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Magnetic Nanoparticles Catalyzed N-Tert-Butoxycarbonylation of Amines

and Amine Derivatives
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Abstract: A simple and efficient protocol for the chemoselective mono-N-Boc protection of various structurally diverse
amines with di-tert-butyl dicarbonate using magnetically recoverable y-Fe,O;@SiO, nanoparticles is reported. The
catalyst can be easily recovered and recycled without a significant loss in the catalytic activity. No competitive side
reactions, such as formation of isocyanate, urea, oxazolidinone, and N,N-di-Boc derivatives were obsereved.
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INTRODUCTION

Because of increasing environmental concerns, the
development of a clean synthetic procedure has become a
crucial and demanding research. In this sense, heterogeneous
organic reactions have many advantages, such as ease of
handling, separation, recycling, and environmentally safe
disposal [1]. Nanoparticles as heterogeneous catalysts have
attracted a great deal of attention in recent years because of
their interesting structure and high catalytic activities [2]. In
this context, magnetic particles, in particular, have emerged
as one of the most useful heterogeneous catalysts because of
their numerous applications in nanocatalysis, biotechnology,
and medicine [3]. Additionally, the magnetic properties
make possible the complete recovery of the catalyst by
means of an external magnetic field [4].

The choice of the protection strategy is of high
importance in synthetic chemistry of multifunctional
molecules including the total synthesis of natural products.
Amines protection continues to attach a great deal of
attention in a wide range of chemical fields, such as peptides,
nucleoside, polymer and catalyst ligand synthesis [5]. A
large variety of protective groups have been developed.
Among them, the tert-butoxycarbonyl (t-Boc) group is
frequently used as a protecting group for amine in synthetic
organic/peptide chemistry due to its stability towards
catalytic hydrogenolysis and extreme resistance to basic and
nucleophilic conditions. Various reagents and methods have
been reported for the N-tertbutoxycarbonylation of amines.
N-tert-butyl carbamates using di-tert-butyl dicarbonate
(Boc),O have been carried out either in the presence of a
base (DMAP [6] or inoeganic bases [7]) or more recently
acid catalysts [8-17] and miscellaneous reagents. Some of
the above procedures have certain drawbacks such as
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formation of side-products, the use of corrosive and
moisture-sensitive reagents, limited applicabilities, and
tedious work-up procedures. Moreover, many of these
methods fail when amino acids or peptides are involved.

As a part of our ongoing research projects to develop
new synthetic methodologies, particularly with a potential
for using metal oxides [18], we have been interested in
magnetic nanoparticles as an inexpensive, high corrosion
resistive and as a potential reaction catalyst. y-Fe,Os
Nanoparticles were synthesized by a chemical co-
precipitation technique of ferric and ferrous ions in alkali
solution [19]. SEM and TEM images of y-Fe,0O;
Nanoparticles are shown in Fig. (1). Herein, we roport vy-
Fe,O3 as an efficient, heterogeneous and recyclable catalyst
for the selective tertbutoxycarbonylation of various amines
and amine derivatives. The general applicability of the
method for the synthesis of a wide variety of diverse N-Boc-
amines is demonstrated (Table 1).

RESULTS AND DISCUSSION

Initially, Aniline reacted with (Boc),0 instantaneously at
room temperature in the presence of 5 mol% y- Fe,0;@SiO,
under solvent free condition and a white precipitate of tert-
butyl-N-phenyl carbamate is formed. No competitive side
reactions leading to the formation of isocyanate, urea, or
N,N-di-Boc derivatives were detected. The chosen amount of
catalyst (5 mol %) was found to be sufficient for an optimal
result, but increasing the quantity of catayst brought no
substantial improvement. In the absence of catalyst, longer
reaction time (90 min) was observed with lower isolated
yield of tert-butyl-N-phenyl carbamate [20].

This study was extended to a wide range of structurally
diverse amines including open-chain, cyclic, aromatic and
heteroaromatic, as well as b-amino alcohols and a-amino
acid esters which underwent the reaction smoothly with
(Boc),0. The method can be applied for the conversion of
poorly reactive amines, such as chloroaniline and
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Fig. (1). The SEM (a), TEM (b) images of y-Fe,0,.
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bromoaniline, as well as the sterically hindered tert-
butylamine, into the corresponding N-Boc derivatives. The
chemoselectivity of y- Fe,O3 was assessed by performing
NBoc protection of amines in bifunctional compounds.
Excellent chemoselectivity was observed in the cases of
aminoalcohols and aminophenols, where the corresponding
N-Boc protected compounds were formed as sole products
without competitive formation of O-Boc or oxazolidinone
derivatives, even using an excess of (Boc),0 (Table 1).

The mechanistic rule of magnetic nanoparticles catalyzed
N-Boc protection of amines could be explained by the
electrophilic activation of (Boc),0, making the carbonyl
group susceptible to nucleophilic attack by the amine.
Successive elimination of CO, and tert-BuOH results in the
formation of N-Boc derivatives and regenerates y-Fe,Os.

The ease of reusability is one of the important properties
of this catalyst. The insolubility of catalyst in CH,Cl, allows
an easy separation of product by simple filtration. The
catalyst was absorbed onto the external magnet. The catalyst
was then washed with CH,Cl,, air-dried, and used directly
with fresh substrates under identical conditions without
further purification. It was shown that the catalyst could be
used for five runs without noticeable drop in the product
yield and its catalytic activity. A transmission electron
microscopy (TEM) image of Fe,O3 showed that the average
size and distribution of the Fe,O; were not significantly
altered, in good agreement with previously reported results

that proved the unusual properties and potential applications
of this magnetic material.

In conclusion, we have developed an efficient method for
N-tertbutoxycarbonylation of various electronically and
structurally diverse amines using vy-Fe,Oz in good-to-
excellent isolated vyields. The catalyst can be readily
recovered by magnetic separation and reused. It is
noteworthy that this reaction has some advantages in
comparison with existing protocols. The rate of reaction for
all substrates is faster than when there is no catalyst.
Chemoselectivity of this reaction is the main advantage of
this nano catalyst that could not happened without catalyst.
In contrast to some existing methods using potentially
hazardous catalysts/additives, this new method offers the
following advantages: (i) short reaction times, (ii) ease of
product isolation/non-aqueous  work-up, (iii)  high
chemoselectivity, (iv) no side reactions, and (v) simple
processing and handling. The recovered nano catalyst can be
recycled.

EXPERIMENTAL SECTION

General Procedure for the N-Tert-Butoxycarbonylation
of Amines

Amine (2 mmol) was added to a magnetically stirred
mixture of (Boc),O (2 mmol) and y-Fe,O;@SiO;, nano (5
mol%), and the mixture was stirred at room temperature. The
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reaction was monitored by TLC. After the completion of
reaction, the N-Boc product was separated from the reaction
mixture by extraction with CH,Cl, and vacuum dried. Then
the products were identified by using NMR in CDCls;. The y-
Fe,O; nanocatalyst was separated by external magnet and
reused for further reactions. Afterward, the products were
identified by NMR, and physical data (mp) by comparison
with those reported in the literature [6]. Spectral data for the
N-Boc products: (3c) White solid, mp: 102-104 °C; *HNMR
(500 MHz, CDCl3): d 1.53 (s, 9H), 6.59 (br s, 1H, NH),
7.23-7.33 (m, 4H); **C NMR (125 MHz, CDCl,): d 28.3,
80.8, 119.7, 127.9, 128.9, 136.9, 152.6. (31) White solid, mp
142 °C, 'H NMR (500 MHz, CDCly): d 1.57 (s, 9H), 6.69 (br
s, 1H, NH), 6.88-7.30 (m, 4H), 8.17 (br s, 1H, OH); *C
NMR (125 MHz, CDCly): d 28.6, 82.4, 119.0, 121.1, 121.7,
125.8, 126.0, 147.3, 155.3.

ACKNOWLEDGEMENTS

This research is supported by the Islamic Azad
University, Buinzahra branch and Shahre-Qods branch.

REFERENCES AND NOTES

[1] (a) lkegami, S.; Hamamoto, H. Novel Recycling System for
Organic Synthesis via Designer Polymer-Gel Catalysts. Chem. Rev.
2009, 109(2), 583-593; (b) Lu, J.; Toy, P. H. Organic Polymer
Supports for Synthesis and for Reagent and Catalyst
Immobilization. Chem. Rev. 2009, 109(2), 815-838.

[2] (a) Scheuermann, G.M.; Rumi, L.; Steurer, P.; Bannwarth, W.;
Mulhaupt, R. Paladium Nanoparticles on Graphite Oxide and Its
Functionalized Graphene Derivatives as Highly Active Catalysts
for the Suzuki—Miyaura Coupling Reaction. J. Am. Chem. Soc.
2009, 131(23), 8262-8270.

[3] Shi, F.; Tse, M.K.; Zhou, S.L.; Pohl, M.M.; Radnik, J.; Hubner, S.;
Jahnisch, K.; Bruckner, A.; Beller, M. Green and Efficient
Synthesis of Sulfonamides Catalyzed by Nano-Ru/Fe;O,. J. Am.
Chem. Soc. 2009, 131(5), 1775-1779.

[4] Hu, A.G.; Yee, G.T.; Lin, W.B. Magnetically Recoverable Chiral
Catalysts Immobilized on Magnetite Nanoparticles for Asymmetric
Hydrogenation of Aromatic Ketones. J. Am. Chem. Soc. 2005,
127(36), 12486-12487.

[5] Kocienski, P.J. In “Protecting Groups”, George Thieme Verlag:
Stuttgart-New York, 2000; Greene, T. W.; Wuts, P. G. M. In
“Protective Groups in Organic Synthesis”, 2™ ed.; Wiley: New
York, 1999.

[6] Basel, Y.; Hassner, A. Di-tert-butyl Dicarbonate and 4-
(Dimethylamino)pyridine Revisited. Their Reactions with Amines
and Alcohols. J. Org. Chem. 2000, 65 (20), 6368-680.

[7] Aqueous NaOH: (a) Lutz, C.; Lutz, V.; Knochel, P.
Enantioselective synthesis of 1,2-, 1,3- and 1,4- aminoalcohols by
the addition of dialkylzincs to 1,2-, 1,3- and 1,4- aminoaldehydes.
Tetrahedron 1998, 54(23), 6385-6402.; K,COs—BusNI in DMF: (b)

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Akbari et al.

Handy, S.T.; Sabatini, J.J.; Zhang, Y.; Vulfora, |. Protection of
poorly nucleophilic pyrroles. Tetrahedron Lett. 2004, 45(26), 5057-
5060; Me,;NOH-5H,0 in MeCN: (c) Khalil, E. M.; Subasinghe, N.
L.; Johnson, R. L. An efficient and high yield method for the N-
tert-butoxycarbonyl protection of sterically hindered amino acids.
Tetrahedron Lett. 1996, 37(20), 3441-3444.; NaHCO; in MeOH
under sonication: NaHMDS in THF: (e) Kelly, T. A.; McNeil, D. A
simple method for the protection of aryl amines as their t-
butylcarbamoyl (Boc) derivatives. Tetrahedron Lett. 1994, 35(48),
9003-9006.

Sharma, G.V.M.; Reddy, J.J.; Lakshmi, P.S.; Krishna, P.R. Rapid
and facile Lewis acid catalysed Boc protection of amines.
Tetrahedron Lett. 2004, 45(37), 6963-6965.

Bartoli, G.; Bosco, M.; Locatelli, M.; Marcantoni, E.; Massaccesi,
M.; Melchiorre, P.; Sambri. L. A Lewis Acid-Mediated Protocol
for the Protection of Aryl Amines as their Boc-Derivatives. Synlett
2004, 2004(10), 1794-1798.

Heydari, A.; Hosseini, S.E. Lithium Perchlorate-Catalyzed Boc
Protection of Amines and Amine Derivatives. Adv. Synth. Catal.
2005, 347(15), 1929-1932.

Chankeshwara, SV, Chakraborti, AK. Copper(ll)
tetrafluoroborate as a novel and highly efficient catalyst for N-tert-
butoxycarbonylation of amines under solvent-free conditions at
room temperature. Tetrahedron Lett. 2006, 47(7), 1087-1091.
Varala, R.; Nuvula, S.; Adapa, S.R. Molecular lodine-Catalyzed
Facile Procedure for N-Boc Protection of Amines. J. Org. Chem.
2006, 71(21), 8283-8286.

Heydari, A.; Kazem Shiroodi, R.; Hamadi, H.; Esfandyari, M.;
Pourayoubi, M. N-tert-Butoxycarbonylation of amines using
HsPW,04 as an efficient heterogeneous and recyclable catalyst.
Tetrahedron Lett. 2007, 48(33), 5865-5868.

Chankeshwara, S.V.; Chakraborti, A.K. Montmorillonite K10 and
montmorillonite KSF as new and reusable catalysts for conversion
of amines to N-tert-butylcarbamates. J. Mol. Catal. A: Chem. 2006,
253(1-2), 198-202.

Das, B.; Verkateswarlu, K.; Krishnaiah, M.; Holla, H. A highly
chemoselective Boc protection of amines using sulfonic-acid-
functionalized silica as an efficient heterogeneous recyclable
catalyst. Tetrahedron Lett. 2006, 47(43), 7551-7556.

Suryakiran, N.; Prabhakar, P.; Srikanth Reddy, T.; Rajesh, K.;
Venkateswarlu, Y. Facile N-tert-butoxycarbonylation of amines
using La(NOs);-6H,0 as a mild and efficient catalyst under solvent-
free conditions. Tetrahedron Lett. 2006, 47(46), 8039-8042.
Upadhyaya, D. J.; Barge, A.; Stefania, R.; Cravotto, G. Efficient,
solventless N-Boc protection of amines carried out at room
temperature using sulfamic acid as recyclable catalyst. Tetrahedron
Lett. 2007, 48(47), 8318-822.

(a) Nouri, A.; Akbari, J.; Heydari, A.; Nouri, A. ZnO Nanorods as
an Efficient and Heterogeneous Catalyst for N-Boc Protection of
Amines and Amine Derivatives. Lett. Org. Chem., 2011, 8(1), 38-
42.

Sheykhan, M.; Ma’mani, L.; Ebrahimi, A.; Heydari, A. Sulfamic
acid heterogenized on hydroxyapatite-encapsulated y-Fe,Os
nanoparticles as a magnetic green interphase catalyst.. J. Mol. Cat.
A: Chem. 2011, 335(1-2), 235-261.

Jia, X.; Qing Huang, Jian Li, Shaoyu Li, Qiushi Yang
Environmentally Benign N-Boc Protection under Solvent- and
Catalyst-Free Conditions. Synlett 2007, 2007(5), 806-808.




<<
  /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 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 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

  /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.)
  >>
  /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




