This article was downloaded by: [University of Saskatchewan Library]

On: 10 October 2014, At: 17:30

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An International
Journal for Rapid Communication of
Synthetic Organic Chemistry

Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/lsyc20

Darzens Reaction Promoted by KF/Alumina:
A Novel Stereoselective Method for Rapid
and Efficient Synthesis of trans-a,pB-Epoxy

Ketones

Ali Sharifi ® , Roghiyeh Salimi * , Mojtaba Mirzaei ® & M. Saeed Abaee *

& Chemistry and Chemical Engineering Research Center of Iran , Tehran, Iran
Published online: 30 Jun 2007.

To cite this article: Ali Sharifi , Roghiyeh Salimi , Mojtaba Mirzaei & M. Saeed Abaee (2007) Darzens Reaction
Promoted by KF/Alumina: A Novel Stereoselective Method for Rapid and Efficient Synthesis of trans-a,p-Epoxy
Ketones, Synthetic Communications: An International Journal for Rapid Communication of Synthetic Organic
Chemistry, 37:11, 1825-1832, DOI: 10.1080/00397910701316292

To link to this article: http://dx.doi.org/10.1080/00397910701316292

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”)
contained in the publications on our platform. However, Taylor & Francis, our agents, and our
licensors make no representations or warranties whatsoever as to the accuracy, completeness, or
suitability for any purpose of the Content. Any opinions and views expressed in this publication
are the opinions and views of the authors, and are not the views of or endorsed by Taylor &
Francis. The accuracy of the Content should not be relied upon and should be independently
verified with primary sources of information. Taylor and Francis shall not be liable for any

losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities
whatsoever or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any substantial

or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden. Terms & Conditions of access and use
can be found at http://www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397910701316292
http://dx.doi.org/10.1080/00397910701316292
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Saskatchewan Library] at 17:30 10 October 2014

Synthetic Communications®, 37: 1825-1832, 2007 e Taylor & Francis
Copyright © Taylor & Francis Group, LLC

ISSN 0039-7911 print/1532-2432 online

DOI: 10.1080/00397910701316292

Taylor & Francis Group

Darzens Reaction Promoted by KF/
Alumina: A Novel Stereoselective Method
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Abstract: The Darzens condensation of a-chloroacetophenone with various aromatic
aldehydes mediated by potassium fluoride on alumina at room temperature resulted in
formation of good to excellent yields of trans-a,3-epoxy ketones in short time periods.
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The push toward development of green and environmentally benign chemistry
in the past three decades has dictated the use of safer and less hazardous
reagents and media capable of inducing versatile organic transformations
with fewer side products and solvent requirements."'! In this context,
potassium fluoride on alumina (KF/A1203)[2] has emerged as a very
powerful solid-phase reagent for various organic functional manipulations
such as ring-closure reactions,”! epoxidation of alkenes,* ether
synthesis,[S] amide!® and amine!”’ chemistry, Michael addition,®! aldol
condensation,”! rearrangement processes,!'” and cycloaddition reactions.!""!
A number of advantages are associated with the use of this reagent, such as
avoiding the cleavage step usually required in solid-phase syntheses,'”
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decrease of solvent use, no special handling requirements, easy monitoring of
reactions, and convenient workup procedure by removal of the solid from the
reaction mixture via a simple filtration.

Condensation of a-halo carbonyl moieties with aldehydes and ketones,
known as the Darzens reaction, is one of the most versatile tools in
synthetic organic chemistry for the preparation of «,[3-epoxy carbonyl
compounds."*! In addition, this reaction is a very powerful method for one-
carbon homologation of aldehydes and ketones.''*! The Darzens reaction is
traditionally carried out in the presence of strong bases and mechanistically
includes an aldol reaction of an «-halo carbonyl compound with an
aldehyde to form a C-C bond followed by an intramolecular annulation of
the intermediate halohydrin compound to form an epoxy product. Many
alterations to the traditional procedure of the reaction were made in recent
years to enhance the synthetic applications of the Darzens reaction by the
use of phase-transfer catalysts,!' enantioselective reagents,!'® aqueous
alkaline medium,”'”’ ammonium ylides,[ls] and Lewis acid catalysis.[w]
Despite these modifications, use of strong basic media is still required"'” in
many of these procedures, or stoichiometric amounts of an expensive
reagent are used.'">’ Moreover, the majority of available methods involve
Darzens reactions of haloacetate esters, and not much investigation on a-halo-
ketones side has been carried out. A search in the literature reveals a report by
Yamawaki et al. containing a single example of a Darzens reaction performed
in the presence of KF/Al,O3 in benzene.'”*! Based on this example and in con-
tinuation of our previous experiences with solid-phase chemistry,*"! we
decided to evaluate the generality of Darzens reactions of a-haloketones
with aromatic aldehydes in the presence of KF/Al,O; under more environ-
mentally benign conditions (Scheme 1).

Table 1 presents the results obtained from the condensation of
a-chloroacetophenone 1 with various aldehydes bearing electron-
withdrawing or electron-releasing groups 2a-—j. We first examined the
reaction using a suspension of KF/Al,O; in a 1:1 mixture of a-chloroace-
tophenone and benzaldehyde at room temperature. The course of the
reaction was monitored by thin-layer chromatography (TLC) and gas
chromatography (GC) until complete disappearance of the starting
aldehyde was observed, in less than 2 h. Simple extraction of the mixture
by ethyl acetate and removal of the volatile portion showed formation of
a single trans product 3a in 92% yield (entry 1).

0
)j\ | S CHO KA, OWO = )e
Ph + N A
& L r Ph N\
1 R 2a-j 3a-j

Scheme 1.
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Table 1. Darzens reaction of aldehydes 2a—j with 1 in the presence of KF/Al,05

Entry Aldehyde Product Yield” (%)
1 CeH;CHO o 9
PhOC—</ ... 2a
2 4-MeCgH,CHO o 90
PhOC—</... b
3 4-MeOCH,CHO OMe 83

4 3-MeOC4H,CHO o 95
PhOC—</_... 2

OMe
5 4-CIC4H,CHO o a 96
PhOC—</ .. 2
6 2-CIC4H,CHO cl 92
o}
PhOC~"</_... af
7 4-NO,CgH,CHO 94
O NO,
PhOC™< /.. 39
8 2-NO,C4H,CHO ON 99
o)
PhOC/QM,.‘@ 3h
9 4-BrC6H4CHO o Br 93
PhOC—< /... 3
10 4-CF;C¢H,CHO CF, 97

“Isolated yields.

The promoting effect of the solid support was examined by stirring a
mixture of the two reactants in the absence of KF or alumina. In these
cases, formation of only small quantities of 1a was detected after several
hours, and the majority of the starting materials were recovered. In addition,
when the reaction was repeated in a solution of benzene using Ando’s
procedure,®” only 65% of trans 3a was obtained after 24 h, illuminating
the devastating effect of the solvent.

To illustrate the generality of the reaction, other aldehydes bearing
electron-releasing groups (entries 2—4) or electron-withdrawing groups
(entries 5—10) were subjected to the same conditions. Similarly, reactions
completed within 1-2h to form exclusively trans products 3b—j in
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Scheme 2.

83-99% yield. Products were characterized by spectroscopic methods, and
the results were matched with those available in the literature.!'320

Additional test reactions were conducted to examine the substrate depen-
dency of this procedure by subjecting a mixture of tert-butyl 2-chloroacetate
and benzaldehyde to the same reaction conditions. As a result, 97% of two
geometric isomers of 4 were obtained with a low cis/trans stereoselectivity
of 1/2. A similar mixture in benzene gave only 68% of 4 with the same stereo-
selectivity after 10 h (Scheme 2).

In conclusion, we disclose a novel and efficient procedure for Darzens
reactions of a-chloroacetophenone with aldehydes promoted by KF/Al,O;
under very mild conditions. Use of inexpensive reagents, the generality of
the reaction, sole formation of trans compounds in short time periods, and
use of no other additives or solvent are the advantages of the present work.
Further studies to apply this methodology to other «-halo carbonyl
compounds are also under investigation.

Experimental

Melting points were determined with a Buchi melting-point apparatus and are
uncorrected. IR spectra were recorded using KBr disks on a Bruker Vector-22
infrared spectrometer. NMR spectra were obtained on a FT-NMR Bruker
Ultra Shield™ (500 MHz) as CDCl; solutions using TMS as internal
standard reference. Elemental analyses were performed using a Thermo
Finnigan Flash EA 1112 instrument. GC-MS spectra were obtained on a
Fisons 8000 Trio instrument at ionization potential of 70 eV. TLC exper-
iments were carried out on precoated silica-gel plates using hexane/EtOAc
(5:1) as the eluent. GC experiments were performed using a Varian
CP-3800 instrument equipped with capillary column CP-SIL 5 CB with
length of 30 m and 0.32 i.d. Compounds 3a—3c,[22] 3e,[22] 3g,[22] and 3j[23]
have been previously reported. Reagents were purchased from commercial
sources. Aldehydes were purified before use.

Preparation of KF/Alumina**!

To a stirred solution of potassium fluoride (20 g) in water (150 ml), neutral
alumina (60—80 mesh, 30 g) in water (150 ml) was added. After 30 min, the
water was evaporated in a rotary evaporator at ~60°C. When most of the
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water has been removed, the remaining mixture was heated to 140—150°C and
maintained at that temperature under vacuum (5 mmHg) for 6 h to give 50 g of
KF-alumina reagent.

Typical Darzens Procedure

A mixture of the aldehyde (10 mmol), ketone 1 (11 mmol), and KF/Al,O;
(5 g) was stirred at room temperature untili TLC and GC experiments
showed complete disappearance of the starting aldehyde. The mixture was
extracted with EtOAc (3 x 50 mL), the extracts were combined, and the
volatile portion was removed under reduced pressure. The product was
purified with short column chromatography over silica-gel using hexane/
EtOAc (7:1), if necessary.

Data
trans-2,3-Epoxy-1-(3-methoxyphenyl)-3-phenylpropan-1-one (3d)

White crystals were obtained in 95% yield, mp 79—-80°C; IR (KBr, cm™ ')
1682, 1591, 1257; '"H NMR (CDCls) 8 3.87 (s, 3H), 4.10 (d, 1H, J = 2 Hz),
432 (d, 1H, J = 2 Hz), 6.94-6.97 (m, 2H), 7.02 (d, 1H, J = 7.5 Hz), 7.35
(dd, 1H, J=7.5, 7.5 Hz), 7.53 (dd, 2H, J= 7.5, 7.5 Hz), 7.66 (dd, 1H,
J=1.5,7.5Hz), 8.05 (dd, 2H, J = 1.5, 8.5 Hz); '*C NMR (CDCl;) & 55.8,
59.7, 614, 111.3, 115.2, 118.7, 128.8, 129.3, 130.3, 134.5, 135.9, 137.6,
160.5, 193.5; MS (70 eV) m/z (%): 254 (M*), 225, 149, 105. Calcd. for
C,6H,405: C, 75.57; H, 5.55. Found: C, 75.34; H, 5.47.

trans-2,3-Epoxy-1-(2-chlorophenyl)-3-phenylpropan-1-one (3f)

White crystals were obtained in 92% yield, mp 72-73°C; IR (KBr, cm_l)
1687, 1228, 1022; '"H NMR (CDCl5) 6 4.21 (d, 1H, J = 2 Hz), 4.44 (d, 1H,
J=2Hz), 7.35 (dd, 2H, J = 3.5, 7 Hz), 7.40-7.45 (m, 2H), 7.54 (dd, 2H,
J="175,7.5Hz), 57.66 (dd, 1H, J =17.5, 9.5 Hz), 8.09 (d, 2H, J = 7.5 Hz);
13C NMR (CDCl;) & 7.6, 60.5, 126.6, 127.7, 128.8, 129.3, 129.8, 130.2,
133.7, 134.2, 134.5, 135.8, 193.2; MS (70 eV) m/z (%): 258 (M*), 223,
165, 105. Calcd. for CsH;;ClO,: C, 69.64; H, 4.29. Found: C, 69.47; H, 4.24.

trans-2,3-Epoxy-1-(2-nitrophenyl)-3-phenylpropan-1-one (3h)

Light pink crystals were obtained in 99% yield, mp 109-110°C; IR (KBr,
em™ ') 1686, 1332, 1227; 'H NMR (CDCl3) 8 4.26 (d, 1H, J = 2 Hz), 4.67
(d, 1H, J=2Hz), 7.52 (dd, 2H, J=7.5, 8 Hz), 7.59 (ddd, 1H, J =4, 5.5,
9 Hz), 7.65 (dd, 1H, J = 7.5, 7.5 Hz), 7.77 (d, 2H, J = 4 Hz), 8.05 (dd, 2H,
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J=1,8.5Hz),8.24 (d, 1H, J = 8 Hz); "*C NMR (CDCls) & 58.1, 60.0, 125 .4,
127.8, 128.9, 129.3, 129.9, 133.0, 134.5, 135.1, 135.8, 147.9, 192.9; MS
(70 eV) m/z (%): 269 (M™), 183, 135, 105. Calcd. for C;sH;;NO4: C,
66.91; H, 4.12. Found: C, 66.70; H, 4.06.

trans-2,3-Epoxy-1-(4-bromophenyl)-3-phenylpropan-1-one (3i)

White crystals were obtained in 93% yield, mp 88—89°C; IR (KBr, cmfl)
1663, 1438, 1297; 'H NMR (CDCl;) 6 4.08 (d, 1H, J = 2 Hz), 4.29 (d, 1H,
J=2Hz), 7.29 (d, 2H, J=8.5Hz), 7.52-7.58 (m, 4H), 7.66 (dd, 1H,
J=17,7.5Hz), 8.04 (dd, 2H, J = 1, 8 Hz); '*C NMR (CDCls) 6 59.2, 61.3,
123.5, 127.9, 128.8, 129.4, 132.4, 134.6, 135.0, 135.8, 193.1; MS (70eV)
m/z (%): 302 (M"), 275, 194, 105. Caled. for C,sH;;BrO,: C, 59.43; H,
3.66. Found: C, 59.19; H, 3.58.

ACKNOWLEDGMENT

Partial financial support by the Ministry of Science, Research, and Technology
of Iran is gratefully acknowledged.

REFERENCES

1. Lancaster, M. Green Chemistry: An Introductory Text; Royal Society of Chemistry;
Cambridge: UK, 2002.

2. Blass, B. E. KF/Al,O; mediated organic synthesis. Tetrahedron 2002, 58,
9301-9320.

3. Wong, W. C.; Wang, D.; Forray, C.; Vaysse, P. J. J.; Branchek, T. A
Gluchowski, C. A convenient synthesis of 2-amino-2-oxazolines and their pharma-
cological evaluation at cloned human alpha-adrenergic receptors. Bioorg. Med.
Chem. Lett. 1994, 4, 2317-2322.

4. Yadav, V. K.; Kapoor, K. K. KF adsorbed on alumina effectively promotes the
epoxidation of electron deficient alkenes by anhydrous t-BuOOH. Tetrahedron
1996, 52, 3659-3668.

5. Yamawaki, J.; Ando, T. Potassium fluoride on alumina as base for crown ether
synthesis. Chem. Lett. 1980, 533—-536.

6. Yamawaki, J.; Ando, T.; Hanafusa, T. N-alkylation of amides and N-heterocycles
with potassium fluoride on alumina. Chem. Lett. 1981, 1143—-1146.

7. Polyak, F.; Dorofeeva, T.; Sturkovich, R.; Goldberg, Y. A novel route to
N-alkylated derivatives of aziridine-2-carboxylic acid. An alternative synthesis
of (S,S)-Bz-Azy-Val-OMe. Synth. Commun. 1991, 21, 239-248.

8. Hu, Q. S.; Hu, C. M. Michael addition of nitroalkanes to CF;CCl,COCH=CHPh:
A facile route to fluorine-containing gamma-nitro ketones. Chin. Chem. Lett. 1997,
8, 665-668.



Downloaded by [University of Saskatchewan Library] at 17:30 10 October 2014

Darzens Reaction Promoted by KF/Alumina 1831

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kumar, H. M. S.; Reddy, B. V. S.; Reddy, E. J.; Yadav, J. S. Microwave-assisted
eco-friendly synthesis of 2-alkylated hydroquinones in dry media. Green Chem.
1999, 1, 141-142.

Rao, A. K. S. B.; Rao, C. G.; Singh, B. B. Potassium fluoride on alumina—An
efficient reagent for isomerization of N-(2-(alkyl arylsulfonyl)ethyl)-2-methyl-5-
nitro-1H-imidazoles. Synth. Commun. 1991, 21, 443 -448.

Berree, F.; Marchand, E.; Morel, G. Base mediated reactions in solid—liquid
media—A 1,3-dipolar cycloaddition route to pyrolidines and pyrroles from
imino chlorosulfides. Tetrahedron Lett. 1992, 33, 6155—-6158.

Peschke, B.; Bundgaard, J. G.; Breinholt, J. Synthesis of amino alcohols on solid
support via sulfonium-ion mediated Darzens reaction. Tetrahedron Lett. 2001, 42,
5127.

House, H. O. Modern Synthetic Reactions; Benjamin: Menlo Park, CA, 1972,
p- 670.

Martin, S. F. Synthesis of aldehydes, ketones, and carboxylic-acids from lower
carbonyl-compounds by C-C coupling reactions. Synthesis 1979, 633—-665.

(a) Wang, Z. T.; Xu, L. W.; Xia, C. G.; Wang, H. Q. Efficient synthesis of a-3-
epoxy carbonyl compounds in acetonitrile: Darzens condensation of aromatic
aldehydes with ethyl chloroacetate. Helv. Chim. Acta 2004, 87, 1958-1962;
(b) Arai, S.; Suzuki, Y.; Tokumaro, K.; Shioiri, T. Diastereoselective Darzens
reaction of a-chloroesters, amides and nitriles with aromatic aldehydes under
phase-transfer catalyzed conditions. Tetrahedron Lett. 2002, 43, 833-836;
(c) Arai, S.; Shioiri, T. Catalytic asymmetric Darzens condensation under phase-
transfer-catalyzed conditions. Tetrahedron Lett. 1998, 39, 2145-2148.

(a) Corey, E. J.; Choi, S. Highly enantioselective routes to Darzens and acetate
aldol products from achiral aldehydes and t-butyl bromoacetate. Tetrahedron
Lert. 1991, 32, 2857-2860; (b) Aggarwal, V. K.; Hynd, G.; Picoul, W
Vasse, J. L. Highly enantioselective Darzens reaction of a camphor-derived
sulfonium amide to give glycidic amides and their application in synthesis.
J. Am. Chem. Soc. 2002, 124, 9964-9965; (c) Jacobsen, E. N.; Deng, L.;
Furukawa, Y.; Martinez, L. E. Enantioselective catalytic epoxidation of
cinnamate esters. Tetrahedron 1994, 50, 4323-4334.

(a) Tanaka, K.; Shiraishi, R. Darzens condensation reaction in water. Green Chem.
2001, 3, 135-136; (b) Jayachandran, J. P.; Balakrishnan, T.; Wang, M. L. Phase-
transfer-catalyzed Darzens condensation of chloroacetonitrile with cyclohexanone
using aqueous sodium hydroxide and a new phase transfer catalyst. J. Mol. Catal.
A: Chem. 2000, 152, 91-98.

Kimachi, T.; Kinoshita, H.; Kusaka, K.; Takeuchi, Y.; Aoe, M.; Ju-ichi, M. The
highly trans-selective Darzens reaction via ammonium ylides. Synlett 2005,
842-844.

(a) Sano, S.; Miyamoto, M.; Mitani, T.; Nagao, Y. A novel and efficient Darzens
reaction catalyzed by magnesium bromide. Heterocycles 2006, 68, 459-463;
(b) Hirashita, T.; Kinoshita, K.; Yamamura, H.; Kaweai, M.; Araki, S. A facile
preparation of indium enolates and their Reformatsky- and Darzens-type
reactions. J. Chem. Soc., Perkin Trans. 1, 2000, 825-828; (c) Pridgen, L. N.;
Abdel-Majid, A. F.; Lantos, I.; Shilcart, S.; Eggleston, D. S. Chelation control
in metal-assisted aldol addition reactions of -halogenated imide enolates leading
to predominantly anti stereoselectivity: An example of a stereocontrolled
Darzens reaction. J. Org. Chem. 1993, 58, 5107-5117.



Downloaded by [University of Saskatchewan Library] at 17:30 10 October 2014

1832 A. Sharifi et al.

20.

21.

22.

23.

24,

Yamawaki, J.; Kawate, T.; Ando, T.; Hanafusa, T. Potassium fluoride on
alumina—An efficient solid base for elimination, addition, and condensation.
Bull. Chem. Soc. Jpn. 1983, 56, 1885—1886.

(a) Sharifi, A.; Mirzaei, M.; Naimi-Jamal, M. R. Copper-catalysed oxidative
homo-coupling of terminal acetylenes on alumina assisted by microwave
irradiation. J. Chem. Res., Synop. 2002, 628-630; (b) Sharifi, A,
Mojtahedi, M. M.; Saidi, M. R. Microwave irradiation techniques for the Canniz-
zaro reaction. Tetrahedron Lett. 1999, 40, 1179—-1180; (c) Sharifi, A.; Mirzaei, M.;
Naimi-Jamal, M. R. Modified Glaser reaction of terminal alkynes on KF/alumina.
Monatsh. Chem. 2006, 137, 213-217; (d) Sharifi, A.; Mirzaei, M.; Naimi-
Jamal, M. R. Mild and solvent-free alkynylation of ketones on the KF/alumina.
Synth. Commun. 2005, 35, 1039-1044.

Lv,J.; Wang, X.; Liu, J.; Zhang, L.; Wang, Y. Catalytic asymmetric epoxidation of
chalcones under poly(ethylene glycol)-supported Cinchona ammonium salt
catalyzed conditions. Tetrahedron: Asymmetry 2006, 17, 330-335.

Bickley, J. F.; Gillmore, A. T.; Roberts, S. M.; Skidmore, J.; Steiner, A. Synthesis
and reactions of some optically active epoxides formally derived from tertiary
allylic alcohols. J. Chem. Soc., Perkin Trans. 2001, 1, 1109-1115.

Paquette, L. A. Encyclopedia of Reagents for Organic Synthesis; John Wiley &
Sons: Chichester, 1995, Vol. 6, p. 4223.



