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tions. The procedure is operationally simple and the silylated product was obtained in high yield and purity. 
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The search for molecules that are able to catalyze reac-

tions between other molecules is important to increase the 
efficiency of chemical reactions and to provide ecological 
and economical viable options for the consumption of 
chemicals [1]. When a chemical reaction is to be carried out 
selectively at one reactive site in a multifunctional com-
pound the other reactive sites must be temporarily blocked 
[2]. Silyl ethers are a popular and promising protecting 
group of hydroxy functions in synthetic organic chemistry 
and a variety of silyl ethers have been developed to date 

[3–7]. However, the use of these silylating agents is limited 
by disadvantages such as harsh reaction conditions, scarcity 
and tedious purification processes. 1,1,1,3,3,3-Hexame- 
thyldisilazane (HMDS) is a cost-effective and stable reagent 
and is one of the most widely used silylating agents for the 
trimethylsilylation of hydroxyl groups. The best advantage 
of this reagent is the quick isolation of the products from the 
reaction media because the by-product of the reaction is 
ammonia, which is easily removed from the reaction media. 
However, the low silylating power of HMDS is its main 
drawback. Therefore, to activate this reagent an appropriate 
catalyst should be used. Over the last decade many catalysts 

[8–15] have been used for this purpose but some of these 
procedures suffer from long reaction times, low product 
yields, heavy metal contamination, and catalyst toxicity. 

1  Experimental 

All chemicals and solvents were purchased from Fluka, 

Merck, or Aldrich and used without further purification. All 
the products are known and were characterized by a com-
parison of their spectral (IR, 1H NMR, or 13C NMR) and 
physical data with authentic samples. 

To a mixture of 4-bromobenzyl alcohol (0.187 g, 1 mmol) 
and hexamethyldisilazane (0.129 g, 0.8 mmol) in CH3CN 
(10 ml), aspartic acid (0.003 g, 0.02 mmol) was added and 
the mixture was stirred at room temperature for 7 min (reac-
tion progress monitored by TLC). The reaction was then 
quenched with water (10 ml) and 20 ml of CH2Cl2 was 
added. The organic phase was then dried over Na2SO4 (3 g). 
Evaporation of the solvent gave pure (4-bromobenzyloxy) 
trimethylsilane in a 90% yield. 

2  Results and discussion 

In a continuation of our studies into the application of 
new catalysts in organic functional group transformations 

[16–22], we disclose here a new, efficient, and mild proce-
dure for the trimethylsilylation of a wide variety of hydroxyl 
groups using HMDS in the presence of a catalytic amount 
of aspartic acid as an efficient organocatalyst under mild 
and heterogeneous conditions at room temperature. 

Initially, to find an appropriate solvent for this procedure 
we screened different solvents for the trimethylsilylation of 
4-bromobenzyl alcohol with HMDS in the presence of a 
catalytic amount of aspartic acid. As is evident from Table 
1, 4-bromobenzyl alcohol was silylated in acetonitrile faster 
than in the other solvents. Consequently, we decided to use 
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acetonitrile as a solvent for the protection of the hydroxyl 
group by HMDS and aspartic acid. 

With optimal conditions in hand, we report here the pro-
tection of alcohols as trimethylsilyl ethers using HMDS in 

the presence of a catalytic amount of aspartic acid in ace-
tonitrile at room temperature with good to excellent yields 
(Table 2). 

The trimethylsilylated product was obtained in good to 
high yield and the work-up procedure is very simple. Aspar-
tic acid is easily isolated by filtration and the pure product 
can be obtained by a simple distillation of the reaction sol-
vent. As shown in Table 2, the amount of HMDS and cata-
lyst depends on the nature of the alcohol. 

To investigate the role of aspartic acid as catalyst, 
4-nitrobenzyl alcohol was subjected to the trimethylsilyla-
tion reaction without the catalyst. However, the reaction was 
not complete and the silylated product was obtained in 72% 
yield after 300 min (Table 2, entry 3). 

Also, our results show that unhindered alcohols are more 
reactive than hindered alcohols and this selectivity is shown 

Table 1  Trimethylsilylation of 4-bromobenzyl alcohol using HMDS 
and catalytic amounts of aspartic acid at room temperature in different 
solvents 

Entry Solvent Time (h) Yielda (%) 

1 acetonitrile     0.12 90 
2 chloroform 24 66 
3 dichloromethane 12 87 
4 n-hexane 24 —b 
5 ethyl acetate 20 77 
6 acetone 24 87 

Reaction conditions: substrate 1 mmol, HMDS 0.8 mmol, aspartic acid 
0.02 mmol. aIsolated yield. bTrace conversion. 

Table 2  Trimethylsilylation of alcohols 1a–1v to the corresponding trimethylsilyl ethers 2a–2v using HMDS in the presence of a catalytic amount 
of aspartic acid in CH3CN at room temperature 

R OH R OSiMe3
1 2  

Entry Substrate 
HMDS 
(mmol) 

Catalyst 
(mmol) 

Time
(min)

Yielda

(%) Entry Substrate 
HMDS 
(mmol) 

Catalyst 
(mmol)

Time
(min)

Yielda

(%)
 1 1a CH2OHH3CO

 
0.8 0.02   8 95 13 1l CHCH2OH

CH3  

0.8 0.02   3 88

 2 1b CH2OHO2N
 

0.8 0.02  50 91 14 1m CHOH

CH2CH3  

0.8 0.02   4 98

 3 1b CH2OHO2N
 

0.8 — 300 72b 15 1n

HO  

0.8 0.02  25 84

 4 1c CH2OHBr
 

0.8 0.02   7 90 16 1o
OOH

 

0.8 0.02  60 96

 5 1d CH2OHF
 

0.8 0.02   3 91 17 1p

OH OH  

1.6 0.02  10 80

 6 1e CH2OHMe2HC
 

0.8 0.02   6 98 18 1q

HO

H

CH3

H H

H

H3C H

H3C

 

1.0 0.02  17 97

 7 1f CH2OH

Cl  

0.8 0.02  10 88 19 1r
OH

 

0.8 0.02  60 90

 8 1g CH2OH

F  

0.8 0.02   3 97 20 1s
OH

Cl  

0.8 0.02   3 96

 9 1h CH2OHCl

Cl  

0.8 0.02  50 94 21 1t
OH

 

1.0 0.02  25 94

10 1i 
CH2OHF

FF

FF

 

0.8 0.02   5 92 22 1u
OH

 

0.8 0.02  90 85

11 1j CH2CH2OH
 

0.8 0.02   3 98 23 1v
CH2CCH3

OH

CH3  

2.0 0.20 840 87

12 1k 
O CH2OH  

0.8 0.02   5 86       

aIsolated yield. bIn the absence of catalyst. 
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emphatically in Scheme 1. 
To demonstrate the reactivity of the described system 

some hydrogen-labile substrates (in addition to alcohols) 
such as phenols, amines, and thiols were subjected to 
trimethylsilylation with HMDS in the presence of a catalytic 
amount of aspartic acid (Table 3). As shown in Table 3 the 
phenolic and alcoholic compounds were protected as 
trimethylsilyl ethers but the thiols and amines did not react 
with HMDS. Therefore, this procedure may be used for the 
silylation of hydroxyl groups in the presence of amino and 
thio functions. 

 
Table 3  Trimethylsilylation of phenols, amines, and thiols to the 
corresponding trimethylsilylated products using HMDS in the presence 
of a catalytic amount of aspartic acid in acetonitrile at room tempera-
ture 

Entry Substrate Product 
Time 
(min)

Yieldb

(%)

1 OHBr

 
OSiMe3Br

 
  10 91

2 OHMe

 
OSiMe3Me

 
   3 95

3 OH

 
OSiMe3

 
   4 94

4a OHHO

 
OSiMe3Me3SiO

 
   8 91

5 SHBr

 
SSiMe3Br

 
1440  0 

6 CH2NHCH3

 
CH2NCH3

SiMe3

 
1440  0 

Reaction conditions: substrate 1 mmol, HMDS 0.8 mmol (a1.6 mmol), 
aspartic acid 0.02 mmol. bIsolated yield. 
 

A plausible mechanism for the silylation reaction is out-
lined in Scheme 2. Aspartic acid polarizes the Si–N bond by 
hydrogen bonding. Polarization of the Si–N bond converts 
HMDS to an activated silylating agent. On the other hand, 
hydrogen bonding between the hydroxyl group and the car-
boxylate moiety activates the hydroxyl group. The same 
sequence is apparent for the second alcohol molecule. Fi-
nally, the hydroxyl group silylate and ammonia is released 
as a by-product. 

3  Conclusions 

We developed a new catalytic protocol for the efficient 

trimethylsilylation of alcohol and phenol derivatives under 
metal-free, mild, and heterogeneous conditions. Short reac-
tion times, metal-free content, good reaction yields, no en-
vironmental pollution, and simple work-up procedures make 
this method an excellent alternative for the protection of 
hydroxyl groups. 
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Scheme 1.  Selectivity in the silylation reaction. 

NH3OSiMe3 +R

NH3 O

OH
O

O

N
Me3Si SiMe3

O O

O
O

H

H

OR

H

H3N

R OH + Me3SiNHSiMe3

OSiMe3 + NH2SiMe3 +R
NH3 O

O
O

HO

N
Me3Si H

O O

O
O

H

H

OR

H

NH3

NH3 O

OH
O

O

R OH

+

Scheme 2.  Mechanism of the silylation of hydroxyl groups upon 
catalysis by aspartic acid. 



598 催  化  学  报 Chin. J. Catal., 2011, 32: 595–598 

11 Shirini F, Zolfigol M A, Abri A R. Monatsh Chem, 2008, 139: 
17 

12 Curini M, Epifano F, Marcotullio M C, Rosati O, Costantino 
U. Synth Commun, 1999, 29: 541 

13 Kurita K, Hirakawa M, Kikuchi S, Yamanaka H, Yang J. 
Carbohydr Polym, 2004, 56: 333 

14 Jadhav V H, Kumar K S A, Chaudhari V D, Dhavale D D. 
Synth Commun, 2007, 37: 1363 

15 Shirini F, Mollarazi E. Catal Commun, 2007, 8: 1393 
16 Ghorbani-Choghamarani A, Zolfigol M A, Ayazi-nasrabadi R. 

J Braz Chem Soc, 2010, 21: 33 
17 Ghorbani-Choghamarani A, Zeinivand J. J Iran Chem Soc, 

2010, 7: 190 
18 Ghorbani-Choghamarani A, Cheraghi-Fathabad N. Chin J 

Catal, 2010, 31: 1103 
19 Ghorbani-Choghamarani A, Zolfigol M A, Rastegar T. Chin J 

Catal, 2009, 30: 273 
20 Ghorbani-Choghamarani A, Hajjami M, Goudarziafshar H, 

Nikoorazm M, Mallakpour S, Sadeghizadeh F, Azadi G. 
Monatsh Chem, 2009, 140: 607 

21 Ghorbani-Choghamarani A, Zamani P. J Iran Chem Soc, 2011, 
8: 142 

22 Ghorbani-Choghamarani A, Nikoorazm M, Goudarziafshar H, 
Shiri L, Chenani Z. Bull Korean Chem Soc, 2009, 30: 972 

 



<<
  /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
  /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 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 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /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 false
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


