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Abstract This article describes the use of Amberlite
IRA-910 with different counter ions as excellent polymer-
supported reagents in nucleophilic substitution reactions.
The versatility of this protocol allowed the synthesis of a
diversified library of phenacyl derivatives with high yields.
The polymeric reagents can be reloaded several times with
no loss of their efficiency.
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Polymer-supported reagent - Phenacyl derivative

Introduction

Since the pioneering study by Merrifield in the field of
solid-phase chemistry [1], polymer-supported reagents have
become state-of-the-art tools increasing interest as insolu-
ble matrices in organic synthesis [2,3]. They offer advanta-
ges such as reaction monitoring as well as increased safety,
especially when the non-supported reagents are toxic or haz-
ardous as they can be easily removed from reaction media
and recycled [4,5]. In addition, employing an excess amount
of reagent is allowed without the need for additional purifi-
cation steps [6].

Polymer-supported reagents have been and continue to
be used successfully for the parallel synthesis of single
compounds as well as the multi-step synthesis of different
heterocyclic systems including complex natural products
and pharmaceutical agents [7,20]. Although many poly-
mer-supported reagents have been described for many
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transformations, there is still a need for new polymer-sup-
ported reagents to gain access to additional compounds clas-
ses [8-15].

In our continuing interest in the development of supported
reagents and catalysts for organic transformation [16], we
decided to investigate nucleophilic substitution reactions of
a-bromo ketones using macroporous resins supported thio-
cyanate, azide, iodide, and cyanide for the synthesis of «-keto
derivatives. Recently, this kind of matrix was used due to its
low degree of swelling and excellent compatibility with a
wide range of organic solvents as well as in aqueous and
good mechanical stability [17,18]. The overall reactions are
shown in Scheme 1.

The phenacyl compounds are useful intermediates in
organic synthesis and have attracted a great deal of inter-
est [19,20]. Derivatives of a-keto compounds were opened
an important area of heterocyclic chemistry on account of the
fact that many of them are subunits of natural products and
pharmaceutical agents. Azide and thiocyanate derivatives of
a-keto compounds are useful intermediates in the synthesis
of heterocyclic compounds, such as pyrroles, oxazoles, and
thiazoles [21-23]. Due to their instability, «-iodo ketones
have been scarcely used, except in some reactions such as
the Rap—Stoermer that has been reported for the synthesis of
benzofurans [24]. Unfortunately, the few synthetic methods
available for the synthesis of azide, thiocyanate, cyanide, and
iodide derivatives of «-keto compounds are tedious and need
complex and environmentally high-impact reagents [25].

Experimental
All of the phenacyl derivatives were prepared by our proce-

dure; their spectroscopic and physical data were compared
with those of authentic samples. NMR spectra were recorded
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Scheme 1 Substitution reaction of «-bromo ketones using polymer-
supported reagents

in CDCIj3 on a Bruker Advanced DPX 400 MHz instrument
spectrometer using TMS as internal standard. IR spectra were
recorded on a BOMEM MB-Series 1998 FT-1IR spectrometer.
The purity determination of the products and reaction mon-
itoring were accomplished by TLC on silica gel polygram
SILG/UV 254 plates.

Preparation of polymer-supported reagents

Amberlite IRA-910SCN, N3, I, CN forms, which are not
commercially available, were easily prepared from their cor-
responding chloride form via ion exchange using 10% NaS-
CN, NaN3, Nal, and NaCN aqueous solutions, respectively.
Ten grams of Amberlite IRA-910 chloride form (loading: 3.8
meq/g; mesh 16-50) were stirred for 6 h in the correspond-
ing solution (100 mL), filtered-off, and washed several times
with water and dried under vacuum at 50 °C before using.

General experimental procedure a-bromo acetophenone
derivatives with various polymeric reagents

To a mixture of Amberlite IRA-910 SCN, N3, I, CN forms
(1.0 g, loading: 1.8 meq/g) in acetonitrile (5.0 mL), «-bromo
ketone (1.0 mmol) was added. The suspension was magnet-
ically stirred under refluxing conditions for the time shown
in Table 1. After complete consumption of «-bromo ketone
as judged by TLC (n-hexane:ethyl acetate; ratio=5:1), the
resin was filtered and washed with acetonitrile (3 x SmL).
The combined filtrates were dried over CaCl, and then evap-
orated to dryness to give desired product. The crude products
were purified by either preparative TLC or flash chromatog-
raphy.

1-(4-Methoxyphenyl)-2-thiocyanatoethanone (entry 2b):
IR (neat): v SCN(2,157cm~!); '3C NMR(CDCl3, 100
MHz): § 42.9 (CH,), 55.7 (CH30), 112.2 (SCN), 114.4 (m—
0), 126.9 (C), 130.9 (O-C), 164.8(p—C), 189.2 (CO).

2-lodo-1-(4-methoxyphenyl) ethanone (entry 2c): IR
(neat): v C-I(615cm™!); 13C NMR(CDCls, 100 MHz): §
1.72 (CHy), 55.6 (CH30), 114.3 (m—C), 126.3 (C), 130.6
(0-0), 164.0(p—C), 191.5 (CO).

2-Azido-1-(4-bromophenyl) ethanone (entry 4a): IR
(neat): v N3(2,103cm™1); 13C NMR(CDCl3, 100 MHz):
8 54.8 (CHy), 129.4-133.0 (Ar—C), 192.3(CO).
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Scheme 2 Preparation of polymer-supported reagents

1-(4-Bromophenyl)-2-thiocyanatoethanone (entry 4b): IR
(neat): v SCN(2, 157 cm~1); 13C NMR(CDCl3, 100 MHz):
842.6 (CHy), 111.5(SCN), 129.8-132.6 (Ar—C), 189.8(CO).

Results and discussion

The polymer-supported azide, iodide, thiocyanide, and cya-
nide were easily prepared by exchange of the anion of
Amberlite IRA-910 CI™ form by using aqueous solutions
(10%) of NaN3, Nal, NaSCN, or NaCN (Scheme 2).

We used 2-bromo-1-phenylethanone as a model compound
and reacted with macroporous resin supported thiocyanate,
Pt SCN™, in different solvent. Thin-layer chromatographic
analysis showed that the polymeric reagent acted very effi-
ciently in refluxing CH3CN and 1.0g of the P™ SCN™ is
enough to convert the entry to its corresponding 1-phenyl-2-
thiocyanatoethanone in high isolated yield within 1 h. Table 1
shows the scope and limitations of these nucleophilic substi-
tution reactions using several o-bromo acetophenone deriv-
atives.

The formation of products can be easily detected by the
characteristic 13C signal of the ~SCN group for phenacyl
thiocyanate at ~112 ppm and «-carbon in phenacyl azide
and iodide that shift from ~30 ppm in phenacyl bromide
to ~54 ppm and ~1.3 ppm, respectively. Although phena-
cyl thiocyanates, azides, and iodides were obtained in high
isolated yields, phenacyl cyanides could only be obtained
in moderate yields. These results are in agreement with the
hard and soft acid and base principle (HSAB) and the data
acquired by Sukata for alkyl halides [26].

The nature of the substituent on the phenyl ring has a sig-
nificant influence on the reaction rate. While ¢-bromo aceto-
phenone derivatives with electron withdrawing groups react
faster, derivatives with electron-donating groups require
longer reaction times.

It is also worth mentioning that resin do not suffer from
extensive mechanical degradation after operating and can be
load again by reagents. In order to demonstrate the reusabil-
ity of the reagent, thiocyanation of 2-bromo-1-phenyletha-
none with P SCN~ was chosen as a model. After reaction
completion, the polymeric reagent was washed with distilled
water and then loaded again with aqueous NaSCN solu-
tion. This process repeated thrice and no appreciable yield
decrease was observed (Table 2).

In conclusion, we report straight forward and reliable
method for the preparation and use of Amberlite IRA-910



Mol Divers (2010) 14:155-158

157

Table 1 Results of the
treatment of o-bromo

o 0
acetophenone derivatives with )
various polymeric reagents Br Amberlite IRA-910X X
X:SCN, N3, I, CN
R CH;CN, reflux, 0.5-2.5h R
Entry a-Bromo acetophenone X Time (h) Yield® (%)
derivatives
la N3 1.15 85
(¢}
Q)Mr
1b H SCN 1.0 90
Ic I 1.0 90
1d CN 2.5 55¢
2a N3 1.15 95
(0]
Q)vr
2b MeO SCN 1.5 95
2c I 1.5 92
2d CN 2.5 40°¢
3a N3 0.15 91
O
@Jvm
3b O.N SCN 0.5 94
 Products were identified by 3c I 0.5 90‘
comparison of their physical and 3d CN 1.45 60°
spectral data with those of da N3 0.5 90
authentic samples [20,24,27] (0]
b Isolated yields Br
¢ The results according to GC
analysis
4b Br SCN 0.5 92
4c I 0.5 90
4d CN 2.0 45¢

Table 2 Reusability of the reagent after reloading

Entry Number of loading Yield® (%)
1 1 90
2 2 87
3 3 85

4 All reaction are carried out under similar condition

SCN, N3, I, and CN resins as efficient heterogeneous reagents
for the generation of thiocyanates, azides, iodo, and nitrile
derivatives via nucleophilic substitution reactions.
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References

1. Merrifield RB (1963) Solid phase peptide synthesis. I. The synthe-
sis of a tetrapeptide. ] Am Chem Soc 85:2149-2154. doi:10.1021/
ja00897a025

2. Kirschning A, Monenschein H, Wittenberg R (2001) Functional-
ized polymers—emerging versatile tools for solution-phase chem-
istry and automated parallel synthesis. Angew Chem Int Ed
40:650-679. doi:10.1002/1521-3773

@ Springer


http://dx.doi.org/10.1021/ja00897a025
http://dx.doi.org/10.1021/ja00897a025
http://dx.doi.org/10.1002/1521-3773

158

Mol Divers (2010) 14:155-158

10.

11.

12.

13.

14.

15.

Hodge P (2005) Synthesis of organic compounds using poly-
mer-supported reagents, catalysts, and/or scavengers in benchtop
flow systems. Ind Eng Chem Res 44:8542-8553. doi:10.1021/
1e040285e

Galaffu N, Sechi G, Bradly M (2005) Polymer resin library and the
discovery of highly efficient polymer supported reagents and scav-
engers. Mol Divers 9:263-275. doi:10.1007/s11030-005-7458-x
Erb B, Kucma JP, Mourey S, Struber F (2003) Polymer-supported
triazenes as smart reagents for the alkylation of carboxylic acids.
Chem Eur J 9:2582-2588. doi:10.1002/chem.200204739

Nam N, Sardari S, Parang K (2003) Reactions of solid-supported
reagents and solid supports with alcohols and phenols through their
hydroxyl functional group. J Comb Chem 5:479-546. doi:10.1021/
¢c0201061

Baxendale IR, Ley SV (2000) Polymer-supported reagents for
multi-step organic synthesis: application to the synthesis of sil-
denafil. Bioorg Med Chem Lett 10:1983-1986. doi:10.1016/
S0960-894X(00)00383-8

Sorg G, Mengel A, Jung G, Rademann J (2001) Oxidizing poly-
mers: a polymer-supported, recyclable hypervalent iodine (V)
reagent for the efficient conversion of alcohols, carbonyl com-
pounds, and unsaturated carbamates in solution. Angew Chem Int
Ed 40:4395-4397. doi:10.1002/1521-3773

Zacharias J, Koshy EP, Pillai VNR (2003) Polyvinyl pyrrolidone-
supported chlorochromates: preparation and application as solid
phase synthetic oxidising reagent. Reac Funct Polym 56:159-165.
doi:10.1016/S1381-5148(03)00053-1

Donati D, Morelli C, Porcheddu A, Taddei M (2004) A new poly-
mer-supported reagent for the synthesis of S-lactams in solution.
J Org Chem 69:9316-9318. doi:10.1021/j0048400i

Crosignani S, Gonzalez J, Swinnen D (2004) Polymer-supported
Mukaiyama reagent: a useful coupling reagent for the synthesis of
esters and amides. Org Lett 6:4579-4582. doi:10.1021/010480372
Fauvel A, Deleuze H, Landais Y (2005) New polymer-supported
organosilicon reagents. Eur J Org Chem 3900-3910 doi: 10.1002/
€joc.200500252

Chrtien JM, Zammattio F, Grognec EL, Paris M, Cahingt B, Monta-
von G, Quintard JP (2005) Polymer-supported organotin reagents
for regioselective halogenation of aromatic amines. J Org Chem
70:2870-2873. doi:10.1021/j00480141

Gendre F, Yang M, Diaz P (2005) Solid-phase synthesis of diaryl
sulfides: direct coupling of solid-supported aryl halides with thiols
using an insoluble polymer-supported reagent. Org Lett 7:2719—
2722. doi:10.1021/01050939v

Petersson MJ, Jenkins ID, Loughlin WA (2008) The structure
of polymer-supported triphenylphosphine ditriflate: a potentially

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

useful reagent in organic synthesis. J Org Chem 73:4691-4693.
doi:10.1021/j0800447v

. Kiasat AR, Badri R, Zargar B, Sayyahi S (2008) Poly(ethylene

glycol) grafted onto dowex resin: an efficient, recyclable, and mild
polymer-supported phase transfer catalyst for the regioselective az-
idolysis of epoxides in water. J Org Chem 73:8382-8385. doi:10.
1021/jo801356y

Dendrinos K, Jeong J, Huang W, Kalivretenos AG (1998) HOBT
immobilized on macroporous polystyrene beads: a useful reagent
for the synthesis of amides. Chem Commun 4:499-500. doi:10.
1039/a708273h

Shang Y, But TYS, Togo H, Toy PH (2007) Macropo-
rous polystyrene-supported (diacetoxyiodo) benzene: an efficient
heterogeneous oxidizing reagent. Synlett 67-70. doi:10.1055/
$-2006-958450

Tverdokhlebov AV, Andrushko AP, Tolmachev AA, Shishkina SV,
Shishkin OV (2008) A novel approach to pyrrolo[2,1-b ][1,3]ben-
zothiazines. Synthesis 2701-2706. doi:10.1055/s-2008-1067214

Ploypradith P, Kagan RK, Ruchirawat S (2005) Utility of poly-
mer-supported reagents in the total synthesis of lamellarins. J Org
Chem 70:5119-5125. doi:10.1021/jo050388m

Brenelli ECS, Brenelli JA, Pinto RCL (2005) A fast procedure
for the preparation of vicinal azidoalcohols using polymer-sup-
ported reagents. Tetrahedron Lett 46:4531-4533. doi:101016/j.
tetlet.2005.05.023

Takeuchi H, Yanagida SI, Ozaki T, Hagiwara S, Eguchi
S (1989) Synthesis of novel carbo- and heteropolycycles. 12. A
new versatile synthesis of oxazoles by intramolecular aza-Wittig
reaction. J Org Chem 54:431-434. doi:10.1021/j000263a033

Fan X, Zhang Y (2002) Sml,-mediated synthesis of 2,4-diaryl-
pyrroles from phenacyl azides. Tetrahedron Lett 43:1863—-1865.
doi:10.1016/S0040-4039(02)00108-9

Nakayama H, Itoh A (2007) Facile synthesis of phenacyl iodides
from styrenes under visible light irradiation with fluorescent lamps.
Tetrahedron Lett 48:1131-1133. doi:10.1016/j.tetlet.2006.12.065
Rao MLN, Awasthi DK, Banerjee D (2007) Microwave-mediated
solvent free Rap—Stoermer reaction for efficient synthesis of ben-
zofurans. Tetrahedron Lett 48:431-434. doi:10.1016/j.tetlet.2006.
11.077

Sukata K (1985) Nucleophilic substitution reaction of alkyl halide
by anion on a macroporous polymer resin. J Org Chem 50:4388—
4390. doi:10.1021/j000222a040

Yadav JS, Reddy BVS, Srinivas M (2004) A novel and efficient
method for the synthesis of «-azidoketones and «-ketothiocya-
nates. Chem Lett 33:882-883. doi:10.1246/c1.2004.882


http://dx.doi.org/10.1021/ie040285e
http://dx.doi.org/10.1021/ie040285e
http://dx.doi.org/10.1007/s11030-005-7458-x
http://dx.doi.org/10.1002/chem.200204739
http://dx.doi.org/10.1021/cc020106l
http://dx.doi.org/10.1021/cc020106l
http://dx.doi.org/10.1016/S0960-894X(00)00383-8
http://dx.doi.org/10.1016/S0960-894X(00)00383-8
http://dx.doi.org/10.1002/1521-3773
http://dx.doi.org/10.1016/S1381-5148(03)00053-1
http://dx.doi.org/10.1021/jo048400i
http://dx.doi.org/10.1021/ol0480372
http://dx.doi.org/10.1002/ejoc.200500252
http://dx.doi.org/10.1002/ejoc.200500252
http://dx.doi.org/10.1021/jo0480141
http://dx.doi.org/10.1021/ol050939v
http://dx.doi.org/10.1021/jo800447v
http://dx.doi.org/10.1021/jo801356y
http://dx.doi.org/10.1021/jo801356y
http://dx.doi.org/10.1039/a708273h
http://dx.doi.org/10.1039/a708273h
http://dx.doi.org/10.1055/s-2006-958450
http://dx.doi.org/10.1055/s-2006-958450
http://dx.doi.org/10.1055/s-2008-1067214
http://dx.doi.org/10.1021/jo050388m
http://dx.doi.org/101016/j.tetlet.2005.05.023
http://dx.doi.org/101016/j.tetlet.2005.05.023
http://dx.doi.org/10.1021/jo00263a033
http://dx.doi.org/10.1016/S0040-4039(02)00108-9
http://dx.doi.org/10.1016/j.tetlet.2006.12.065
http://dx.doi.org/10.1016/j.tetlet.2006.11.077
http://dx.doi.org/10.1016/j.tetlet.2006.11.077
http://dx.doi.org/10.1021/jo00222a040
http://dx.doi.org/10.1246/c1.2004.882

	A simple and rapid protocol for the synthesis of phenacyl derivatives using macroporous polymer-supported reagents
	Abstract
	Introduction
	Experimental
	Preparation of polymer-supported reagents
	General experimental procedure -bromo acetophenone derivatives with various polymeric reagents

	Results and discussion
	Acknowledgements
	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 true
  /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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


