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Abstract A simple and efficient method is reported for

rapid chemoselective transformation of 1,1-diacetates to

the parent aldehydes using 1,3-dibromo-5,5-dimethylhy-

dantoin or N-bromosuccinimide in the presence of wet

SiO2 (50%, w/w) as solid support under solvent-free con-

ditions at room temperature. This procedure has valuable

advantages, for example short reaction times, simple work-

up, high yields of products, absence of solvent, and use of

commercially available and non-toxic reagents.

Keywords 1,1-Diacetates � Aldehydes � Wet silica gel �
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Introduction

Protection and deprotection of functional groups are

important and extensively used transformations in synthetic

chemistry [1, 2]. Among the different functional groups,

carbonyl groups have attracted special attention in protec-

tion and deprotection reactions by virtue of their high

reactivity. One useful practice for protection of carbonyl

groups is 1,1-diacetylization, which has received consid-

erable interest in recent years, because 1,1-diacetates are

stable in mildly acidic and basic media and are easily pre-

pared [3–10]. However, the search for appropriate

and efficient methods for deprotection of 1,1-diacetates to

the corresponding carbonyl compounds is still in high

demand. In this regard, much effort has been devoted

to developing numerous methodologies using various

reagents such as phosphorus trichloride [11], boron triio-

dide–N,N-diethylaniline complex [12], mineral solid

supports [13], MoO2(acac)2 [14], FeCl3�6H2O [15],

graphite [16], CuCl2�2H2O [17], zirconium sulfophenyl

phosphonate [18], ceric ammonium nitrate (CAN) [19],

indium trichloride [20], [NO?. crown. H (NO3)2
-]

[21], Caro’s acid/SiO2 [22], H6P2W18O62�24H2O [23],

Fe2(SO4)3�xH2O [24], 12-molybdophoshoric acid [25],

p-toluene sulfonic acid [26], SO4
2-/SnO2 [27], molybde-

num tungsten polyoxometalates [28], KBrO3/MoO3

[29], (NH4)3PW12O40 [30], dodecatungstophosphoric acid

(H3PW12O40) [31], sodium hydrogen sulfate in poly(eth-

ylene glycol) [32], indium tribromide/[bmim]PF6 [33],

indium tribromide in poly(ethylene glycol) [34], 2,6-dica-

rboxypyridinium chlorochromate [35], and ZrOCl2 [36].

Although many of these procedures have been satisfactorily

used for this propose, most suffer from one or more draw-

backs, for example low yields, harsh reaction conditions,

difficult work-up, and use of expensive and/or toxic

reagents and solvents. In view of these limitations and also

with regard to yields, reaction time, toxicity, and catalytic

loading, our method is believed to be superior to those

previously reported.
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Results and discussion

Recently, 1,3-dibromo-5,5-dimethylhydantoin (DBH) and

N-bromosuccinimide (NBS) have gained much attention as

oxidation and bromination agents in organic reactions [37–

39]. These compounds are relatively non-toxic, commer-

cially available, inexpensive, and stable to air and

moisture. In this work we examined the catalytic ability of

DBH and NBS in the solvent-free deprotection of 1,1-

diacetates to the corresponding aldehydes using wet SiO2

as a solid support. To achieve this, 1,1-diacetates 1a–1m

were reacted with DBH or NBS in different molar ratios

with or without use of wet SiO2 to yield the corresponding

aldehydes 2a–2m (Scheme 1). According to the experi-

mental data reported in Tables 1 and 2, the best results

were obtained when the reactions were carried out using

wet SiO2. It is found that both aromatic and aliphatic 1,1-

diacetates were efficiently converted to their parent alde-

hydes with DBH and NBS, respectively, in 72–96% and

68–94% yields (Tables 1, 2) under mild reaction condi-

tions. It is important to note that no conversion of the 1,1-

diacetates to aldehydes was observed when the reactions

were carried out in the absence of either of these reagents.

Synthetically, chemoselectivity in chemistry is regarded

as one of the most important aspects of organic reactions.

In this regard, the selectivity of this method was investi-

gated by conducting a competitive reaction on a 1:1

mixture of 1,1-diacetates derived from benzaldehyde and

acetophenone (Scheme 2). As the 1H NMR spectral anal-

ysis indicated, only the benzaldehyde diacetate was

chemoselectively converted to benzaldehyde whereas the

acetophenone diacetate remained intact under the same

reaction condition. As a result, this procedure can be

regarded as potentially useful for chemoselective depro-

tection of aldehyde diacetates in the presence of ketone

diacetates.

Although the mechanism of this reaction is not yet fully

understood, one possibility is suggested in Scheme 3. It is

based on:

1 reduction of reaction rates when dry SiO2 is used; and

2 the similar reactivities of aromatic and aliphatic

aldehyde diacetates in these reactions.

As shown in this mechanism, possible in-situ release of

bromide ion by DBH and NBS occurs [40, 41], and this ion

subsequently attacks one of the oxygen atoms in the acetate

to promote the hydrolysis step.

In conclusion, we have developed a rapid, selec-

tive, simple, and efficient procedure for deprotection of

R CH

OAc

OAc
DBH or NBS/Wet SiO2

Solvent-Free, rt
CHOR

1a-1m                                                 2a-2m

Scheme 1

Table 1 Conversion of 1,1-diacetates 1a–1m to aldehydes 2a–2m
catalyzed by wet SiO2-supported DBH

Entry R Aldehyde Catalysta Time

(min)

Yield

(%)b,c

1 C6H5 2a 2.5 3 84

2 2-ClC6H4 2b 3 5 90

3 4-ClC6H4 2c 2.5 4 96

4 2-CH3C6H4 2d 2.5 4 84

5 4-CH3C6H4 2e 2.5 5 72

6 2-HOC6H4 2f 2.5 5 90

7 4-CNC6H4 2g 3 4 74

8 2-NO2C6H4 2h 3.25 4 80

9 3-CH3O-2-NO2C6H4 2i 3 4 84

10 C6H5CH=CH 2j 2 2 75

11 CH3CH2 2k 2.25 3 84

12 CH3(CH2)2 2l 2.25 4 90

13 (CH3)2CH 2m 2.25 4 86

a Amount of catalyst used for 1 mmol of substrate
b Products were characterized by physical and spectral (1H, 13C

NMR, and IR) analysis and the results were compared with data

reported in the literature
c Isolated yields

Table 2 Conversion of 1,1-diacetates 1a–1m to aldehydes 2a–2m
catalyzed by wet SiO2-supported NBS

Entry R Aldehyde Catalysta Time

(min)

Yield

(%)b,c

1 C6H5 2a 3 4 92

2 2-ClC6H4 2b 3.5 5 90

3 4-ClC6H4 2c 3.5 6 90

4 2-CH3C6H4 2d 4 6 80

5 4-CH3C6H4 2e 4 6 70

6 2-HOC6H4 2f 2.5 5 81

7 4-CNC6H4 2g 3.25 5 68

8 2-NO2C6H4 2h 4 4 79

9 3-CH3O-2-NO2C6H4 2i 4 4 87

10 C6H5CH=CH 2j 3 3 80

11 CH3CH2 2k 2.25 3 87

12 CH3(CH2)2 2l 2.5 4 94

13 (CH3)2CH 2m 3.5 6 80

a Amount of catalyst used for 1 mmol of substrate
b Products were characterized by physical and spectral (1H, 13C

NMR, and IR) analysis and the results were compared with data

reported in the literature
c Isolated yields
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1,1-diacetates derived from aldehydes. This reaction

proceeds rapidly at room temperature to afford the

product in excellent yield with no side product formation.

Short reaction times, high yields, mild conditions, easy

workup, absence of the solvent in the reaction, and the

use of non-toxic, commercially available, and inexpen-

sive reagents are the main advantages of this method

that make it environmentally friendly and industrially

applicable.

Experimental

IR spectra were recorded on a Shimadzu 435-U-04 spec-

trophotometer (KBr). 1H and 13C NMR spectra were

obtained by use of a Jeol FT NMR 90-MHz spectrometer;

compounds were dissolved in CDCl3 and TMS was used as

internal reference. Melting points were determined on a

stuart SMP3 apparatus. 1,1-Diacetates were prepared

according to the literature [5, 6].

General procedure for deprotection of 1,1-diacetates

A mixture of 1,1-diacetates 1a–1m (1 mmol) and DBH

(2.25–3.25 mmol) or NBS (2.25–4 mmol) and 0.1 g wet

SiO2 (50% w/w) was placed in a mortar and pulverized at

room temperature for an appropriate time (Tables 1, 2).

After complete conversion of the substrate, as indicated by

TLC, 10 cm3 Et2O was added and the mixture was then

directly absorbed on silica gel. Purification was accom-

plished by simple column chromatography using ethyl

acetate and n-hexane as eluents. The pure products were

obtained in good to excellent yields (Tables 1, 2).

Acknowledgments The authors wish to thank the University of

Tarbiat Moallem Sabzevar and Bu-Ali Sina University in Hamadan

for financial support to carry out this research. We also thank Mrs

Neda Rahiminezhad for her assistance.

References

1. Wuts PGM, Greene TW (1999) Protective group in organic

chemistry. Wiley, New York

2. Kocienski PJ (2005) Protecting Groups, George Thieme Verlag,

Stuttgart

3. Ishihara K, Karumi B, Kubota M, Yamamuto H (1996) Synlett

839

4. Pinnick HW, Kochhar KS, Bal BS, Deshpandy RP, Rajadhyaksha

SN (1983) J Org Chem 48:1765

5. Karimi B, Seradj H, Ebrahimian R (2000) Synlett 623

6. Mirjalili BF, Zolfigol MA, Bamoniri A (2004) Phosphorus Sulfur

Silicon 179:689

7. Pourmousavi SA, Zinati Z (2009) Turk J Chem 3:385

8. Niknam K, Saberi D, Sefat MN (2009) Tetrahedron Lett 28:4058

9. Gao ST, Zhao Y, Li C, Ma JJ, Wang C (2009) Synth Commun

12:2221

10. Yang ST (2006) J Chem Res (S) 199

11. Jacquline K, Michie J, Miller A (1981) Synthesis 824

12. Naryana C, Padmanabha S, Kabalka GW (1990) Tetrahedron Lett

31:6977

13. Perez ER, Marrero AL, Perez R, Auti MA (1995) Tetrahedron

Lett 36:1779

14. Kantam ML, Swapna V, Santhi PL (1995) Synth Commun

25:2529

15. Sen SE, Roach SL, Boggs JK, Ewing GJ, Magrath J (1997) J Org

Chem 62:6684

16. Jin TS, Ma YR, Zhang ZH, Li TS (1997) Synth Commun 27:3379

17. Saravanan P, Chandrasekhar M, Anand RV, Singh VK (1998)

Tetrahedron Lett 39:3091

18. Curini M, Epifano F, Marcotullio MC, Rosati O, Nocchetti M

(2002) Tetrahedron Lett 43:2709

19. Roy C, Banerjee B (2002) Synthesis 1677

20. Yadav JS, Reddy BVS, Srinivas C (2002) Synth Commun

32:2169

21. Zolfigol MA, Zebarjadian MH, Mohammadpoor-Baltork I,

Shamsipur M (2002) Synth Commun 32:55

22. Lakouraj MM, Tajbakhsh M, Khojasteh V, Gholami MH (2004)

Phosphorus Sulfur Silicon 179:2651

C+CH

OAc

OAc

OAc

OAc

CH3

Wet SiO2

4 min, rt
CHO + COCH3

DBH (2.5 mmol)  84%                       0%
NBS (3 mmol)     92%                       0%

Scheme 2

DBH
or

NBS
+

R
C

OAc

OAc

H

R
C

OAc

O

H

Br

R
C

OAc

O

H

Wet SiO2 (H2O) R
C

O-Ac

O

H

H

RCHO

-AcOH

Br

AcOH (H+)

Br

-AcOH R
C O

H

Br

-Br+1a-1m

2a-2m

Scheme 3

1,3-Dibromo-5,5-dimethylhydantoin or N-bromosuccinimide as efficient reagents 1487

123



23. Romanelli GP, Autino JC, Baronetti G, Thomas HJ (2004) Synth

Commun 34:3909

24. Li LJ, Zhang XY, Zhang GS, Qu GR (2004) J Chem Res (S) 39

25. Heravi MM, Bakhtiari K, Bamoharram FF (2006) Catal Commun

9:1414

26. Krishnappa M, Afzal PM (2007) Synth Commun 37:1563

27. Satam JR, Jayaram RV (2007) Catal Commun 27:3379

28. Fazaeli R, Tangestaninejad S, Aliyan H (2007) Appl Catal A Gen

318:218

29. Shirini F, Neyestani Z, Abedini M (2009) Chin Chem Lett 5:514

30. Satam JR, Jayaram RV (2008) Synth Commun 4:595

31. Heravi MM, Derikvand F, Bamoharram FF (2006) Synth Com-

mun 21:3109

32. Zhang ZH (2005) Monatsh Chem 136:1191

33. Zangh ZH (2004) J Chem Res (S) 753

34. Zhang ZH, Yin L, Wang YM, Liu JY, Li Y (2004) Green Chem

11:563

35. Hosseinzadeh R, Tajbakhsh M, Shakoori A, Niaki MY (2004)

Monatsh Chem 135:1243

36. Nagaraj A, Sanjeeva Reddy C (2007) Chin J Chem 10:1555

37. Azarifar D, Zolfigol MA, Maleki B (2004) Synthesis 1744

38. Azarifar D, Maleki B (2005) Heterocycles 65:865

39. Duan S, Turk J, Speigh J, Corbin J, Masnovi J, Baker RJ (2005)

J Org Chem 70:729

40. Ghorbani-Vaghei R, Azarifar D, Maleki B (2004) Bull Korean

Chem Soc 25:953

41. Zolfigol MA, Nasr-Isfahani H, Safaie M (2005) Synlett 76

1488 B. Maleki et al.

123


	1,3-Dibromo-5,5-dimethylhydantoin or N-bromosuccinimide �as efficient reagents for chemoselective deprotection �of 1,1-diacetates under solvent-free conditions
	Outline placeholder
	Abstract

	Introduction
	Results and discussion
	Experimental
	General procedure for deprotection of 1,1-diacetates

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


