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Abstract—The triethylborane triggered intermolecular domino Michael–aldol reaction is described. Initial triethylborane addition
in a Michael fashion to methyl vinyl ketone resulted in a vinylborane which further reacted with an aldehyde to give the aldol
product in a one-pot process. © 2003 Elsevier Science Ltd. All rights reserved.

There has been great demand to develop ‘one-pot’
procedures for successive reactions for the formation of
several C�C bonds.1 The minimization of steps involved
in multistep synthesis not only allows the reduction of
waste but also results in the diminution of costs. The
word ‘domino’ has been coined and extensively used by
Tietze et al., for such classes of reactions.2 Of several
such transformations described to date, most reactions
concern radical or anionic processes and involve
intramolecular reactions resulting in the formation of
carbocycles.3 Metal catalysts4 are extensively used for
these transformations. Three-component couplings
involving the successive formation of two bonds prefer-
ably C�C bonds using a single catalyst are being seri-
ously studied in several laboratories and Lewis acids
are often used for this purpose. The most common
Lewis acids include lanthanum and scandium triflate,
BiCl3 and others but most involve one C�C and one
C�X bond where ‘X’ is a heteroatom.5,6 Installation of
two carbon chains in the �- and �-positions in enones
has been studied to some extent using base7 or
Cu(OTf)2 and a chiral ligand.8 While exploring this
multicomponent ‘domino’ reaction, we have discovered
serendipitously that no additional catalyst is required
for the domino Michael–aldol reaction if the carbon
nucleophile for Michael initiation is obtained from
Et3B. In this paper, the results pertaining to this very
useful Michael–aldol reaction are reported. In the
design of the present protocol the following aspects

were considered. (a) Can one of the reagents add in a
Michael fashion onto the enone without external cataly-
sis? (b) Are functional groups tolerated? (c) What is the
role of substituents in the aldol reaction once the
Michael reaction has been triggered? (d) Can metal
contamination be avoided?

Much to our satisfaction, we observed that the Michael
addition of Et3B onto methyl vinyl ketone and the
subsequent aldol reaction between the �-carbon of the
methyl vinyl ketone and aryl/alkyl aldehyde were very
facile (Scheme 1). Accordingly when Et3B (2 equiv.)
was added to methyl vinyl ketone (1 equiv.) and benz-
aldehyde 1a (entry 1, Table 1) in THF under an argon
atmosphere, the clean formation of 3-(hydroxyphenyl-
methyl)-hexan-2-one 2a was observed in 82% isolated
yield as a syn–anti mixture (20:80).9

To check the generality of the aldol reaction, the same
experiment was repeated in the presence of p-methyl
benzaldehyde 1b (entry 2) as the aldol partner and the
requisite product 2b was obtained in a 54:46 syn :anti
ratio in a 72% isolated yield. When the electrophilicity
of the aldehyde group was reduced by substitution on
the aryl ring in p-methoxybenzaldehyde 1c (entry 3),
the �-hydroxymethyl ketone 2c was obtained in a better
yield (85%) and better diastereoselectivity (20:80 syn/

Scheme 1.
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Table 1. Triethylborane triggered domino Michael–aldol
reactions

Scheme 2.

of 45:55, where the presence of the chlorine atom at the
ortho position showed only a minor effect. The only
aliphatic example, 3-phenylpropanal 1i (entry 9) studied
gave a 66:34 mixture of syn/anti products in a lower
yield (2i, 65%). Furfuraldehyde 1j (entry 10) gave a
58:42 mixture of the syn/anti products 2j in a 90%
overall yield which indicated its slightly less elec-
trophilic nature compared to benzaldehyde.

It is a well understood phenomenon that the stereo-
chemistry of aldol products is dependent on the geome-
try of the enolate intermediates and that Z-enolates
preferably result in the syn products, with E-enolates
producing anti products.

The more reactive p-nitrobenzaldehyde would appear
to react readily with the initially formed Z-enolate and
a preference for the syn product was observed. How-
ever, in the case of the less reactive p-methoxybenzalde-
hyde, the initially formed Z/E enolate isomerises to the
more stable E-enolate giving the anti-aldol product
selectively, see Scheme 2.

The relative diastereoselectivity was confirmed by
exhaustive 1H NMR.10

As far as we understand, this methodology represents
the first non-metal mediated tandem Michael–aldol
reaction for the synthesis of �-alkyl-�-hydroxy ketone
derivatives.
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9. Typical experimental procedure: To a solution of the
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THF (10 mL) was added triethylborane (4 mmol, 1 M
solution in THF) and the mixture stirred at rt. After
completion of the reaction (monitored by TLC) the reac-
tion mixture was quenched with saturated aqueous
NH4Cl (10 mL), and extracted with Et2O (3×10 mL). The
organic extracts were washed with brine, dried (Na2SO4),
concentrated in vacuo and purified by chromatography
to give the aldol products.

10. Spectroscopic data11 for compound 2c syn : 1H NMR
(200 MHz, CDCl3) � 7.20 (d, J=8.7 Hz, 2H), 6.78 (d,
J=8.7 Hz, 2H), 4.72 (d, J=6.4 Hz, 1H), 3.76 (s, 3H),
2.88–2.74 (m, 1H), 2.50 (bs, 1H), 1.92 (s, 3H), 1.72–1.03
(m, 4H), 0.81 (t, J=7.5 Hz, 3H); EIMS: m/z 236 (M+),
220, 178, 138, 110, 71, 43; 13C NMR (200 MHz, CDCl3)
� 212.79, 159.02, 134.24, 127.35, 113.73, 73.89, 59.80,
55.15, 31.63, 29.90, 20.92, 14.19; FTIR (KBr), 3425, 2958,
1704, 1247 cm−1.
Compound 2c anti : 1H NMR (300 MHz, CDCl3) � 7.20
(d, J=8.5 Hz, 2H), 6.83 (d, J=8.2 Hz, 2H), 4.63 (d,
J=6.4 Hz, 1H), 3.76 (s, 3H), 2.79–2.64 (m, 1H), 2.50 (bs,
1H), 2.14 (s, 3H), 1.78–1.60 (m, 2H), 1.38–1.10 (m, 2H)
0.90 (t, J=6.9 Hz, 3H); 13C NMR (200 MHz, CDCl3) �

213.41, 159.21, 134.69, 127.56, 113.82, 75.52, 59.30, 55.10,
31.74, 31.49, 20.38, 14.10; FTIR (KBr), 3460, 2958, 1706,
1248 cm−1.
Compound 2f syn : 1H NMR (300 MHz, CDCl3) � 8.22
(d, J=8.6 Hz, 2H), 7.52 (d, J=9.0 Hz, 2H), 5.04 (s, 1H),
3.20 (bs, 1H), 2.88–276 (m, 1H), 2.08 (s, 3H), 1.76–1.58
(m, 1H), 1.40–1.24 (m, 2H), 1.20–1.02 (m, 1H), 0.85 (t,
J=7.1 Hz, 3H); m/z 208 (M+− 43), 152, 100, 71, 43; 13C
NMR (200 MHz, CDCl3) � 212.86, 149.38, 147.12,
126.89, 123.36, 72.53, 58.34, 31.38, 28.54, 20.90, 14.04;
FTIR (KBr), 3410, 2915, 1699, 1517 cm−1.
Compound 2f anti : 1H NMR (300 MHz, CDCl3) � 8.22
(d, J=9.06 Hz, 2H), 7.50 (d, J=8.6 Hz, 2H), 4.82 (s,
1H), 3.20 (bs, 1H), 2.94–2.86 (m, 1H), 2.14 (s, 3H),
1.64–1.23 (m, 4H), 0.89 (t, J=7.1 Hz, 3H); 13C NMR
(200 MHz, CDCl3) � 213.12, 149.98, 147.33, 127.12,
123.52, 74.46, 58.49, 31.80, 31.28, 20.27, 13.88; FTIR
(KBr), 3389, 2966, 1714, 1525, 1346 cm−1.
Compound 2h syn : 1H NMR (300 MHz, CDCl3) � 8.51
(d, J=2.6 Hz, 1H), 8.10 (d, J=8.6 Hz, 1H), 7.50 (d,
J=8.6 Hz, 1H), 5.31 (d, J=2.5 Hz, 1H), 3.63 (d, J=1.9
Hz, 1H), 3.03 (d, J=7.5 Hz, 1H), 2.36 (s, 3H), 1.75–1.64
(m, 1H), 1.40–1.20 (m, 2H), 1.15–1.02 (m, 1H), 0.82 (t,
J=7.1 Hz, 3H); EIMS: m/z 185 (M+−99), 100, 71, 43; 13C
NMR (200 MHz, CDCl3) � 213.56, 146.81, 140.92,
137.61, 130.31, 123.70, 23.29, 69.13, 53.74, 31.00, 26.77,
20.44, 13.99; FTIR (KBr), 3370, 2953, 1689, 1531, 1347
cm−1.
Compound 2h anti : 1H NMR (300 MHz, CDCl3) � 8.34
(d, J=2.8 Hz, 1H), 8.08 (d, J=2.8 Hz, 1H), 7.51 (d,
J=8.6 Hz, 2H), 5.22 (s, 1H), 3.86 (d, J=7.6 Hz, 1H),
3.05 (d, J=7.0 Hz, 1H), 2.03 (s, 3H), 1.75–1.65 (m, 1H),
1.60–1.46 (m, 1H), 1.45–1.24 (m, 2H), 0.90 (t, J=7.3Hz,
3H); 13C NMR (200 MHz, CDCl3) � 213.34, 146.86,
140.92, 138.44, 130.29, 123.58, 123.28, 69.05, 53.84, 31.71,
31.13, 26.66, 20.34, 13.86; FTIR (KBr), 3483, 2962, 1709,
1525, 1346 cm−1.

11. Spectroscopic data is taken after separation of the iso-
mers. However, the ratio of isomers is determined based
on the spectral data of the unseparated mixture.
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