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Abstract

A practical and convenient method for the synthesis of 4-hydroxy-arylpiperidines, starting from bis-ketonic Mannich-bases (bis-[3-aryl-3-
oxopropyl]-amines) in the presence of a commercially available non-activated 2:1 Mg:Al hydrotalcite, is described.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Nowadays the use and design of environmental-friendly
solid acid and solid base catalysts has become an important

Many natural compounds and drugs contain piperidine research target. These materials have a lot of useful proper-
derivatives as a structural element, so in the recent yearsties e.g. high versatility, easy treatment and work-up, mild
much attention has been paid towards the developmentexperimental conditions, high yield and selectivity, they are
of an efficient synthesis of these compounds. 4-Hydroxy- inexpensive and often regenerable. Hydrotalcites (HT), the
arylpiperidines have been investigated as potential biolog- anionic layered double hydroxides have potential application
ically active agents, such as a novel class of dopamineas adsorbents, anion-exchangers and basic catalysts. Numer-
transporter (DAT) inhibitorg1,2], cytotoxic agentg3], or ous studies on their structuf@], physical propertief9] and
potential anticonvulsant compounf§. 4-Piperidinols can  their catalytic activity have been reported e.g. in Michael
be also directly used as intermediates for the synthesis ofaddition[10], Knoevenagel condensati¢il], or even in a
important compounds e.g. the popular antihistaminic agentcomplex reaction for the preparation of cyclopropane car-
phenindamine tartrate (Thephorif®),6]. boxylic acid derivative$12], too.

Only few synthetic methods have been described for the During our synthetic activity we investigated the
preparation of 4-hydroxy-arylpiperidines such as cyclisation reaction of bis-ketonic Mannich-bases in the presence of
of bis-ketonic Mannich-bases (bis-[3-aryl-3-oxopropyl]- different HT types. The applied bases were activated and
amines) with aqueous sodium hydroxife7], or a direct non-activated Mg:Al 3:1 hydrotalcite and the commercially
reaction of an amine hydrochloride with an excess of aryl available Mg:Al 2:1 hydrotalcite.
methyl ketone and paraformaldehyde in the presence of
a catalytic amount of hydrochloric acid. These reactions
require toxic, corrosive basic or acidic catalysts, or long 2. Experimental
reaction time.

IH NMR spectra were recorded on Bruker AW-250
(250 MHz) spectrometer using TMS as internal standard.
13C NMR spectra were recorded on Bruker Avance DRX-

* Corresponding author. Tek:36 1 463 1414; fax:+36 1 463 3648. 500 (125MHz) spectrometer. Melting points were deter-
E-mail address: zhell@mail.ome.hu (Z. Hell). mined on Gallenkamp apparatus and were uncorrected. TLC
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was performed on Merk Kieselgel plates (684, eluent:
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(CDCl) 8 (ppm): 2.77(s, 3H, N-Ck), 3.69 (m, 8H, 4x

acetone. The spectral and physical data of the known com-CHy), 7.32—-7.39 (m, 4H, Ar—H), 7.45 (d, 2H, Ar-H), 7.69
pounds were identical with those reported in the literature (d, 2H, Ar—H).13C NMR (CDCk) § (ppm): 34.12, 41.78,

(seeTables 2 and B8 The new compounds were character-
ized by H and13C NMR spectroscopy and by elemental
analysis.

2.1. Synthesis of hydrotalcite

The Mg:Al 2:1 hydrotalcite was the commercially product
of Stid-Chemie AG, Miinchen (HSA-type).

The Mg:Al 3:1 hydrotalcite was prepared according to
the method described by Rao et |I3]. The activation of

the catalyst was modified; the catalyst was first activated

53.06, 128.86, 130.43, 131.06, 135.62, 140.28, 197.62.
C19H20CIsNO, Anal. Calcd. C 56.93, H 4.99, N 3.50,
Found C 56.89, H 5.05, N 3.54. Bis-[3-[2-bromophenyl]-
3-oxopropyl]-methylamine hydrochloride2) — yellow

oil, TH NMR (CDCl) § (ppm): 2.83 (s, 3H, N-C¥),
3.75 (m, 8H, 4x CHy), 7.34-7.42 (m, 4H, Ar—H), 7.52
(m, 2H, Ar—H), 7.8 (m, 2H, Ar—H)13C NMR (CDCh) &
(ppm): 33.96, 41.62, 51.83, 120.73, 128.62, 129.96, 131.53,
136.04, 141.31, 199.02.16H20BroCINO2 Anal. Calcd. C
46.58, H 4.08, N 2.86, Found C 46.53, H 4.05, N 2.91.

by calcining at 723K, then the solid was cooled under dry 2.3. General procedure for the cyclisation

nitrogen and rehydrated at room temperature with distilled

water, and dried under vacuo at 8D for 8 h. The presence

A mixture of the bis-Mannich base (5 mmol) and hydro-

of the pure hydrotalcite structure was confirmed by XPS and talcite (0.1 g) in ethanol (10 ml) was stirred at&Dfor 7 h.

TG/DTA.
2.2. Yynthesis of bis-Mannich-bases

Compoundda, b, c,d, e f,i,]j, k were prepared according
to the method described by Gul et @]. Compoundslg,

Then the catalyst was filtered off and washed with ethanol.
The filtrate was evaporated, the residue was dried and crys-
tallised from methanol or ethanol to give the corresponding
piperidinol derivative. In some experiments the progress of
the reaction was monitored by TLC.

Spectral and analytical data of the new compounds:

h were prepared according to the method described by Plati3-[4-methoxybenzoyl]-4-[4- methoxyphenyl]- 4- hydroxy- 1-

and Wannef14]. The known products were characterized
by comparing the'H NMR and melting points data with
those reported in the literature.

methylpiperidine 8f) — m.p. 103-110C (ethanol, ether),
IH NMR (DMSO-&) § (ppm): 1.78 (d, 1H, H5aJ
=13.7Hz), 2.58 (m, 1H, H5e), 2.84 (s, 3H, N-gH

Spectral and analytical data of the new compounds: bis-[3- 3.55 (m, 4H), 3.86 (s, 6H, 2x Ar—-OCHzg), 5.05 (bs,

[3-methoxyphenyl]-3-oxopropyl]-methylamine hydrochlo-
ride (2g) — yellow oil, 'TH NMR (CDCl) § (ppm): 2.91 (s,
3H, N-CHg), 3.69 (m, 8H, 4x CHy), 3.89 (s, 6H, 2x
Ar—-OCHg), 7.14 (d, 2H, Ar—H), 7.34 (m, 2H, Ar-H), 7.48 (s,
2H, Ar-H), 7.52 (d, 2H, Ar—H)13C NMR (CDCk) § (ppm):

1H, OH), 5.34 (dd, 1HJ = 3.5, 11.4Hz), 7.11 (d, 2H,
Ar—H), 7.31 (d, 2H, Ar-H), 7.75 (d, 2H, Ar—H), 7.99 (d,
2H, Ar—H). 13C NMR (CDCk) § (ppm): 38.82, 40.23,
50.45, 55.24, 70.64, 113.64, 113.98, 125.87, 128.80,
129.62, 130.44, 137.38, 158.10, 198.09;K>sNO4 Anal.

33.73, 40.86, 51.92, 55.62, 111.54, 112.86, 122.22, 129.92,Calcd. C 70.98, H 7.04, N 3.94, Found C 70.96, H 7.06,

136.62, 145.80, 160.02, 195.93%1E1,6CINO4 Anal. Calcd.

C 64.37, H 6.64, N 3.58, Found C 64.29, H 6.72, N 3.61.

Bis-[3-[2-methoxyphenyl]-3-oxopropyl]-methylamine  hy-
drochloride gh) — m.p. 193-195C (ethanol, ether)lH
NMR (CDClg) § (ppm): 2.86 (s, 3H, N—Ck), 3.63 (m, 8H,
4 x CHjy), 3.98 (s, 6H, 2x Ar—OCHg), 7.04 (m, 2H, Ar—H),
7.11 (m, 2H, Ar-H), 7.54 (d, 2H, Ar-H), 7.77 (d, 2H,
Ar—H). 3C NMR (CDCk) § (ppm): 32.87, 41.16, 51.63,

N 3.95. 3-[3-Methoxybenzoyl]-4-[3-methoxyphenyl]-4-
hydroxy-1-methyl-piperidine 3g) — yellow oil, tTH NMR
(CDCl3) 8 (ppm): 1.95 (d, 1H, H5a) = 14 Hz), 2.84 (m,
1H, H5e), 2.87 (s, 3H, N—C¥), 3.47 (m, 4H), 3.86 (s, 6H,

2 x Ar-OCHg), 5.1 (bs, 1H, OH), 5.52 (dd, 1H = 3.7,
11.2Hz), 7.08-7.12 (m, 4H, Ar—H), 7.15 (m, 2H, Ar—H),
7.3 (m, 2H, Ar-H).13C NMR (CDCk) § (ppm): 39.82,
45.76, 50.94, 51.23, 54.44, 55.38, 72.52, 122.63, 125.44,

55.58, 111.62, 113.12, 121.18, 128.63, 134.38, 142.69,126.51, 127.09, 128.41, 129.48, 130.13, 134.02, 134.53,

159.46, 197.42. &H»6CINO4 Anal. Calcd. C 64.37, H
6.64, N 3.58, Found C 64.21, H 6.58, N 3.51. Bis-[3-[2-
methylphenyl]-3-oxopropyl]-methylamine  hydrochloride
(2i) — m.p. 119C (ethanol, ether)!H NMR (CDCl) &
(ppm): 2.46 (s, 6H, 2x Ar—CHg), 2.87 (s, 3H, N-CH),
3.61 (m, 8H, 4x CHyp), 7.33-7.38 (c4- m, 4H, Ar—H), 7.5
(m, 2H, Ar—H), 7.91 (d, 2H, Ar—H)}3C NMR (CDCh) §

135.42, 137.20, 149.19, 202.211E25NO4 Anal. Calcd.
C 70.98, H 7.04, N 3.94, Found C 71.03, H 7.01, N 3.90.
3-[2-Methoxybenzoyl]-4-[2- methoxyphenyl]- 4-hydroxy- 1-
methylpiperidine 8h) — m.p. 164-165C (ethanol,
ether),’lH NMR (CDCl) § (ppm): 1.73 (d, 1H, H5a]
= 13.5Hz), 2.76 (m, 1H, H5e), 2.87 (s, 3H, N-gH
3.45 (m, 4H), 4.13 (s, 6H, % Ar-OCHg), 5.3 (s, 1H,

(ppm): 20.93, 38.87, 40.13, 50.39, 125.98, 129.10, 131.82,0H), 5.79 (d, 1H,J = 4, 11.5Hz), 6.83 (d, 1H, Ar—H),

136.57, 137.58, 200.08. 2¢H26CINO, Anal. Calcd. C

70.10, H 7.23, N 3.89, Found C 70.02, H 7.25, N 3.85.

Bis-[3-[2-chlorophenyl]-3-oxopropyl]-methylamine hy-
drochloride @j) — m.p. 112C (ethanol, etherfH NMR

6.99-7.11 (m, 3H, Ar-H), 7.27-7.35 (m, 3H, Ar-H),
7.53 (d, 1H, Ar—H).13C NMR (CDCk) § (ppm): 34.07,
45.21, 51.13, 52.01, 53.78, 55.46, 73.98, 126.18, 127.18,
128.89, 129.02, 129.19, 130.75, 131.43, 131.85, 132.28,
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o
2RQ_<+ 2CH,0 + CH,NH, . HCl ——= N— .HCI

Scheme 1.

138.31, 142.11, 201.90. ¢H25NO4 Anal. Calcd. C methylamine hydrochloride and acetophenone or substi-
70.98, H 7.04, N 3.94, Found C 71.02, H 7.08, N 3.96. tuted acetophenones without solvent (4}, or by reflux-
3-[2-Bromobenzoyl]-4-[2-bromophenyl]- 4- hydroxy- 1-me- ing the ethanolic solution of these compounds for 5h (B)
thylpiperidine 8k) — m.p. 180°C (ethanol, ether)}:H NMR (Scheme 1[14].The results are summarized Table 1 In
(methanol-d) (ppm): 1.71 (d, 1H, H5a] = 12.6), 2.79 (m, some case4, e, f) we obtained higher yield than the de-
1H, H5e), 2.93 (s, 3H, N-C§J, 3.53 (m, 4H), 5.03 (bs, scribed ones. Compoundh, i, j, k have not been described
1H, OH), 5.36 (dd, 1HJ = 4, 11.5Hz), 6.98-7.02 (m, 2H, in the literature yet and theneta-methoxy derivative2g
Ar—H), 7.12-7.28 (m, 4H, Ar-H), 7.86 (m, 2H, Ar—H}*C was described only as oxalate salt. The structure of these
NMR (CDCl) é (ppm): 34.02, 46.18, 50.78, 51.52, 53.26, new compounds were confirmed by their spectroscopical
73.22, 126.63, 127.11, 128.57, 128.74, 128.96, 130.55,and analytical data (segection 2.
131.46, 131.92, 132.37, 138.43, 142.17, 204.87. When2a was treated with catalytic amount of rehydrated
Mg:Al 3:1 hydrotalcite under reflux in ethandb¢heme
the corresponding 4-hydroxypiperidir3a was obtained in
3. Results and discussion good yield [Table 2. As it was shown earlid6], during the
cyclisation only the diastereocisom&depicted inScheme 2
Bis-Mannich-bases were synthesized using known meth-was formed, because of steric hindrance and the possibility
ods published either by heating paraformaldehyde with of an hydrogen-bond formation between the carbonyl oxy-

Table 1
Synthesis of bis-Mannich-bases
2 R R R’ Method Melting point {C) (lit.) Yield (%)?
a H H H A 163.5 (166-16Y) 89
b cl H H A 161.5 (165) 42
c Br H H A 187 (189-19%) 40
d F H H A 348 (3537) 44
e CHs H H A 161 (161.5) 57
f CH30 H H A 150 (15%) 64
g H CH30 H B Yellow oil 38
h H H CH30 B 193-195 28
I H H CHz A 119 80
j H H cl A 112 21
k H H Br A Yellow oil 25
a |solated vyield.
R' R
0
R
N— . Hcl . L R
Ethanol
R R
0
R R"
2 3

Scheme 2.
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Table 2
Results of the cyclisation aa (5 mmol) with various hydrotalcites

result. In the case of thartho-halogene derivativegj k we
obtained poorer results, probably due to steric hindrance,

Entry Catalyst type Catalyst Yield while the methyl derivativei failed to react. ThéH NMR
amount (g) (%) spectra and the melting points of the products and their
1 Rehydrated MgAl 3:1 HT 0.3 68 elemental analyses undoubtfully verified that the free bases
g Eehyd@ed Z"?\;I’*'Ai”l:g ':THT g-i ;i’ were obtained during the cyclisation. This was verified also
on-activate g . . . . . . - .
4 Non-activated MgAl 2.1 HT o1 20 by converting3a with alcoholic hydrochloric acid into its

HCl-salt. The melting point, théH NMR spectrum and

the elemental analysis of this known product was in good

agreement with the described dftd. In the absence of hy-

gen and the hydrogen of the the hydroxyl group. This drotalcite using the free base deliberated fr2sronly 20%

was verified by the coupling constants of the product (see of 3a was obtained. This result showed the catalytic effect

Section 2, which were in agreement with those described of the hydrotalcite in this reaction. The derivativ&fs g, h,

in [6]. k have not been described in the literature yet. The bromo
In order to find the most suitable base catalyst for this derivative 3k contained small amount of an unseparable

reaction, we examined the effect of different hydrotalcites impurity.

used in different amount. The results (Seble 2 showed

that the Mg:Al ratio, the amount of the catalyst and the pre-

treatment of the catalyst did not effect the yield. Although 4. Conclusion

the Mg:Al 2:1 HT is considered as the less basic species of

the samples used, it showed the same activity after a sim- |n summary, the present report describes a simple and

ple drying at 120C for 1h as the other samples even in a efficient method for the cyclisation of bis-Mannich-bases

0.1g/5 mmoka scale. This sample was the HSA-type com-  to 4-hydroxy-arylpiperidines. We have shown that the com-
mercial product of Stid-Chemie AG. Based on the data of the mercially available non-activated Mg:Al 2:1 hydrotalcite is

2 |solated yield after crystallisation.

manufacturer its molecular formula is [Mgl 2(OH)12]COs,
specific surface (BET) is 80%y, and the pH of its 5% sus-

pension (filtered) is 8.6. The elemental analysis of the prod-

uct dried at 110C for 2 h gave A$O3 20.5%, MgO 33.8%,
CO; 11.0%, Ct <0.1%, SQ?~ <0.1%, N& <0.5%. To

a convenient and efficient basic catalyst for this reaction.
The advantages of our method developed are the following:
the reaction is eco-friendly since it does not involve harm-
ful reagents; the experimental and work-up procedure is
very simple; the catalyst does not require any complicated

our best knowledge till now there was only patents published pretreatment.
the use of these material as catalyst for some polymerisation

reaction in the literatur§l5,16] We continued the experi-
ments with this type of hydrotalcite. Thus, a wild range of
bis-Mannich-bases were reacted with the same manrgar as
and the appropriate piperidinoBwere generally obtained
with satisfactory to good yieldTable 3.

Among the para-halogene-substituted compounds the
fluoro-derivative 2d gave the best result. Thertho-,
meta- and para-methoxy derivativef,g,h gave the same

Table 3
Synthesis of 4-hydroxypiperidines catalysed by non-activated Mg:Al HT
(2:1)

3 R R R’ Melting point €C) (lit.)  Yield (%)?
a H H H 140 (1428) 70
b cCl H H 193.% (168-178) 52
c Br H H 165 (170-17%) (1811) 55
d F H H 145 (148-158) 75
e CHs H H 142 (143-14%) 76
f CHO H H 103-110 55
g H CHsO H Yellow oil 54
h H H CH3O 164-165 50
I H H CHy - -

i H H cl 184-186 (83-8Y 47
k H H Br 180 30

a |solated yield.
b Crystals with 0.25mol ethanol.
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