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Abstract: A series of 1,4-dihydropyridines were synthesized in ain pure watei.’ Herein, we wish ta report a further devel-
environmentally benigﬁ method, by reacting aldehydes with ac pment in th.ls field, that is, the one-pot synthesis of pyri-
toacetate esters or acetylacetone and ammonium acetate in refdiie derivatives from aldehydes, ethyl acetoacetate or
ing water. The thus formed 1,4-dihydropyridines was subsequen@g€tylacetone, ammonium acetate and oxidants in pure
oxidized in one-pot to the corresponding pyridine derivatives by eivater. This is a much more straightforward method to

ther ferric chloride or potassium permanganate. synthesize pyridine derivatives. The present protocol sim-
Key words: 1,4-dihydropyridines, pyridines, aromatization, aqueplified the two-step processes for the synthesis and then
ous-phase synthesis the oxidation of purified 1,4-dihydropyridines in the liter-

ature into a one-pot fashion, therefore, the current proce-
dure is more facile and friendly to the environment.
Hantzsch esters exhibit a wide range of biological activi-
ties such as calcium channel blockers, and they are exten-
sively usedor the treatment of cardiovascular disedsesAromatization with Ferric Chloride
In recent years it was found that drugs such as nifedipine
and niguldipine undergo redox processes due to the cate#szlo’s group and Khadilkar’'s group have reported the
ysis of cytochrome P-450 in the liver during their metakromatization of Hantzsch esters with clay- or silica gel-
olism2 Therefore, the aromatization of Hantzsch estegsipported ferric nitrate in chloroforth?® Herein, we
has attracted considerable attention recently. Moreoverwish to report the one-pot synthesis of pyridine deriva-
is by far the easiest method to obtain pyridine derivativelives 4 with aldehyded, ethyl acetoacetat®), ammoni-
Several oxidation reagents have been reported for the @i acetate ) and ferric chloride in refluxing water
omatization of Hantzsch esters, such as HR@NO,3 (Scheme 1).

DDQS NO! CrQ,° CrQ,° PCC] NaNQO,® At first, we tried to add ferric chloride to the mixture con-
(NH,);Ce(NO)s®  Cu(NOy),*®  Bi(NOs)3:5H,0,"  taining1, 2 and3 in the beginning, but even the formation
Mn(OAc);, > RuCL/O,* activated carbon/® and of Hantzsch esters was rather hard to achieve. Therefore,
Zr(NOy),.*° ferric chloride has inhibitory effect on the first step of the
However, all of the reported oxidation procedures suffégaction. To our delight, the aromatization goes smoothly
from the use of organic solvents such as dichloromethané)en ferric chloride is added after the substraj&sand
chloroform, xylene, acetic acid and so on. Furthermoréhave been converted to Hantzsch esters. In this protocol,
all of these reported procedures use directly the 1,4-dihye organic solvent or additive is used during the reaction
dropyridines as substrates. On the other hand, utilizatiprocess. The reaction time, yield as well as the melting
of water as the reaction medium has attracted intensive p@int for the one-pot synthesis of pyridine derivatives
tention as a kind of environmentally benign chemistry igaromatized with ferric chloride with the molar ratiolof
recent year$? which prompted us perform these kinds o, 3 and FeCJas 1:3:4:2 are listed in Table 1.

reactions in pure watéf. All products4 were characterized by melting poifi]

In our most recent work, we have developed a facile alMR, **C NMR and IR spectra, and the known com-
benign method for the synthesis of 1,4-dihydropyridinggounds were confirmed by comparison with the reported

R

RCHO + 2 CH;COCH,COOC,Hs + NH 0Ac _2Xdant CzHSOOTTCOOCZHS
H,0,
- P

reflux CHy N~ "CH;
1 2 3 4a-o

Scheme 1
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Tablel One-Pot Synthesis of Pyridine Derivatives Aromatized with Ferric Chloride

Entry Aldehyde Product R 1 {min)y t, (h)° Yield (%) Mp (°C) (Lit.)

1 CH,0° 4a H 40 4 80 69-70 (69—76)

2 CH,CHO? 4b CH; 90 4 53 oil (oiP)

3 CH4CH,CHO 4c CH,CH, 90 4 57 oil (0if)

4 CH,CH,CH,CHO 4ad CH4CH,CH, 90 4 59 oil (0if?

5 (CH,),CHCHO 4a H 90 4 62 69-70 (69-70)

6 (CH,),CHCH,CHO de (CH,),CHCH, 90 4 58 oil

7 CeHsCHO 4f CeHs 60 4 55 61-63 (62—69

8 CsHsCH,CHO 4a H 90 4 60 69-70 (69-79

9 3-NO,C¢H,CHO 4g 3-NO,CH, 40 4 67 60-62 (61-69
10 4-NO,C4H,CHO 4h 4-NO,CgH, 40 4 66 114-116 (114-13%
11 4-CIGH,CHO 4 4-CICgH, 60 4 58 69-71 (6769
12 3,4-CIGH,CHO 4 3,4-CIGH, 60 4 69 70-71 (66-68
13 4-BrGH,CHO 4k 4-BrCgH, 60 4 62 52-54
14 4-CNGH,CHO 4 4-CNGH, 40 4 62 102-104
15 3,4-(OCHO)C4H,CHO 4m 3,4-(OCHO)C4Hs 60 4 67 104-106 (99184
16 4-CHC4H,CHO 4n 4-CH,C¢H, 60 4 53 47-48 (72-13°
17 4-CH,0OC¢H,CHO 40 4-CH;OCgH, 60 4 52 50-52 (51-59

2Reaction time for the synthesis of Hantzsch esters.
bReaction time for the aromatization of Hantzsch esters.
¢Paraformaldehyde.
440% aqueous solution.
¢The melting point ofin is quite different from that reported in the literature, the structure of which was confirridd\R, 3C NMR and
IR spectral data.

data. FroniTable 1, one can see that both alkyl and araicts were mixtures of the corresponding pyridine and
matic aldehydes could be employed in the synthesis adealkylated pyridine or solely dealkylated pyridine de-
oxidation of Hantzsch esters. The reaction timeoftthe pending on the solubility of oxidant in the reaction medi-
first step, i.e., the synthesis of Hantzsch esters, variath. Herein, we have successfully synthesized various
from 40 to 90 minutes, and thaf)(of the second step, i.e., pyridine derivatived directly through the oxidation of the
the oxidation of Hantzsch esters, were all four hours. Thtantzsch esters obtained from aldehytiesthyl aceto-

yields were moderate to good.

In our previous work, a series of Hantzsch esters hal&
been synthesized by the one-pot reactions of aldehyddse reaction procedure is the same as the one-pot synthe-

acetate §) and ammonium acetat8)(by potassium per-
nganate in refluxing water (Scheme 1).

with ethyl acetoacetate and ammonium acetate in reflusis of pyridine derivatives aromatized by ferric chloride,
ing water, the reaction time of which was several hours. &md the detailed results for the one-pot synthesis of pyri-
this paper, in order to shorten the reaction time, we idine derivatives aromatized with potassium permanganate
creased the dosage of ammonium acetate from two to fauith the molar ratio ofl, 2, 3 and KMnQ as 1:3:4:2 are
equivalents. We also decreased the amount of ethyl asammarized in Table.

toacetate slightly (from four to three equiv).

Aromatization with Potassium Per manganate

Vanden Eynde and co-workers have reported the arom
zation of Hantzsch esters with potassium permanganate in
heterogeneous organic solvefitén their work, the prod-

Synthesis 2005, No. 14, 2379-2383 © Thieme Stuttgart - New York

The reaction time for the first step is just the same as that

shown inTable 1, and for the second step it varied from

one to five hours. Compared with ferric chloride, the

yields achieved here are higher, suggesting that potassium
ermanganate works better than ferric chloride for the
romatization of Hantzsch esters.

It Is noticeable that when the aldehyde was secondary
alkyl aldehyde or benzyl aldehyde, only dealkylated prod-
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Table2 One-Pot Synthesis of Pyridine Derivatives Aromatized with Potassium Permanganate

Entry Aldehyde Product R 1 {min) t, (h) Yield (%)
1 CH,0 4a H 40 1 93
2 CH,CHO 4b CH; 90 5 70
3 CH4CH,CHO 4c CH,CH, 90 5 67
4 CH,CH,CH,CHO 4d CH4CH,CH, 90 5 72
5 (CH,),CHCHO 4a H 90 4 63
6 (CH,),CHCH,CHO 4e (CHa),CHCH, 90 5 75
7 CHsCHO 4f CeHs 60 3 74
8 CsHsCH,CHO 4a H 90 5 82
9 3-NO,C,H,CHO 4g 3-NO,CH, 40 2 90

10 4-NO,C¢H,CHO 4h 4-NO,CH, 40 2 91

11 4-CIGH,CHO 4i 4-CICH, 60 3 85

12 3,4-CIGH,CHO 4 3,4-CIG;H 60 3 87

13 4-BrGH,CHO 4k 4-BrCgH, 60 3 84

14 4-CNGH,CHO 4 4-CNGH, 40 3 80

15 3,4-(OCHO)CH,CHO am 3,4-(OCH0)C4H5 60 3 87

16 4-CHCH,CHO 4n 4-CHyC¢H, 60 3 76

17 4-CHOGCH,CHO 40 4-CHOCH, 60 3 78

uct4a (entries 5 and 8 in Tables 1 and 2) was formed witBhaven et al. have investigated the oxidation of 4-substi-
either ferric chloride or potassium permanganate as theed 1,4-dihydro-2,6-dimethyl-3,5-pyridine dicarboxyl-
oxidant. This is consistent with previous reates to pyridines with Co(ll) catalydt or tert-
ports3a.c.5.7.8a,0,d,11,13,14 butylhydroperoxidé?® In both cases, the dealkylated py-

ridine derivativeba was obtained selectively when the 4-

substituent was an alkyl group. But in our work, dealkyla-
Extension to Other 1,3-Dicar bonyl Compounds tion was observed only when the substituent at the 4-posi-

tion was a secondary alkyl group (Table 3, entries 5 and
We have tried to extend the above methods for the syntl@&@- The same phenomenon was observed for acetylacetone
sis of pyridines to other 1,3-dicarbonyl compounds. It wg3able 3, entries 13 and 14).

found that methyl acetoacetate and acetylacetone replges mmary, the synthesis and aromatization of a series of
ing ethyl acetoacetate could also be employed in this ON€2-dihydropyridines have been achieved by the one-pot
pot synthesis and aromatization of 1,4-dihydropyridinggactions of aldehydes with 1,3-dicarbonyl compounds
in refluxing water (Scheme). The detailed results with 514 ammonium acetate followed by oxidation with either
the same reagent ratio are summarized in Taldt fopic chioride or potassium permanganate in refluxing
should be mentioned that even though 5,5-dimethyl-1,&a1er The current procedure does not use any organic sol-
cyclohexanedione and 1,3-cyclohexanedione could reqglnt 'and it simplifies the formerly reported procedures.
with aldehydes and ammonium acetate smoothly to affofgherefore, it is a more straightforward and environmental-
1,4-dihydropyridines with excellent yield, the formed 1,4 benign protocol, which can be a practical alternative
dihydropyridines were very hard to be oxidized to the Cofathod for the synthesis of pyridine derivatives.
responding pyridine derivatives with either ferric chloride
or potassium permanganate in refluxing water.
'H NMR and**C NMR spectra were recorded at 300 MHz and 75
&l MHz respectively on a Bruker Avance-300 spectrometer with

oxidagt RZOC/\KECORZ chemical shiftsd) given in ppm relative to TMS as an internal stan-
I

R!CHO + 2CH;COCH,COR® + NH;0Ac 3 dard and coupling constanty {n Hz. IR spectra were taken on a

reflux  CHy” “N” “CH, Bruker Vector-22 spectrometer in KBr pellets and reported m.cm
1 5 3 6 Melting points were determined on a XT-4 apparatus and are uncor-

rected.
Scheme 2
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Table3 One-Pot Synthesis of Pyridine Derivatives

Entry Aldehyde Product R R? Oxidant t (min) t, (h) Yield (%) Mp (°C) (Lit.)
1 CH,O 6a H OCH, FeCl 40 2 93 101-103
2 KMnO, 1 90 (1007
3 CH,CH,CH,CHO 6b CH,CH,CH, OCH;, FeCl 90 4 75 oil
4 KMnO, 4 79
5 (CH3),CHCHO 6a H OCHj,4 FeCl 90 4 88 101-103
6 KMnO, 4 82 (1003
7 3-NO,CgH,CHO 6c 3-NO,CgH, OCH;, FeCl 40 4 88 124-126
8 KMnO, 4 90 (122-125%
9 CH,O 6d H CH, FeCl 40 2 76 68-70
10 KMnO, 2 78 (70-7%9
11 CH,CH,CH,CHO 6e CH,CH,CH, CH, FeCl 90 3 54 oil
12 KMnO, 3 56
13 (CH3),CHCHO 6d H CH, FeCl 90 2 51 68-70
14 KMnO, 2 54 (70-7%9
15 3-NO,CgH,CHO 6f 3-NO,CgH, CH, FeCl 60 2 44 125-127
16 KMnO, 2 45

Formation of 1,4-Dihydropyridinesand Their Subsequent Aro-  *3C NMR (CDCL): 6 = 13.7, 23.1, 61.6, 123.0, 126.8, 129.9, 131.4,
matization in One Pot by Ferric Chloride or Potassium Per- 135.5, 144.9, 155.7, 167.7.

manganate; General Procedure

A mixture of aldehydd (0.5 mmol), acetoacetate ester or acetylCompound 4

acetoneZ? or5, R = CH,;; 150 mg, 1.5 mmol) and N®Ac (154.2 IR (KBr): 2984, 2938, 2901, 2228, 1729, 1561, 1446, 1376, 1292,
mg, 2 mmol) in HO (2 mL) was stirred vigorously at reflux temper-1234, 1212, 1106, 1050, 1007, 866, 844cm

ature for the designated time (Tables 1-3); then f@ZD.3 mg, 1 14 NMR (CDCL): § = 0.96 (t,J= 7.1 Hz, 6 H, CH), 2.62 (s, 6 H

mmol) was added to the mixture and the reflux was continued fgi, 4 5 =71Hz 4H.CH).7.39 (dJ=8.3 Hz. 2 H ArH
the given time (Tables 1-3) to obtain the pyridine products. Afte,r.639)'(d'\] :(g’; Hy 2 HZ’ArHi. ), 7.39 (dJ=8.3Hz, 2 H, ArH),

that, the mixture was cooled to the r.t. and neutralized with sat. a

Na,CO,. [While neutralizing, it is very important to maintain the pH'“C NMR (CDCL): § = 13.7, 23.2, 61.7, 112.5, 118.3, 126.3, 129.2,
of the solution at 7, for the pyridine products readily form salts if th&31.9, 141.6, 144.3, 156.2, 167.3.

pH is under 7, otherwise Fe(OH)ill easily precipitate out and

make the work-up troublesome]. Then the mixture was extractémpound 4n

with EtOAc (2x 15 mL) and the combined organic extracts weréR (KBr): 2981, 2927, 1727, 1558, 1447, 1371, 1291, 1236, 1210,
dried (NaSO,). The crude products were obtained after evaporatiohl06, 1041, 856, 821 ctn

in vacuo and purified by recrystallization from petroleum ether exH NMR (CDCL): 5 = 0.95 (t,J = 7.1 Hz, 6 H, CH), 2.36 (s, 3 H,
cept fordb—e, 6b and6e, which were oils and were purified by col- CH,), 2.59 (s, 6 H, Ck), 4.03 (q,J=7.1 Hz, 4 H, CH), 7.13 (d,
umn chromatography. The procedure for the synthesis of 14=8.4 Hz, 2 H, ArH), 7.17 (d] = 8.4 Hz, 2 H, ArH).

dihydropyridines and then aromatization by KMn@as the same
~~ 13C NMR (CDCL): 6 =13.7, 21.3, 23.0, 61.4, 127.1, 128.0, 128.8,
as that of the Fe€procedure, except that 1 mmol of KMn@®@ 133.6, 138.3, 146.2, 155.3. 168.1.

gether with 0.5 mL of AcOH replaced the Fe@elected spectral
data of pyridinegl and6 are given below.

Compound 6b
Compound de IR (KBr): 2956, 1730, 1569, 1436, 1379, 1238, 1203, 1110, 1040
1
IR (KBr): 2959, 2927, 2871, 1729, 1566, 1465, 1370, 1279, 12387 -
1199, 1104, 1040 cth 14 NMR (CDCL): § = 0.92 (tJ = 7.3 Hz, 3 H, CH), 1.48-1.61 (m,
1H NMR (CDCH): § = 0.85 (d,) = 6.6 Hz, 6 H, CH), 1.40 (tJ=7.1 a HC'%E)* 2.50 (s, 6 H, Ch), 2.50-2.55 (m, 2 H, Cjil 3.93 (s, 6

Hz, 6 H, CH), 1.73-1.87 (m, 1 H, CH), 2.51 (s, 6 H, $}2.59 (d,
J=7.5Hz,2 H, Ch), 4.40 (qJ = 7.1 Hz, 4 H, CH). 13C NMR (CDCL): § = 14.6, 23.2, 24.3, 33.7, 52.5, 127.1, 146.9,

15C NMR (CDCH): & = 14.1, 22.6, 23.1, 29.6, 39.4, 61.5, 127.6-°0-> 1692
145.8, 155.0, 168.6.

Compound 6c
Compound 4k IR (KBr): 2951, 1730, 1560, 1445, 1361, 1247, 1213, 1103, 1038,
IR (KBr): 2983, 2920, 2851, 1724, 1557, 1490, 1445, 1385, 120438: 691 cm.
1233, 1212, 1104, 1069, 1045, 1010, 864, 834-cm 1H NMR (CDCL): 5 = 2.63 (s, 6 H, CH, 3.59 (s, 6 H, CH), 7.56—

7.59 (m, 2 H, ArH), 8.15-8.17 (m, 1 H, ArH), 8.26 (ddd; 5.8,

1 . _ —
H NMR (CDCL): § = 0.98 (tJ=7.1 Hz, 6 H, CR). 2.60 (s, 6 H, 5% Th = B AL

CHy), 4.05 (qJ = 7.1 Hz, 4H, CH), 7.14 (dJ = 8.3 Hz, 2 H, ArH),
7.52 (d,J=8.3 Hz, 2 H, ArH).
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13C NMR (CDCL): § =23.3,52.5,123.1, 123.6,126.5, 129.4, 134.2, (4) (a) Itoh, T.; Nagata, K.; Okada, M.; OhsavaTétrahedron

138.1, 143.8, 148.0, 156.4, 167.8. Lett. 1995, 36, 2269. (b) Itoh, T.; Nagata, K.; Matsuya, Y.;
Miyazaki, M.; Ohsava, AJ. Org. Chem. 1997, 62, 3582.

Compound 6d (c) Zhu, X.-Q.; Zhao, B.-J.; Cheng, J.3POrg. Chem. 2000,

IR (KBr): 2926, 1687, 1593, 1533, 1436, 1364, 1262, 1203, 1072, 65, 8158.

1025, 952, 927 cmh (5) Ko, K.-Y.; Kim, J.-Y.Tetrahedron Lett. 1999, 40, 3207.

1 DS = (6) Sausins, A.; Duburs, Gleterocycles 1988, 27, 291.

(I: T'\ARC(S;?CE)' 0=2.64(s,6H, CH 2.78 (s, 6 H, Cb, 8.24 (7) Vanden Eynde, J.-J.; Mayence, A.; Maquestiau, A.

' ' Tetrahedron 1992, 48, 463.

*C NMR (CDCE): § = 25.0, 29.4, 130.1, 137.8, 160.3, 199.2. (8) (a) Zolfigol, M. A.; Shirini, F.; Choghamarani, A. G.;
Mohammadpoor-Baltork, [Green Chem. 2002, 4, 562.

Compound 6e (b) Zolfigol, M. A.; Kiany-Borazjani, M.; Sadeghi, M. M.;

IR (KBr) 2964, 1699, 1560, 1421, 1355, 1262, 1220, 1188, 1075 Mohammadpoor_Baltork, |’ Memarian, H. al_nth

cnrt, Commun. 2000, 30, 3919. (c) Zolfigol, M. A.; Kiany-

IH NMR (CDCL): 8§ =0.92 (tJ=7.3 Hz, 3 H, CH), 1.42-1.55 (m, Borazjani, M.; Sadeghi, M. M.; Mohammadpoor-Baltork, I.;

2 H, CH,), 2.31-2.37 (m, 2 H, Chl 2.45 (s, 6 H, CH), 2.53 (s, 6 Memarian, H. RSynth. Commun. 2000, 30, 551.

H, CHy). (d) Zolfigol, M. A.; Kiany-Borazjani, M.; Sadeghi, M. M.;

15C NMR (CDCL): § = 14.6, 22.7, 25.1, 32.6, 33.0, 135.4, 142.,  emanian, H. R.; Mohammadpoor-Baltorkynth.

Commun. 2000, 30, 2945.

(9) Pfister, J. RSynthesis 1990, 689.
(10) Maquestiau, A.; Mayence, A.; Vanden Eynde, J.-J.
Compound 6f

. Tetrahedron Lett. 1991, 32, 3839.

IR (KBr): 2924, 1695, 1536, 1351, 1192, 736, 699’'cm (11) Mashraqui, S. H.; Karnik, M. Aynthesis 1998, 713.
'H NMR (CDCl): § = 2.02 (s, 6 H, Ck}, 2.55 (s, 6 H, CkJ), 7.58 (12) Varma, R. S.; Kumar, Oretrahedron Lett. 1999, 40, 21.
(dt,J=7.7, 1.4 Hz, 1 H, ArH), 7.65 (8= 7.9 Hz, 1 H, ArH), 8.13  (13) Mashraqui, S. H.; Karnik, M. Aletrahedron Lett. 1998, 39,

152.2, 205.8.

(t, 3= 1.5 Hz, 1 H, ArH), 8.31 (ddd,= 8.0, 2.1, 1.5 Hz, 1 H, ArH). 4895,
13C NMR (CDCL): § = 22.8, 32.3, 124.0, 124.2, 130.2, 134.3, 135.3,(14) Nakamichi, N.; Kawshita, Y.; Hayashi, Mynthesis 2004,
136.9, 139.7, 148.2, 153.5, 204.2. 1015.

(15) Sabitha, G.; Reddy, G. S. K. K.; Reddy, C. S.; Fatima, N.;
Yadav, J. SSynthesis 2003, 1267.
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