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Alternative pathways of the reaction between acetophenone 
and triethyl orthoformate
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Using the condensation of acetophenone under the action of triethyl orthoformate as 
an example, the eff ect of ratios of solvents (CH(OEt)3 and toluene) and the starting re-
actants on the composition and yields of aromatic products was studied. After treatment 
of reaction mixtures with ammonia, 1,3,5-triphenylbenzene, m-terphenyl, and 2,6-diphen-
ylpyridine were isolated.
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m-terphenyl, 2,6-diphenylpyridine.

The preparation of nitrogen-containing micro-
porous polymers necessary for the manufacture of 
electrodes for electrochemical current sources is an 
urgent task at present.1—5 Previously, we obtained 
microporous polyphenylenes by trimerization cyclo-
condensation of di- or triacetyl aromatic com-
pounds.6—13 The reaction was carried out in an aro-
matic solvent in the presence of triethyl orthoformate 
CH(OEt)3 (TEOF) and gaseous hydrogen chloride. 
It is known14 that the reactions of monoacetyl aro-
matic compounds with an excess of TEOF in the 
presence of an acid catalyst taken in molar amounts 
give pyrylium salts, which are easily converted under 
the action of ammonia into the corresponding pyri-
dine derivatives.15—16 In this regard, it was of inter-
est to determine the optimal conditions for the 
synthesis of a polyphenylenepyrylium salt and its 
subsequent transformation into polyphenylenepyr-
idine, a nitrogen-containing polymer. 

In this work, using the example of a model con-
densation of monoacetyl arene, namely, aceto-
phenone (1), in the presence of TEOF and gaseous 
hydrogen chloride, we studied the eff ect of reaction 
conditions on the composition and ratio of the result-
ing products containing aromatic polymer-form-
ing fragments (Scheme 1). The variable parame-
ter was the ratio of toluene and TEOF, with the 
latter in most cases acting both as a reagent and 
a solvent. The starting concentration of acetophen-
one (С = 0.4 mol L–1) in the reaction solution was 

the same as the starting concentration of a diacetyl 
arene in the reaction of obtaining a highly porous 
polymer. To estimate, in the fi rst approximation, the 
duration of polymer-forming reactions, the time of 
the synthesis was limited to 6 h, i.e., the reactions 
were interrupted before they were completed. Then 
the reaction mixtures were treated with ammonia. 
As it turned out, along with the expected 1,3,5-tri-
phenylbenzene (2) (see Scheme 1), m-terphenyl (3) 
was present among the reaction products. Diphen-
ylpyrylium salt (4), which was formed during the 
reaction, was transformed into 2,6-diphenylpyridine 
(5) upon treatment of the reaction solution with 
ammonia. 

The synthesis conditions and the ratio and yields 
of the products are given in Table 1. When the reac-
tion was carried out at low concentration of TEOF 
(runs 1 and 2), the main product was compound 2. 
In run 1, its yield was very low, indicating the neces-
sity of the use of TEOF at least in an equimolar ratio 
to acetophenone 1 (run 2) to increase the yield of 
compound 2. 

With an increase in the proportion of TEOF in 
the solvent mixture, the proportion of hydrocarbon 
2 among the reaction products decreased, whereas 
the proportion of pyridine derivative 5 sharply grew 
and reached to almost 90%. This happened when 
using a small amount of toluene or in the absence of 
toluene (runs 6 and 7). The fact that diff erent prod-
ucts are formed under seemingly similar conditions 
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can be explained by proceeding of the reaction ac-
cording to diff erent mechanisms.

Initially, diethoxycarbonium cation (А) is formed 
under the action of an acid catalyst on TEOF 
(Scheme 2). In a non-polar solvent, ketone 1 pre-
dominantly exists in the keto form, which determines 
the following mechanism leading to the formation 
of compound 2. Under these conditions, diethoxy-
carbonium cation А, which has strong alkylation 
ability, carries out О-ethylation of molecule 1, con-
verting it into carbocation B, which can reversibly 
be transformed into α-ethoxystyrene (C). Then, 
intermediate B is added to the methylene group of 
vinyl ether C, which is polarized due to the presence 
of the oxygen atom at the double bond. The ethanol 
elimination from the product results in the formation 
of a more stable carbocation stabilized by conjug-
ation. The subsequent addition of another molecule 
C aff ords the trimeric carbocation, which forms an 
intermediate complex after the loss of an ethanol 

Scheme 1

Reagents and conditions: i. 1) HC(OEt)3, toluene, HCl, 20 C, 6 h; 2) NH3, CHCl3, 20 C, 65 h.

Table 1. Dependence of yield and molar ratio of reaction products on synthesis conditionsa

Run Molar TEOF content Yield of Mole fraction 
 ratio in initial mixture products Y (%)b of products x (%)b

  TEOF : 1 of solvents 2 3 5 2 3 5
   (TEOF—toluene) (%)

1 0.6 : 1 4 8.8 0 0 100 0 0
2 1.2 : 1 8 56.9 2.6 0 94.9 5.1 0
3 2.4 : 1 17 57.5 7.1 6.5 77.3 9.6 13.1
4 3.6 : 1 25 17.2 8.4 15.2 35.5 17.5 47.0
5 7.2 : 1 50 5.4 6.6 24.0 11.2 13.8 75.0
6 10.8 : 1 75 2.4 4.9 37.7 3.7 7.8 88.5
7 14.4 : 1 100 2.1 6.6 52.1 2.4 7.7 89.9

a Conditions: 1) Acetophenone (1) 1.2 mL (10 mmol), solvent (TEOF—toluene) 24 mL, HCl (gas), 
6 h; 2) NH3, 65 h. 
b Calculated data, see Experimental.

Scheme 2
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molecule. The latter is transformed into arene 2, 
losing a proton and one more ethanol molecule.

The presence of an acid catalyst, especially in 
molar amounts, intensifi es the process of keto-enol 
tautomerism (Scheme 3). When the reaction is car-
ried out in a medium consisting mainly or only of 
TEOF (see Table 1, runs 6 and 7), the enol form (1´) 
of ketone is stabilized by hydrogen bonds with TEOF 
molecules. Therefore, under these conditions, TEOF 
reacts with the enol form 1´ of the ketone, which 
fi nally results in the formation of the pyrylium salt 
(see Scheme 3). Enol 1´ reacts with diethoxycarbo-
nium cation A, producing carbocation D. The latter 
is transformed into another carbocation E in two 
steps. Carbocation E in its turn reacts with another 
molecule of enol 1´. Resulting carbocation F elimi-
nates an ethanol molecule with the formation of an 

intermediate complex (J), which eventually turns 
into pyrylium salt 4.

The maximum proportion of terphenyl 3 among 
the reaction products was at a TEOF content of 25% 
in the initial mixture of solvents. The formation of 
compound 3 includes several steps in an arbitrary 
sequence. One of the possible pathways is represented 
in Scheme 4.

Triethyl orthoformate reacts with two molecules 
of ketone 1 with the formation of an unsaturated 
diketone, which reacts with one more molecule of 
ketone 1. The resulting diketone dissociates to ethyl 
benzoate and dienone. The latter undergoes the 
cyclization to terphenyl 3.

When the proportion of TEOF in the solvent 
mixture is 25% or more (see Table 1, runs 4—7), 
compound 5 is the predominant reaction product. 

Scheme 3

Scheme 4
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This fact makes it possible to expect that polyphenyl-
enepyridines with a high nitrogen content can be 
obtained under similar conditions. 

Experimental

Acetophenone (1) before use was purifi ed by distillation 
in argon, collecting a fraction with b.p. 201—202 С. 
Triethyl orthoformate, CH(OEt)3, was distilled over 
potassi um carbonate, collecting a fraction with b.p. 
143—145 С. Toluene was distilled in argon under sodium, 
collecting a fraction with b.p. 109—110 С.

1H NMR spectra were recorded on a Bruker Avance-400 
spectrometer (400.13 MHz) in CDCl3. Chemical shifts 
are given relative to the residual solvent signal. Preparative 
chromatographic separation of products was carried out 
on columns fi lled with Silica gel 70—230 mesh, 60 Å 
(Merck, Germany). Chloroform was used as an eluent.

1,3,5-Triphenylbenzene (2). 1Н NMR (CDCl3), δ: 7.43 
(t, 3 Н, Ph, J = 7.2 Hz); 7.52 (t, 6 Н, Ph, J = 7.4 Hz); 
7.74 (d, 6 Н, Ph, J = 7.6 Hz); 7.83 (s, 3 Н, C6H3). These 
spectral data are close to the reported ones.17

2,6-Diphenylpyridine (5). 1Н NMR (CDCl3), δ: 7.50—
7.63 (m, 6 Н, Ph); 7.74 (d, 2 Н, С5Н3N, J = 7.2 Hz); 
7.83 (t, 1 Н, С5Н3N, J = 6.6 Hz); 8.27 (d, 4 Н, Ph, 
J = 7.2 Hz).*

m-Terphenyl (3). A comparison of the 1Н NMR spect-
rum of the corresponding fraction (Fig. 1) with literature 
data11,18,19 made it possible to suppose that this fraction 
consisted of compounds 2 and 3. The 1Н NMR spectrum 
of a mixture of triphenylbenzene 2 and commertially 
available m-terphenyl 3 in a ratio of 1 : 2.5 (by weight) was 
identical with the spectrum shown in Fig. 1.

Synthesis procedure. Hydrogen chloride was bubbled 
through a solution of acetophenone (1.2 mL, 0.01 mol) 
in a mixture of CH(OEt)3 and toluene (see Table 1) under 
stirring at room temperature for 6 h. Then, the reaction 
mixture was added to a saturated ammonia solution in 
chloroform (200 mL) under stirring. Vapors over the re-
sulting suspension showed an alkaline reaction in accor-
dance with a test using indicator paper. The mixture was 
kept in a closed fl ask for 65 h. The precipitated salt was 
fi ltered off  and washed with chloroform. The fi ltrate was 
evaporated under reduced pressure. Diphenylpyridine 5 
(Rf –0.8) and a mixture of compounds 2 and 3 (Rf –0.9) 
were obtained by chromatographic separation of products. 
Since hydrocarbons 2 and 3 are diffi  cult to separate chrom-
atographically, the molar ratio and weights of the products 
were calculated using 1H NMR spectra (see Fig. 1), based 
on the ratio of the integral intensities of the signals for the 
ortho protons of the phenyl groups with respect to those 

of the central benzene ring. Signals for other protons 
overlapped and thus were uninformative. 

Calculation of the molar ratio and weights of products 
based on spectral data. The doublet for the ortho phenyl 
protons relative to the central benzene ring of arene 2 was 
observed at δ 7.74 (see Fig. 1). The number of these pro-
tons is 6; p/6 is the integral intensity per one proton for 
the signal at δ 7.74. The doublet for the ortho phenyl pro-
tons relative to the central benzene ring of arene 3 was 
observed at δ 7.69. The number of these protons is 4; 
r/4 is the integral intensity per one proton for the signal 
at δ 7.69. Therefore, (p/6) : (r/4) is the molar ratio of arene 
2 and terphenyl 3 in the mixture.

Mole fraction of compound 2 in the mixture (x):

х = (p/6)/(p/6 + r/4);

Mole fraction of compound 3 in the mixture (y):

у = (r/4)/(p/6 + r/4).

Calculations of weights of compounds 2 (m2) and 3 
(m3) in the mixture were carried out by the following 
formulas:

m2 = (m•x•M2)/mav, m3 = (m•y•M3)/mav,

where m was the mixture weight (g), M2 and M3 were 
molecular weights of triphenylbenzene 2 and m-terphenyl 
3, respectively, mav was an average molecular weight of 
the mixture obtained by the formula: mav = x•M2 + y•M3.

Calculations of theoretical yields of the products with 
respect to acetophenone were carried out as follows. The 
number of millimoles of compounds 2 (μ2), 3 (μ3), and 
2,6-diphenylpyridine 5 (μ5) was calculated using the for-
mulas: 

μ2 = (m2/M2)•103,

μ3 = (m3/M3)•103,

μ5 = (m5/M5)•103,

where m5 and M5 were the weight and the molecular weight 
of pyridine 5, respectively.

Share theoretical yields of triphenylbenzene 2 and 
m-terphenyl 3 were calculated using the formulas:

y2
theor = M2/(3•M1), y3

theor = M3/(3•M1),

and that of pyridine 5 was calculated by the following 
equation:

y5
theor = M5/(2•M1),

where M1 was the molecular weight of acetophenone 1.
Theoretical yields (g) of compounds 2, 3, and 5 were 

defi ned by the equations:

Y2
theor = m1•y2

theor,
* https://sdbs.db.aist.go.jp/sdbs/cgi-bin/landingpage?sdbsno=
4910.
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Y3
theor = m1•y3

theor,

Y5
theor = m1•y5

theor,

where m1 was the weight of acetophenone used in the 
synthesis (g).

Real yields of the products (%) were calculated using 
the following formulas:

Y2 = (m2/Y2
theor)•100, 

Y3 = (m3/Y3
theor)•100,

Y5 = (m5/Y5
theor)•100.

Molar fractions of products (%) were calculated ac-
cording to the equations:

x2 = (μ2/Σμ)•100, x3 = (μ3/Σμ)•100, x5 = (μ5/Σμ)•100,

where Σμ = μ2 + μ3 + μ5 was the sum of millimoles of the 
products.
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