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BTPPC-catalyzed one-pot synthesis of 1,4-dihydropyridine derivatives via Hantzsh
condensation under solvent-free conditions
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Benzyltriphenylphosphonium chloride (BTPPC) catalyzed efficient Hantzsch reaction via three-component coupling
reactions of aldehydes, ethyl acetoacetate and ammonium acetate under solvent-free conditions is described for the
preparation of 1,4-dihydropyridine derivatives. The process presented here is operationally simple, environmentally

benign, inexpensive and gives good to excellent yields.
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INTRODUCTION

Five- and six-member heterocyclic compounds
are important constituents that often exist in
biologically active natural products and synthetic
compounds of medicinal interest [1-4]. Among
these compounds, 1,4-dihydropyridine (1,4-DHP)
heterocyclic rings are a common feature of various
bioactive compounds such as vasodilator,
bronchodilator, anti-atherosclerotic, anti-cancer and
anti-diabetic agents [5-8]. Furthermore, 1,4-DHPs
have several other medicinal applications which
include neuroprotecting [9] and cerebral anti-
ischemic  properties for the treatment of
Alzheimer’s disease [10,11]. Classical method used
for the synthesis of these compounds is one-pot
condensation of aldehyde with ethyl acetoacetate
and ammonia in acetic acid or in refluxing alcohol
[12]. This method suffers from several
disadvantages such as long reaction time, harsh
refluxing conditions, excessive use of volatile
organic solvents and low vyields. In recent years,
due to the importance of 1,4-DHPs, the attention to
the synthesis of 1,4-DHPs increased. Different
approaches for the synthesis of 1,4-dihydropyridine
derivatives using various catalysts, such as
cellulose-sulfuric acid [13] triphenylphosphine [14]
iron () trifluoroacetate [15], ionic liquid
[tbmim]CI,/AICI; [16], nickel nanoparticles [17],
aluminium phosphate [18], titanium dioxide
nanoparticles [19], diphenylammonium triflate
[20], visible light [21], melamine trisulfonic acid
[22], Cu(OTf), [23], Fex(S04)3.xH.O [24],
Fes0,@SiO, nanoparticles [25], p-TSA [26] and
hydrotalcites or hydrotalcite-like materials [27]
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have been reported.

Unfortunately, many of these reported methods
suffer from major or minor limitations such as the
use of expensive reagents, low yields, long reaction
times, tedious work-up procedures or the use of
hazardous and volatile organic solvents. Thus, the
search for new reagents and methods is still of
growing importance.

Herein, we report a simple, efficient and cost-
effective one-pot method for the synthesis of DHPs
from ethyl acetoacetate, ammonium acetate and an
aldehyde, using the BTPPC catalyst (Scheme 1).

RESULTS AND DISCUSSION

Initially, benzaldehyde was used to react with
ethyl acetoacetate and ammonium acetate in the
presence of 15 mol% BTPPC in various solvents
like EtOH, THF, CHCI;, CH3CN and DMF at
reflux temperature in order to optimize the reaction
conditions (Table 1, entries 1-5). The reaction was
studied under solvent-free conditions too.

It was found that the best results were obtained

with 15 mol% BTPPC under solvent-free
conditions (Table 1, entry 6). The reaction was
completed within 30 min and the expected product
was obtained in a 90% vyield.
Next, we studied the effect of temperature on the
model reaction. The reaction was studied at various
temperatures like room temperature, 60, 100 and
130 °C. The yield of the product increased up to
100°C. After 100°C, the increase in the temperature
did not lead to an increase in the yield.

Therefore, our optimized conditions were: 15
mol% of BTPPC, solvent-free at 100 °C, Table 2.
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Scheme 1. Synthesis of 1,4-dihydropyridine derivatives using BTPPC under solvent-free conditions.

Table 1. Synthesis of 2,6-dimethyl-4-(phenyl)-1,4-dihydropyridine-3,5-diethylcarboxylate from benzaldehyde, ethyl
acetoacetate and ammonium acetate catalyzed by BTPPC under various conditions @,

Entry Solvent Amount of Catalyst (mol %) Time (h) Yield (%)°
1 EtOH 15 5 48
2 THF 15 5 43
3 CHCls 15 5 45
4 CH:CN 15 5 55
5 DMF 15 5 38
6 None 15 0.5 90

2 Reaction conditions: benzaldehyde (1 mmol), ethyl acetoacetate (2 mmol) and ammonium acetate (1.5 mmol), the
amount of solvent used for entries 1-5 was 5 mL.
b Isolated yields.

Table 2. Optimisation of temperature using BTPPC (15 mol%) as catalyst 2.

Entry Temperature (°C) Time (h) Yield (%)°
1 r.t 5 -
2 60 1 78
3 100 0.5 90
4 130 0.5 90

@ Reaction conditions: benzaldehyde (1 mmol), ethyl acetoacetate (2 mmol) and ammonium aceate (1.5 mmol),
under solvent-free conditions.
b Isolated yields.

Table 3. Synthesis of 1,4-dihydropyridine derivatives using aldehyde, ethyl acetoacetate and ammonium acetate in
the presence of BTPPC (15 mol%) under solvent-free conditions @.

Entry Ar-H Product Yield Time  M.p. [Lit. m.p.
(%)  (min) °c]
CHO
1 90 30 158 [158-
160]%
CHO
2 75 40 138-140 [140-
1427?°
OMe

Table 3 continues on the next page
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Table 3 — continuation

CHO
3 @ 75
NO,
CHO
4 ©/ 79
OH
CHO
5 ©/ 80
NO,
OMe
CHO
6 /©/ 87
CH,0
CHO
7 /©/ 80
HO

45

35

40

30

38

117-119 [118]%

179-181 [180-
182]°

159-161 [161-
163]%

160-162 [158-
160]%

230-232 [229-
232]%°

Table 3 continues on the next page
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Table 3 — continuation

84 35  139-140 [137-
139)%

CHO
9 84 35 143-145 [144-
1453
Cl
CHO
10 82 35 164-166 [160-
162]%
Br
CHO
11 82 35 130-132 [130-
131]3
O,N
CHO
12 85 35 160-162 [156-
158]%
MeO
OMe

13 87 30 161-163(160-

162)2

/\

o~ ~CHO

@ Reaction conditions: aldehyde (1 mmol), ethyl acetoacetate (2 mmol) and ammonium acetate (1.5 mmol), under
solvent-free conditions at 100 °C.
b Isolated yields.
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A series of 14-dihydropyridines were
synthesized by using diverse aldehydes, ethyl
acetoacetate and ammonium acetate in the presence
of BTPPC (15 mol%) as a catalyst under solvent-
free conditions (Table 3).

As shown in Table 3, the reaction proceeds
equally well irrespective of the nature of the
carbonyl compounds (aromatic, heteroaromatic) to
afford the corresponding products in excellent
yields (75-90%). The catalytic system works well.
It is noteworthy to mention that the effect of the
nature of the substituents on the aromatic ring
showed no obvious effect on the conversion,
because they were obtained in high vyields in
relatively short reaction times.

The mechanism of this reaction in the presence
of BTPPC is similar to that of Hantzsh reaction
mechanism. BTPPC may increase the electrophilic
character of the carbonyl carbon of the aldehydes
by forming intermolecular bonds between the
phosphonium cations and the carbonyl oxygen of
the aldehydes.

CONCLUSIONS

In conclusion, BTPPC was found to be an
efficient catalyst in the one-pot reaction of
aldehydes, ethyl acetoacetate and ammonium
acetate to afford 1,4-dihydropyridines.

The low cost, availability, low toxicity and
stability of the catalyst under normal temperatures
and pressures, good to excellent yields of products
and short reaction times make this methodology a
valid contribution to the existing processes in the
field of 4-substituted-1,4-dihydropyridines
derivatives synthesis.

EXPERIMENTAL
Chemicals and Apparatus

All chemicals were obtained from Merck and
Fluka Companies. The melting points were
measured using an Electrothermal 1A 9100 digital
melting point apparatus. The IR spectra were
recorded on a Bruker (4000-400 cm?)
spectrometer. *H NMR spectra were recorded on a
400 MHz spectrometer using TMS as internal
standard.

General Procedure

A mixture of aldehyde (1 mmol), ethyl
acetoacetate (2 mmol), and ammonium acetate (1.5
mmol) was stirred at 100 °C in the presence of
BTPPC (15 mol%) for the appropriate time. After
completing the reaction, as indicated by TLC, the
reaction mixture was dissolved in ethanol and

poured into water. The resulting precipitate was
filtered and purified by recrystallization from
ethanol to afford the desired compound in pure
form. All products were identified by comparison
of their physical and spectroscopic data with those
reported for authentic samples.

Diethyl 1,4-dihydro-2,6-dimethyl-4-
phenylpyridine-3,5-dicarboxylate (Entry 1, Table
3): IR (KBr): ymax 3342, 1689, 1651, 1491, 1218,
1127, 704cm™. 'HNMR (400 MHz, DMSO-ds,
d/ppm): 1.12 (t, J= 7.2 Hz, 6H), 2.25 (s, 6H), 3.98
(m, 4H), 4.85 (s, 1H), 7.21-7.07 (m, 5H), 8.80 (s,
1H). 3CNMR (100 MHz, DMSO-ds, 8/ppm): 14.2,
19.5, 39.6, 59.7, 104.1, 126.1, 127.8, 128.0, 143.9,
143.7, 167.6.

1,4-Dihydro-2,6-dimethyl-4-(4-methoxyphenyl)
pyridine-3,5-dicarboxylate (Entry 6, Table 3): IR
(KBr): ymax 3342, 2983, 1694, 1491cm™. 'HNMR
(400 MHz, CDCls, 8/ppm): 1.24 (t, J= 7.2 Hz, 6H),
2.33 (s, 6H), 3.76 (s, 3H), 4.01 (m, 4H), 4.94 (s,
1H), 5.70 (s, 1H), 6.76 (d, J= 8.8 Hz, 2H), 7.21 (d,
J= 8.8 Hz, 2H). ¥3CNMR (100 MHz, CDClIs,
O/ppm): 14.2, 19.5, 38.7, 55.1, 59.7, 104.3, 113.1,
128.9, 140.3, 143.5, 157.8, 167.7.

Diethyl 1,4-dihydro-2,6-dimethyl-4-(4-
nitrophenyl)pyridine-3,5-dicarboxylate (Entry 11,
Table 3): IR (KBr): ymax 3326, 1694, 1646, 1523,
1346, 1218, 1116, 704cm™ HNMR (400 MHz,
CDCls, é/ppm): 1.23 (t, J= 7.2 Hz, 6H), 2.37 (s,
6H), 4.11 (m, 4H), 5.10 (s, 1H), 5.79 (s, 1H), 7.46
(d, J= 8.4 Hz, 2H), 8.10 (d, J= 8.4 Hz, 2H).
BCNMR (100 MHz, CDCls, &/ppm): 14.2, 19.6,
40.1, 60.0, 103.2, 123.3, 128.9, 144.6, 146.3, 155.1,
167.0.

Diethyl 1,4-dihydro-2,6-dimethyl-4-(3,4-
dimethoxyphenyl)pyridine-3,5-dicarboxylate
(Entry 12, Table 3): *HNMR (400 MHz, DMSO-
ds, &/ppm): 1.15 (t, J= 7.2 Hz, 6H), 2.25 (s, 6H),
3.67 (s, 6H), 4.10-3.90 (m, 4H), 4.79 (s, 1H), 6.63
(dd, J= 8.4 Hz, 2.0 Hz, 1H) 6.73 (d, J= 2 Hz, 1H),
6.79 (d, J= 8.4 Hz, 1H), 8.77 (s, 1H). *CNMR (100
MHz, DMSO-ds, &/ppm): 14.7, 18.6, 38.7, 55.7,
55.8,59.4, 102.4, 111.9, 112.1, 119.6, 141.4, 145.5,
1475, 148.3, 167.5.
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BTPPC-KATAJIN3UPAHA EJJHOCTAJUMHA CUHTE3A HA 1,4-JIUXUJIPOITUPUINHOBHA
I[TPON3BOJHU YPE3 KOHJAEH3AILIMA HA HANTZSH BE3 PASTBOPUTEJI

M. Anukapamu®, M. l'acemsn?®

Y enapmamenm no xumus, Knon Hnam, Hcnamcku ynueepcumem ,, Azao “, Unam, Upan
2 lenapmamenm no xumus, Knon Bopyoxcepo, Hcnamcku ynueepcumem ,, A3ao “, Bopyoacepo, Upan

[ocreruna Ha 17 cenremBpy, 2014 r.; mpuera Ha 16 HOemBpH, 2015 T.

(Pesrome)

bensun-tpudenunn-pocdonues xiaopun (BTPPC) karamusupa edextuBHa peaxims Ha Hantzsch upes tpu-
KOMITOHEHTHa CHHTe3a Ha 1,4-IMXJIOPONUPHUIAMHOBHA MPOMU3BOJHHM OT aIEXUJIH, ETHJIALETAT U AMOHHUEB alleTaT B
ycoBusi  6e3 pasTBopuTeN. [IpolechT € MPOCT 3a U3ITbIHEHHE, EKOJIOTHIHO CHBMECTHM, €BTHH U C TOOPH JI0 OTIHYHA

OOUBH.

378


http://pubs.acs.org/action/doSearch?ContribStored=Tenti%2C+G
http://pubs.acs.org/action/doSearch?ContribStored=Parada%2C+E
http://pubs.acs.org/action/doSearch?ContribStored=Le%C3%B3n%2C+R
http://pubs.acs.org/action/doSearch?ContribStored=Egea%2C+J
http://pubs.acs.org/action/doSearch?ContribStored=Mart%C3%ADnez-Revelles%2C+S
http://pubs.acs.org/action/doSearch?ContribStored=Mart%C3%ADnez-Revelles%2C+S
http://pubs.acs.org/action/doSearch?ContribStored=Briones%2C+A+M
http://pubs.acs.org/action/doSearch?ContribStored=Sridharan%2C+V
http://pubs.acs.org/action/doSearch?ContribStored=L%C3%B3pez%2C+M+G
http://pubs.acs.org/action/doSearch?ContribStored=Ramos%2C+M+T
http://pubs.acs.org/action/doSearch?ContribStored=Men%C3%A9ndez%2C+J+C
http://www.sciencedirect.com/science/article/pii/S0040403914013124
http://www.sciencedirect.com/science/article/pii/S0040403914013124
http://www.sciencedirect.com/science/article/pii/S0040403914013124
http://www.sciencedirect.com/science/journal/00404039
http://www.sciencedirect.com/science/journal/00404039/55/38
http://www.sciencedirect.com/science/journal/00404039/55/38
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shahani%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fun%20HK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20BP%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vijayakumar%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sarveswari%20S%5Bauth%5D

