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 We have shown that previously unknown optically pure trans-(3R,4R) isomers 4a-d with diastereomeric 
excess de > 99% and the diastereomeric pair of cis-(3S,4R),-(3R,4S) isomers 3a-d with de < 71% of 
N-[(1S)-1-phenylethyl]-4-amino-1,3-dialkylpiperidine are formed in 46%-90% yield by sequential lithiation and 
alkylation by alkyl halides of the chiral imines 1a,b, with formation of Z-(3S)-3-alkyl- and Z-(3R)-3-alkylimines 
2a-d followed by their reduction by sodium borohydride in ethanol. The entire reaction sequence is carried out 
with no isolation of intermediates. 
 The cis isomers 3a-d and the trans isomers 4a-d were separated by column chromatography on 
aluminum oxide; their structure and diastereomeric purity were established from elemental analysis, chromato-
mass spectrometry, and 1H, 13C NMR spectra. The cis and trans structure of isomers 3a-d and 4a-d was 
established by analysis of the vicinal spin–spin coupling constants for the 3-H and 4-H protons of the piperidine 
ring, using high-resolution one-dimensional and two-dimensional 1H NMR spectroscopy. Formation of only the 
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Z-form of the diastereomeric imines 2a-d is supported by the presence in the 13C NMR spectra of reaction 
samples (after completion of the alkylation process) of signals from the C(4) atoms of only the Z-form of the (3S)- 
and (3R)-isomers of imine 2b; signals from the E-form of these isomers appear after these samples have been 
held for 10 h at room temperature, which is quite consistent with the data in [1-3]. Key factors determining the 
diastereoselectivity of the process are the ratio of the Z-(3S)- and Z-(3R)-imines 2a-d formed and the subsequent 
preference for hydride attack on one side of the prochiral C=N bond. The absolute configuration of the target 
1,3-dialkyl-4-aminopiperidines was determined by the stereochemical correlation method, in line with the 
configuration of (3R,4S)-cis-N-[(1S)-1-phenylethyl]-4-amino-1-methyl-3-(4-methylbenzyl)piperidine, as 
established by X-ray diffraction. 
 The stereoselective synthesis we developed is the first general approach to optically pure trans isomers 
and enriched cis isomers of 3-alkyl-4-aminopiperidines, which are chiral synthons for obtaining next-generation 
analgesics. 
 Synthesis of the Compounds 3a-d and 4a-d, Using as an Example the cis and trans Isomers of 
N-[(1S)-1-phenylethyl]-4-amino-1,3-dimethylpiperidine (3b, 4b) (General Procedure). The reaction was 
carried out under an argon atmosphere using a septum and a syringe procedure. (1S)-N-(1-Methylpiperidin-4-
ylidene)-1-phenylethylamine (3 g, 13.9 mmol) in absolute THF (5 ml) was added to a solution of lithium 
diethylamide, obtained at -10°C by stirring for 10 min a mixture of solutions of HNEt2 (1.32 g, 18 mmol) in 
absolute THF (20 ml) and a 1.6 N BuLi solution in hexane (11.3 ml, 18 mmol). The reaction mixture was stirred 
for 30 min at -10°C, then cooled down to -80°C; then MeI (2.56 g, 18 mmol) was added and the mixture was 
stirred for 1 h at -80°C. Then in sequence we added absolute ethanol (2 ml) and NaBH4 (0.68 g, 18 mmol) and 
then stirred this mixture for another hour at -80°C. Then the reaction mixture was allowed to stand with vigorous 
stirring in order to warm up to room temperature. The solvents were evaporated off, the residue was decomposed 
by careful addition of 6 N HCl until evolution of hydrogen stopped; then water (10 ml) was added, and a 20% 
NaOH solution was added up to pH 12-13 and it was extracted with CH2Cl2 (2 × 30 ml). The organic extracts 
were combined and dried with anhydrous Na2SO4, and then the solvent was evaporated off. The residue was 
chromatographed on a column with Al2O3 in the hexane–EtOAc system with a gradient from 30:1 to 1:1. We 
obtained 1.42 g (44%) of the cis-(3S,4R) and (3R,4S) diastereomeric pair 3b and 1.45 g (45%) of the 
trans-(3R,4R) diastereomer 4b of N-[(1S)-1-phenylethyl]-4-amino-1,3-dimethylpiperidine. (3S,4R),(3R,4S)-3b: 
de 29%, Rf 0.6 (Alufol, hexane–acetone 1:1), [α]D

20 -59° (c 2.0, benzene). Chromato-mass spectrum (retention 
time), m/z (Irel, %): (3R,4S)-3b: (12.08 min) 232 [M]+ (1); 127 [M - CH(CH3)C6H5]+ (100); 105 [CH(CH3)C6H5]+ 
(49); 96 (64); (3S, 4R)-3b: (12.20 min) 232 [M]+ (1); 127 [M - CH(CH3)C6H5]+ (100); 105 [CH(CH3)C6H5]+ 
(61); 96 (88); (3R,4R)-4b: de > 99%, Rf 0.2 (Alufol, hexane–acetone 1:1), [α]D

20 -108° (c 2.0, benzene). 
1H NMR spectrum (400 MHz, CDCl3, TMS), δ, ppm (J, Hz): 0.89 (3H, d, J = 6.2, 3-CH3); 1.04 (1H, br. s, NH); 
1.26 (1H, m, J = 4.0, J = 11.0, J = 12.4, J = 12.6, 5a-H); 1.31 (3H, d, J = 6.4, CH(CH3)C6H5); 1.49 (1H, t, 
J = 10.8, J = 10.8, 2a-H); 1.53 (1H, m, J = 2.1, J = 10.8, J = 6.2, J = 12.0, 3a-H); 1.71-1.78 (2H, m, J = 11.8, 
J = 12.4, J = 3.0, J = 11.0, J = 4.1, J = 11.1, 4a-,6a-H); 2.04 (1H, d of pseudo q, J = 3.0, J = 12.7, J = 4.1, 
J = 2.9, 5e-H); 2.17 (3H, s, 1-CH3); 2.69 (1H, dd, J = 7.3, J = 2.1, 2e-H); 2.78 (1H, m, J = 4.0, J = 4.1, J = 11.1, 
J = 1.0, 6e-H); 3.95 (1H, q, J = 6.4, CH(CH3)C6H5); 7.19-7.33 (5H, m, CH(CH3)C6H5). 13C spectrum (CDCl3, 
100 MHz, TMS), δ, ppm: 16.3; 25.7; 31.9; 37.2; 46.1; 54.1; 55.1; 57.3; 63.0; 126.6, 126.6, 128.2, 146.0. 
Chromato-mass spectrum (retention time), m/z (Irel, %): (12.09 min) 232 [M]+ (1); 127 [M-CH(CH3)C6H5]+ (44); 
105 [CH(CH3)C6H5]+ (48), 96 (100). Found, %: C 47.10; H 4.37; N 16.06. C15H24N2·2C6H3N3O7 (dipicrate). 
Calculated, %: C 46.96; H 4.38; N 16.23. 
 
 This work was carried out with the financial support of the Russian Foundation for Basic Research, grant 
No. 01-03-32781a. 
 

 
526 



REFERENCES 
 
1. G. V. Grishina, E. L. Gaidarov, and A. E. Aliev, Khim. Geterotsikl. Soedin., 1369 (1992). 
2. R. R. Fraser, J. Banville, and K. L. Dhawan, J. Am. Chem. Soc., 100, 7999 (1978). 
3. A. I. Meyers, D. R. Williams, G. W. Erickson, S. White, and M. Druelinger, J. Am. Chem. Soc., 103, 
 3081 (1981). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
527 


	Chemistry of Heterocyclic Compounds, Vol. 40, No. 4, 2004
	NOVEL STEREOSELECTIVE SYNTHESIS
	OF CHIRAL NONRACEMIC cis- AND
	trans-3-ALKYL-4-AMINOPIPERIDINES
	E. R. Lukyanenko, A. A. Borisenko, and G. V. Grishina




<<
  /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 72
  /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 300
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


