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Tetraalkylammonium and 1,3-dialkylimidazolium tetrafluo-
roborates and hexafluorophosphates were employed for the
first time as recoverable phase-transfer catalysts in multi-
phase reactions of CH-acids, in particular in solid base-pro-

Introduction

Low melting salts of bulky organic bases with weakly
solvating fluorinated anions, integral components of ionic
liquids,[1] have been intensively studied as solvents and as
catalysts for chemical reactions.[2] They enhance reaction
rates and selectivity and possess properties attractive for
processing, such as nonvolatility, noninflammability, and re-
coverability.[3] Heterogeneous catalysts, homogeneous cata-
lysts,[4] and biocatalysts[5] immobilized in the liquid salt me-
dium retain catalytic activity (turnover factor; TOF) over
several reaction cycles.

Salts of bulky nitrogen bases with fluorinated anions
would appear to offer extensive and so far unexplored op-
portunities for multiphase organic reactions. Voluminous
cations similar to those present in conventional phase-
transfer catalysts (PTCs)[6] facilitate phase transfer and en-
hance reaction rates. Weakly solvating anions reduce PTC
solubility,[7] thereby improving recoverability. It is worth
mentioning that conventional PTCs with Hal– anions (Hal
= Cl, Br) are usually soluble in both organic and water
phases and their recovery is a difficult and so far unsolved
problem.[8] Recoverable heterogeneous polymer-bound
PTCs are expensive and have not found wide application.[6]

There are a few reports on the use of salts with BF4
– and

PF6
– anions as PTCs, particularly in alkylation reactions.[9]

The authors, however, did not focus on their recovery and
did not compare their efficacy with that of conventional
halide-based PTCs.

Here we describe the first application of tetraalkylammo-
nium and 1,3-dialkylimidazolium perfluoroborates and
-phosphates as recoverable PTCs in solid base-promoted
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moted cross-aldol condensations. The catalysts retained their
catalytic activity over several reaction cycles.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

cross-aldol condensations. This reaction is common in or-
ganic chemistry as one of the most convenient and simple
methods for C–C bond formation.[10,11] Highly efficient so-
lid–liquid heterogeneous systems containing solid alkali
have previously been demonstrated in CH-acid alky-
lation[12a] and condensation reactions.[12b] Salts with fluori-
nated anions, employed recently as solvents in self-aldol
condensations[13] and related reactions,[14,15] have never
been used as PTCs in aldol-like reactions up to now.

Results and Discussion

As a test system we chose a reaction between methyl 4-
formylbenzaldehyde (1a), containing two base-sensitive
functional groups, and propanal (2). The reaction product,
methyl 4-(2-methyl-3-oxoprop-1-enyl)benzoate (3a), is a
convenient building block for the synthesis of para-(nor-
polyprenyl)benzoic acid derivatives[16] possessing antitu-
mor,[17a] hypolipidemic,[17b] and anticoagulant[17c] activities.
The reaction between 1a and 2 was studied in the ionic
liquid 1-butyl-3-methylimidazolium tetrafluoroborate (4a)
and in multiphase (solid base/PTC/benzene) systems. Solid
KOH, NaOH, or LiOH (0.025–1.0 equiv. with respect to
aldehyde 1a, depending on the experimental procedure)
were used as the base, and imidazolium and ammonium-
based tetrafluoroborates 4a and 5a, hexafluorophosphates
4b, 5b, and 6b—and also, for comparison, the correspond-
ing bromides 4c and 5c and the chlorides 4d and 6d—as the
PTCs (Scheme 1).

Salts 5a, 5b, and 6b were synthesized from the corre-
sponding halides 5c and 6d by anion metathesis with 50%
HBF4 or 60% HPF6. Being water-insoluble, they are easy
to isolate by filtration.

Aldehyde 1a reacts with propanal (2) in a mixture of
KOH (1.0 equiv.) and liquid salt 4a (5.0 equiv.) to yield a
condensation product 3a, though in a moderate (52%) yield
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Scheme 1. 1,3-Dialkylimidazolium and tetraalkylammonium tetra-
fluoroborates, hexafluorophosphates, bromides, and chlorides used
as solvents or PTCs.

(Table 1, entry 1). Use of a “milder” base (LiOH·H2O in-
stead of KOH) did not give a higher product yield but in-
creased the reaction time (Table 1, entry 2). The yield of
compound 3a dropped to 5% when the base amount was
reduced to 0.15 equiv. (Table 1, entry 3). It is believed that
the moderate yields of 3a obtained in the liquid salt me-
dium were the result of self-condensation and oligomeriza-
tion of propanal (2) that reportedly occurred in the
melt,[13a] an assumption consistent with the presence of al-
dehyde 1a and 4-formylbenzoic acid, the product of ester
group hydrolysis in 1a, in the reaction mixture after the

Table 1. Cross-aldol condensations of methyl 4-formylbenzoate (1a) and propanal (2) in catalytic multiphase systems with solid alkali in
the presence of 1,3-dialkylimidazolium (4a–d) and tetraalkylammonium (5a–5c, 6b, 6d) salts.

Reagents and conditions: i) 1a (10 mmol), 2 (12 mmol), PhH (15 mL), 20 °C

Entry Salt 4–6 [mmol] Cation Anion Base [mmol] t [h] Yield of 3a [%][a]

1[b] 4a [50] bmim+ BF4
– KOH [10] 4.0 52

2[b] 4a [50] bmim+ BF4
– LiOH·H2O [10] 24 49

3[b] 4a [50] bmim+ BF4
– KOH [1.5] 4.0 5

4 4a [1.0] bmim+ BF4
– KOH [1.5] 2.0 88

5 4b [1.0] bmim+ PF6
– KOH [1.5] 2.0 81

6 4c [1.0] bmim+ Br– KOH [1.5] 4.0 64
7 4d [1.0] bmim+ Cl– KOH [1.5] 5.0 57
8 5a [1.0] nBu4N+ BF4

– KOH [1.5] 2.0 88
9 5b [1.0] nBu4N+ PF6

– KOH [1.5] 2.0 98
10 5b [0.5] nBu4N+ PF6

– KOH [0.75] 2.0 94
11 5b [0.25] nBu4N+ PF6

– KOH [0.38] 2.0 47
12 5b [0.25] nBu4N+ PF6

– KOH [0.25] 2.0 10
13 5b [1.0] nBu4N+ PF6 NaOH [1.5] 6.0 88
14 5c [1.0] nBu4N+ Br– KOH [1.5] 2.0 93
15 6b [1.0] BnEt3N+ PF6

– KOH [1.5] 2.0 78
16 6d [1.0] BnEt3N+ Cl– KOH [1.5] 2.0 82 (88–90[12])[c]

17 – – – nBu4NOH [1.5] 0.5 96
18 – – – nBu4NOH [0.75] 2.0 95
19 None None None KOH [1.5] 4 30

[a] Yield of crystallized compound (3a). [b] No PhH was added. [c] A minor discrepancy with the reported data [12] (in brackets) is
probably due to a different purity and dispersion of the PTC and base.
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complete consumption of propanal (TLC and GLC moni-
toring).

Noticeably higher enal 3a yields were obtained in a
KOH(s)/PTC/benzene multiphase system (Table 1, en-
tries 4–16). The efficacy of the process depended on the
amounts of base and PTC, their ratio, and the two ions
making up the PTC. Suitable amounts of base and PTC
were found to be at least 0.075 and 0.05 equiv. (with respect
to aldehyde 1a), respectively. To obtain a higher product
yield (Table 1, entries 10–13) the base should be present in
excess with respect to the PTC. The yield remained the
same when a corresponding amount of NaOH was used as
a base instead of KOH, but the reaction time increased
from 2.0 to 6.0 hours (Table 1, entry 13).

The KOH(s) (0.15 equiv.)/PTC (0.10 equiv.)/benzene sys-
tem, which had proven to be the most efficient, was em-
ployed to compare PTCs 4–6. Yields of enal 3a in the cata-
lytic systems containing imidazolium-based PTCs 4a–d
were found to increase over the following anion series: BF4

–

� PF6
– � Br– � Cl– (Table 1, entries 4–7), but in the cases

of the ammonium-based PTCs 5a–c and 6b and 6d the se-
quences were different (PF6

– � Br– � BF4
– and Cl– � PF6

–,
respectively) (Table 1, entries 8, 9, 14–16). Despite the com-
plicated picture, the obtained data show that PTCs with
weakly solvating BF4

– and PF6
– anions possess efficacies in

cross-aldol condensations similar to or even higher than
those of conventional halide-based PTCs . Of the nine salts
studied, PTC 5b was shown to be the most efficient, en-
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abling enal 3a to be produced in 98% yield and with 100%
selectivity.

The scope of PTC 5b was estimated in solid–liquid phase
cross-aldol condensations between aromatic (heteroaro-
matic) aldehydes and various carbonyl compounds. Benzal-
dehyde derivatives 1b–g bearing both electron-releasing and
electron-withdrawing groups in the aromatic ring, as well as
aldehydes of the pyridine (1h), furan (1i), and thiophene
(1j) series, were used as electrophiles. Propanal (2), pentanal
(7), 3-methylbutanal (8), acetophenone (9), and acetylcyclo-
propane (10) were studied as cross-components. In all the
cases the corresponding products 3b–q were obtained in
yields comparable to or higher than those reported in the
literature (Table 2).

The reactions were influenced by the electronic and steric
properties of aldehydes 1a–g: electron-releasing groups in
the aromatic ring decreased the product 3 yield, while elec-
tron-withdrawing ones increased it. Bulky groups ortho to
the aldehyde group hampered the condensation: 2-ni-
trobenzaldehyde, unlike 3- or 4-nitrobenzaldehyde, did not
noticeably react with propanal (2) under the studied condi-
tions.

The condensation products 3 each consisted of a single
stereoisomer (GLC and 1H NMR monitoring). (E) Config-
urations were assigned to the enals 3a–c, 3e–k, and 3n–q by
comparison of their physicochemical and spectral proper-
ties with the reported data (see Table 2)[12,18,19] and to com-
pounds 3d, 3l, and 3m by analogy (see also ref.[20]).

We took advantage of the poor solubilities of salts 4b,
5a, 5b, and 6b in organic and water phases by multiply re-
peated use of these catalysts in the condensation process.

Table 2. Cross-aldol condensations of aromatic (heteroaromatic) aldehydes 1a–j with carbonyl compounds 2 and 7–10 in the nBu4NPF6/
KOH(s)/PhH catalytic system.

Reagents and conditions: i) 1a–j (10 mmol), 2, 7–10 (12 mmol), [nBu4N][PF6] (1 mmol), KOH(s) (1.5 mmol), PhH (15 mL), 20 °C.

R1 R2 R3 t [h] M.p. or b.p. [oC] nD
20 Yield [%] (cycle)

1a, 2 4-C6H4CO2CH3 CH3 H 2 3a 93–94 (93–94[12]) – 98 (1)[a] (90[12])
1b, 2 Ph CH3 H 4 3b 115–117 (6 Torr) [135–138 (15 Torr)[12]] 1.5885 (1.5880[12]) 75 (1), 73 (2) (62[12])
1c, 2 4-C6H4Cl CH3 H 4 3c 39–40 (38–39[12]) – 81 (1), 81 (2) (73[12])
1d, 2 2-C6H4Cl CH3 H 6 3d 80–82 (0.5 Torr) 1.5970 76 (1), 75 (2)
1e, 2 4-C6H4OCH3 CH3 H 20 3e 127–129 (0.7 Torr) [120–122 (0.5 Torr)[12]] – 38 (1), 37 (2) (29[12])
1f, 2 4-C6H4NO2 CH3 H 2 3f 97–98 (98–99[12]) – 89 (1), 87 (2) (84[12])
1g, 2 3-C6H4NO2 CH3 H 3 3g 84–85 (83[18]) – 97 (1), 95 (2) (30[18])
1h, 2 2-pyridyl CH3 H 3 3h 124–126 (6 Torr) [130–132 (10 Torr)[12]] 1.6015 (1.6020[12]) 76 (1), 76 (2) (72[12])
1i, 2 2-furyl CH3 H 3 3i 110–112 (10 Torr) [106–108 (9 Torr)[12]] 1.6110 (1.6100[12]) 82 (1), 81 (2) (70[12])
1j, 2 2-thienyl CH3 H 2 3j 130–132 (8 Torr) [132–134 (10 Torr)[12]] 1.6502 (1.6510[12]) 76 (1), 74 (2) (69[12])
1b, 7 Ph nC3H7 H 4 3k 140–142 (1 Torr) [107–110 (0.5 Torr)[12]] 1.5703 (1.5710[12]) 69 (62[12])
1g, 7 3-C6H4NO2 nC3H7 H 3 3l 52–53 – 90
1g, 8 3-C6H4NO2 iC3H7 H 5 3m 49–50 – 82
1b, 9 Ph H Ph 4 3n 54–55 (55[19]) – 95 (90[19])
1g, 9 3-C6H4NO2 H Ph 2 3o 140–142 (141–142[19]) – 96 (94[19])
1b, 10 Ph H cC3H7 3 3p 51–53 (52.8–53.0[10a]) – 76 (1), 76 (2) (72[10a])
1e, 10 4-C6H4OCH3 H cC3H7 6 3q 72–73 (70–72[20]) – 56 (1), 53 (2) (50[20])

[a] Yields obtained in recycling experiments with compounds 1a and 2 are given in Table 3.
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After each condensation cycle, a benzene solution of pro-
duct 3a was separated and replaced with a fresh solution of
the starting compounds 1a and 2. Catalytic systems con-
taining the PTCs 4b, 5a, and 6b retained their activities over
at least three reaction cycles, and the system containing salt
5b for more than five cycles (Table 3). In the last case re-
plenishment of the system with base was required in the
fifth cycle to compensate for its loss due to gradual conver-
sion into K2CO3 and/or to “washing” out into the benzene
solution by eliminated water. A fresh portion of the base
may also be required to bind eliminated water that grad-
ually dilutes the solid phase. Recoverability of the PTC 5b/
KOH catalytic system was also demonstrated in cross-aldol
condensations of other aldehydes 1b–j and carbonyl com-
pounds 2, 10 (Table 2). Unlike the poorly soluble salts 4b,
5a, 5b, 6b, the PTCs 4a, 4c, 4d, and 5c, with good solubil-
ities in benzene, could not be used repeatedly due to losses
during product isolation and purification (Table 3).

Table 3. Recovery of PTCs 4b, 5a, 5b, and 6b in cross-aldol conden-
sations between 1a and 2 in the PTC (0.10 equiv.)/KOH(s)
(0.15 equiv.)/PhH catalytic system.

PTC Yield of 3a [%]
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

4b 81 75 66 – –
5a 88 80 73 – –
5b 98 97 98 88 98[a]

5c 93 40 – – –
6b 78 75 70 – –

[a] A fresh portion of solid KOH (0.15 equiv.) was added.
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Cross-aldol condensations in the solid–liquid systems

studied are assumed to proceed according to Makosza’s
scheme,[21a,21b] which consists of CH-acid deprotonation on
the solid base surface, followed by carbanion interception
with a PTC and its transfer into the organic phase, where
the reaction with an electrophile takes place. The reaction
with an electrophile may also occur within the interfacial
region (so-called “omega phase”[21c,21d]), followed by the
extraction of the condensation products into the organic
phase. The important role of the solid–liquid interfacial re-
gion is consistent with a strong influence exerted by the
solid base metal cation on the condensation process: use
of a “milder” deprotonating agent (NaOH) gave a slower
reaction rate than use of KOH. The solid base surface
should also not be covered completely with adsorbed PTC
ions (the base should be present in excess with respect to
the PTC), or it will not be able to deprotonate the CH-acid.

A commercially available organic base (nBu4NOH), used
in amounts as high as 0.075–0.15 equiv. with respect to al-
dehyde 1a, was also shown to act as an efficient homogen-
eous catalyst (Table 1, entries 17, 18). This catalysis is as-
sumed to be formed in the last step of the reaction sequence
(the reaction of carbanion tetrabutylammonium salt with
electrophile), but its direct formation on the solid base sur-
face by the metathesis of PTC and solid alkali hydroxide
should be thermodynamically unfavorable, due to high crys-
tal lattice energy of the solid base and low solvation energy
of ions in the nonpolar solvent. It is also unlikely that two
solid phases, in particular the fluorinated PTC and base,
both with low solubilities in benzene (we have shown that
the solubility of hexafluorophosphate 5b in benzene at
20 °C is � 10–1 wt.-%, whereas the solubility of the corre-
sponding bromide 5c in toluene is as high as 52wt.-% under
the same conditions[22]), would contact efficiently enough
to produce the required amount of the quaternary base un-
der the reaction conditions.

Conclusions

Tetraalkylammonium and 1,3-dialkylimidazolium tetra-
fluoroborates and hexafluorophosphates represent a new
class of efficient recoverable PTCs for reactions including
the formation of CH-acid carbanions. They allow the base-
promoted cross-aldol condensation to be performed repeat-
edly in high yield and with high selectivity. The salts are
now being studied as PTCs for other base-promoted multi-
phase reactions of CH-acids.

Experimental Section
General Remarks: 1H NMR spectra were recorded on Bruker
AM 300 (300.13 MHz {1H}) and Bruker DRX 500 (500.13 {1H},
125.76 {13C}, 470.4 {19F}, 202.4 MHz {31P}) instruments in CDCl3
and [D6]DMSO. 1H, 13C, 19F, and 31P chemical shifts are relative
to Me4Si, [D6]acetone, CFCl3, and H3PO4, respectively. Reactions
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were monitored by TLC (silufol plates, eluent: ethyl acetate/PhH
1:19, visualization by I2) and GLC (LKhM-80 chromatograph with
a flame ionization detector, N2, 1.5×0.003 m glass column with
5% SE-30 on Chromaton N–AW–DMCS). Salts 5c and 6d and
nBu4NOH toluene solution (0.1 n) were purchased from Acros and
were used without further purification. Imidazolium-based salts
4a–d were synthesized by the reported methods.[23,24] The 1H, 13C,
19F, and 31P NMR spectra of the salts 4a–d were identical to those
reported previously.[25,26]

Tetraalkylammonium Tetrafluoroborate 5a and Hexafluorophos-
phates 5b and 6b. General Procedure: Aqueous solutions of HBF4

(50%, 3.5 mL, 20.0 mmol) or HPF6 (60%, 4.8 mL, 20.0 mmol)
were added dropwise at 0 °C to stirred solutions of tetra(n-butyl)-
ammonium bromide (5c) or benzyltriethylammonium chloride (6d)
(20.0 mmol) in water (30 mL). The reaction mixture was stirred for
15–20 min at 20 °C. The precipitate was filtered off, washed suc-
cessively with water (3×10 mL) and diethyl ether (2×10 mL), and
dried under reduced pressure (10 Torr) at 40 °C to afford com-
pounds 5a, 5b and 6b.

Tetra(butyl)ammonium Tetrafluoroborate (5a): Yield 90%,
m.p. 158–159 °C. 1H NMR ([D6]DMSO): δ = 0.80 (t, 12 H,
4× CH3), 1.17 (m, 8 H, 4×CH2), 1.43 (m, 8 H, 4×CH2), 3.03 (m,
8 H, 4×CH2) ppm. 13C NMR: δ = 13.5 (CH3), 19.5 (CH2), 23.4
(CH2), 57.9 (CH2) ppm. 19F NMR: δ = –149.2 ppm. C16H36BF4N:
calcd. C 58.36, H 11.02, F 23.08, N 4.25; found C 58.55, H 11.13,
F 22.91, N 4.19.

Tetra(butyl)ammonium Hexafluorophosphate (5b): Yield 93%,
m.p. 243–246 °C. 1H NMR ([D6]DMSO): δ = 1.00 (t, 12 H,
4× CH3), 1.35 (m, 8 H, 4×CH2), 1.60 (m, 8 H, 4×CH2), 3.15 (m,
8 H, 4×CH2) ppm. 13C NMR: δ = 13.4 (CH3), 19.2 (CH2), 23.0
(CH2), 57.5 (CH2) ppm. 19F NMR: δ = –70.7 (d, 1JP,F =
708 Hz) ppm. 31P NMR: δ = –142.4 (sept, 1JP,F = 708 Hz) ppm.
C16H36F6NP: calcd. C 49.60, H 9.37, F 29.42, N 3.62, P 7.99; found
C 49.82, H 9.29, F 29.27, N 3.55, P 7.81.

Benzyltriethylammonium Hexafluorophosphate (6b): Yield 87%,
m.p. 176–177 °C. 1H NMR ([D6]DMSO): δ = 1.30 (t, 9 H,
3× CH3), 3.15 (q, 6 H, 3×CH2), 4.50 (s, 2 H, CH2), 7.53–7.60 (m,
5 H, Ph) ppm. 13C NMR: δ = 7.7 (CH3), 52.3 (CH2), 59.8 (CH2),
128.1, 129.4, 130.6, 132.8 (Ph) ppm. 19F NMR: δ = –70.6 (d, 1JP,F

= 708 Hz) ppm. 31P NMR: δ = –142.8 (sept, 1JP,F = 708 Hz) ppm.
C13H22F6NP: calcd. C 46.29, H 6.57, F 33.80, N 4.15, P 9.18; found
C 46.18, H 6.42, F 33.64, N 4.03, P 9.11.

Condensation of Methyl 4-Formylbenzoate (1a) with Propanal (2) in
Ionic Liquid 4a. General Procedure: Aldehyde 1a (1.64 g, 10 mmol)
and then, gradually, propanal (2, 0.70 g, 12 mmol) were added suc-
cessively at 20 °C to a vigorously stirred suspension of powdery
KOH or LiOH·H2O (10 mmol) in the ionic liquid 4a (50 mmol).
The reaction mixture was stirred at 20 °C until the condensation
was complete (TLC and GLC monitoring) and extracted with di-
ethyl ether (3×10 mL). The combined ether extracts were washed
with water (2×5 mL) and dried over anhydrous MgSO4. The sol-
vent was evaporated under reduced pressure, and the residue was
crystallized from hexane to afford methyl trans-4-(2-methyl-3-oxop-
rop-1-enyl)benzoate (3a), m.p. 93–94 °C (lit.[12] m.p. 93–94 °C).

Cross-Condensations between Aromatic (Heteroaromatic) Aldehydes
1a–j and Carbonyl Compounds 2 and 7–10 in the PTC (4a–d, 5a–c,
6 b, 6d)/Solid Base/PhH System. General Procedure: Solutions of
aldehydes 1a–j (10 mmol) in benzene (5 mL) and then, dropwise,
of alkanals 2, 7, 8 (12 mmol) or ketones 9, 10 (10 mmol) in benzene
(5 mL) were added successively at 20 °C to vigorously stirred sus-
pensions of the appropriate amounts of powdery KOH or NaOH
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and PTC (4a–d, 5a–c, or 6b/6d) (Table 1 and Table 2) in benzene
(5 mL). The reaction mixture was vigorously stirred at the same
temperature until the condensation was complete (TLC and GLC
monitoring). The organic solution was decanted from the wet PTC/
KOH solid phase, and the residue was extracted with benzene
(10 mL). The combined benzene extracts were washed with water
(2×5 mL) and dried over anhydrous MgSO4. The solvent was evap-
orated under reduced pressure, and the residue was distilled in
vacuo or crystallized from hexane. The yields, melting (boiling)
points, and refractive indexes of the enals 3a–q, as well as the
1H NMR spectroscopic data for compounds 3a–c, 3e–k, and 3n–q,
were in accordance with those reported in the literature (Table 2).

trans-2-Chloro-β-methylcinnamaldehyde (3d): B.p. 80–82 °C
(0.5 Torr); nD

20 = 1.5970. 1H NMR (CDCl3): δ = 1.95 (s, 3 H, CH3),
7.20–7.45 (m, 5 H, CH=C and 4×HAr), 9.63 (s, 1 H, CHO) ppm.
C10H9ClO: calcd. C 66.49, H 5.02, Cl 19.63; found C 66.67, H 5.11,
Cl 19.39.

trans-3-Nitro-β-propylcinnamaldehyde (3l): M.p. 52–53 °C. 1H
NMR (CDCl3): δ = 1.00 (t, J = 7.0 Hz, 3 H, CH3), 1.52 (m, 2 H,
CH2), 2.50 (t, J = 7.0 Hz, 2 H, CH2–C=), 7.25 (s, 1 H, CH=C),
7.60–7.80 (m, 2 H, 2×HAr), 8.20–8.30 (m, 2 H, 2×HAr), 9.58 (s, 1
H, CHO) ppm. C12H13NO3: calcd. C 65.74, H 5.98, N 6.39; found
C 65.90, H 6.06, N 6.21.

trans-β-Isopropyl-3-nitrocinnamaldehyde (3m): M.p. 49–50 °C. 1H
NMR (CDCl3): δ = 1.25 (d, 6 H, 2×CH3, J = 7.2 Hz), 3.00 (m, 1
H, CH(CH3)2), 7.22 (s, 1 H, CH=C), 7.50–7.65 (m, 2 H, 2×HAr),
8.20–8.30 (m, 2 H, 2×HAr), 9.58 (s, 1 H, CHO) ppm. C12H13NO3:
calcd. C 65.88, H 6.01, N 6.39; found C 65.90, H 6.06, N 6.47.

In the cases of salts 4b, 5a, 5b, and 6b as PTCs and KOH as a
base the reactions were performed repeatedly with a PTC/solid base
mixture (“wet solid phase”) that remained after the first condensa-
tion cycle, with addition of fresh aldehyde/alkanal (ketone)/benzene
solutions (Table 2 and Table 3).

nBu4NOH-Promoted Condensation of Methyl 4-Formylbenzoate
(1a) with Propanal (2): A solution of aldehyde 1a (1.64 g, 10 mmol)
and propanal (2; 0.70 g, 12 mmol) in benzene (10 mL) was added
at 20 °C with stirring to the appropriate amount of commercially
available nBu4NOH toluene solution (0.1 n) (Table 1, entries 17,
18). The reaction mixture was stirred at the same temperature for
0.5–2.0 hours (TLC and GLC monitoring), washed with water
(2×5 mL), and dried over anhydrous MgSO4. The solvent was
evaporated under reduced pressure to afford enal 3a.
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