
LETTER 115

One-Pot Multicomponent Synthesis of b-Acetamido Ketones Based on BiCl3 
Generated in situ from the Procatalyst BiOCl and Acetyl Chloride
One-Pot Multicomponent Synthesis of b-Acetamido KetonesRina Ghosh,* Swarupananda Maiti, Arijit Chakraborty
Department of Chemistry, Jadavpur University, Kolkata 700032, India
E-mail: ghoshrina@yahoo.com
Received 21 August 2004

SYNLETT 2005, No. 1, pp 0115–011805.01.2005
Advanced online publication: 12.11.2004
DOI: 10.1055/s-2004-836024; Art ID: G32904ST
© Georg Thieme Verlag Stuttgart · New York

Abstract: Aromatic aldehydes react in one pot at room temperature
with enolizable ketones and acetonitrile in the presence of acetyl
chloride and catalytic amount of BiOCl producing the correspond-
ing b-acetamido ketones in very high to excellent yields. BiCl3

generated in situ from BiOCl and acetyl chloride catalyzes the
multicomponent reaction.

Key words: multicomponent reaction, BiOCl, procatalyst, BiCl3,
b-acetamido ketone

Because of significant advantages over conventional lin-
ear type synthesis, one-pot multicomponent reactions
have emerged as an improved synthetic strategy for tailor-
made structural scaffolds and combinatorial libraries in
drug discovery process.1 b-Acetamido- or amino ketones2

are potential intermediates for the synthesis of other im-
portant molecules like 1,3-amino alcohols,3a,b units com-
mon in natural nucleoside peptide antibiotics, e.g.,
nikkomycins or neopolyoxins.3d,e Multicomponent routes
leading to b-acetamido ketones reported by Iqbal et al. are
based on Lewis acid catalysts such as CoCl2

4a,b or Mont-
morillonite K10 clay.4c

Recently, Bi(III) salts have gained much interest in or-
ganic synthesis5 for their Lewis acidity and low toxicity
level.5b BiOCl is a readily available, moisture stable pre-
cursor of the desired Bi(III) salt. Its Lewis acidity is low,6

but it can generate BiCl3 in reaction with acetyl chloride,
which has also been established and utilized by Dubac et
al. in Friedel–Crafts acylation reaction.7 Moreover, it has
also got a very low toxicity level, LD50 rat (oral): 22g/kg.5b

Scheme 1

In continuation to our systematic scanning on the efficacy
of BiOCl-based organic reaction,8 we report herein our
interesting observations on the multicomponent synthesis
of the title compounds based on BiCl3 generated in situ

from the procatalyst BiOCl and acetyl chloride. A variety
of aromatic aldehydes (1–9) reacted with enolizable ke-
tones (10–13) and acetonitrile (reactant as well as solvent)
at room temperature in the presence of 20 mol% of BiOCl
and ca. 2 equivalents of acetyl chloride (Scheme 1,
Table 1 and Table 2).9,10 Comparative experiments on the
one-pot synthesis of b-acetamido ketone (14) from benz-
aldehyde (1), acetophenone (10), acetyl chloride and
acetonitrile in the presence of different Bi(III) salts like
BiOCl, BiCl3, Bi2(SO4)3, BiO(NO3) and other metal salts
such as FeCl3, AlCl3 and ZnCl2 reveal that among all these
BiOCl is the reagent of choice in terms of yield, moisture
stability and ease of handling (Table 1). The minimum
load of BiOCl was optimized to be 20 mol% (entries 1 and
2, Table 1). Thus, in a model experiment, when benzalde-
hyde (1, ca. 1 equivalent) was reacted with acetophenone
(10, ca. 1 equivalent) and acetyl chloride (ca. 2 equiva-
lents) in the presence of BiOCl (20 mol%) in acetonitrile
(3 mL) at room temperature, the corresponding b-acet-
amido ketone (14) was formed in 7 hours in 92% yield
(entry 2, Table 1; entry 1, Table 2). Each of o-, m-, or p-
nitrobenzaldehyde (2–4) reacted separately with ace-
tophenone and other components furnishing the corre-
sponding b-acetamido ketones in very good to excellent
yields (entries 5–7, Table 2). Similarly, aromatic alde-
hydes (5–7) containing electron-donating groups also re-
acted efficiently. Thus, reaction of p-chloro-, p-methoxy-
or m-hydroxy benzaldehyde (entries 8–10, Table 2) fur-

Table 1 One-Pot Synthesis of b-Acetamido Ketone from Benz-
aldehyde, Acetophenone, Acetyl Chloride and Acetonitrile in the 
Presence of Different Metal Salts

Entry Metal salt Metal salt 
(mol%)

Time 
(h)

Yield (%) 
of product

1 BiOCl 15 12 79

2 BiOCl 20 7 92

3 BiCl3 20 3.5 92

4 Bi2(SO4)3 20 9 90

5 BiONO3 20 10 80

6 FeCl3 20 24 77

7 AlCl3 20 19 78

8 ZnCl2 20 6 86
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nished the respective desired products in excellent yields,
although N,N-dimethylamino benzaldehyde was reluctant
to react under the standard reaction condition. Acetonitrile
as well as benzonitrile took part in this multicomponent
reaction. Reaction of benzaldehyde and acetophenone
with benzonitrile in the presence of BiOCl and acetyl
chloride also proceeds in dichloromethane (entry 12) or in
neat condition (entry 13) affording the corresponding b-
benzamido ketone (22) in good yields. As reported earli-
er,8 like acetyl chloride, benzoyl chloride was also capable
of generating BiCl3 from BiOCl (Scheme 2). Thus, reac-
tion of m-nitrobenzaldehyde (3) and acetophenone (10)
with acetonitrile in the presence of BiOCl (20 mol%) and
benzoyl chloride (ca. 5 equivalents) furnished the corre-
sponding b-acetamido ketone (16) in high yield
(Scheme 2, Table 2, entry 14). The present procedure was
equally fruitful with an a-unsubstituted ketone such as p-
methoxyacetophenone (11) leading to the corresponding
desired product (21) in excellent yield (entry 11, Table 2).

Scheme 2

To explore further the scope and limitation of this meth-
odology we also examined the reaction of aromatic alde-
hydes with a-substituted enolizable ketones (12, 13).
Thus, when benzaldehyde (1) was reacted with ethyl
methyl ketone (12) and acetonitrile in the presence of
BiOCl and acetyl chloride, the b-acetamido ketone (23)
generated from the more substituted enolate was obtained
in 75% yield with moderately good diastereoselectivity
(syn/anti 1:5, entry 15, Table 2). Similarly, propiophe-
none (13) reacted separately with benzaldehyde (1, entry
16), p-chloro- or o-nitro or o-hydroxy benzaldehyde (5, 2
and 9, entries 17, 18 and 20, Table 2) and also with
vaniline (8, entry 19, Table 2) resulting in their respective
b-acetamido ketones (25–28) with concomitant acetyl-
ation of the phenolic -OH group in relevant substrates
(entries 19 and 20) in good to excellent yields, although
in poor diastereoselectivities (dr ca. 1.3 to ca. 2). Interest-
ingly, selectivity was in favor of the anti isomer from
o-funtionalized benzaldehydes (2 and 9, entries 18 and
20, Table 2) unlike the m- or p-substituted benzaldehyde
(5 and 3).

The preparative efficacy of the present procedure was es-
tablished by a scaling-up experiment (ca. 10 fold) with
benzaldehyde (1), acetophenone (10) and acetonitrile us-
ing BiOCl and acetyl chloride in solvent (entry 2, Table 2)
and in solvent-less condition (entry 3, Table 2), which fur-
nished the desired b-acetamido ketone (14) in excellent
yields in both of these cases. After the reaction BiOCl was
regenerated from the aqueous extract by precipitation

with alkali and repeating experiments (5 recycles) with
the regenerated and re-isolated BiOCl also proceeded
with equal efficacy without any loss in the activity of the
regenerated procatalyst (entry 4, Table 2).

To evaluate, whether the reaction proceeds via chalcone-
type intermediate, chalcone was treated separately with
acetonitrile in the presence of BiOCl and acetyl chloride
but the mixture failed to give any b-acetamido ketone
even after 3 days (Scheme 3). Acetonitrile is probably
incorporated in the aldehyde-derived intermediate with
subsequent acetate migration and coupling with the ke-
tone enolate, following a pathway similar to that proposed
by Iqbal et al. in a CoCl2-catalyzed reaction.4b The proba-
ble catalytic cycle and the mechanistic pathway may be
depicted as shown in Scheme 4.

Scheme 3

Scheme 4

In summary, we have demonstrated the efficacy of BiCl3

in situ generated from the procatalyst BiOCl towards the
catalyzed one-pot multicomponent synthesis of b-aceta-
mido ketones from a variety of aromatic aldehydes, eno-
lizable ketones, acetyl chloride and aceto- or benzonitrile.
The notable feature of the present procedure lies in the sta-
bility of BiOCl, its easy availability, low cost, very low
toxicity and recyclability without any loss of its activity.
Although the diastereoselectivity of the reaction from a-
substituted enolizable ketones were poor, but the general
high to excellent yields of the a-unsubstituted ketone-de-
rived title compounds in solvent and also in neat condi-
tion, along with the reusability and low toxicity of the
procatalyst, make it a suitable alternative to the reported
methods particularly for the synthesis of the b-acetamido
ketones based on a-unsubstituted ketones and for their
industrial application.
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Table 2 One-Pot Synthesis of b-Acetamido Ketones

Entry Aromatic aldehyde b-Acetamido ketone Time 
(h)

Yield, %a 
(mp, °C)

syn/
anti

1 R1 = R2 = R3 = H (1) R1 = R2 = R3 = R5 = H, R4 = Ph, R6 = Me (14) 7 92 (104–105) –

2 R1 = R2 = R3 = H (1) R1 = R2 = R3 = R5 = H, R4 = Ph, R6 = Me (14) 7 91b –

3 R1 = R2 = R3 = H (1) R1 = R2 = R3 = R5 = H, R4 = Ph, R6 = Me (14) 7 92c –

4 R1 = R2 = R3 = H (1) R1 = R2 = R3 = R5 = H, R4 = Ph, R6 = Me (14) 7 90,d 92e –

5 R1 = NO2, R
2 = R3 = H (2) R1 = NO2, R

2 = R3 = R5 = H, R4 = Ph, R6 = Me (15) 12 84 (191–192) –

6 R2 = NO2, R
1 = R3 = H (3) R2 = NO2, R

1 = R3 = R5 = H, R4 = Ph, R6 = Me (16) 8 91 (139–140) –

7 R3 = NO2, R
1 = R2 = H (4) R3 = NO2, R

1 = R2 = R5 = H, R4 = Ph, R6 = Me (17) 8 64 (154) –

8 R1 = R2 = H, R3 = Cl (5) R1 = R2 = R5 = H, R3 = Cl, R4 = Ph, R6 = Me (18) 10 80 (150) –

9 R1 = R2 = H, R3 = OMe (6) R1 = R2 = R5 = H, R3 = OMe, R4 = Ph, R6 = Me (19) 9 90 (110–112) –

10 R1 = R3 = H, R2 = OH (7) R1 = R3 = R5 = H, R2 = OAc, R4 = Ph, R6 = Me (20) 4.5 93 (114–115) –

11 R1 = R2 = R3 = H (1) R1 = R2 = R3 = R5 = H, R4 = p-MeO-C6H4, R
6 = Me 

(21)
4 91 (130) –

12 R1 = R2 = R3 = H (1) R1 = R2 = R3 = R5 = H, R4 = R6 = Ph (22) 12 55f (194–195) –

13 R1 = R2 = R3 = H (1) R1 = R2 = R3 = R5 = H, R4 = R6 = Ph (22) 12 55g –

14 R2 = NO2, R
1 = R3 = H (3) R2 = NO2, R

1 = R3 = R5 = H, R4 = Ph, R6 = Me (16) 1d 68h –

15 R1 = R2 = R3 = H (1) R1 = R2 = R3 = H, R4 = R5 = R6 = Me (23) 2 75 1:5i

16 R1 = R2 = R3 = H (1) R1 = R2 = R3 = H, R4 = Ph, R5 = R6 = Me (24) 8 94 2:1j

17 R1 = R2 = H, R3 = Cl (5) R1 = R2 = H, R3 = Cl, R4 = Ph, R5 = R6 = Me (25) 2 81 1.8:1j

18 R1 = NO2, R2 = R3 = H (2) R1 = NO2, R2 = R3 = H, R4 = Ph, R5 = R6 = Me (26) 10 72 1:2.2j

19 R1 = H, R2 = OMe, R3 = OH 
(8)

R1 = H, R2 = OMe, R3 = OAc, R4 = Ph, R5 = R6 = Me 
(27)

11 83 1.6:1j

20 R1 = OH, R2 = R3 = H (9) R1 = OAc, R2 = R3 = H, R4 = Ph, R5 = R6 = Me (28) 12 60 1:1.4j

a Chromatographed yield.
b Scale-up experiment (ca. 10 fold).
c Under neat condition (ca. 10 fold).
d With recovered BiOCl.
e Yield after 5 recycles using recovered BiOCl.
f Using PhCN (ca. 2 equiv) in CH2Cl2.
g Using PhCN (ca. 3 equiv) in neat condition.
h Using PhCOCl (ca. 5 equiv) instead of MeCOCl.
i Ratio of methine protons of syn and anti isomers (by 1H NMR).
j Ratio of isolated yields (by preparative TLC) of syn and anti isomers.
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added and the reaction mixture was stirred at r.t. After 
completion of the reaction (checked by TLC, Table 1) the 
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800, 700 cm–1. 1H NMR (300 MHz, CDCl3): d = 2.00 (s, 3 
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D
ow

nl
oa

de
d 

by
: F

lo
rid

a 
S

ta
te

 U
ni

ve
rs

ity
 L

ib
ra

rie
s.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 true
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


