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Abstract: 5-Alkenyl hydantoins and alkenyl spirohydantoins are converted into
bicyclic and tricyclic hydantoins, under indirect electrochemical conditions,
generating the phenylselenyl cation in situ. The reactions proceeded in good to
exelent yields. The influence of electrochemical conditions on regio- and
diastereoselectivity of the selenocyclization reactions is investigated.

Keywords: electrosynthesis; constant-current electrolysis; selenylation; ring
closure.

INTRODUCTION

The use of electrochemical methods in organic synthesis has become inc-
reasingly more popular due to simple procedures and laboratory techniques and
the use of cleaner and greener solvents. It is worth noting that the outcomes of
the reactions can be vastly different, while some reactions can only be carried out
under electrochemical conditions.! The hydantoin core represents an important
pharmacophore occurring in many biologically active compounds mostly known
due to their antimicrobial, anticancer and anticonvulsant activity.2-3 Spirohydan-
toins* and fused® polycyclic hydantoins are the leading compounds in drug disco-
very, due to their various biological activities. Selenocyclization is a convenient
and useful tool for the construction of heterocycles.®7 We described a method-
ology for the synthesis of bicyclic and tricyclic fused hydantoin scaffold, using
selenocyclization for the construction of sterically constrained structures that
have potential in peptidomimetic drug design.8: In this work we decided to use
the electrochemically generated phenylselenyl cation in the cyclization of 5-alk-
enyl hydantoins and alkenyl spirohydantoins and explore whether these condit-

* Corresponding author. E-mail: biljana.smit@uni.kg.ac.rs
https://doi.org/10.2298/JSC201022023S

585

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.




586 SMIT et al.

ions have an effect on the course of the reaction, especially on regio- and stereo-
selectivity.

EXPERIMENTAL

General. All alkenyl hydantoins used as substrates were synthesized according to the
procedures described previously.® Reagent Ph,Se, was used as supplied by Aldrich. Gas—
liquid chromatography (GLC) was performed by Varian instument model 3400. 'H-NMR
spectra were run in CDCI; on a Varian Gemini 2000 spectrometer at 200 MHz.

General procedure for the electrochemical selenocyclization of hydantoins (1a—j). A sol-
ution of 1a—j (1 mmol), Ph,Se, (156 mg, 0.5 mmol), silica gel (150 mg, 5 mmol) and NaClO,
(123.5 mg, 1 mmol) in MeCN (10 ml) was placed in an undivided electrolysis cell and elec-
trolyzed under a constant current (10 mA) at room temperature. After completion, the reaction
mixture was stirred overnight. The solvent was distilled off, residue dissolved in CH,Cl,,
washed with sat. NaHCO; solution and brine, and dried over anh. Na,SO,4. The solvent was
evaporated and the reaction mixture was analyzed by GLC and 'H-NMR spectroscopy.

RESULTS AND DISCUSSION

The alkenyl hydantoins contain a double bond and an internal nitrogen nuc-
leophile, and they are suitable substrates for the intramolecular electrophilic cyc-
lization. Over several decades, electrophilic selenium reagents have been proven
to be quite useful for this purpose. In some cases, electrochemical selenylations
have advantages over other related methods.!0:11

The cyclization of the previously synthesized 5-alkenyl hydantoins 1a—g and
alkenyl spirohydantoins 1h—j was performed by the means of electrochemically
generated phenylselenyl cation, which originates from diphenyldiselenide in a
MeCN solution of NaClO4 (Scheme 1). Perchlorate in this process serves as a
mediator. Before that, we tried to perform the reaction of the commercially avail-
able product 1d, with other supporting electrolytes (LiCl, KCI, NaBr, KI), sol-
vents and electrodes, but NaClO4 in MeCN and C-Pt electrodes gave the best
results (Table I, Entry 6).

N Anode HN’[? R? R’ SePh HN"? R R

R3 N N 2
OW o RO+ o7 R
R R . ) )

1 1 Ph
R? Cloy Clog R R Se
cis/trans cis/trans
1a-g thsezy 2a-g 3a-g
o 2PhSe* J? - J?
s o€
HN_{‘H CH4CN, SiO, 1. HN" HN"
o > SePh
o R + (¢]
2 nl H ! R
" R H
cis/trans cis/trans
1h-j 2hj 3h-j
1a,2a:R'=Me, R?=R®=R*=H 1f, 2f: R"=Et, R? =Me, R®°=R*=H
1b, 2b: R'= Et, R?=R%®=R*=H 1g,29: R'=Pr, R?=Me, R®=R*=H
1c,2c:R'=Pr,R?=R%=R* =H 1h,2h:R?=H,n=1
1d, 2d: R'=R®=R*=Me, R?=H 1i,2i R?=H n=2
1e,2e:R'=R?=Me, R®=R*=H 1j,2j; R®=Me, n=2

Scheme 1. Selenocyclization of alkenyl hydantoins 1a—g and alkenyl spirohydantoins 1h—j.
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TABLE I. Optimization of electrochemical conditions for the cyclization reaction of 1d

Supporting Overall yield® Diasteromeric ratio?
Entry Anode-cathode ;- oivte Solvent (6/5). % cisltrans, %
1 Pt-Pt KCl CH;CN 10 78:21
2 Pt—Pt NaBr CH;CN 6 -
3 Pt—Pt KI CH;CN 5 75:25
4 Pt-Pt NaClO, CH;CN 31 62:38
5 Pt-Pt NaClO, CH,CN 4 -
6 C-Pt NaClO, CH;CN 63 (46:54) 6(59:41); 5(69:31)
7 C—Cu Et,;NBr CH;CN 1 -
8 C—Cu NaClO, CH;CN 47 (68:32)  6(51:49); 5(7:93)
9 C—Cu LiCl CH;CN traces -
10 C—Cu KI CH;CN 34 (42:58) 6(52:48); 5(72:28)
11 C-Pt NaClO, CH,Cl,:CH;CN=2:1 Traces -
12 C-Pt NaClO, Py:CH;CN=1:1 Traces -
13 C-Pt NaClO;  Toluene:CH;CN=2:1 57 (83:17) 6(438:52); 5(84:16)
14 C-Pt NaClO, THF Undetectable -
15 C-Pt NaClO, Ethanol Undetectable -
16 C-Pt NaClO, DMF Traces —

“Ratio of regio and diastereoisomers are obtained from GLC and 'H-NMR spectra

The easy oxidation of perchlorate at the anode provides in sifu generation of
PhSe* able to react with the m-electron system of the substrate. The reaction
yields products resulting from the nucleophilic attack of the nitrogen atom to the
cyclic seleniranium ion intermediate during the cyclization step.

Under the chosen reaction conditions, a series of alkenyl hydantoins 1a—j
was subjected to electrochemical selenocyclization (Table II). In the previously
reported results,39 the reaction was regiospecific and 5-membered regioisomers
were formed via favorable S-exo-trig ring closure process which is both kinetic-
ally and thermodynamically favoured.!2 Products where the bridgehead substi-
tuent and CH»>SePh group are in cis positions one to another were formed pre-
dominantly. In contrast, when the phenylselenyl cation is electrochemically gen-
erated in situ, it was noticed that the regio- and diastereoselectivity both depend
on the steric hindrance at C-5 of the hydantoin ring and the C-C double bond.
5-Exo-trig cyclization products are also obtained regiospecifically in most cases,
but with poorer stereoselectivity. The amount of trans-diastereoisomers is inc-
reased in comparison to the previous results, implying higher thermodynamic
control of the cyclization process. Exceptions are the cyclizations of 1c¢ and 1j
where the steric hindrance is most pronounced and the kinetic control is
favoured, increasing the cis-selectivity. Only in the absence of steric hindrance in
the starting alkenyl hydantoin, 6-membered regioisomers are formed via 6-endo-
-trig ring closure process. In the case of 1a, where a methyl group is attached on
C-5 and the double bond is unsubstituted, the six-membered regioisomer is
obtained almost exclusively and as a trans-isomer stereospecifically. Six-mem-
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bered product is also obtained in the cyclization of 1d, where a methyl group is
attached on C5 and the double bond is terminally disubstituted, but without
regio- and stereoselectivity. When the double bond is non-terminally substituted,
like in le, despite having a methyl group attached on C-5, the six-membered
regioisomer is not formed at all. It is assumed that the methyl group on the
double bond directly hinders the approach of seleniranium cation to the nitrogen
atom during cyclization. Regardless of the substitution of the double bond, the
cyclization of alkenyl spirohydantoins 1h—j depends on the size of the cycloalkyl
group. The product of 6-endo-trig ring closure occurs predominantly only in the
case of 1h without any stereocontrol, while the minor product of 5-exo-trig ring
closure occurs with the reversed stereoselectivity compared to results reported
previously.? The bulkier six-membered ring in 1i and 1j presumably prevents the
formation of another six-membered ring.

TABLE II. Selenocyclization of alkenyl hydantoins 1a—g and alkenyl spirohydantoins 1h—j

Substrate Yield, %  Regioisomer ratio®2:3  dr (cis/trans)®2  dr (cis/trans)®3
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TABLE II. Continued

Substrate Yield, %  Regioisomer ratio®2:3  dr (cis/trans)®2  dr (cis/trans)®3
9) . . _
HN_( 97 100:0 68:32
o NH P
o] . . _
HN_( 82 100:0 100:0

“Ratio of regio- and diastereoisomers are obtained from GLC and 'H NMR spectra

CONCLUSION

The influence of electrochemical conditions on selenocyclization reactions
of alkenyl hydantoins and spirohydantoins has been explored. Various different
solvent/mediator systems have been taken into consideration and MeCN/NaClOg4
showed the best results. Steric hindrances in the starting alkenyl hydantoins inf-
luence the regio- and the stereochemical outcome of the reactions and in these
conditions thermodynamic control is more present.

Acknowledgement. This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Cont. No: 451-03-9/2021-14).

U3BOL
YTULAJ EJIEKTPOXEMHWJCKHX YC/IOBA HA PETHO- U CTEPEOCEJIEKTUBHOCT
CEJIEHOIMK/IN3ALIUIE AJIKEHWIXUIAHTOUHA

BUJ/bAHA M. LIMHUT', TIETAP . CTAHWR', JbYBUHKA T'. JOKCOBUR?, IAPKO I1. ALIAHHH' u 30PAH CUMHR?

Hnctuinyin 3a undopmayuone iwexHonoiuje, Ynueepsutieii y Kpaiyjesuy, Josana Lleujuha 66, Kpaiyjesay, u
'Mpupogno-mamemaimuuru paxyniei, Yuusepsuiiein y Kpatyjesuy, Pagoja Jomanosuha 12, Kpaiyjesay
5-ANKEeHWIXUIAHTOMHU M aJIKEHWICIUPOXUIAHTOMHHU Cy NPEBENEHU Y OMIMUKINYHE U
TPULUKJINYHE XUNAHTOWHE T0J WHAUPEKTHUM eeKTPOXeMHjCKHUM YCIOBHMa IMPHU Kojuma ce
(eHunCceneHWI-KaTjoH! CTBapajy in situ. Peakuuje cy ce ogurpasasne y JOOpUM 10 OAJTUYHUM
NpUHOCHMA. MCIIUTHBAH je YyTHLIA] eEeKTPOXEMH]CKUX yYC/I0Ba HA PETHO- U [IHjaCTEPEOCENEK-
THUBHOCT peakliyja celeHOLUKIn3aluje.

(ITpumspeno 22. oxkrodpa 2020, pesupupano 21 dedpyapa, mpuxsaheno 23. mapra 2021)

REFERENCES

1. Y.lJiang, K. Xu, C. Zeng, Chem. Rev. 118 (2018) 4485
(https://doi.org/10.1021/acs.chemrev.7b00271)

2. J. C. Thenmozhiyal, P.T. Wong, W. Chui, J. Med. Chem. 47 (2004) 1527
(https://dx.doi.org/10.1021/jm030450c)

3. A. Volonterio, C. R. de Arellano, M. Zanda, J. Org. Chem. 70 (2005) 2161
(https://dx.doi.org/10.1021/;00480848)

4. Y. Fujiwara, G. C. Fu, J. Am. Chem. Soc. 133 (2011) 12293
(https://dx.doi.org/10.1021/ja2049012)

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



590 SMIT et al.

5. F. Brockmeyer, D. Kroger, T. Stalling, P. Ullrich, J. Martens, Helv. Chim. Acta 95 (2012)
1857 (https://dx.doi.org/10.1002/hlca.20120044 1)

6. D. W. Knight, Prog. Heterocyc. Chem. 14 (2002) 19 (https://dx.doi.org/10.1016/S0959-
6380(02)80004-6)

7. N. Petragnani, H. A. Stefani, C. J. Valduga, Tetrahedron 57 (2001)1411
(https://dx.doi.org/10.1016/S0040-4020(00)01033-4)

8. B.M. Smit, R. Z. Pavlovi¢, Tetrahedron 71 (2015) 1101
(https://dx.doi.org/10.1016/].tet.2014.12.088)

9. B. M. Smit, M. Rodi¢, R. Z. Pavlovi¢, Synthesis-Stuttgart 48 (2016) 387
(https://dx.doi.org/10.1055/5-0035-1561285)

10. P. Rése, S. Emge, J. Yoshida, G. Hilt, Beilstein J. Org. Chem. 11 (2015) 174
(https://dx.doi.org/10.3762/bjoc.11.18)

11. D. Stevanovic, A. Pejovi¢, M. D. Vukicevi¢, G. Dobrikov, V. Dimitrov, M. S. Deni¢, N.
S. Radulovi¢, R. D. Vukiéevié¢, Helv. Chim. Acta 96 (2013) 1103
(https://dx.doi.org/10.1002/hlca.201200610)

12. B. M. Smit, R. Z. Pavlovié, D. A. Milenkovi¢, Z. S. Markovi¢, Beilstein J. Org. Chem. 11
(2015) 1865 (https://dx.doi.org/10.3762/bjoc.11.200).

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 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
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




