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The chemistry of acetyl-substituted pyridines, thiazoles, quinoline, isoquinolines, and pyrazine (1-9
and 28) has been studied. These heteroarenes (1-8) condense with benzene in good yields (74-
96%) in the Bronsted superacid, CF3SO3H (triflic acid). In these acid-catalyzed hydroxyalkylation
reactions, compounds 1-8 are significantly more reactive than acetophenone. It is proposed that
compounds 1-8 readily form dicationic electrophiles in triflic acid.

Introduction

The acid-catalyzed condensation of ketones and alde-
hydes with aromatic compounds is known as the hy-
droxyalkylation reaction.1 This widely used reaction has
been applied to the preparation of plastics (phenol-
formaldehyde resins),2 dyes and pigments (for example,
malachite green),3 and other products such as porphy-
rins.4 The hydroxyalkylation reaction is useful when
electron-rich arenes are condensed with the ketone or
aldehyde. With less reactive aromatic compounds such
as benzene or chlorobenzene, the ketone or aldehyde
must have a strong electron-withdrawing group in order
for the condensation to take place. For example, 2,2,2-
trifluoroacetophenone condenses with benzene in CF3-
SO3H (triflic acid, TfOH), and DDT is prepared by the
acid-catalyzed condensation of chloral or its hydrate with
chlorobenzene (eqs 1-2).5,6

Recently, there has been significant interest in the
chemistry of dicationic and superelectrophilic species.7

In hydroxyalkylation reactions catalyzed by Bronsted
superacids, very high reactivity has been observed for
some aldehydes and ketones, and this has been attributed
to the formation of dicationic electrophiles (eq 3).8 The
dicationic electrophiles can be formed by either of two
routes: by protonation of the carbonyl group along with
an adjacent base-site (eq 3)8,9 or by double protonation
of the carbonyl group (eq 4).10 Given the value of this

synthetic chemistry, we have been exploring the scope
and utility of these methods of electrophilic activation
in hydroxyalkylation reactions. In the following paper,
we report our studies of the hydroxyalkylation reaction
involving acetyl-substituted heteroarenes and related
systems.
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Results and Discussion
Although it has been reported that acetophenone is

unreactive toward benzene in TfOH,11 the acetylpyridines
(1-3) give the respective condensation products (10-12)
in excellent yields (Table 1). Compounds similar to 10-
12 are known to have fungicidal activity,12 estrogen
synthetase inhibitory activity,13 and other biological
activities.14 To our knowledge, the only other published
synthetic route to compounds 10-12 involves the depro-
tonation and alkylation of diphenylpyridylmethanes.15

The sterically crowded pyridine 13 is also prepared in
good yield from 2,6-diacetylpyridine (4). The acetyl-
substituted thiazoles (5 and 6), quinoline (7), and iso-
quinoline (8) likewise give the respective condensation
products 14-17.

With prolonged reaction time and heating, isoquinoline
9 does give a trace quantity of 18, but the major product
is 19 (isolated in 57% yield, eq 5). When a pure sample

of 18 is reacted with TfOH and C6H6 at 50 °C, only
product 18 is observed in the resulting product mixture.
This suggests that the product distribution for 1-acetyl-
isoquinoline (9) is the result of a kinetically controlled
reaction. Reaction with the second C6H6 may be inhibited
by unfavorable steric effects arising from the peri posi-
tion. In addition to acetyl-substituted heteroaromatics,
some acyl-substituted heteroarenes condense with C6H6

in TfOH. Compound 20 is prepared in 94% yield from
4-propionylpyridine, but reaction of 21 gives a mixture
of at least 6 diphenylated products (eq 6). The product
mixture suggests that intramolecular hydride transfer-
(s) may be involved and that the resulting cationic
intermediates give the mixture of products.

The above results suggest an obvious question: why
is the acetyl group of acetophenone unreactive toward
benzene in superacid, but the analogous heteroaromatic
compounds react in good to excellent yields? In the case
of acetophenone, the carbonyl group is fully protonated
in TfOH,16 but the resulting carboxonium ion is stabilized
by inductive and resonance effects. Shudo and Ohwada
have reported kinetic evidence for diprotonation of aryl
ketones;16 however, diprotonated intermediates from
acetophenone must be formed in extremely low concen-
tration. Thus, acetophenone is unreactive toward benzene
in the hydroxyalkylation reaction catalyzed by TfOH. The
acetyl-substituted heteroarenes possess strong base-sites
which are fully protonated in acid, so that upon subse-
quent protonation of the carbonyl groups, reactive dica-
tionic electrophiles can be generated (Scheme 1). We
propose that the reactivity of the heteroaromatic com-
pounds stems from their ability to form appreciable
concentrations of the diprotonated electrophiles. The
enhanced reactivity of dicationic electrophiles was first
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Table 1. Results from the Reaction of
Acetyl-Substituted Arenes (1-9) with Benzene in

CF3SO3H
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recognized by Olah and co-workers, and it is thought to
be the result of electrostatic and inductive effects.17,7a

In addition to the acetyl-substituted arenes 1-9,
ketones 22, 23, and 25-27 were reacted under similar
conditions. The substituted acetophenone (22) does not
condense with benzene in TfOH and it can be recovered
quantitatively. Although diprotonated species are likely
formed from 22 in superacid, the protonated acetyl group
is not sufficiently electrophilic to react with benzene. This
seems to suggest that dicationic electrophiles only show
high reactivity when the charge centers are conjugated
or in close proximity. When ketone 23 is reacted with
benzene in TfOH, the condensation does not occur and
compound 23 can also be recovered. Protonation must
only occur at the pyridyl rings (24) and consequently no
reaction occurs at the carbonyl group. In general, het-
eroarenes having more than one strong base-site were
unreactive to the condensation chemistry. Even at el-
evated temperature, compounds 25-27 do not condense
with C6H6 in TfOH.

Despite having two base sites on the heterocyclic ring,
acetylpyrazine (28) does condense with C6H6 in TfOH (eq
7). Product 29 is formed, which suggests an equilibrium
between intermediates 32 and 33 in TfOH. Product 30
is formed as the other major product from 28. When the
reaction is conducted at elevated temperature (50 °C),
product 31 is also formed as a minor product. It is not
presently clear how the pyrazine ring is phenylated to
give 30 and 31, but further studies are in progress.

The condensation of 2-acetylpyridine (1) with C6H6 can
be accomplished in 4 h at 25 °C using an excess of TfOH
(14 equiv). When lower quantities of TfOH or shorter
reaction times are used, the condensation product is
accompanied by significant quantities of compound 34
(eq 8). An equilibrium is likely established between 35
and 36 (eq 9). With highly acidic conditions and longer
reactions, 35 is formed and this leads to product 10.

2-Acetylpyridine (1) also condenses with toluene and
chlorobenzene, but despite high yields for these conver-
sions, the reactions occur with poor regioselectivities. No
reaction is seen with o-dichlorobenzene or nitrobenzene
even when 1 is reacted with a large excess of TfOH at
80 °C. When 1 is reacted with C6H6 and a large excess of
H2SO4 (100 h at 50 °C), no reaction is seen. This is
consistent with the proposed mechanism for the hydroxy-
alkylation reactions (Scheme 1). Superacidic conditions
are required because weaker acids such as H2SO4 are
unable to generate diprotonated intermediates.

Conclusion

We have found that acetyl-substituted pyridines, thia-
zoles, quinoline, isoquinoline, and pyrazine condense with
benzene in hydroxyalkylation reactions in the Bronsted
superacid, CF3SO3H. These acetylheteroarenes are sig-
nificantly more reactive than acetophenone in the hy-
droxyalkylation reaction. Due to inductive and electro-
static effects, the protonated heteroaromatic rings
contribute significantly to the electrophilic activation of
carboxonium ion intermediates.

Experimental Section

Triflic acid was purchased from 3M Co. and distilled under
an inert atmosphere immediately prior to use.18 The acetyl-
substituted arenes were purchased from commercial suppliers
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and used as received. Compound 7 was prepared by the
reaction of CH3MgBr with 4-quinolinecarboxaldehyde and
subsequent oxidation with SeO2. Compound 8 was prepared
by the reaction of CH3MgBr with 2-isoquinolinecarbonitrile;
compound 21 was prepared by the reaction of 1-decylmagne-
sium bromide with 2-pyridinecarbonitrile. Compound 22 was
prepared by acylation of 4-(3-phenylpropyl)pyridine using
AlCl3 and acetyl chloride.19 High-resolution mass spectra were
recorded at the Mass Spectrometry Facility at the University
of California, Riverside. 1H NMR spectra were recorded at 300
MHz and 13C NMR spectra were recorded at 125 MHz. All
NMR spectra were recorded from CDCl3 solutions.

General Procedure for the Preparation of Condensed
Products 10-19. A 0.2 g portion of the acetyl-substituted
heteroarene was dissolved in 1.0 mL of C6H6, and to this
solution was added 5.0 mL of triflic acid. This mixture was
stirred at room temperature (6 was reacted at 50 °C) for 4-12
h and then poured over several grams of ice. The resulting
solution was made basic with concentrated NaOH and ex-
tracted with CHCl3. The organic phase was washed with H2O
and brine and then dried with MgSO4. Removal of the solvent
under reduced pressure then provided the product. The
product(s) was then purified by recrystallization or column
chromatography.

2-(1,1-Diphenylethyl)pyridine (10): mp 51-54 °C (CHCl3,
lit.15a mp 54-56 °C); 1H NMR δ 2.27 (s, 3H), 7.01 (d, J ) 8.1
Hz, 1H), 7.11-7.15 (m, 4H), 7.20-7.32 (m, 7H), 7.55 (dt, J )
1.8, 7.5, 1H), 8.65 (m, 1H); 13C NMR δ 29.4, 55.1, 121.0, 123.6,
126.9, 128.0, 128.6, 135.8, 148.3, 148.9, 167.1; EI MS 259 (M+);
HRMS m/z calcd for C19H17N 259.1361, found 259.1369.

3-(1,1-Diphenylethyl)pyridine (11): mp 108-110 °C
(CHCl3); 1H NMR δ 2.21 (s, 3H), 7.07-7.10 (m, 4H), 7.18-
7.32 (m, 7H), 7.38 (m, 1H), 8.41 (d, J ) 2.4 Hz, 1H), 8.46 (dd,
J ) 1.2, 4.5 Hz, 1H); 13C NMR δ 30.2, 51.1, 122.7, 126.3, 128.1,
128.5, 136.1, 144.4, 147.2, 147.8, 150.1; EI MS 259 (M+);
HRMS m/z calcd for C19H18N (MH+) 260.1439, found 260.1430.

4-(1,1-Diphenylethyl)pyridine (12): mp 87-90 °C (CHCl3);
1H NMR δ 2.17 (s, 3H), 7.02-7.10 (m, 6H), 7.25-7.31 (m, 6H),
8.50 (d, J ) 6.0 Hz, 1H); 13C NMR δ 29.7, 52.3, 123.8, 126.4,
128.1, 128.5, 147.2, 149.5, 157.9; EI MS 259 (M+); HRMS m/z
calcd for C19H17N 259.1361, found 259.1358.

2,6-Bis-(1,1-diphenylethyl)pyridine (13): mp 138-140 °C
(CHCl3); 1H NMR δ 2.13 (s, 6H), 6.84 (d, J ) 7.8 Hz, 2H), 7.06-
7.10 (m, 8H), 7.18-7.26 (m, 12H), 7.40 (t, J ) 7.8, 1H); 13C
NMR δ 29.2, 55.2, 120.0, 125.6, 127.5, 128.7, 135.7, 148.7,
165.2; EI MS 439 (M+); HRMS m/z calcd for C33H28N (M - H)
438.2222, found 438.2212.

2-(1,1-Diphenylethyl)thiazole (14): mp 46-48 °C (CHCl3);
1H NMR δ 2.29 (s, 3H), 7.16-7.20 (m, 4H), 7.23-7.32 (m, 7H),
7.82 (d, J ) 3.3 Hz, 1H). 13C NMR δ 29.8, 53.4, 119.3, 126.8,
128.1, 128.1, 142.5, 147.6, 178.9; EI MS 265 (M+); HRMS m/z
calcd for C17H15NS 265.0925, found 265.0930.

2,4-Dimethyl-5-(1,1-diphenylethyl)thiazole (15): mp 58-
61 °C (CHCl3); 1H NMR δ 1.90 (s, 3H), 2.19 (s, 3H), 2.54 (s,
3H), 7.20-7.28 (m, 10); 13C NMR δ 17.5, 18.8, 31.3, 48.7, 126.6,
127.9, 128.2, 140.6, 147.4, 147.9, 161.4; EI MS 293 (M+); HRMS
m/z calcd for C19H19NS 293.1238, found 293.1234.

3-(1,1-Diphenylethyl)quinoline (16): mp 126-128 °C
(C6H6); 1H NMR δ 2.31 (s, 3H), 7.14-7.18 (m, 4H), 7.20-7.37
(m, 6H), 7.46-7.55 (m, 2H), 7.96 (m, 2H), 8.09-8.12 (m, 1H),
8.80 (d, J ) 1.8 Hz, 1H); 13C NMR δ 30.4, 51.5, 126.7, 126.9,
127.9, 128.1, 128.2, 128.3, 128.9, 129.1, 129.4, 129.5, 133.4,
134.6, 152.5; EI MS 309 (M+); HRMS m/z calcd for C23H19N
309.1517, found 309.1514.

3-(1,1-Diphenylethyl)isoquinoline (17): mp 117-120 °C
(C6H6); 1H NMR δ 2.39 (s, 3H), 7.19-7.36 (m, 10H), 7.39 (s,
1H), 7.54-7.68 (m, 3H), 7.97 (d, J ) 8.1 Hz, 1H), 9.32 (s, 1H);
13C NMR δ 29.7, 55.0, 119.4, 126.4, 127.1, 127.2, 127.5, 128.2,
128.3, 128.6, 129.1, 130.5, 136.2, 148.6, 152.1, 161.2; EI MS

309 (M+); HRMS m/z calcd for C23H19N 309.1517, found
309.1522.

Reaction of 1-Acetylisoquinoline (9). A 0.2 g (1.2 mmol)
portion of compound 9 was reacted with TfOH (10 mL) and
C6H6 (2 mL) at 50 °C for 24 h. As described in the general
procedure, the product mixture was worked up, and the
products were isolated by column chromatography (9:1 hex-
anes/ether).

1-(1,1-Diphenylethyl)isoquinoline (18): 0.004 g (0.014
mmol, 1% yield); mp 134-137 °C (C6H6); 1H NMR δ 2.32, 7.10-
7.38 (m, 11H), 7.47 (m, 1H), 7.59 (d, J ) 5.7 Hz, 1H), 7.63 (d,
J ) 8.7 Hz, 1H), 7.77 (d, J ) 5.7 Hz, 1H), 8.55 (d, J ) 5.7 Hz,
1H); 13C NMR δ 34.1, 57.1, 120.7, 125.9, 126.2, 127.5, 127.7,
128.2, 128.9, 129.0, 129.1, 137.5, 141.1, 147.5, 165.2; EI MS
309 (M+).

1-(1-Phenylethenyl)isoquinoline (19): 0.158 g (0.69
mmol, 57% yield); mp 41-45 °C (C6H6); 1H NMR δ 5.53 (d, J
) 0.6 Hz, 1H), 6.13 (d, J ) 0.6 Hz, 1H), 7.25-7.33 (m, 6H),
7.47 (m, 1H), 7.66 (m, 1H), 7.85 (d, J ) 8.4 Hz, 1H), 8.01 (d, J
) 8.4 Hz, 1H), 8.59 (d, J ) 5.7 Hz, 1H); 13C NMR δ 118.0,
120.5, 126.2, 126.9, 127.1, 127.4, 127.7, 128.2, 128.7, 129.0,
130.3, 136.8, 142.5; EI MS 231 (M+); HRMS m/z calcd for
C17H12N (M - H) 230.0970, found 230.0961.

4-(1,1-Diphenylpropyl)pyridine (20): mp 41-44 °C
(CHCl3); 1H NMR δ 0.98 (t, J ) 7.2 Hz, 3H), 2.83 (q, J ) 7.2
Hz, 2H), 7.30-7.62 (m, 12H), 8.7 (m, 2H); 13C NMR δ 10.1,
32.0, 58.8, 124.4, 126.2, 128.0, 129.1, 145.5, 149.3, 156.4; EI
MS 273 (M+); HRMS m/z calcd for C20H19N 273.1392, found
273.1506.

Reaction of 2-acetylpyrazine (28). A 0.305 g (2.5 mmol)
portion of compound 28 was reacted with TfOH (7 mL) and
C6H6 (1 mL) at 50 °C for 24 h. As described in the general
procedure, the product mixture was worked up and the
products were isolated by column chromatography (3:1 hex-
anes/ether).20

2-(1,1-Diphenylethyl)pyrazine (29): 0.0623 g (0.24 mmol,
10% yield); 1H NMR δ 2.25 (s, 3H), 7.09-7.14 (m, 4H), 7.24-
7.34 (m, 6H), 8.0.36 (d, J ) 1.5 Hz, 1H), 8.41 (d, J ) 2.4 Hz,
1H), 8.58 (dd, J ) 1.5, 2.4 Hz, 1H); 13C NMR δ 29.1, 53.4, 126.5,
128.2, 128.4, 141.7, 143.4, 145.1, 147.0, 162.7; EI MS 260 (M+);
HRMS m/z calcd for C18H16N2 260.1313, found 260.1323.

2-Acetyl-6-phenylpyrazine (30): 0.0616 g (0.311 mmol,
12% yield); mp 158-159 °C (CHCl3); 1H NMR δ 2.73 (s, 3H),
7.52-7.55 (m, 3H), 8.07 (m, 2H), 9.05 (d, J ) 1.5 Hz, 1H), 9.25
(d, J ) 1.5 Hz, 1H); 13C NMR δ 25.9, 127.4, 129.2, 130.8, 135.4,
140.5, 142.9, 145.6, 155.1, 199.1; EI MS 198 (M+); HRMS m/z
calcd for C12H10N2O 198.0793, found 198.0793.

2-(1,1-Diphenylethyl)-6-phenylpyrazine (31): 0.0224 g
(0.07 mmol, 3% yield); 1H NMR δ 2.27 (s, 3H); 7.14-7.17 (m,
4H), 7.25-7.34 (m, 7H), 7.47-7.50 (m, 2H), 7.99-8.02 (m, 2H),
8.38 (d, J ) 1.5 Hz, 1H), 9.03 (d, J ) 1.5 Hz, 1H); 13C NMR δ
29.3, 46.3, 126.7, 127.0, 128.5, 128.7, 129.2, 129.4, 129.9, 131.3,
136.5, 140.7, 144.4, 147.4; EI MS 336 (M+); HRMS m/z calcd
for C24H19N2 (M - H) 335.1548, found 335.1544.
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