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Aldol reaction between simple benzaldehydes and ketones successfully happened in solvent- and catalyst-free
condition. The desired products were obtained in moderate yield at suitable temperature. Heat was assumed as the
driving force for the reaction. This approach has obvious advantages to fully meet the requirement of the principles

of green chemistry.

Keywords aldol reaction, aldehyde, ketone, green chemistry, solvent- and catalyst-free

Introduction

The formation of C—C bonds has been the main
topic since the synthetic methods were employed to
prepare natural products and pharmaceutical substances
in organic chemistry." The adol reaction first discov-
ered by Wurtz has been confirmed one of the most im-
portant reactions to create carbon-carbon bond.** Ap-
plication of aldol reaction to synthesize polyoxygenated
architectures from two carbonyl compounds has been
extensively successful in pharmaceutical target produc-
tion and material industry.® Compared with the reactions
using enol or enolate derivatives as the substrate, the
direct aldol reaction is more convenient and atom eco-
nomic.* However, it still presents challenges. Most of
the direct aldol reactions suffered from laborious
stoichiometric processes.” In order to avoid these proc-
esses without changing the levels of the selectivity,
catalytic methods were fully developed.® Catalysts such
as enzymes, catalytic antibodies, small organic mole-
cules and their derivatives have been widely used to
perform the direct aldol reaction in recent years.® For
example, bifunctional transition metal complexes have
been well established to catalyze the direct aldol reac-
tion of aldehydes with ketones, which can be compared
mechanistically to the type Il adolases®
Proline-catalyzed intramolecular direct adol reaction
first discovered by Hajos and Eder in 1971 and then
developed by List, Barbas and other chemists have
taken great advantage of the enamine mechanism to ob-
tain the desired Products, which were analogous to the
type | aldolases.”® Even so, the excessive use of the re-
actants, the long reaction times and the high catalyst

loading are also employed to complete the reaction.’
This might be a serious drawback for the general appli-
cation of the reaction.

Consideration of the principles of green chemistry,
running reactions successfully in an environment
friendly and atom economic way has become more and
more important for modern organic synthesis.’>*? In our
previous work, we found that water was a suitable me-
dium for the direct asymmetric aldol reaction of various
cyclic ketones with aryl aldehydes catalyzed by a pri-
mary-tertiary diamine-Brosted acid.*** No organic sol-
vents were needed for either the reaction or the extrac-
tion. These advantages are clear from the perspective of
green chemistry. Aldol reactions conducted in solvent-
or catalyst-free conditions are drawing more attentions
because of their highly obvious advantages from the
perspective of green chemistry.***? Yuan recently re-
ported an efficient catalyst-free aldol condensation of
ketones with isatins in the presence of molecular sieves
4 A using DMF as the solvent.* Numerous desired
products were obtained in good to excellent yields. This
green approach has the advantages such as catalyst free
and mild reaction condition. However, the highly reac-
tive p-carbonyl group existing in isatin derivatives
seems very necessary to ensure the reaction highly effi-
cient.

To the best of our knowledge, there are not any
works about the aldol reaction of simple ketones with
aldehydes under solvent- and catalyst-free condition.
Although little attentions have been made on this issue
by chemists, it is realy very important in view of green
chemical process. So it is very significant to explore the
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aldol reaction without the presence of other species.
Herein, we report our results.

Experimental

Unless otherwise stated, '"H NMR spectra were re-
corded on Bruker NMR spectrometers in CD;COCD; at
300 MHz. All chemical shifts were reported relative to
TMS as externa standards. Benzaldehyde derivatives
(1a—1i) were purified by column chromatography on
silica gel before use. Benzaldehyde derivatives (1j, 1K)
and ketones (2a—2g) were purified by distillation be-
fore use.

Synthesis

Typical procedure for the aldol reaction of ben-
zaldehyde derivatives (1a—1k) and ketones (2a—29)
in solvent- and catalyst-free condition In a 2 mL
sealed tube, 1 (1 equiv.) and 2 (2 equiv.) were added
under nitrogen atmosphere. The reaction mixture was
then stirred at 100 C for 40 h. After being cooled to
room temperature, the crude products were purified by
silica gel chromatography using ethyl acetate/petroleum
ether (1:4to1:2, V:V) aseuent to give the corre-
sponding products 3.2

2-(Hydroxy-(4-nitr ophenyl)methyl)cyclohexanone
(3a-syn)*™® Light yellow solid. *H NMR (CDzCOCDs,
300 MHz) ¢: 8.20 (d, J=8.8 Hz, 2H), 7.66 (d, J=8.8
Hz, 2H), 5.44 (t, J=3.8 Hz, 1H, CHOH), 4.35 (d, J=
4.1 Hz, 1H, OH), 2.82—2.77 (m, 1H), 2.46—2.27 (m,
2H), 2.02—1.92 (m, 1H), 1.86—1.83 (m, 1H), 1.79—
1.70 (m, 2H),1.67—1.56 (m, 2H).

2-(Hydroxy-(4-nitr ophenyl)methyl)cyclohexanone
(3a-anti)®® Light yellow solid. '"H NMR (CDzCOCDs3,
300 MHz) ¢: 8.21 (d, J=8.8 Hz, 2H), 7.67 (d, J=8.8
Hz, 2H), 5.11 (dd, J=7.4, 3.9 Hz, 1H, CHOH), 4.54 (d,
J=3.9 Hz, 1H, OH), 2.83—2.76 (m, 1H), 2.49—2.31
(m, 2H), 2.03—1.95 (m, 1H), 1.85—1.74 (m, 1H), 1.72
—1.55 (m, 3H), 1.39—1.29 (m, 1H).

2-(Hydroxy-(2-nitrophenyl)methyl)cyclohexanone
(3b-syn)®  Light yellow solid. *H NMR (CDzCOCDs3,
300 MHz) §: 7.96 (d, J=8.1 Hz, 1H), 7.89 (d, J=7.9
Hz, 1H), 7.73 (t, J=7.5 Hz, 1H), 7.51 (t, J=8.5 Hz,
1H), 5.91 (t, J=3.8 Hz, 1H, CHOH), 4.42 (d, J=4.6 Hz,
1H, OH), 2.79—2.72 (m, 1H), 2.45—2.27 (m, 2H), 1.88
—1.74 (m, 4H), 1.65—1.59 (m, 2H).

2-(Hydroxy-(2-nitrophenyl)methyl)cyclohexanone
(3b-anti)*® Light yellow solid. '*H NMR (CD3zCOCDs,
300 MHz) §: 7.82 (d, J=7.9 Hz, 1H), 7.79 (d, J=7.4
Hz, 1H), 7.71 (t, J=7.5 Hz, 1H), 7.53 (t, J=8.2 Hz,
1H), 5.44 (dd, J=7.9, 4.5 Hz, 1H, CHOH), 4.55 (d, J=
4.4 Hz, 1H, OH), 2.93—2.85 (m, 1H), 2.51—2.31 (m,
2H), 1.82—1.44 (m, 6H).

2-(Hydr oxyl-(3-nitr ophenyl)methyl)cyclohexanone
(3c-syn)  Light yellow solid. '"H NMR (CD3zCOCDs,
300 MHz) 6: 8.28 (s, 1H), 8.11 (d, J=7.9 Hz, 1H), 7.82
(d, J=7.7 Hz, 1H), 7.62 (t, J=8.0 Hz, 1H), 5.44 (t, J=
3.8 Hz, 1H, CHOH), 4.39 (d, J=4.1 Hz, 1H, OH), 2.86
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—2.80 (m, 1H), 2.47—2.27 (m, 2H), 2.04—1.99 (m,
1H), 1.86—1.76 (m, 3H), 1.69—1.59 (m, 2H).

2-(Hydr oxyl-(3-nitr ophenyl)methyl)cyclohexanone
(3c-anti)™® Light yellow solid. *"H NMR (CD3sCOCDs,
300 MHZ) 6: 8.28 (s, 1H), 8.14 (d, J=8.2 Hz, 1H), 7.83
(d, J=7.9 Hz, 1H), 7.63 (t, J=7.9 Hz, 1H), 5.12 (dd,
J=73, 4.1 Hz, 1H, CHOH), 4.55 (d, J=3.8 Hz, 1H,
OH), 2.87—2.79 (m, 1H), 250—2.31 (m, 2H), 2.03—
1.97 (m, 1H), 1.84—1.77 (m, 1H), 1.73—1.58 (m, 3H),
1.41—1.29 (m, 1H).

4—(Hydroxy—(2—oxocyc|oheX}/I)methyI)benzonitriIe
(3d-syn)*™ Light yellow solid. "H NMR (CD3sCOCDs,
300 MHz) ¢: 7.72 (d, J=8.5 Hz, 2H), 7.59 (d, J=8.2
Hz, 2H), 5.39 (t, J=3.8 Hz, 1H, CHOH), 4.25 (d, J=
4.1 Hz, 1H, OH), 2.79—2.73 (m, 1H), 2.46—2.27 (m,
2H), 2.03—1.98 (m, 1H), 1.86—1.80 (m, 1H), 1.77—
1.71 (m, 2H), 1.67—1.57 (m, 2H).

4-(Hydr oxy-(2-oxocyclohexyl)methyl)benzonitrile
(3d-anti)*® Light yellow solid. '"H NMR (CD3sCOCDs,
300 MHz) ¢: 7.74 (d, J=8.2 Hz, 2H), 7.60 (d, J=8.5
Hz, 2H), 5.04 (dd, J=7.3, 4.1 Hz, 1H, CHOH), 4.45 (d,
J=3.8 Hz, 1H, OH), 2.80—2.72 (m, 1H), 2.49—2.33
(m, 2H), 2.01—1.96 (m, 1H), 1.81—1.60 (m, 4H), 1.39
—1.29 (m, 1H).

2-(Hydr oxy-(4-(trifluoromethyl)phenyl)methyl)-
cyclohexanone (3e-syn)®®  Light yellow solid. *H
NMR (CD3;COCD3, 300 MHz) ¢: 7.65 (d, J=8.4 Hz,
2H), 7.59 (d, J=8.4 Hz, 2H), 5.40 (t, J=3.7 Hz, 1H,
CHOH), 4.19 (d, J=4.1 Hz, 1H, OH), 2.80—2.73 (m,
1H), 2.46—2.27 (m, 2H), 2.03—2.00 (m, 1H), 1.86—
1.56 (m, 5H); °F NMR (CDsCOCDs, 282 MHzZ) §:
—63.18 (s, 3F).

2-(Hydr oxy-(4-(trifluoromethyl)phenyl)methyl)-
cyclohexanone (3e-anti)® Light yellow solid. *H
NMR (CD3;COCD3, 300 MHz) ¢: 7.68 (d, J=8.1 Hz,
2H), 7.61 (d, J=8.1 Hz, 2H), 5.03 (dd, J=7.9, 3.8 Hz,
1H, CHOH), 4.41 (d, J=3.8 Hz, 1H, OH), 2.80—2.72
(m, 1H), 2.45—2.32 (m, 2H), 2.01—1.97 (m, 1H), 1.81
—160 (m, 4H), 1.39—1.29 (m, 1H); F NMR
(CD3COCD3, 282 MHZ) 5: —63.27 (s, 3F).

2-((4-Bromophenyl)(hydr oxy)methyl)cyclohexan-
one (3f-syn)®  Light yellow solid. 'H NMR
(CDsCOCD3, 300 MHz) §: 7.48 (d, J=8.5 Hz, 2H),
7.32 (d, J=8.4 Hz, 2H), 5.27 (t, J=3.8 Hz, 1H, CHOH),
4.05 (d, J=4.0 Hz, 1H, OH), 2.73—2.66 (m, 1H),
2.44—2.27 (m, 2H), 2.01—1.96 (m, 1H), 1.85—1.59 (m,
5H).

2-((4-Bromophenyl)(hydr oxy)methyl)cyclohexan-
one (3f-anti)®  Light yellow solid. *H NMR
(CDsCOCD3, 300 MHz) §: 7.50 (d, J=8.4 Hz, 2H),
7.33 (d, J=8.5 Hz, 2H), 4.91 (dd, J=7.9, 3.6 Hz, 1H,
CHOH), 4.29 (d, J=3.6 Hz, 1H, OH), 2.73—2.64 (m,
1H), 2.48—2.32 (m, 2H), 2.01—1.95 (m, 1H), 1.82—
1.75 (m, 1H), 1.72—1.58 (m, 3H), 1.36—1.22 (m, 1H).

2-((4-Chlor ophenyl)(hydr oxy)methyl)cyclohexan-
one (3g-syn)®  Light yellow solid. *H NMR
(CDsCOCD3, 300 MHz) §: 7.38 (d, J=8.7 Hz, 2H),
7.33(d, J=8.7 Hz, 2H), 5.29 (t, J=3.7 Hz, 1H, CHOH),
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4.08 (d, J=4.1 Hz, 1H, OH), 2.73—2.66 (m, 1H), 2.44
—2.25 (m, 2H), 2.02—1.96 (m, 1H), 1.86—1.55 (m,
5H).
2-((4-Chlor ophenyl)(hydr oxy)methyl)cyclohexan-
one (3g-ant)®  Light yellow solid. 'H NMR
(CD3COCD3, 300 MHz) 4: 7.39 (d, J=8.4 Hz, 2H),
7.35 (d, J=8.4 Hz, 2H), 4.92 (dd, J=8.2, 3.5 Hz, 1H,
CHOH), 4.31 (d, J=3.5 Hz, 1H, OH), 2.73—2.64 (m,
1H), 2.48—2.32 (m, 2H), 2.02—1.95 (m, 1H), 1.81—
1.56 (m, 4H), 1.35—1.23(m, 1H).
2—((2,4—DichIorophenyI)(hydroxy)methyl?cyclohe
xanone (3h-syn)®  Light yellow solid. 'H NMR
(CDsCOCD3, 300 MHz) 4: 7.62 (d, J=8.5 Hz, 1H),
7.43 (d, J=1.9 Hz, 1H), 7.39 (dd, J=8.3, 2.0 Hz, 1H),
5.67 (t, J=3.1 Hz, 1H, CHOH), 4.32 (d, J=4.3 Hz, 1H,
OH), 2.72—2.66 (m, 1H), 2.48—2.30 (m, 2H), 1.87—
1.75 (m, 2H), 1.77—1.58 (m, 4H).
2—((2,4—DichIorophenyI)(hydroxy)methyl?cyclohe
xanone (3h-anti)*® Light yellow solid. "H NMR
(CDsCOCD3, 300 MHz) 4: 7.62 (d, J=8.3 Hz, 1H),
7.45—7.39 (m, 2H), 5.34 (dd, J=85, 4.1 Hz, 1H,
CHOH), 4.45 (d, J=4.0 Hz, 1H, OH), 2.79—2.72 (m,
1H), 2.50—2.34 (m, 2H), 1.83—1.48 (m, 6H).
2-(3-Biphenyl-(hydroxy)methyl)cyclohexanone (3i-
syn)®  Light yellow solid. *H NMR (CD3COCD3, 300
MHz) 6: 7.66—7.64 (m, 3H), 7.53—7.32 (m, 6H), 5.39
(t, J=3.7 Hz, 1H, CHOH), 4.03 (d, J=4.1 Hz, 1H, OH),
2.81—2.75 (m, 1H), 2.46—2.28 (m, 2H), 2.03—1.99 (m,
1H), 1.86—1.56 (m, 5H).
2-(3-Biphenyl-(hydroxy)methyl)cyclohexanone (3i-
anti)™® Light yellow solid. *"H NMR (CD3COCD3, 300
MHz) 6. 7.67—7.65 (m, 3H), 7.56 (d, J=7.6 Hz, 1H),
7.49—7.33 (m, 5H), 4.98 (dd, J=8.2, 3.5 Hz, 1H,
CHOH), 4.29 (d, J=3.5 Hz, 1H, OH), 2.81—2.73 (m,
1H), 2.45—2.36 (m, 2H), 1.99—1.96 (m, 1H), 1.83—
1.60 (m, 4H), 1.42—1.29 (m, 1H).
2-(Hydr oxy(phenyl)methyl)cyclohexanone (3j-syn)™
Light yellow solid. *"H NMR (CD3COCD3, 300 MHZ) 6:
7.37—7.27 (m, 4H), 7.20 (t, J=7.1 Hz, 1H), 531 (t,
J=3.6 Hz, 1H, CHOH), 3.92 (d, J=3.8 Hz, 1H, OH),
2.72—2.65 (m, 1H), 2.45—2.26 (m, 2H), 2.02—1.97 (m,
1H), 1.86—1.73 (m, 3H), 1.68—1.54 (m, 2H).
2-(Hydroxy(phenyl)methyl)cyclohexanone (3j-anti)*
Light yellow solid. *"H NMR (CD3COCD3, 300 MHZ) 6:
7.37—7.23 (m, 5H), 4.88 (dd, J=8.2, 34 Hz, 1H,
CHOH), 4.20 (d, J=3.4 Hz, 1H, OH), 2.72—2.63 (m,
1H), 2.48—2.38 (m, 2H), 2.01—1.96 (m, 1H), 1.80—
1.52 (m, 4H), 1.36—1.20 (m, 1H).
2-(Hydroxy(p-tolyl)methyl)cyclohexanone  (3k-
syn)®  Light yellow solid. *H NMR (CD3COCD3, 300
MHz) : 7.23 (d, J=7.9 Hz, 2H), 7.11 (d, J=7.9 Hz,
2H), 5.25 (t, J=3.5 Hz, 1H, CHOH), 3.85 (d, J=3.9 Hz,
1H, OH), 2.69—2.62 (m, 1H), 2.41—2.31 (m, 2H), 2.29
(s, 3H), 1.99—1.98 (m, 1H), 1.85—1.55 (m, 5H).
2-(Hydroxy(p-tolyl)methyl)cyclohexanone  (3k-
anti)™® Light yellow solid. *H NMR (CD3COCD3, 300
MHz) 6: 7.23 (d, J=8.1 Hz, 2H), 7.13 (d, J=7.9 Hz,
2H), 4.83 (dd, J=8.3, 3.3 Hz, 1H, CHOH), 4.13 (d, J=
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3.2 Hz, 1H, OH), 2.69—2.60 (m, 1H), 2.41—2.37 (m,
2H), 2.30 (s, 3H), 2.01—1.96 (m, 1H), 1.80—1.53 (m,
4H), 1.34—1.22 (m, 1H).
2-(Hydroxy(4-nitrophenyl)methyl)cyclopentanone
(3-syn and 3l-anti)® Light yellow solid. *H NMR
(CD3sCOCDs3, 300 MHz) §: 8.23—8.19 (m, 2H), 7.71—
7.62 (m, 2H), 5.37 (t, J=3.6 Hz, 1H, CHOH) (syn),
5.12 (dd, J=6.3, 2.9 Hz, 1H, CHOH) (anti), 4.93 (d,
J=2.8Hz, 1H, OH) (anti), 4.78 (d, J=4.5 Hz, 1H, OH)
(syn), 2.67—1.66 (m, 7H).
3-Hydroxy-3-(4-nitrophenyl?-l—phenylpropan-l-
one (3m)* Light yellow solid. *"H NMR (CDCls, 300
MHz) ¢: 8.22 (d, J=8.7 Hz, 2H), 7.99—7.88 (m, 2H),
7.67—7.55 (m, 3H), 7.48 (t, J=7.6 Hz, 2H), 5.51—5.39
(m, 1H, CHOH), 3.88 (d, J=2.7 Hz, 1H, OH), 3.47—
3.25 (m, 2H).
3-(4-Nitrobenzylidene)pentane-2,4-dione  (3n)*
Light yellow solid. *"H NMR (CDCl3, 300 MHz) §: 8.25
(d, J=8.7 Hz, 2H), 7.56 (d, J=8.6 Hz, 2H), 7.49 (s,
1H), 2.46 (s, 3H), 2.29 (s, 3H).
1-Hydr oxy-2-methyl-1-(4-nitrophenyl)pentan-3-
one (30)® Light yellow solid. *H NMR (CDCl3, 300
MHz) J: 8.26—8.17 (m, 2H), 7.55—7.40 (m, 2H), 5.24
(brs, 1H, CHOH) (syn), 4.92—4.84 (m, 1H, CHOH)
(anti), 3.59—3.49 (m, 1H, OH) (syn), 3.32—3.23 (m,
1H, OH) (anti), 2.98—2.77 (m, 1H), 2.69—2.29 (m,
2H), 1.30—0.97 (m, 6H).

Results and discussion

To begin with, the reaction between 4-nitrobenzal-
dehyde and cyclohexanone was investigated under sol-
vent-free condition without catalyst. As shown in Table
1, the reaction temperature has great influence on the
reaction. For example, treatment of 4-nitrobenzaldehyde
(1a) with cyclohexanone (2a) at room temperature gave
no desired product 3a (Entry 1). Increasing the reaction
temperature caused the adol condensation to occur.
Generaly, higher temperature corresponded to higher
yield of 3a (Entries 2—5). Changing the reaction tem-
perature from 100 to 120 ‘C, however, the yield of 3a
was dlightly decreased (Entry 6). This might be due to
the dehydration of 3a at this temperature and the elimi-
nation happened accordingly. The molar ratio of the
reactant has little influence on the reaction. Increasing
the amount of 2a from 2 to 5 equivalents amost made
no difference to the yield of 3a (Entry 5 and 7). In addi-
tion, the aldol reaction was dlightly influenced by the
presence of oxygen. Running the reaction under nitro-
gen atmosphere, 3a was obtained in lower yield (Entry
8). Oxygen existing in the reaction system might oxidate
1a to 4-nitrobenzoic acid, which could catalyze the aldol
condensation. The reaction time also significantly in-
fluenced the reaction. Shortening the reaction time from
30 to 10 h decreased the yield of 3a gently (Entries 8—
10). At last, 79 % of 3a was obtained at 100 ‘C for 40
h under solvent- and catalyst-free condition (Entry 11).
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Table 1 Optimization of the reaction conditions in the absence
of solvent and catalyst

CHO o
+ ij 4 O,N O
OH
NO,
la 2a 3a
Entry la:2a® T/C Timeh Yield®(3a)/%
1 5:1 25 30 0
2 5:1 40 30 6
3 5:1 60 30 13
4 5:1 80 30 32
5 5:1 100 30 67
6 5:1 120 30 63
7 2:1 100 30 66
g 2:1 100 30 53
o 2:1 100 20 43
10° 2:1 100 10 16
11° 2:1 100 40 79

2 The molar ratio. ° Isolated yield. ¢ Conducted under nitrogen
atmosphere.

With the optimized reaction condition at hand, we
firstly explored the scope of the reaction by using vari-
ous benzaldehyde derivatives 1la—1k and cyclohexa
none 2a as the substrates. As shown in Table 2, these
adol reactions were all proceeded without solvent and
catalyst to give the desired products. The type of the
substituents located on benzene ring has great influence
on the reaction. For example, benzaldehydes bearing
electron-withdrawing groups at para-position (la, 1d
and 1e) favored the aldol condensation (Entry 1, Entry 4
and Entry 5), while those with electron-donating groups
at para-position (1i, 1j and 1k) frustrated the reaction
(Entry 9—11). The position of the substituents on the
benzene ring aso influenced the reaction. Changing the
nitro group from para- to orth-position resulted in lower
yield of 3b (Entries 1—2). In addition, only 35% of 3c
was found when nitro group was attached to the
meso-position on benzene (Entry 3). This indicated that
electron-withdrawing groups at para-position on ben-
zene ring activated the carbonyl group, while those lo-
cated at meso-position deactivated the aldehyde. This
phenomenon could be explained by the conjugated ef-
fect and inductive effect known before. In the case of
adehyde 1f and 1g, only moderated yields were ob-
tained (Entries 6—7). It seemed that the electron-
withdrawing ability of halogen was not strong enough to
activate the aldehyde. Introducing another chlorine atom
on the orth-position of benzene, however, the reaction
was greatly improved, giving 3h in 69% yield (Entry 8).
The type of the substituents on the benzene ring showed
some effects on the diasteroselectivity of the reaction.
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The molar ratio of the anti and syn adducts was changed
from 0.25 : 1t00.98 . 1 depending on the character and
location of the substituents (Entries 1—11). Compared
with those adol reactions using catalysts, the diastero-
selectivity was very poor. But the diasteroselectivities
were all thermodynamically controlled.

Table 2 Direct adol reactions under solvent- and catalyst-free
conditions

5-bw et ol

anti
la-1k 2a

3a-3k
Entry R Timeh T/C  Yidd¥% anti/syn®
1 4NO,(la) 40 100 79(3a) 072:1
2 2-NO,(1b) 40 100 61(3b) 072:1
3 3-NO,(ic) 40 100 35(3) 073:1
4  4-CN (1d) 40 100 77(3d) 045:1
5 4-CF5(1e) 40 100 58(3¢) 093:1
6 4-Br (1f) 40 100 33(3f) 059:1
7 4-Cl (1g) 40 100 30(3g) 098:1
8  24-Cl(1h) 40 100 69(3h) 0.78:1
9 3-Ph (1i) 40 100 36(3) 079:1
10 H (1)) 40 100 35(3) 082:1
11 4-CH3(1k) 40 100 44(3k) 025:1

3 | solated yield. ® Determined by *H NMR spectra.

Encouraged by the results above, we extended the
reaction to other ketones. As shown in Table 3, cyclo-

Table 3 Direct adol reactions under solvent- and catalyst-free

conditions
CHO OH
+ R \)LRZ N, )
Rl R
la 2b-2g 3l-
Entry R! R> Timeh T/C Yield¥%
(CHy)s (CHy), 76
! (2b) (2b) 40 100 3l, anti : syn=0.43 : 1)
H Ph
2 2 (@0 40 100 15 (3m)
CH;CO CHjs
3 2d) (2d) 40 100 78 (3n)
H CH;,
4 2¢) 29) 40 100 trace
CH; CH3CH, 22
5 (2f) (2f) 40 100 (30, anti : syn=0.73 . 1)
|solated yield.

Chin. J. Chem. 2011, 29, 2689—2694



Solvent- and Catalyst-Free Direct Aldol Reactions

CHINESE JOURNAL OF
CHEMISTRY

pentanone reacted well with 1a, giving 3l in 76% yield
with a diastereoselectivity of 0.43 : 1 (Entry 1). Em-
ploying acyclic ketones 2c, 2e and 2f as the aldol donors,
however, the desired products were obtained in very low
yield (Entries 2, 4 and 5). When f-diketone 2d was used,
the corresponding aldol product 3n was obtained in 78%
yield (Entry 3). 2a, 2b and 2d have been known to be
susceptible to enalization by heat. This suggested that
ketones which could be easily enolated favored the sol-
vent- and catalyst-free aldol reaction.

Based on the results above, we proposed that heat
was the driving force for the reaction. Ketones were
firstly converted to enols by heat (Scheme 1). Subse-
guently nucleophilic attack on aldehydes resulted in the
formation of the aldol adducts.

Scheme 1

Q OH 't O OH
@ A @/“* @*
- A

enolization nucleophilic attack

Conclusions

In conclusion, aldol reaction between benzaldehyde
derivatives and ketones could successfully happen under
solvent- and catalyst-free condition. The desired prod-
ucts were favorably obtained at suitable temperature.
This approach has obvious advantages, which fully met
the requirements of the principles of green chemistry.
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