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SHORT  
COMMUNICATIONS 

In the past decade a series of studies has been per-
formed on stereochemical aspects of epoxidation of 
bicyclo[2.2.1]hept-2-en-exo-5- and -endo-5-ylmethan-
amine derivatives by the action of peroxyphthalic acid 
(I). Substituted norbornenes with exo orientation of 
substituent in the bicyclic fragment (such as ureas, 
carboxamides, and sulfonamides) were thus converted 
into the corresponding epoxy derivatives, while the 
behavior of their endo isomers was ambiguous. Like 
the corresponding exo isomers, carboxamides gave rise 
to oxirane derivatives [1], and aryl-, arylsulfonyl-, and 
benzoylureas, as well as phosphonic amides, under-
went heterocyclization to produce substituted 4-aza-
tricyclo[4.2.1.03,7]nonanes (azabrendanes) [2]. endo 
Stereoisomers of arenesulfonamides (II) reacted along 
both pathways, depending on the substituent on the ni-
trogen atom (Scheme 1). Heterocyclization occurred in 
the epoxidation of all sulfonamides of the endo series 
having one substituent in the benzene ring and some 
disubstituted analogs [3, 4], but arenesulfonamides 
having electron-withdrawing substituents or bulky sub-
stituents in the ortho position of the benzene ring 
failed to react in such a way [4]. No heterocyclization 
occurred in the epoxidation of N-(bicyclo[2.2.1]hept-2-

en-endo-5-ylmethyl)cyclohexanesulfonamide [5]. 
Some epoxides and azabrendanes obtained by the  
above reactions were found to exhibit biological activ-
ity, specifically neurotropic. Azabrendanes, as well as 
other brendane hetero analogs, showed a strong herbi-
cidal activity and an appreciable growth-stimulating 
effect [6]. 

In terms of solving problems relevant to the “struc-
ture–properties” relations we examined epoxidation of 
sulfonamide V which was synthesized by reaction of 
(bicyclo[2.2.1]hept-5-en-endo-2-yl)methanamine (III) 
with camphor-10-sulfonyl chloride (IV). Molecule V 
contains an additional cage-like fragment at the rear 
(endo) side of the bicyclic skeleton. The oxidation of 
sulfonamide V was carried out using monoperoxy-
phthalic acid generated in situ from phthalic anhydride 
and 50% aqueous hydrogen peroxide [4, 5]. The only 
product was tricyclic derivative VI whose structure 
demonstrates that the heterocyclization is not ham-
pered by the presence of a bulky camphor moiety in 
the vicinity of the reaction center. 

The product structure was confirmed by IR and 1H 
and 13C NMR spectroscopy, including homo- (COSY) 
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Scheme 1. 
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Scheme 2. 
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and 1H–13C heteronuclear correlation techniques 
(HMQC, HMBC). The 1H NMR spectrum of oxidation 
product VI lacked signals from protons typical of 
epoxy norbornanes (δ 3.10–3.20 ppm), but a singlet at 
δ 3.71 ppm and a doublet at δ 3.61 ppm (3J3, 7 = 5.1 Hz) 
were present; the latter signals were assigned to 2-H 
and 3-H in the azabrendane fragment [3–5]. The  
13C NMR spectrum of VI contained signals from C2 
(δC 81.5 ppm) and C3 (δC 69.5 ppm), as well as other 
signals typical of parent structure VII [1].  

10′-HA), 2.86 s (1H, 4-H), 3.26 m (1H, 10′-HB),  
5.97 d.d (1H, 3-H), 6.16 d.d (1H, 2-H). 13C NMR spec-
trum, δC, ppm: 20.0 and 20.2 (C8′, C9′), 25.2 (C6′), 27.0 
(C5′), 30.5 (C6), 39.6 (C5), 42.7 (C3′, C4′), 42.8 (C1), 
44.3 (C4), 47.4 (C8), 48.1 (C10′), 48.2 (C7′), 49.6 (C7), 
58.5 (C1′), 133.0 (C3), 137.8 (C2), 215.4 (C2′). 

1-(exo-2-Hydroxy-4-azatricyclo[4.2.1.03,
 
7]nonan-

4-ylmethylsulfonyl)-7,7-dimethylbicyclo[2.2.1]-
heptan-2-one (VI). A 50% aqueous solution of hydro-
gen peroxide, 0.44 g (6.7 mmol), was added dropwise 
under stirring to a suspension of 0.75 g (2.2 mmol) of 
sulfonamide V, 0.06 g (1.1 mmol) of urea, and 0.66 g 
(4.4 mmol) of phthalic anhydride in 10 ml of ethyl 
acetate. The mixture was stirred until the reaction was 
complete according to the TLC data. Phthalic acid was 
neutralized with a saturated solution of sodium carbo-
nate, the organic phase was separated, and the aqueous 
phase was extracted with three portions of chloroform. 
The extracts were combined, dried over calcined mag-
nesium sulfate, and evaporated. Yield 67%, oily sub-
stance, Rf 0.74. IR spectrum, ν, cm–1: 3500, 1755, 
1341, 1164, 855. 1H NMR spectrum, δ, ppm: 0.89 s 
(3H, C8 ′H3), 1.00 m (1H, endo-9-H), 1.13 s (3H,  
C9′H3), 1.44 m (2H, anti-8-H, endo-5′-H), 1.64 m (1H, 
endo-6′-H), 1.92 m (2H, syn-8-H, exo-9-H), 1.96 d 
(1H, endo-3′-H), 2.05 m (1H, exo-5′-H), 2.11 m (1H, 
4′-H), 2.19 br.s (1H, 1-H), 2.36 br.s (2H, 6-H, exo- 
3′-H), 2.51 m (1H, exo-6′-H), 2.68 m (1H, 7-H),  
2.84 d.d (1H, 10′-HA), 3.28 m (1H, 5-HA), 3.40 m (1H, 
5-HB), 3.48 m (1H, 10′-HB), 3.61 d (1H, 3-H), 3.71 br.s 
(1H, 2-H). 13C NMR spectrum, δC, ppm: 20.0 and 20.2 
(C8′, C9′), 25.4 (C6′), 27.2 (C5′), 33.0 (C9), 34.1 (C8), 
37.2 (C6), 41.6 (C1), 42.9 (C8′), 43.0 (C4′), 45.2 (C7), 
46.1 (C3′), 48.2 (C7′), 54.6 (C5), 58.5 (C1′), 69.5 (C3), 
81.5 (C2), 216.0 (C=O). 

The IR spectra were recorded in KBr on a UR-20 
spectrometer. The 1H and 13C NMR spectra were 
measured on a Varian VXR spectrometer at 400 and 
100 MHz, respectively, from solutions in chloroform-d 
using tetramethylsilane as internal reference. The prog-
ress of reactions and the purity of products were moni-
tored by TLC on Silufol UV-254 plates using diethyl 
ether as eluent; development with iodine vapor. 

The fact that the carbonyl group in the camphor 
fragment remained intact (δC 215.4, 216.0 ppm) 
indicated its inertness in the oxidation according to 
Baeyer–Villiger. Some signals were doubled due to  
the presence of diastereoisomeric heterocyclization 
products. 
N-(Bicyclo[2.2.1]hept-5-en-exo-2-ylmethyl)- 

(7,7-dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)-
methanesulfonamide (V). A solution of 0.80 g  
(3.2 mol) of sulfonyl chloride IV was added dropwise 
under stirring to a mixture of 0.40 g (3.2 mmol) of 
amine III, 0.32 g (3.2 mmol) of triethylamine in 8 ml 
of chloroform, and the mixture was stirred until the 
reaction was complete according to the TLC data. The 
solvent was removed, and the residue was washed with 
10 ml of 5% hydrochloric acid and recrystallized from 
propan-2-ol. Yield 75%, mp 94–95°C, Rf 0.91. IR 
spectrum, ν, cm–1: 3300, 3072, 1741, 1335, 1154, 730. 
1H NMR spectrum, δ, ppm: 0.49 d (1H, exo-6-H),  
0.79 s and 1.01 s (3H each, CH3), 1.22 d (1H, anti- 
7-H), 1.33 d.d (1H, syn-7-H), 1.39 d.d (1H, endo- 
5′-H), 1.51 m (1H, endo-6′-H), 1.79 d.d.d (1H, exo- 
6-H), 1.91 m (1H, endo-3′-H), 1.94 m (1H, exo-5′-H), 
2.04 t (1H, 4′-H), 2.18 m (1H, 5-H), 2.33 d.d (1H, exo-
3′-H), 2.36 m (1H, exo-6′-H), 2.61 m (1H, 8-HA),  
2.72 m (1H, 8-HB), 2.76 m (1H, 1-H), 2.84 br.s (1H, 

HO

HN
VII



RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  44   No.  3   2008 

EPOXIDATION  OF  N-(10-CAMPHORSULFONYL)-endo-5-(AMINOMETHYL)... 469 

REFERENCES 

1. Kasyan, L.I., Tarabara, I.N., Savel’eva, O.A., and 
 Kasyan, A.O., Heteroatom Chem., 2001, vol. 12, p. 119. 
2. Kas’yan, L.I., Kas’yan, A.O., Okovityi, S.I., and 
 Tarabara, I.N., Alitsiklicheskie epoksidnye soedineniya. 
 Reaktsionnaya sposobnost’ (Alicyclic Epoxy Com-
 pounds. Reactivity). Dnepropetrovsk: Dnepropetr. Univ., 
 2003. 

3. Kasyan, L.I., Sereda, S.V., Potekhin, K.A., and  
 Kasyan, A.O., Heteroatom Chem., 1997, vol. 8, p. 177. 
4. Kas’yan, A.O., Karpenko, D.V., and Kas’yan, L.I., Russ. 
 J. Org. Chem., 2005, vol. 41, p. 1764. 
5. Kasyan, L.I., Tarabara, I.N., Kasyan, A.O., Okovityy, S.I., 
 Tokar, A.V., Shishkina, S.V., and Shishkin, O.V., Tetra-
 hedron, 2007, vol. 63, p. 1790. 
6. US Patent no. 4 828 603, 1989; Ref. Zh., Khim., 1992,  
 no. 1 O 428 P. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


