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Supporting Information For

Zeolitic microcapsule with encapsulated platinum nanoparticles

for one-pot tandem reaction of alcohol to hydrazone

1. Catalyst characterization
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Fig. S1 XRD spectrum of (a) Pt@S1 and (b) Pt/SiO,. The three peaks at 2 theta
equaling to 40, 46 and 68 ° are indexed to (111), (200) and (220) of platinum and the

peaks identified with “*’ are attributed to silicalite-1.
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Fig. S2 IR spectrum of Pt@S1. The bands at 1101 and 804 cm™ were assigned to
antisymmetrical and symmetrical stretching vibration of Si-O-Si respectively. The
bending vibration of Si-O could be observed at 456 cm™. Besides, the band appeared

at 553 cm™ confirms the formation of typical MFI structure of silicalite-1.
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Fig. S3 Representative N, adsorption—desorption isotherms of (a) Pt@S1 and (b)

commercial Pt/SiO,

Table S1 Textural property of the Pt@S1 and Pt/SiO,

SBET/(n’12 ' g- 1) SLangrnuir/(rn2 ' g- 1) S micro/(rn2 ' g- 1) Vmicro/(cm3 ' g- 1)

Pt@S1 341 461 221 0.12
Pt/S10, 262 366 8 0
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Fig. S4 TG curve of Pt@S1
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Fig. S5 SEM image of Pt@S]1 after 10 runs of reaction
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2. Experimental
2.1. Materials

Benzothiazole (98%), tert-butyl carbazate (Boc-hydrazide, 98+%), cesium
carbonate (Cs,COj3), copper iodide (Cul) and 1,10-phenanthroline (anhydrous, 99%)
were obtained from Alfa Aesar. Polydiallyldimethylammonium chloride (PDDA, Mw
=200,000, 10 w. t. % in water), poly (sodium 4-styrene sulfonate) (PSS, Mw =
70,000), 3-amino-propyltriethoxysilane (APS) and anhydrous N,
N-dimethylformamide (DMF) were purchased from Aldrich. H,PtCls * 6H,O was
supplied by Sinopharm Chemical Reagent Company. KBHs (94 w. t. %),
tetrapropylammonium hydroxide (TPAOH, 25 w. t. % in water), tetrapropyl
ammonium bromide (TPABr), tetracthoxy-orthosilane (TEOS), idobenzene (>97%),
and cyclohexanol were obtained from Shanghai Chemical Reagent Company. The
commercial noble metal catalyst Pt/SiO, (1.0 w. t. %, in granules, Engelhard code
C3766) was obtained from Aldrich and crushed before use. All chemicals were used
without further purification.
2.2. Catalyst preparation

The mesoporous silica spheres (MSSs) used as the templates were prepared
according to Grun et al.. ' After modification with APS at room temperature and
impregnated in the aqueous solution of 0.4 M H,PtCls, the platinum loaded MSSs
(Pt-MSSs) were reduced with 0.01 M KBH4 aqueous solution and calcinated in air at
600 °C for 3 h. Afterwards, a layer-by-layer procedure was performed with silicalite-1
nanocrystals of 70 nm according to literature. > Then the seeded particles were
treated with hydrothermal transformation in the sol with the composition of TPABT:
H,0: NaOH = 18: 2000: 0.2 for 8 h for the formation of zeolitic microcapsules. 3 The
zeolitic microcapsule with Pt encapsulated was separated by centrifugation and
washed with distilled water for three times. Finally, the samples were calcinated in air
at 550 °C for 6 h to remove the organic ingredients. Some of the as-synthesized

Pt@S1 was heavily grinded (B-Pt@S1) and used as reference.

2.3. Catalyst characterization
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The scanning electron microscopy (SEM) and transmission electron microscopy
(TEM) images of the catalysts were obtained on Philips XL30 and JEOL JEM-2010
instruments with accelerate voltages of 20 and 200 kV, respectively. The X-ray
diffraction (XRD) patterns were obtained on a Rigaku D/MAX-IIA diffractometer
with CuKa radiation. The elemental analyses were performed by inductively coupled
plasma—atomic emission spectroscopy (ICP-AES). The surface areas of the samples
were determined from the nitrogen sorption isotherms at -196 °C using a
Micromeritics ASAP 2010 system. Thermogravimetric analysis (TGA) was performed
on a Perkin-Elmer TGAT thermal analysis system in air (50 mL min"') with a heating
rate of 10 Kmin'. Fourier transform infrared (FT-IR) spectra were recorded on a
Magna 550 spectrophotometer using KBr pellets. Nuclear magnetic resonance (NMR)
spectra were recorded on a Bruker (400 MHz) NMR instrument using CDCl; as the
solvent.

2.4 Synthesis of 1-tert-butoxycarbonyl-1-phenylhydrazine (N-Boc)

Since the commonly used phenylhydrazine is unstable in the oxygen atmosphere
for the oxidation reaction, the 1-tert-butoxycarbonyl-1-phenylhydrazine (N-Boc) with
the protected tert-butoxycarbonyl (Boc) functional group, compatible with multisteps

* with the

reaction condition, was first synthesized according to the literature
following equation (Fig. S6). Cul (2 mg, 0.01 mmol, 1 mol %), 1, 10-phenanthroline
(18 mg, 0.1 mmol, 10 mol %), and Cs,CO3 (456 mg, 1.4 mmol) were first added in
an oven-dried Schlenk tube. After evacuating and backfilling with N, for several
times, 159 mg of Boc-hydrazide, 110 pL of iodobenzene and 1.0 mL of DMF were
added to the same system with Schlenk tube carefully sealed. Finally, the reaction
mixture was stirred at 80 °C for 21 h and cooled to room temperature. By filtered
through a 0.5x1 cm pad of silica gel eluting with ethyl acetate, the product was
concentrated and purified by flash chromatography on silica gel. The pale yellow
organic precursor of N-Boc was characterized by 'H NMR method of 400 MHz, with
the results as follows: 6 7.50-7.40 (m, 2H), 7.35-7.25 (m, 2H), 7.15-7.05(m, 1H), 4.44
(s, 2H), 1.51 (s, 9H). This data was in accordance with that of pure

1-tert-butoxycarbonyl-1-phenylhydrazine (N-Boc) *.
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Fig. S6 The equation of the fabrication of N-Boc

2.5. Tandem catalytic reaction

The tandem reaction of cyclohexanol in liquid phase was conducted as follows:
Pt@S1, B-Pt@S1 or commercial Pt/SiO, catalysts with the same Pt amount of 0.006
mmol (corresponding to 40 mg of Pt@S1 or B-Pt@S1, 120 mg of Pt/SiO,) were
added into a mixture containing 0.18 g of cyclohexanol, 4 mL of EtOH and 0.08 g of
N-Boc. The solution was then heated to 80 °C under stirring with an air flow of 40 mL
min™,

Another reaction with only oxidation step was performed similarly but without
N-Boc added. Meanwhile, 4 mL of an ethanolic solution of benzothiazole with a
concentration of 3.0x10> M was injected as the poison molecule at the beginning of

the oxidation reaction. All of the final products were analyzed by high-performance

liquid chromatography (HPLC).

Referrences:

I N. Ren, Y. H. Yang, J. Shen, Y. H. Zhang, H. L. Xu, Z. Gao and Y. Tang, J. Catal.,
2007, 251, 182.

2 J. Shi, X. Li, Q. R. Wang, Y. H. Zhang and Y. Tang, J. Catal, 2012,
http://dx.doi.org/10.1016/j.jcat.2012.04.008.

3 J. Shi, N. Ren, Y. H. Zhang and Y. Tang, Microporous and Mesoporous Mater.,
2010, 132, 181.

4 M. Wolter, A. Klapars and S. L. Buchwald, Org. Lett., 2001, 3, 23.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /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 false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /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 /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /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 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /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 <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



