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Psychotropic (antipsychotic, neuroleptic)
agents are primarily used in the therapy of
schizophrenia, organic psychoses, the manic phase
of manic-depressive illness and other acute or
chronic idiopathic psychotic illnesses. Evidence
supports the hypothesis that the etiology of
psychotic disorders lies in neurochemical defects of
dopaminergic and serotonergic pathways in the
brain. The hypothesis is supported by the fact that
the primary pharmacological action of antipsychotic
agents is antagonism of dopamine and/or serotonin
receptor in the central nervous system. It is also
known that for typical antipsychotics (e.g.
promazine, chlorpromazine, thioridazine,
piperactazine, imipramine) a 2-carbon or 3-carbon
alkyl connection between a heterocyclic ring and a
terminal aminoalkyl or piperidine part is optimal for
dopamine-receptor blockade and antipsychotic
activity (1). What is more, a new phenothiazine
derivative, aminoperazine, characterized by a
cationic amphiphilic structure with a bulky
hydrophobic core and a nitrogen-linked lateral
positive chain, expresses anti HIV activity and
might be used for boosting the immune response of
vaccinated individuals and for restoring the
immunity of immunocompromised patients (2).

Unfortunately, the therapeutic effects of classical
neuroleptics frequently come with severe
extrapyramidal side effects, therefore new drugs are
still requested. Searching for compounds with pre-

dictable neuroleptic activity, as a continuation of our
previous investigations (3, 4), our attention was
focused on amino derivatives of 10-(diphenylmeth-
ylene)-4-azatricyclo [5.2.1.02,6] dec-8-ene-3,5-dione.

The test products were evaluated for their
cytotoxicity and anti-HIV-1 activity in MT-4 cells
using EFV as reference compound (Table 1).
Investigations were performed in Dipartamento di
Scienze e Tecnologie Biomediche, Universita di
Cagliari, Monserrato, Italy.

The structure of all derivatives of compound I
have been established on the basis of elemental
analysis and 1H NMR. The general synthetic
pathway is given in Scheme 1. Molecular structure
of compound III was confirmed by an X-ray
crystallography (Figure 1). Suitable crystal of
dimensions 0.68 ◊ 0.26 ◊ 0.19 mm was selected for
the intensity measurement. Diffraction data were
measured at 291 K on a KM4 diffractometer using
variable scan speed in the ω-2Θ scan mode and
graphite monochromated CuKα radiation (λ =
1.54178 �).
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Melting points were determined in a Koflerís
apparatus and are uncorrected. The 1H NMR spectra
were recorded on a Bruker AVANCE DMX400
spectrometer, at 400.13 MHz. The chemical shift
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values are expressed in ppm relative to TMS as an
internal standard.

10-(diphenylmethylene)-4-azatr icyclo
[5.2.1.02,6]dec-8-ene-3,5-dione I was obtained
according to the method described previously (5).
General procedure for preparing of 4-(2-aminoethyl-
10-(diphenylmethylene)-4-azatricyclo[5.2.1.02,6]
dec-8-ene-3,5-diones IIñVII.

A mixture of compound I (0.45 g, 0.0014 mol),
the corresponding chloroethylamine or chloropropyl-
amine (0.0028 mol), anhydrous K2CO3 (0.45 g) and
catalytic amount of 98% 1,8-diazabicyclo [5.4.0]
undec-7-ene were refluxed in acetone for 30ñ50 h.
The reaction was monitored by TLC (silica gel, de-
veloping system: chloroform: methanol, 18: 1, v/v),
and when completed, the mixture was filtered and
the solvent was evaporated. The residue was crystal-
lized from hexane.

II. Yield 65%, m.p. 175ñ159ΟC, 1H NMR
(400.13 MHz, CDCl3) δ (ppm): 7.32ñ7.27 (m, 6H,
Harom), 7.07ñ7.05 (m, 4H, Harom), 6.31 (s, 2H, CH=),
3.90 (m, 2H, =CHñCH), 3.48 (dd, J1 = J2 = 6.8 Hz,
2H, CHñC=O), 3.42 (m, 2H, NñCH2), 2.34 (t, J = 6
Hz, 2H, CH2ñN), 2.21 (s, 6H, N(CH3)2); C26H26N2O2

◊ 5 1/2 H2O (497.6): calcd: C 62.76, H 7.49, N 5.63;
found: C 62.69, H 7.11, N 5.27.

III. Yield 68%, m.p. 94ñ96ΟC, hexane; 1H
NMR (400.13 MHz, CDCl3) δ (ppm): 7.32ñ7.27 (m,
6H, Harom), 7.07ñ7.05 (m, 4H, Harom), 6.31 (s, 2H,
CH=), 3.89 (m, 2H, =CHñCH), 3.46 (dd, J1 = J2 = 7
Hz, 2H, CHñC=O), 3.41 (m, 2H, NñCH2),
2.54ñ2.46 (m, 6H, N(CH2) 2, CH2ñN), 0.99 (t, J = 6
Hz, 6H, N(CH3)2), C28H30N2O2 (426.57): calcd.: C

78.84, H 7.09, N 6.57; found: C 78.88, H 7.10, N
6.57.

Crystal data for III: C28H30N2O2, Mw = 426.54,
crystal system orthorhombic, space group P212121,
unit cell dimensions: a = 6.0732(7) A, b = 16.883(3)
A, c = 22.952(3) A, V = 2353.4(6) A3, Z = 4, F(000)
= 912, Dcalc = 1.204 g cmñ3, µ = 0.593 mmñ1.

Scheme 1. Method of preparing the reported compounds.

Figure 1. Perspective drawing of the molecule of III.
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In the Θ range 4.66ñ80.30O, 5245 reflections were
collected of which 4981 were independent [R9int) =
0.0264] and 2915 observed [I > 2σ(I)]. The structure
was solved by direct methods using SHELXS-93
program (6). Refinement was performed by the full-
matrix least-squares method on F2 using SHELXL-
97 program (7). The non-hydrogen atoms were
refined with anisotropic displacement parameters.
The H-atom positions were calculated from the
geometry and were given isotropic factors of 1.2 Ueq

of the bonded C-atoms; for the CñH bonds ëridingí
model was used in the refinement. For 285
parameters refined, final discrepancy factors are R1
= 0.0377, wR2 = 0.1023 for observed reflections,
and R1 = 0.1036, wR2 = 0.1214 for all data, S =
1.056. Residual peaks on final difference map were
ñ0.195 to 0.177 e �3.

Crystallographic data have been deposited with
the Cambridge Crystallographic Data Centre as
CCDC No. 606658. Copies of the data can be
obtained on application to The Director, CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (Fax: +44-
1223-336-033; e-mail: deposit@ccdc.cam.ac.uk or
www: http://www.ccdc.cam.ac.uk).

IV. Yield 70%, m.p. 155.5ñ157.5∞C, 1H NMR
(400.13 MHz, CDCl3) δ (ppm): 7.31ñ7.27 (m, 6H,
Harom), 7.07ñ7.05 (m, 4H, Harom), 6.31 (s, 2H, CH=),
3.89 (m, 2H, =CHñCH), 3.50 (dd, J1 = J2 = 6.6 Hz,
2H, CHñC=O), 3.40 (m, 2H, NñCH2), 2.37ñ2.34 (m,
6H, CH2Npiper, Hα piper), 1.50 (m, 4H, Hβ piper), 1.38
(m, 2H, Hγ piper.), C29H31ClN2O2 ◊ 2/3H2O (487.05):
calcd.: C 71.52, H 6.69, N 5.75; found: C 71.17, H
6.27, N 5.79.

V. Yield 50%, m.p. 142ñ144∞C, 1H NMR
(400.13 MHz, CDCl3) δ (ppm): 7.32ñ7.28 (m, 6H,
Harom), 7.07ñ7.06 (m, 4H, Harom), 6.32 (s, 2H, CH=),
3.91 (m, 2H, =CHñCH), 3.64ñ3.63 (m, 4H, Hβ

morph.), 3.50 (dd, J1 = J2 = 8 Hz, 2H, CHñC=O), 3.42

(m, 2H, NñCH2), 2.44ñ2.39 (m, 6H, CH2ñNmorph, 
Hα morph.), C28H28N2O2 (440.55): calcd.: C 76.34, H
6.41, N 6.36; found: C 76.58, H 6.11, N 6.05.

VI. Yield 63%, m.p. 145ñ147.5∞C, 1H NMR
(400.13 MHz, CDCl3) δ (ppm): 7.32ñ7.27 (m, 5H,
Harom), 7.07ñ7.05 (m, 5H, Harom), 6.30 (s, 2H, CH=),
3.90 (m, 2H, =CHñCH), 3.51ñ3.39 (m, 3H,
CHñC=O, NñCH2), 3.19ñ3.14 (m, 1H, NñCH2),
2.90ñ2.84 (m, 1H, CH2ñN), 2.18 (s, 6H, N(CH3)2);
0.87ñ0.85 (m, 3H, ñCH2ñ, NñCH2), C27H28N2O2 ◊
1/2 H2O (421.55): calcd.: C 76.93, H 6.93, N 6.64;
found: C 77.16, H 6.90, N 6.71.

VII. Yield 45%, oil; 1H NMR (400.13 MHz,
CDCl3) δ (ppm): 7.33ñ7.27 (m, 6H, Harom), 7.07ñ7.05
(m, 4H, Harom), 6.33 (dd, J1 = J2 = 1.8 Hz, 2H, CH=),
3.90 (m, 2H, =CHñCH), 3.41ñ3.38 (m, 4H, NCH2,
CHñC=O), 2.32ñ2.23 (m, 6H, CH2ñNpiper, Hα piper),
1.69ñ1.61 (m, 2H, ñCH2ñ), 1.58ñ1.53 (m, 4H, Hβ

piper), 1.42ñ1.41 (m, 2H, Hγ piper), C30H34Cl2N2O2 ◊
9H2O (687.67): calcd.: C 52.40, H 7.62, N 6.07;
found: C 52.21, H 7.30, N 6.28.

Antiviral assay procedures

COMPOUNDS. The compounds were
dissolved in DMSO at 200 mM and then diluted into
a culture medium.

CELLS AND VIRUSES. MT-4 cells were
grown at 37∞C in a 5% CO2 atmosphere in RPMI
1640 medium, supplemented with 10% fetal calf
serum (FCS), 100 IU/mL penicillin G, and 100
µg/mL streptomycin. Cell cultures were checked
periodically for the absence of mycoplasma
contamination with a Myco Test Kit (Gibco).
Human immunodeficiency viruses HIV-1, IIIBstrain
were obtained from supernatants of persistently
infected H9/IIIB cells. HIV-1 stock solutions had
titers of 4.5 ◊ 106 and 1.4 ◊ 105 50% cell culture
infectious dose (CCID50)/mL, respectively.

ANTI-HIV ASSAYS. Activity of the com-
pound against HIV-1 multiplication in acutely
infected cells was based on the inhibition of virus-
induced cytopathicity in MT-4 cells. Briefly, 50 µL
of culture medium containing 1 ◊ 104 cells was
added to each well of flat-bottom microtiter trays
containing 50 µL of culture medium with or without
various concentrations of the test compounds. Then
20 µL of an HIV suspension containing 100 (HIV-
1) was added. After 4-day incubation at 37∞C, the
number of viable cells was determined by the 3-(4,5-
dimethylthiazol-1-yl)-2,5-diphenyltetrazolium
bromide (MTT) method (8). Cytotoxicity of the
compounds was evaluated in parallel with their
antiviral activity. It was based on the viability of
mock-infected cells, as monitored by MTT method.

Table 1. Cytotoxicity and anti-HIV activity of compounds I-IV.

Compound aCC50
bEC50

MT-4 HIV-1

I 51 > 51

II 26 > 26

III 27 > 27

IV 38 > 38

EFV 35 0.004

a Compound concentration (µM) required to reduce the viability of
mock-infected MT-4 cells by 50%, as determined by the MTT
method. b Compound concentration (µM) required to achieve 50%
protection of MT-4 cells from the HIV-1 induced cytopatho-
genecity, as determined by the MTT method.
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CONCLUSIONS

Six new compounds were obtained. The
activities of the synthesized compounds were
evaluated for their cytotoxicity and anti-HIV-1
activity in MT-4 cells. None of the tested
compounds showed any activity against HIV-1.

Acknowledgements

The authors wish to thank Professor Paolo La
Colla, Universita di Cagliari, Monserrato, Italy, for
performing cytotoxicity and anti-HIV-1 activity
screenings.

REFERENCES

1. Riley T.: Medicinal chemistry of antipsychotics,
Department of Pharmacal Sciences, Auburn
University, Alabama, 1999.

2. Lu W., Achour A., Arlie M., Cao L., Andrieu J.-
M.: J. Immunol. 167, 2929 (2001).

3. Zawadowski T., Zadroøna A., Rump S.,
Jakowicz I.: Acta Pol. Pharm. 51, 467 (1994).

4. Kossakowski J., Rasziewicz A.: Acta Pol. Pharm.
62, 227 (2005).

5. Kossakowski J., Hejchman E., Acta Pol. Pharm.
57 (Suppl.), 57 (2000).

6. Sheldrick G.M.: SHELXS-93: Program for
crystal structure solution; University of
Gˆttingen, Germany, 1993.

7. Sheldrick G.M.: SHELXL-97: Program for the
refinement of crystal structures from diffraction
data; University of Gˆttingen, Germany, 1997.

8. Ranise A., Spallarosa A., Schenone S. et al.: J.
Med. Chem. 46, 768 (2003).

Received: 15.05.2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


