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As a result of studying the interaction of chlorolupinine with potassium phthalimide, the optimal synthesis 

conditions for N-lupinylphthalimide by the Gabriel method are identified. The crystal structure of  

N-lupinylphthalimide is determined for the first time by single crystal XRD. The energy characteristics are 

calculated using the quantum chemical method. It is found that the conformer with the chair conformation 

of the cycles with the axial orientation of the phthalimide substituent is more stable than that with the 

equatorial orientation. 
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INTRODUCTION 

The development of new drugs, the study of mechanisms of their receptor action are the topical issues of modern 

bioorganic chemistry. Promising areas include the creation of drugs by modifying naturally occurring compounds, including 

such a large class as alkaloids. In this aspect, the chemical structure of quinolizidine alkaloids corresponds to an interesting 

class of compounds with different combinations of carbo- and heterocycles, which causes the existence of various optical 

isomers and epimers. Specifically, the modification of quinolizidine alkaloids opens wide possibilities to search for highly 

effective, selective, stereospecific biologically active substances. One of those available for studying is the simplest 

quinolizidine alkaloid lupinine [1]. 

Previously, with the aim to expand the range of lupinine alkaloid derivatives, N-lupinylphthalimide (1) was 

synthesized, which can be a very promising synthon for the inclusion of a biologically active molecule of the lupinine 

alkaloid into various derivatives [2]. In continuation of this work, we have studied the optimal synthesis conditions for 

compound 1 and determined its spatial structure. 
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EXPERIMENTAL 

1H and 13C NMR spectra were recoreded on a JNN-ECA Jeol 400 spectrometer (399.78 MHz and 100.53 MHz 

respectively) using the DMSO-d6 solvent. Chemical shifts were measured relative to the signals from residual protons or 

carbon atoms of deuterated DMSO. 

The reaction course and the purity of the obtained compounds were controlled by thin-layer chromatography on 

Silufol UV-254 plates in the ethanol–chloroform system (1:4). The plates were exposed to iodine vapor. The reaction product 

was isolated by recrystallization from ethanol. The melting point was determined on a SMF-38 heating stage. All solvents 

used in the work were purified and absolutized according to standard procedures [3]. 

Synthesis of N-lupinylphthalimide. To 20 mL of a suspended solution of potassium phthalimide in DMF (4.607 g, 

24.87 mmol) chlorolupinine (4.24 g, 22.61 mmol) was added. The reaction mixture was boiled for 8 h and then cooled. After 

settling for 15 h the reaction mixture was dissolved in 150 mL of ice water and extracted with chloroform (3×100 mL). The 

united extracts were rinsed with water (3×50 mL) and dried with Mg2SO4. The solvent was evaporated in vacuum; in the 

residue, N-lupinylphthalimide was obtained in the form of transparent crystals (3.98 g, 86%) with m.p. 161-164 °C. 
1H NMR spectrum, δ, ppm (J, Hz): 1.19-1.92, m (12H, H2ax, H3a,b, H4a,b, H5, H6, H7a,b, H8a,b, H9a,b, H10ax), 2.69-

2.85, m (2H, H2eq, H10eq), 3.57-3.90, m (2H, H11a,b), 7.79-7.91, m (4H, H15–H18). 
13C NMR spectrum, δ, ppm: 20.68 (C3), 25.15 (C8), 25.79 (C9), 26.78 (C4), 29.75 (C7), 36.95 (C5), 40.07 (C11), 

57.22 (C2, C10), 64.58 (C6), 123.51 (C15, C18), 132.08 (C14, C19), 134.93 (C16, C17), and 168.73 (C13, C20). 

The calculations were performed within the MOPAC2009 software by the semi-empirical method of quantum 

chemistry using the PM6 parametrization [4]. 

XRD experiment. Single crystals for XRD were prepared by double crystallization of compound 1 from ethanol. The 

unit cell parameters and the intensities of 2863 reflections (2392 independent, Rint = 0.0392) were measured on an Xcalibur Ruby 

diffractometer (λ CuKα, graphite monochromator, ω-scanning, 4.33 ≤ θ ≤ 76.08°) at a temperature of 293 K. 

Crystals are monoclinic, space group P21, a = 5.3783(7) Å, b = 14.124(1) Å, c = 10.280(2) Å, β = 96.72(1)°, 

V = 775.5(2) Å3, Z = 2 (C18H22N2O2, M = 298.37 g/mol, dcalc = 1.278 g/cm3, μ = 0.667 mm–1). The initial dataset of measured 

intensities was processed and the absorption correction was applied using the CrysAlisPro program (multiscan, 

Tmin = 0.763538, Tmax = 1.0) [5]. 

The structure was determined by a direct method. The positions of non-hydrogen atoms were refined in the 

anisotropic approximation by full-matrix LSM. The hydrogen atoms were placed in geometrically calculated positions, which 

were refined in the isotropic approximation with fixed positional and thermal parameters (riding model). 1429 independent 

reflections with I ≥ 2σ(I) were used in the calculations; the number of refined parameters was 200. The final divergence 

factors are R1 = 0.0531, wR2 = 0.1166 (for the reflections with I ≥ 2σ(I)), R1 = 0.0897, wR2 = 0.1366 (for all reflections), 

GOOF = 0.986. The residual density peaks are Δρ = 0.152 e/Å3 and –0.164 е/Å3. 

The structure was determined and refined using the SHELXS-97 [6] and SHELXL-2018/3 [7] software. The XRD 

data in the form of a CIF file have been deposited with the Cambridge Crystallographic Data Center (CCDC 1999403). 

RESULTS AND DISCUSSION 

In order to identify the optimal synthesis conditions for compound 1 the interaction of chlorolupinine with potassium 

phthalimide within the Gabriel method to form N-alkylphthalimide was studied. The chlorolupinine precursor was 

synthesized by the interaction of lupinine with thionyl chloride in the absolutized benzene medium [8] (Fig. 1). 

The results showed that the 86% yield of N-lupinylphthalimide (1) is maximum when chlorolupinine and potassium 

phthalimide are used in a 0.11:0.1 molar ratio in the DMF medium at 130-140 °C and the reaction time of 8 h. The structure 

of N-lupinylphthalimide (1) was proved by the 1H and 13C NMR spectral data, and the physicochemical constants coincided 

with those previously described in [2]. 
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Fig. 1. Synthesis scheme of N-lupinylphthalimide (1). 
 

The 1H NMR spectrum of compound 1 is characterized by the presence of a large number of protons with similar 

chemical shifts, resulting in overlapping of the signals, which complicates the identification. Thus, in the range 1.19-

1.92 ppm there is a broad multiplet with the integral intensity of 12H, which includes most protons of the lupinine cycle both 

with axial and equatorial orientations. Some of them were identified by two-dimensional (1H–13C) HMQC NMR 

spectroscopy. The next multiplet signal in the range 2.69-2.85 ppm with the intensity of 2H belongs to the equatorially 

oriented H2eq, H10eq protons of the lupinine framework. The bridging protons of the C11–H2 methylene group appeared as  

a multiplet in the range 3.57-3.90 ppm. The aromatic protons in the multiplet form resonate in the range 7.79-7.91 ppm. 

In the 13C NMR spectrum of compound 1, the signals from the lupinine cycles are observed at 20.68 ppm (C3), 

25.15 ppm (C8), 25.79 ppm (C9), 26.78 ppm (C4), 29.75 ppm (C7), 36.95 ppm (C5), 57.22 ppm (C2 and C10), and 

64.58 ppm (C6). Carbon atoms of the benzene core resonated at 123.51 ppm (C15 and C18), 132.08 ppm (C14 and C19), and 

134.93 ppm (C16 and C17). The signal with the chemical shift at 40.07 ppm corresponds to the carbon atom of the bridging 

methylene group. In a weak field region at 168.73 ppm, signals from carbonyl C13 and C20 atoms appeared. 

The structure of compound 1 was also confirmed by two-dimensional (1H–13C) HMQC NMR spectroscopy, which 

allows one to determine heteronuclear spin-spin couplings. Heteronuclear proton couplings with the carbon atoms through 

one bond were established for the following pairs in the compound: H2ax, H10ax–C2, C10 (1.81; 57.56), H2eq, H10eq–C2, C10 

(2.71; 57.73), H5–C5 (1.95; 37.52), H15, H18–C15, C18 (7.80; 123.97), and H16, H17–C16, C17 (7.80; 135.25). 

The general view of the molecule of 1 is depicted in Fig. 2. The configuration of chiral C1 and C9 centers is 

correlated with the absolute one in the crystal structure of lupinine chloride [9]. 

From the obtained data it follows that the bond lengths and bond angles in compound 1 are nearly normal [10]. 

The conformations of six-membered N1, C2…C6 (A) and N1, C6…C10 (B) cycles in the quinolizidine framework 

are similar to the respective conformations in the crystal structure of lupinine [11]. The cycles are in the conformation close 

to a slightly distorted chair ( 3 3,4

S 2С 2.7 and С 0.5Δ = Δ = °  for cycle A and 7 6,7

S 2С 0.8 and С 1.8Δ = Δ = ° for cycle B). Atoms of 

the phthalimide substituent are practically in one plane (±0.02 Å). This substituent connected to the lupinine bicycle through 

the axially oriented methylene CH2 group takes the orientation allowing the maximum parallel arrangement to the plane  

 

 

Fig. 2. Structure of N-lupinylphthalimide (1) (thermal ellipsoids are 
shown at the 30% probability level). 
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passing through N1, C3, C4, and C6 atoms (±0.02 Å) of cycle A. The dihedral angle between this plane and the phthalimide 

substituent is 30.6°; between the C5, C11, N12 atoms and this substituent is 81.8°. 

It should be noted that in the crystal structures of lupinine and lupinine hydrochloride the methanol group is also 

axially oriented. Meanwhile, it is known that the conformers, the derivatives of cyclic compounds with the equatorial 

substituent orientation, are more stable than those with the axial orientation. For example, the ethylcyclohexane molecule 

taking the chair conformation with the equatorial orientation of the ethyl group is far more stable than the same conformer 

with the axial orientation (ΔG0 = 7.3 kJ/mol) [12]. In the crystal structure of lupinine C5 epimer ((+)-lupinine) in the chair 

conformation of cycles A and B the equatorial orientation of the methanol group is also observed [13]. 

Therefore, to determine the relative stability, the formation heat (ΔHf) and total energies (Etot) of two conformers 

with the chair conformation of cycles A and B with axial (1a) and equatorial (1b) orientations of the ethyl group were 

compared for the molecule of 1. From quantum chemical calculations with the full geometry optimization of the conformers 

it follows that their total energies are the same within an error. The formation heat of conformer 1a with the axial orientation 

of the phthalimide substituent is even somewhat lower than that of 1b (ΔHf = 0.3 kJ/mol), which agrees with the theory about 

the occurrence of the most stable conformer in the crystal [14]. 

Thus, the study of the interaction of chlorolupinine with potassium phthalimide identified the optimal synthesis 

conditions for N-lupinylphthalimide in the Gabriel method. The spatial structure of N-lupinylphthalimide was determined and 

it was shown that the conformer with the chair conformation of the cycles with the axial orientation of the phthalimide 

substituent was more stable than that with the equatorial orientation. 

CONFLICT OF INTERESTS 

The authors declare that they have no conflict of interests. 

REFERENCES 

1. A. S. Sadykov. Khimiya alkaloidov Anabasis Aphylla (Chemistry of Anabasis Aphylla Alkaloids). Izd. Akad. Nauk 

Uzb. SSR: Tashkent, 1956. 

2. Sh. M. Gafurova, A. M. Sayitkulov, and H. A. Aslanov. Uzb. Khim. Zh., 1978, (3), 36–38. (In Russ.) 

3. A. Gordon and R. Ford. The Chemist′s Companion: A Handbook of Practical Data, Techniques, and References. Wiley, 

1972. 

4. J. J. P. Stewart. J. Mol. Modeling, 2007, 13, 1173–1213. 

5. CrysAlisPro. Agilent Technologies: Yarnton, Oxfordshire, England, 2014. 

6. G. M. Sheldrick. Acta Crystaollogr., Sect. A, 2008, 64, 112–122. 

7. G. M. Sheldrick. Acta Crystaollogr., Sect. C, 2015, 71, 3–8. 

8. R. T. Tlegenov. Khim. Rastit. Syr′ya, 2007, (4), 69–72. (In Russ.) 

9. A. E. Koziol, M. Gdaniec, and Z. Kosturkiewicz. Acta Crystallogr., Sect. B, 1980, 36, 980–981.  

10. F. H. Allen, O. Kennard, D. G. Watson, L. Brammer, and A. G. Orpen, R. Taylor. J. Chem. Soc. Perkin Trans. 2, 1987, 

S1–S19. 

11. A. E. Koziol Z. Kosturkiewicz, and H. Podkowinska. Acta Crystallogr., Sect. B, 1978, 34, 3491–3494.  

12. M. Nogradi. Stereochemistry: Basic Concepts and Applications. Akademia Kiado: Budapest, 1981.  

13. A. E. Koziol, M. Gdaniec, and Z. Kosturkiewicz. Acta Crystallogr., Sect. B, 1980, 36, 982–983. 

14. A. I. Kitaygorodsky. Molekulyarnye kristaly (Molecular Crystals) [in Russian]. Science: Moscow, 1971.  

 

 

Buk
eto

v U
niv

ers
ity



<<
  /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




