
This article was downloaded by: [Northeastern University]
On: 16 October 2014, At: 17:26
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

Organic Solvent–Free Direct
Asymmetric Aldol Reactions
Catalyzed by a Siloxy Serine
Organocatalyst in Brine
Yong-Chua Teo a & Peter Peng-Foo Lee a
a Natural Sciences and Science Education , National
Institute of Education, Nanyang Technological
University , Singapore
Published online: 03 Aug 2009.

To cite this article: Yong-Chua Teo & Peter Peng-Foo Lee (2009) Organic Solvent–Free
Direct Asymmetric Aldol Reactions Catalyzed by a Siloxy Serine Organocatalyst in
Brine, Synthetic Communications: An International Journal for Rapid Communication
of Synthetic Organic Chemistry, 39:17, 3081-3091, DOI: 10.1080/00397910902730937

To link to this article:  http://dx.doi.org/10.1080/00397910902730937

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

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397910902730937
http://dx.doi.org/10.1080/00397910902730937


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

D
ow

nl
oa

de
d 

by
 [

N
or

th
ea

st
er

n 
U

ni
ve

rs
ity

] 
at

 1
7:

26
 1

6 
O

ct
ob

er
 2

01
4 

http://www.tandfonline.com/page/terms-and-conditions


Organic Solvent–Free Direct Asymmetric Aldol
Reactions Catalyzed by a Siloxy Serine

Organocatalyst in Brine

Yong-Chua Teo and Peter Peng-Foo Lee
Natural Sciences and Science Education, National Institute
of Education, Nanyang Technological University, Singapore

Abstract: A siloxy serine organocatalyst has been developed to catalyze direct
asymmetric aldol reactions in aqueous saline media. The asymmetric aldol
reactions between a selection of aromatic aldehydes and cyclohexanone afforded
the products in good yields and enantioselectivities (up to 92% ee).

Keywords: Asymmetric aldol, enantiomeric excess, b-hydroxy carbonyl
compounds, organocatalyst, serine

INTRODUCTION

Organocatalysis has recently emerged as a powerful synthetic metho-
dology for asymmetric synthesis.[1] The development of small organic
molecules that avoid the use of expensive and=or toxic metals as useful
catalysts in enantioselective reactions is attracting much interest. These
organocatalysts provide a ‘‘green’’ alternative to transition metals
because of their relative nontoxicity. In addition, they are easy to purify
and dispose, giving them an added economic advantage over transition-
metal catalysts.

The direct catalytic asymmetric aldol reaction[2] is one of the
most powerful carbon–carbon bond-forming reactions used for the
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construction of enantiomerically enriched b-hydroxy carbonyl compounds
and their derivatives. The intense demand for stereoselective synthesis of
aldol products has been fueled by their application as key synthons in
numerous natural product syntheses as well as medicinal chemistry.[3]

Recently, organocatalytic reactions performed in the presence of water
or brine have been reported by a few research groups.[4] These reactions
can be catalyzed by a chiral primary or secondary amine that contains a
hydrophobic functional group.[5] Henceforth, the development of small
molecules that catalyze the asymmetric direct aldol in aqueous media
would be a favorable scenario from a green chemistry perspective.

RESULTS AND DISCUSSION

In this article, we disclose a siloxy serine catalyst that can catalyze the
direct asymmetric aldol reaction in aqueous saline media. The synthesis
of the siloxy serine organocatalyst was carried out according to the
synthetic route described in Scheme 1. It was readily accomplished in a
simple two-step protocol using commercially available starting materials
in good yield and purity.

In our endeavors to develop asymmetric protocols that are environ-
mentally clean and friendly, we got interested in the organocatalytic
direct asymmetric aldol reactions of ketones with commonly used
aldehyde acceptors. The reaction between cyclohexanone and 4-nitroben-
zaldehyde was chosen as the model reaction in our preliminary investiga-
tions. The results for the optimization studies are shown in Table 1.

In an initial experiment, the L-histidine (1)–catalyzed reaction
between cyclohexanone and 4-nitrobenzaldehyde in brine was investi-
gated. However, only a trace amount of the product was detected
(Table 1, entry 1). The reaction carried out using L-serine 2 in brine
did not afford any product after 2 days of stirring at room temperature
(entry 2). Based on these results, an attempt to protect the hydroxyl
group of commercially available Z-L-serine with tert-butyldiphenylchloro-
silane (TBDPSCl) to form TBDPS-L-serine 3 was initiated.

To our delight, the direct aldol reaction catalyzed by 10mol% of the
TBDPS-L-serine 3 organocatalyst in the presence of brine (0.2mL)

Scheme 1. Synthesis of siloxy serine organocatalyst.
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afforded the product in a good yield of 82% and enantiomeric excess of
80% (entry 3). Henceforth, the hydrophobic effects of the TDBPS group
in the serine-derived organocatalyst were essential for the formation of a
reaction core and subsequent catalytic function of the organocatalyst in
the presence of brine. This result also illustrates that brine can be
employed as an environmentally friendly solvent for the induction of
diastereo- and enantiocontrol with the aldol reaction, proceeding in a
two-phase system. The optimum reaction condition was achieved with
10mol% catalyst in the presence of 0.1mL of brine, whereupon the aldol
product was isolated in an excellent yield of 91% and enantiomeric excess
of 86% (entry 4). A series of aldehydes was used to explore the generality
of this catalytic system in aqueous saline, and the results are summarized
in Table 2.

In most cases, the b-hydroxy carbonyl compounds were obtained
in good yields and enantioselectivities. The more reactive aldehydes
underwent the catalytic process to afford the products in good

Table 1. Optimization studies on the siloxy-L-serine–catalyzed enantioselective
direct aldol reaction in aqueous mediuma

Entry Catalyst Solvent Yield (%)b anti=syn (%)c ee (%)d

1 1 Brine Trace — nd
2 2 Brine — — nd
3 3 Brine 82 76:14 80
4 3 Brine 91 82:18 86

aUnless otherwise shown, the reaction was performed with aldehyde
(0.5mmol), ketone (2.5mmol), and catalyst (0.05mmol) at room temperature
for 16–22 h.

bCombined yield of isolated diastereomers.
cDiastereoselectivity was determined by 1H NMR analysis of the reaction

mixture.
dEnantiomeric excess refers to the anti isomer and was determined by HPLC

analysis on a chiral phase.
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Table 2. The asymmetric direct aldol reactiona catalyzed by the siloxy-L-serine
organocatalyst 3

Entry Product Time (h) Yield (%)b anti=syn (%)c ee (%)d

1 17 91 82:18 86

2 24 71 80:20 90

3 24 76 70:30 92

4 42 62 72:18 72

5 24 54 90:10 84

6 34 52 82:18 76

7 42 71 34:66 84

8 48 40 — 35

aUnless otherwise shown, the reaction was performed with aldehyde
(0.5mmol), ketone (2.5mmol) and siloxy serine catalyst 3 (0.05mmol) in brine
(0.1mL) at room temperature.

bCombined yield of isolated diastereomers.
cDiastereoselectivity was determined by 1H NMR analysis of the reaction

mixture.
dEnantiomeric excess refers to the anti isomer and was determined by HPLC

analysis on a chiral phase.
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enantioselectivities and good anti selectivity (Table 2, entries 1 to 4). The
direct aldol reaction of neutral aldehydes catalyzed by the siloxy-L-serine
catalyst also afforded the products in good enantioselectivities with mod-
erate yields (entries 5 and 6). Good enantioselectivities were also obtained
when cyclopentanone was employed as the donor, albeit with low diaster-
eoselectivities (entry 7). Although the aldol reaction of acetone and
4-nitrobenzaldehyde proceeded in the presence of brine, the enantioselec-
tivity and yield obtained was only moderate (entry 8). The stereochemis-
try of the b-hydroxy group of the aldol adducts 4 derived by the acyclic
siloxy-L-serine 3 catalysis was determined as S configuration by
chiral-phase, high-performance liquid chromatography (HPLC) analysis
and comparison with literature.[4]

EXPERIMENTAL

General Methods

Chemicals and solvents were either purchased from commercial
suppliers or purified by standard techniques. Analytical thin-layer
chromatography (TLC) was performed using Merck 60 F254
precoated silica-gel plate (0.2mm thick). Subsequent to elution, plates
were visualized using ultraviolet (UV) radiation (254 nm) on
Spectroline model ENF-24061=F 254 nm. Flash chromatography was
performed using Merck silica gel 60 with AR-grade solvents. Proton
nuclear magnetic resonance spectra (1H NMR) were recorded on a
Bruker Avance DPX 400 spectrophotometer (CDCl3 as solvent). Che-
mical shifts for 1H NMR spectra are reported as d in units of parts per
million (ppm) downfield from SiMe4 (d 0.0) and relative to the signal
of chloroform-d (d 7.2600, singlet). Carbon nuclear magnetic
resonance spectra (13C NMR) are reported as d in units of parts per
million (ppm) downfield from SiMe4 (d 0.0) and relative to the signal
of chloroform-d (d 77.03, triplet). Infrared (IR) spectra were recorded
on a Bio-Rad FTS 165 Fourier transform (FT)–IR spectrometer.
HPLC was carried out using a Agilent 110 series LC–G1311A QUAT
pump, G1315B DAD detector, and integrator. All aldol reactions
were carried out under an atmosphere of air in a closed system.

Organic substrates cyclohexanone, cyclopentanone, 4-nitrobenzalde-
hyde, 3-nitrobenzaldehyde, 4-cyanobenzaldehyde, 4-bromobenzalde-
hyde, 2-naphthaldehyde tert-butyldiphenylchlorosilane, and Z-Ser-OH
were all commercially available and were used without any purification.
Benzaldehyde were purified by standard methods and distilled prior
to use.

Direct Asymmetric Aldol Reactions 3085
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General Procedure for the Synthesis of (2S)-2-Benzyloxycarbonyl
amino-3-(tert-butyl-diphenyl-silanyloxy)-propionic Acid, 3

Imidazole (3.8 g, 55.8mmol, 2.6 equiv) and TBDPSCl (6.0mL, 23mmol,
1.1 equiv) were added to a dimethylformamide (DMF) solution (50mL)
of (2S)-2-benzyloxycarbonylamino-3-hydroxy-propionic acid 3a (5.0 g,
20.9mmol) at 0�C. The reaction was stirred for 20h at room temperature
and quenched by the addition of water and ether. The aqueous phase was
extracted with ether (3� 100mL). The combined organic extracts were
dried with anhydrous MgSO4, and the solvent was removed under reduced
pressure. The crude siloxy ether product was purified by silica-gel column
chromatography (hexane–ethyl acetate 2:1) to afford 3b as a white solid
(7.3 g, 73%).

Pd=C (4.89 g, 10wt%, 4.6mmol, 0.3 equiv) was added to a methanol
solution (100mL) of (2S)-2-benzyloxycarbonylamino-3-(tert-butyl-diphenyl-
silanyl oxy)-propionic acid 3b (7.3 g, 15.3mmol) at room temperature. The
reaction mixture was stirred for 6h at that temperature under a hydrogen
atmosphere in a closed system. The filtration of the inorganic materials
through celite and removal of methanol under reduced pressure afforded
the crude product. Purification by silica-gel chromatography (dichloro-
methane–methanol 9:1) afforded catalyst 3 as a white solid (4.1 g, 79%).
1H NMR (300MHz, DMSO-d6): d (ppm) 0.98 (s, 9H), 3.35 (dd, J¼ 7.6,
3.2Hz, 1H), 3.82 (dd, J¼ 10.8, 7.6Hz, 1H), 3.92 (dd, J¼ 10.4, 3.2Hz,
1H), 7.40–7.47 (m, 6H), 7.65–7.68 (m, 4H); 13C NMR (100MHz, DMSO-
d6): d (ppm) 19.3, 27.1, 56.7, 64.4, 128.2, 128.3, 130.2, 130.3, 133.1, 133.3,
135.7, 135.8, 168.3.

Representative Procedure for Asymmetric Direct Aldol Reaction:

Preparation of (2R,10S)-2-[Hydroxy-(4-nitro-phenyl)-

methyl]-cyclohexanone 4a

A catalytic amount of siloxyserine (0.0172 g, 0.05mmol, 0.1 equiv) was
added to a vial containing 4-nitrobenzaldehyde (0.0760 g, 0.5mmol,
1.0 equiv), cyclohexanone (0.26mL, 2.5mmol, 5 equiv), and brine
(0.1mL) under air in a closed system. The reaction mixture was stirred
at room temperature for 17 h and subsequently poured into an extrac-
tion funnel that contained brine (5mL) and water (5mL). The reaction
vial was also washed with 10mL ethyl acetate. The aqueous phase was
extracted with ethyl acetate (3� 15mL). The combined organic
extracts were dried with anhydrous MgSO4, and the solvent was
removed under reduced pressure. The crude aldol product was purified
by silica-gel column chromatography (hexane–ethyl acetate 4:1) to
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afford 4a as a white solid (0.1123 g, 91% yield). The diastereomeric
anti=syn ratio was determined by 1H NMR analysis of the reaction
mixture: d 5.48 (d, 1H, J¼ 1.8Hz, syn, minor), 4.89 (d, 1H, J¼ 8.8Hz,
anti, major). Enantiomeric excess was determined by HPLC with a
Chiralcel AD-H (hexane=i-PrOH¼ 95=5, 1mL=min, k¼ 254 nm,
20�C): tR¼ 44.8min (minor) and 60.5min (major).

The aldol adducts 4a–h are all known compounds that exhibited
spectroscopic data identical to those reported in the literature. The dia-
stereomeric anti=syn ratio (Table 3) was determined by 1H NMR analysis
of the reaction mixture and comparison to known literature.[2k,4a–b,6]

The absolute configuration of aldol products was extrapolated
by comparison of the HPLC data with those of 4a–h, whose absolute
configurations are known.

Representative Data of (2R,10S)-2-[Hydroxy-(4-nitro-phenyl)-

methyl]-cyclohexanone 4a

White solid (112mg, 91%); 1H NMR (400MHz, CDCl3): d (ppm)
1.31–2.12 (m, 6H), 2.32–2.49 (m, 2H), 2.57–2.63 (m, 1H), 4.07 (s, 1H),
4.89 (d, J¼ 8.4Hz, 1H), 7.50 (d, J¼ 8.7Hz, 2H), 8.20 (d, J¼ 8.6Hz,
2H); 13C NMR (100MHz, CDCl3): 24.7, 27.7, 30.8, 42.7, 57.2, 74.0,
123.5, 127.9, 147.6, 148.4, 214.8.

The diastereomeric anti=syn ratio was determined by 1H NMR
analysis of the reaction mixture: d 5.48 (d, 1H, J¼ 1.8Hz syn, minor),
4.89 (d, 1H, J¼ 8.8Hz, anti, major).

Enantiomeric excess was determined by HPLC with a Chiralcel
AD-H (hexane=i-PrOH¼ 95=5, 1.0mL=min, k¼ 254 nm, 20�C):
tR¼ 44.8min (minor) and 60.5min (major).

Table 3. 1H NMR (CDCL3-CHOH, d) of syn=anti diastereomers

1H NMR (CDCl3-CHOH, d)

Product Syn Anti

4a 5.48 (d) (J¼ 1.8Hz) 4.89 (dd) (J¼ 8.4Hz)
4b 5.50 (brs) 4.92 (d) (J¼ 8.4Hz)
4c 5.43 (brs) 4.83 (d) (J¼ 8.3Hz)
4d 5.30 (d) (J¼ 2.6Hz) 4.75 (d) (J¼ 8.5Hz)
4e 5.56 (brs) 4.96 (d) (J¼ 8.7Hz)
4f 5.39 (d) (J¼ 2.3Hz) 4.79 (J¼ 8.8Hz)
4g 5.42 (brs) 4.85 (J¼ 8.9Hz)
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The absolute of configuration of 4a was extrapolated by comparison
of the HPLC data to the literature[1–4] compound, whose absolute
configuration is known.

HPLC Data for Aldol Products 4b–h

(2R,10S)-2-[Hydroxy-(3-nitro-phenyl)-methyl]-cyclohexanone 4b

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H
(hexane=i-PrOH¼ 95=5, 1.0mL=min, k¼ 254 nm, 20�C): tR¼ 35.5min
(major) and 47.0min (minor).

(2R,10S)-4-[Hydroxy-(2-oxo-cyclohexyl)-methyl]-benzonitrile 4c

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H
(hexane=i-PrOH¼ 90=10, 1.0mL=min, k¼ 254 nm, 20�C): tR¼ 21.6min
(minor) and 27.1min (major).

(2R,10S)-2-[(4-Bromo-phenyl)-hydroxy-methyl]-cyclohexanone 4d

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H
(hexane=i-PrOH¼ 90=10, 1.0mL=min, k¼ 254 nm, 20�C): tR¼ 13.5min
(minor) and 15.7min (major).

(2R,10S)-2-(Hydroxy-naphthalen-2-yl-methyl)-cyclohexanone 4e

Enantiomeric excess was determined by HPLC with a Chiralcel AS-H
(hexane=i-PrOH¼ 95=5, 1.0mL=min, k¼ 254 nm, 20�C): tR¼ 27.5min
(major) and 32.1min (minor).

(2R,10S)-2-(Hydroxy-phenyl-methyl)-cyclohexanone 4f

Enantiomeric excess was determined by HPLC with a Chiralcel AS-H
(hexane=i-PrOH¼ 95=5, 1.0mL=min, k¼ 254 nm, 20�C): tR¼ 20.8min
(major) and 22.5min (minor).

(2R,10S)-2-[Hydroxy-(4-nitro-phenyl)-methyl]-cyclopentanone 4g

Enantiomeric excess was determined by HPLC with a Chiralcel AD-H
(hexane=i-PrOH¼ 97=3, 1.0mL=min, k¼ 254 nm, 20�C): tR¼ 71.9min
(minor) and 76.9min (major).
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(S)-4-Hydroxy-4-(4-nitro-phenyl)-butan-2-one 4h

Enantiomeric excess was determined by HPLC with a Chiralcel AS-H
(hexane=i-PrOH¼ 60=40, 1mL=min, k¼ 254 nm, 20�C): tR¼ 9.2min
(major) and 11.3min (minor).

CONCLUSION

In conclusion, we have demonstrated an efficient asymmetric direct aldol
reaction catalyzed by a siloxy-L-serine organocatalyst in the presence of
brine via a two-phase system. Noteworthy features in this system include
(1) the direct aldol reaction proceeded in the presence of brine via a
two-phase system and with simple procedures without the need of an
organic cosolvent; (2) good enantioselectivities were attained in most
aldehydes; and (3) the siloxy serine catalyst 3 can be easily prepared eco-
nomically from commercially available sources, with both enantiomers
readily available. Further investigation on broadening the scope of the
siloxy serine organocatalyst is currently ongoing in our laboratory and
will be reported in due course.
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