42), 14339-14354.

J. T. Welch. Tetrahedron, 1981, 43(14), 3123-3197.

A. Palma, J. J. Barajas, V. V. Kouznetsov, et al. Synlett., 2004, 15, 2721-2724.

S. L. Gomez, E. Stashenko, A. Palma, et al. Synlett., 2006, 14, 2275-2277.

A.F. Yépes, A. Palma, E. Stashenko, et al. Tetrahedron Lett., 2006, 47, 5825-5828.

L.M. Acosta, A. Palma, M. Nogueras et al. Synthesis, 2012, 24, 3765-3782.

A. Palma, A. F. Yépes, S. M. Leal, et al. Bioorg. Med. Chem. Lett., 2009, 19(8), 2360-2363.

Crystal Clear. Crystal Structure, Rigaku/MSC. Texas, USA, 2004.

G. M. Sheldrick. Acta Crystallogr., 2008, 464(1), 112-122.

G. M. Sheldrick. Acta Crystallogr., 2015, C71(1), 3-8.

A. L. Spek. J. Appl. Crystallogr., 2003, 36(1), 7-13.

C. R. Groom and F. H. Allen. Angew. Chem. Int. Ed., 2014, 53(3), 662-671.

D. Cremer and J. A. Pople. J. Am. Chem. Soc., 1975, 97(6), 1354-1358.

J. F. Griffin, W. Duax, and M. Weeks. Atlas of Steroid Structure. USA, New York: Plenum Publishing Corporation,
1984.

A T A T

L e T S S e
NS R WD = o

1214




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 650
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


