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Abstract Acetone cyanohydrin was found to be a facile,

convenient and comparatively safer alternative to toxic

sodium cyanide/acetic acid system for generating in situ

HCN for the oxidative cyanation of tertiary amines to

a-aminonitriles in high yields with hydrogen peroxide

using RuCl3 as catalyst. In addition organic nature of

acetone cyanohydrin makes it more suitable for an organic

transformation since it is readily soluble in reaction med-

ium and can be added in a controlled manner.
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1 Introduction

a-Aminonitriles are highly useful and versatile intermedi-

ates which exhibit dual reactivity and widely used in the

preparation of a variety of biologically important com-

pounds such as alkaloids [1–4] and functional materials.

Further, they can readily be converted into other useful

products such as in a-amino acids either via hydrolysis or

by nucleophilic additions to the nitrile group [5]. There-

fore, the synthesis of these a-aminonitriles is significantly

important both in synthetic as well as medicinal chemistry.

The classic method known as Strecker reaction [6]

involving the one pot condensation of a carbonyl com-

pound, an amine and cyanide in presence of homogeneous

[7–9] or heterogeneous [10–13] catalysts is well docu-

mented albeit provide poor product yields. Alternatively,

the oxidation of tertiary amines with stoichiometric oxi-

dants such as chlorine dioxide [14], m-chloroperbenzoic

acid [14, 15], hydrogen peroxide [16, 17] or mercuric

acetate [18], followed by the reaction of the iminium

intermediate by cyanide ion represents a simple approach

for their synthesis. However, the use of stoichiometric

oxidants and production of huge amounts of hazardous

waste is undesirable from environmental viewpoints.

Metal-catalyzed oxidative of tertiary amines by using

oxidants such as O2, H2O2, TBHP with NaCN in acetic

acid is one of recently developed approaches for the direct

synthesis of a-aminonitriles [19–24]. The generation of in

situ HCN from the reaction of sodium cyanide and acetic

acid is the common and critical feature of these methods.

However, the major limitations with the use of sodium

cyanide/acetic acid system are its hazardous nature, high

cost and also the excess of dissolved cyanide ions in the

reaction mixture may cause the deactivation of the catalyst.

This might be explained due to the difficulties associated

with the controlled addition of the solid NaCN salt; which

can be overcome by using the liquid cyanation reagent.

Acetone cyanohydrin 1 as compared to the inorganic

cyanide salts is one of the mild, cheap, and environmen-

tally friendly species that can be considered as a better

choice for an organic transformation [25]. Although, the

use of acetone cyanohydrin for the in situ generation of

HCN has recently been explored for some reactions

[26, 27], however, is remained less explored for the oxi-

dative cyanation of tertiary amines [28]. In the present
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communication we wish to report a successful application

of acetone cyanohydrins as a convenient and efficient

source of in situ HCN for the oxidative cyanation of ter-

tiary amines 2 to a-aminonitriles 3 by using hydrogen

peroxide as oxidant and ruthenium trichloride as catalyst

under mild reaction conditions (Scheme 1). Although

Murahashi et al. [24] have reported the detailed results and

mechanism for this transformation using ruthenium tri-

chloride as catalyst with H2O2 with NaCN in acetic acid.

2 Results and Discussion

Acetone cyanohydrin was synthesized by using the stan-

dard method [27] and stored at room temperature without

taking any special care. Initially the oxidative cyanation of

N,N-dimethylaniline was studied for comparing the effi-

ciency of acetone cyanohydrin with NaCN/CH3COOH

under the similar reaction conditions as developed by

Murahashi et al. at room temperature. The results of these

experiments are summarized in Table 1 (entry 1). The use

of acetone cyanohydrin was found to be as efficient as

NaCN/acetic acid system and afforded comparable results.

The important advantage of the acetone cyanohydrin was

its slow and controlled addition to the reaction mixture,

which provided an improved and efficient cyanation of

tertiary amines in the present reaction. By using a syringe

pump acetone cyanohydrin could easily be added to the

reaction mixture continuously in a slow and controlled

manner, which further avoids the accumulation of excess

cyanide into the reaction mixture. At the end the reaction,

the reaction mixture was quenched with 1 N HCl in order

to decompose excess acetone cyanohydrin. The aqueous

layer was extracted with dichloromethane and subjected to

usual work-up, afforded the corresponding nitrile selec-

tively without any by-product being observed.

While at 50 �C the reaction was found to be faster and

afforded better product yield without any significant effect

on the selectivity of the desired product. However, further

increase in reaction temperature affected the product

selectivity adversely (Table 1, entry 1). It is worthy to

mention that we did not use acetic acid in case of acetone

cyanohydrin, whereas, with NaCN the presence of acetic

acid is essential. We have used methanol as solvent for this

reaction, albeit the reaction could be proceeded well with

comparable results under solvent free conditions as shown

in Table 1, entry 1. The effect of catalyst was confirmed by

carrying out a blank experiment without using any catalyst

under otherwise similar reaction conditions. The reaction

did not occur in the absence of catalyst even after pro-

longed reaction time (24 h). In addition, the drop wise

addition of hydrogen peroxide to the reaction mixture was

found to be better than its addition in one portion.

Further, we extended the scope of the developed method

by using various tertiary amines 2 as substrates with ace-

tone cyanohydrin 1 under described reaction conditions at

50 �C. As shown in Table 1, all the substrates were effi-

ciently converted into the corresponding a-aminonitriles,

affording higher product yields with selective formation of

the desired products. Reaction of substituted N,N-dime-

thylanilines having both electron-donating and electron-

withdrawing substituents were gave better yields of cor-

responding cyanated products (entries 2–5) without any

evidence of the formation of by-products. Similarly, the

reaction could also be applied efficiently to cyclic amines:

Piperidine, pyrrolidine, and tetrahydroisoquinoline deriva-

tives under described reaction conditions (Table 1, entries

6–8). Tertiary amines such as tributylamine did not

undergo any reaction under these reaction conditions and

the substrates could be recovered at the end (Table 1, entry

9). We also repeated the selected experiments at room

temperature and compared with the results reported in the

literature by using NaCN/acetic acid as shown in Table 1

(entries 1, 2, 4, 6).

Although, the mechanism of reaction is not clear at this

stage, the probable mechanistic pathway for the reaction

will be in analogy with the mechanism proposed by

Murahashi et al. [24] as shown in Scheme 2.

3 Conclusion

In summary, we have demonstrated the first successful

application of acetone cyanohydrin as the convenient

source of in situ HCN for the oxidative cyanation of var-

ious tertiary amines to the corresponding a-aminonitriles

without using acetic acid as solvent. The presented method

is more advantageous than the existing methods since

acetone cyanohydrin is cheap and comparatively safer in

handling than NaCN/acetic acid for an organic reaction

which not only avoids the use of toxic reagent but also its

liquid nature provides the controlled addition of the cya-

nide in the reaction mixture. We believe that the presented

work will provide new opportunities and open up new

possibilities for the use of acetone cyanohydrin as a con-

venient source of HCN for other organic transformations.
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Scheme 1 Oxidative cyanation of tertiary amines
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4 Experimental Section

All tertiary amines are commercially available and used as

received. RuCl3.nH2O was purchased from Aldrich and

used as received. Acetone cyanohydrin was prepared as

following the literature procedure [29]. The conversions

and selectivity of the products were determined by high

resolution GCMSD, EI, quadrapole mass analyzer, EM

detector.

4.1 General Experimental Procedure for Oxidative

Cyanation of Tertiary Amines

A 25 mL round bottomed flask equipped with a magnetic

stirrer bar was charged with tertiary amine (1 mmol),

MeOH (2 mL), RuCl3�nH2O (5 mol%, 0.05 mmol) and the

resulting reaction mixture was stirred. The reaction mixture

was refluxed and the acetone cyanohydrin (2.0 mL) was

added via a syringe. The aqueous hydrogen peroxide

Table 1 RuCl3 catalyzed oxidative cyanation of tertiary amines 2

N
R1

R2
CH2R3

H2O2
CH3OH, reflux

N
R1

R2
CHR3

CN

+ RuCl3.nH2O (5 mol%)NC OH

Entry Substrate t (h) Product Conv.(%)[c]/ Yield (%)[d]

[a] Ref.
[25][b] [a] Ref.

[25][b]

1 N
CH3

CH3

2.5 2.0 N
CH3

CH2CN

90/85[e]

98/92[f]

98/62g

-[h]

90/82[i]

98/94[j, f]

90[c]

2 N
CH3

CH3

Me 2.0 1.5 N
CH3

CH2CN
Me 87/82[e]

98/92[f] 81

3 N
CH3

CH3

But 2.5
N

CH3

CH2CN
But

95/90[f]

4 N
CH3

CH3

Br 3.0 3.0 N
CH3

CH2CN
Br 78/72[e]

89/84[f] 67

5
N

CH3

CH3

Me

6.0
N

CH2CN

CH3

Me

18[e]

30[f]

6 N 3.5 2.0 N

NC

73/65[e]

86/80[f] 69

7 N 3.5 N

NC

82/76e]

85/80[f]

8 N
Ph

3.0 1.5 N
Ph

CN

88/80[e]

92/89[f] 76

9 (t-Bu)3N 5.0 - - - -

a Conditions substrate (1 mmol), catalyst (5 mol %), 35% aq. H2O2 (2.5 mmol, added drop wise), acetone cyanohydrin (2 ml) MeOH (4 mL)
b Comparison with the method reported in Ref. [24]
c Determined by GC–MS
d Isolated yields
e At room temperature
f At 50 �C
g Under refluxing
h Blank experiment, reaction time 24 h
i Addition of hydrogen peroxide in one portion
j Under solvent free conditions
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(2.5 mmol, 35 wt%) was added drop wise to the stirred

mixture under reflux and the progress of the reaction was

monitored by TLC (SiO2). After completion of the reac-

tion, the reaction was quenched with 1 N HCl and the

aqueous layer was extracted with dichloromethane. The

combined organic layer was dried over anhydrous sodium

sulfate followed by the usual work-up to yield corre-

sponding nitrile. The crude product was purified by column

chromatography. The conversion of the tertiary amine and

selectivity for the desired product was determined by GC–

MS and the identity of the products was established by

comparing their spectral data with authentic samples.

Acknowledgments We acknowledge Director, IIP for his kind

permission to publish these results. We thank Analytical Sciences

Division, IIP for IR and GCMS analyses. SV thanks CSIR, New Delhi

for his fellowship.

References

1. Weinstoc LM, Davis P, Handelsm B, Tull R (1967) J Org Chem

32:2823

2. Matier WL, Owens DA, Comer WT, Deitchma D, Ferguson HC,

Seideham RJ, Young JR (1973) J Med Chem 16:901

3. Duthaler RO (1994) Tetrahedron 1994(50):1539

4. Dyker G (1997) Angew Chem Int Ed 36:1700

5. Sipos S, Jablonkai I (2009) Tetrahedron Lett 50:1844

6. Strecker A (1850) Ann Chem Pharm 75:27

7. Das B, Damodar K, Shashikanth B, Srinivas Y, Kalavathi I

(2008) Synlett 20:3133

8. Majhi A, Kim SS, Kim HS (2008) Appl Organomet Chem 22:466

9. Wiles C, Watts P (2008) Eur J Org Chem 33:5597

10. Rafiee E, Rashidzadeh S, Joshaghani M, Chalabeh H, Afza K

(2008) Synth Comm 38:2741

11. Rafiee E, Azad A (2007) Synth Comm 37:1127

12. Heydari A, Khaksar S, Pourayoubi M, Mahjoub AR (2007)

Tetrahedron Lett 48:4059

13. Chen C-K, Hortmann AG, Marzabadi MR (1988) J Am Chem

Soc 110:4829

14. Groutas WC, Essawi M, Portoghese PS (1980) Synth Commun

10:495

15. Lounasmaa M, Koskinen A (1982) Heterocycles 19:2115

16. Koskinen A, Lounasmaa M (1983) Tetrahedron 53:1627

17. Leonard NJ, Hay AS (1956) J Am Chem Soc 78:1984

18. Singhal S, Jain SL, Sain B (2010) Adv Synth Catal 352:1338

19. Han W, Ofial AR (2009) Chem Commun 5024–5026

20. Singhal S, Jain SL, Sain B (2009) Chem Commun 2371–2372

21. Murahashi S-I, Zhang D (2008) Chem Soc Rev 37:1490

22. Murahashi S-I, Komiya N, Terai H, Nakae T (2003) J Am Chem

Soc 125:15312

23. Murahashi S-I, Nakae T, Terai H, Komiya N (2008) J Am Chem

Soc 130:11005

24. Murahashi S-I, Komiya N, Terai H (2005) Angew Chem Int Ed

44:6931

25. Gregory RJH (1999) Chem Rev 99:3649

26. Ming Y, Xu Q-Y, Chan ASC (2000) Tetrahedron Asymm 11:845

27. Sundermeier M, Zapf A, Beller M (2003) Angew Chem Int Ed

42:1661

28. Corrie JET, Gradwell MJ, Papageorgiou G (1999) J Chem Soc

Perkin Trans 1:2977

29. Cox RFB, Stormont RT (1943) Org Synth Coll 2:7

CN

OH

O

HCN

Ru-OH

CN

Ru

Ru=O

H2O

H2O2

Ru-OOH

R1R2N=CHR3

R1R2N-CHR3

R1R2N-CH2R3

+

+

Scheme 2 Probable mechanistic pathway

Acetone Cyanohydrin: A Convenient Alternative 885

123


	Acetone Cyanohydrin: A Convenient Alternative of Toxic Sodium Cyanide/Acetic Acid for Oxidative Cyanation of Tertiary Amines
	Abstract
	Introduction
	Results and Discussion
	Conclusion
	Experimental Section
	General Experimental Procedure for Oxidative Cyanation of Tertiary Amines

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


