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ABSTRACT

A simple, and efficient multicomponent synthesis luiyhly functionalized piperidines has been depetl based on
a low-cost and environmentally benign Bi(QTéptalyst via a one-pot condensation of aromatidealydes -
ketoesters and aromatic amines
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INTRODUCTION

Pyridine and its partially or totally unsaturateeridatives, namely, the tetrahydropyridines, dilogridines and
piperidines, are ubiquitous structural motifs fouimd natural products and in compounds of interest the
pharmaceutical, agrochemical, and other chemichistries.

Functionalized tetrahydropyridines and piperidiaes common substructures found in biologicallyecthatural
products and synthetic pharmaceuticals [1].
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There are thousands of literature references, dinedupatents, which utilize such compounds in mediaoesearch
[2]. Of these, 1,4-disubstituted piperidine scaffolare of particular importance, some as estallistiags [3a],
such as Donepezil [3b] which is used for treatm@nAlzheimer’s disease, Sirtindole [3c] and Cyposticine
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[3d,e] for the treatment of Schizophrenia (Fig. $hme bearing piperidine frameworks (also convierttb the
corresponding piperidines) are important in antgdic, antiviral, anticancer, antimicrobial, andtimalarial
research as well as other fields [4].

For the important reasons mentioned above andaltietbioactivity of many piperidine-containing geounds [5],

and although the availability of many traditiopabcedures for the synthesis of these heterocgolepounds, the
development of efficient and versatile methodstfe enantioselective synthesis of these six-merdbeiteogen

heterocycles continues to be a relevant synthetid gith the pyridines [6], and piperidines [7],viveg received

much attention in this regard, and to be an immbd@jective in organic chemistry [8].

Nowadays, one-pot multicomponent reactions haveived special attention over their multistep vaafor
reasons of atome economy, energy efficiency, andrgeenvironmental friendliness [Although, three reports
have been made on the one-pot multicomponent ssisthef functionalized piperidines (FP) in high
diastereoselectivity, based on 1gC[10a], MeS'BrBr [10b], and TFA-proline [4], ZrOGI8H,O [11],
Bi(NO3)3.5H,0 [12], |, [13], VCI; [14], PEG-embedded KB{15], picric acid [16], Oxalic acid dehydrate 17
TBATB [18], [PBBS] or [TBBDA] [19], Acidic ionic lguids [20], Cerium(IV) triflate [21], and BFSIO, [22] from
the reaction of aromatic aldehydes, amines, antbacetic ester, these methods have limitationsrims of product
diversity and yields.

During the last two decades, rare earth metabtefi mediated organic reactions have gained muaehtian in
organic synthesis due to its low toxicity, commateivailability, moisture stability, and recyclatyil[23].

We herein report an efficient one-pot synthesikighly substituted and functionalized piperidingidatives using
Bi(OTf)z;as new versatile and efficient catalyst (Scheme 1).
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EXPERIMENTAL SECTION

General procedure for the synthesis of highly fiomalized piperidined.

A mixture of aniline (2 mmol), ethyl acetoacetatentethyl acetoacetate (1 mmol), and Bi(QTf0 mol %) in 4
ml of ethanol were stirred at 80 °C for 20 min, theromatic aldehyde (2 mmol) was added and stirviag

continued up to completion of the reaction as iattid by TLC. After completion of the reaction, &khprecipitate
was obtained. The solid was filtered and washett witld ethanol-water, and the crude product wasigdirby

crystallization from ethyl acetate-ethanol mixttoeyield the highly pure piperidine derivatives.eTphysical data
(M.p., IR, and NMR) of known compounds were fouade identical with those reported in the literatur

Spectroscopic data for:

Ethyl 1,2,6-triphenyl-4-(phenylamino)-1,2,5,6-tetr ahydropyridine-3-carboxylate (4a) White crystals, mp 171-
173 °C. IR (KBr)v (cm"): 3244 (N-H), 1651 (C=0), 1589 (C=CH NMR (250 MHz, CDC}) § ppm @, Hz): 1.53
(3H, t,J=7.0 Hz, CHCH,), 2,88 (1H, ddJ=15.0, 2.2 Hz, H-5), 2.94 (1H, d&:15.0, 2.2 Hz, H-5), 4.32- 4.5 (2H,
m, CHCH,), 5.2 (1H, s, H-6), 6.33 (1H, s, H-2), 6.54-7.4DK, m, Ar-H), 10.37 (1H, s, NH}’C NMR (62.5
MHz, CDCkL) 6 ppm: 15.2; 34.0 (C-5); 55.4 (C-2); 58.6 (C-6); B®8.5 (C-3); 113.3; 116.5; 126.1; 126.2; 126,7;
127.0; 127.6; 128.7; 129.1; 129.3; 129.4; 138.3.14144.4; 147.3; 156.5 (C-4); 168.7 (C=0).

Ethyl 2,6-bis(4-chlorophenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetr ahydr opyridine-3-car boxylate (4b) White
crystals, mp 236-238 °C. IR (KBr)(cm'): 3421 (N-H), 1647 (C=0), 1512 (C=C), 752 (C-CH.NMR (250 MHz,
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CDCL) 6 ppm @, Hz): 1.49 (3H, t)=7.1 Hz, CHCH,), 2,78 (1H, ddJ=12.4, 2.8 Hz, H-5), 2.88 (1H, dd9.9, 5.3
Hz, H-5'), 4.32- 4.53 (2H, m, GBH,), 5.06 (1H, s, H-6), 6.41 (1H, s, H-2), 6.44 (2, J=6.1, 1.3 Hz, Ar-H),
6.50 (1H, d,J= 8.2 Hz, Ar-H), 6.51 (1H, tJ= 7.2 Hz, Ar-H), 7.08-7.29 (10H, m, Ar-H), 10.34 (1, NH)."*C
NMR (62.5 MHz, CDCJ) & ppm: 14.7; 33.6 (C-5); 54.6 (C-2); 57.3 (C-6);§®7.6; 112.8; 116.6; 125.6; 125.9;
127.7; 128.0; 128.3; 128.7; 129.0; 129.1; 132.@.13137.5; 140.8; 142.3; 146.4; 155.7 (C-4); 1§T.80).

Ethyl 2,6-bis(4-bromophenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetr ahydr opyridine-3-car boxylate (4c) White
crystals, mp 238-240 °C. IR (KBg) cmi’: 3232 (N-H), 1651 (C=0), 1597 (C=CH NMR (250 MHz, CDC)) ¢
ppm @, Hz): 1.49 (3H, t)=7.1 Hz, CHCH,), 2.77 (1H, ddJ=15.2, 2.7 Hz, H-5), 2.86 (1H, d&15.2, 5.3 Hz, H-
5", 4.34- 4.49 (2H, m, C{€H,), 5.11 (1H, s, H-6); 6.38 (1H, s, H-2), 6.44 (2d, J=7.7, 2.0 Hz; Ar-H), 6.49 (2H,
d, J=8.18 Hz, Ar-H), 6.68 (1H, t}=7.2 Hz, CHCH,), 7.02-7.25 (9H, m, Ar-H), 7.41 (2H, &2,5 Hz, Ar-H), 7.44
(1H, d,J=2.6 Hz, Ar-H), 10.32 (1H s, NH}*C NMR (62.5 MHz, CDGJ) § ppm: 15.3; 34.1 (C-5); 55.2 (C-2); 57.9
(C-6); 60.3; 98.1; 113.4; 117.2; 120.2; 120.7; 42126.1; 126.4; 128.6; 128.9; 129.5; 131.8; 13238.0; 141.9;
143.4; 146.9; 156.3 (C-4); 168.4 (C=0).

Ethyl 2,6-bis(4-nitrophenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetrahydr opyridine-3-carboxylate (4d) Yellow

crystals, mp 246-248 °C. IR (KB#%) (cm’): 3244 (N-H), 1597 (C=0), 1255 (C=CH NMR (250 MHz, CDC}) 6

ppm ¢, Hz): 1.52 (3H, tJ=7.1 Hz, CHCH,), 2.91 (2H, m, H-5, H-5"), 4.36-4.56 (2H, m, §IH,), 5.30 (1H, s
large, H-6), 6.41-6.45 (5H, m, Ar-H), 6.73 (1HJ&7.3 Hz, Ar-H), 7.06 (1H, s, Ar-H), 7.10-7.19 (3kh, Ar-H),

7.55 (4H, m, Ar-H), 8.18 (4H, 1}=8.2 Hz, Ar-H), 10.36 (1H, s, NH}°C NMR (62.5 MHz, CDGJ) § ppm: 15.0;
38.0 (C-5); 55.3 (C-2); 57.5 (C-6); 60.4; 97. 031k 117.8; 123.9; 124.1; 125.6; 126.5; 127.4; 32729.3; 129.5;
137.3; 145.9; 146.9; 147.4; 149.9; 151.8; 155.41(CL67.7 (C=0).

Ethyl 1-phenyl-4-(phenylamino)-2,6-di-p-tolyl-1,2,5,6-tetrahydropyridine-3-carboxylate (4e) White crystals,
mp 234-235°C. IR (KBry (cm?): 3232 (N-H), 1651(C=0), 1597 (C=OH NMR (250 MHz, CDCJ) § ppm {,
Hz): 1.52 (3H, tJ=7.1 Hz, CHCH,), 2.39 (6H, s, 2Ck}, 2,82 (1H, ddJ)=12.6, 2.5 Hz, H-5), 2.93 (1H, dd:9.6,
5.4 Hz, H-5", 4.34- 4.55 (2H, m, GBH,), 5.18 (1H, s large, H-6), 6.35 (2H, #8.2 Hz, Ar-H), 6.48 (1H, s, Ar-
H), 6.59 (2H, dJ=8.4 Hz, Ar-H), 6.65 (1H, t)=7.2 Hz, Ar-H), 7.09-7.30 (11H, m, Ar-H), 7.27 (2H,J= 8.0 Hz,
Ar-H), 10.36 (1H, s, NH):*C NMR (62.5 MHz, CDG)) § ppm: 15.2; 21.5; 21.6; 34.1 (C-5); 55.2 (C-2);566C-6);
60.1; 98.7; 113.3; 116.4; 126.0; 126.2; 126.7; 92629.2; 129.3; 129.4; 129.7; 136.2; 137.0; 13840.1; 144.4;
147.5; 156.5 (C-4); 168.7 (C=0).

Methyl  2,6-bis(4-phenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetr ahydropyridine-3-carboxylate (4f) White
crystals, mp 182-184 °C. IR (KBK) (cm): 3242 (N-H), 2945, 1650 (C=0), 1598 (C=CH NMR (250 MHz,
CDCly) 6 ppm @, Hz): 2.75 (1H, ddJ= 15.2, 2.7 Hz, H-5), 2.82 (1H, dd= 15.2, 5.3 Hz, H-5'), 3.94 (3H, s,
COCH,), 5.22 (1H, s, H-6), 6.35 (1H, s, H-2), 6.52-7(82 H, m, Ar-H), 10.2 (1H, s, NH}3C NMR (62.5 MHz,
CDCly) 6 ppm: 34.2 (C-5); 51.7; 55.2 (C-2); 57.8 (C-6); ®8113.4; 117.2; 126.2; 126.5; 128.2; 128.5; 128.9;
129.3; 129.5; 129.6; 132.6; 133.4; 138.1; 141.2.84146.9; 156.5 (C-4); 168.8 (C=0).

Methyl  2,6-bis(4-chlorophenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetrahydr opyridine-3-carboxylate  (49Q)
White crystals, mp 200-202 °C. IR (KBv)(cm™): 3240 (N-H), 2947, 1655 (C=0), 1593 (C=C), 744QL. *H
NMR (250 MHz, CDC}) ¢ ppm, (, Hz): 2.79 (1H, ddJ= 15.2, 2.7 Hz, H-5), 2.88 (1H, dds 15.2, 5.3 Hz, H-5'),
3.97 (3H, s, COCH}, 5.15 (1H, s, H-6), 6.41 (1H, s, Ar-H), 6.44 (a#t, J= 7.6, 2.1 Hz, Ar-H), 6.55 (2H, d= 8.1
Hz, Ar-H), 7.09 (2H, dJ= 1.4 Hz, Ar-H), 7.12-7.30 (10 H, m, Ar-H), 10.3H1s, NH).**C NMR (62.5 MHz,
CDCly) 6 ppm: 34.2 (C-5); 51.7; 55.2 (C-2); 57.8 (C-6),®8113.4; 117.2; 126.2; 126.5; 128.2; 128.5; 128.9;
129.3; 129.5; 129.6; 132.6; 133.4; 138.1; 141.2.84146.9; 156.5 (C-4); 168.8 (C=0).

Methyl  2,6-bis(4-bromophenyl)-1-phenyl-4-(phenylamino)-1,2,5,6-tetr ahydropyridine-3-carboxylate  (4h)
White crystals, mp 228-230 °C. IR (KBv)(cm®): 3240 (N-H), 1655 (C=0), 1593 (C=C), 744 (C-CH NMR
(250 MHz, CDC}) 6 ppm (, Hz): 2.76 (1H, dJ=15.2 Hz, H-5), 2.86 (1H, ddi=15.1, 5.1 Hz, H-5"), 3.95 (3H, s,
COCHy), 5.11 (1H, s, H-6), 6.41-6.49 (4H, m, Ar-H), 6.6, t,J=7.0 Hz, Ar-H), 7.02 (2H, dJ=8.0 Hz, Ar-H),
7.10 (2H, dJ=7.8 Hz, Ar-H), 7.14-7.22 (5H, m, Ar-H), 7.42 (4H,J=7.7 Hz, Ar-H), 10.28 (1H, s, NH}*C NMR
(62.5 MHz, CDC})) ¢ ppm: 34.3(C-5); 51.9; 55.4 (C-2); 58.1 (C-6); 98L03.5; 117.4; 120.9; 121.6; 126.4; 126.8;
128.8;129.1; 129.7; 132.0; 132.4; 138.2; 142.8B.34147.0; 156.7 (C-4); 169.0 (C=0).

Ethyl 2,6-bis(4-bromophenyl)-1-(4-fluor ophenyl)-4-(4-fluor ophenylamino)-1,2,5,6-tetrahydropyridine-3-
carboxylate (4i) White crystals, mp 220-222 °C. IR (KBv)cm™: 3232 (N-H), 2982 (C=0), 1585 (C=C), 810 (C-
Br). *H NMR (250 MHz, CDC}) é ppm @, Hz): 1.47 (3H, tJ=7.1 Hz, CHCH,), 2.63 (1H, ddJ=15.3, 2.6 Hz, H-
5), 2.80 (1H, ddJ=15.2, 5.5 Hz, H-5", 5.04 (1H, s, H-6), 6.35- 6(461, m, Ar-H), 6.72-6.90 (4H, m, Ar-H), 7.03
(2H, d,J= 8.4 Hz, Ar-H), 7.14 (2H, d)= 11.1 Hz, Ar-H), 7.37- 7.43 (4H, m, Ar-H), 10.22H, s, NH)."*C NMR
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(62.5 MHz, CDCJ) § ppm: 15.3; 31.5; 34.1 (C-5); 55.9 (C-2); 58.1 (C&0.5; 98.1; 114.4; 114.5; 115.8; 116.2;
120.9; 121.7; 128.4; 128.5; 128.7; 131.9; 132.4;13141.9; 143.1; 156.3 (C-4); 168.5 (C=0).

RESULTSAND DISCUSSION

The reaction of 2 equivalents of benzaldehgdewith 1 equivalent of ethyl acetoacet@® and 2 equivalents of
aniline 3a was initially carried in ethanol, without the usfecatalyst. The reaction was very slow, and ttedywas
disappointing because it was significantly low cemgal to that reported in the previous papers (Entiyable 1).

In order to improve the yield, we chose Bismutfiaté as catalyst. The results summarized in Tatdbow that the
previous condensation proceeded efficiently ingresence of 5 mol % of Bi(OTf)but resulting in a very modest
yield of the desired product (entry 2). Then, wedudifferent catalyst's amounts to promote the easdtion. We
found that the produeta was formed in near a quantitative yield when 10%nof the catalyst were used (Entry 3).
When we increased the amount of the catalyst torZ® mol%, the reactions afforded bad resultsr{&ntd and 5).
By optimizing further the reaction conditionswas found that the reaction in 50 % aqueous ethanbly using
acetonitrile as solvents, allowed the condensatiiobhe performed however the corresponding tetraipydidine
was obtained in lower yield (Entries 6 and 8). Heere the same reaction carried out in water dopitkvat all
(Entry 7).

Table 1. Optimization of reaction conditionsfor the synthesis of highly substituted tetrahydropyridines®

NH, NH O

©/CHO (e} (e} Bi(OTf)3 X OEt
* )J\/”\OEt‘ Solvant O N O
la 2a 3a @
4a
Catalyst Time Yield®

Entry Solvent Catalyst (mol %)  (h) (%)
1 EtOH - - 24  trace
2 EtOH Bi(OTf} 5 7 24
3 EtOH Bi(OTfy 10 7 66
4 EtOH Bi(OTf} 15 7 28
5 EtOH Bi(OTfy 20 7 26
6  EtOH /HO (1/1) Bi(OTf)3 10 7 30
7 H.O Bi(OTf)s 10 7 -

8 CHCN Bi(OTf)s 10 7 29
9 EtOH Bi(NQ);.5H,0 10 25 29
10 EtOH BiOs 10 2 trace

# Reaction conditions: A mixture of benzaldehydmii2ol), aniline (2 mmol), and ethyl acetoacetaten(tol).
® |solated yields.

Given the successful development of this new proeedve were prompted to study the generality isf Bi(OTf)s-
mediated tetrahydopyridine synthesis with varioubstrates. Table 2 lists several of the preparedynts. To
explore the scope of this methodology, reactionsevgerformed with various aromatic aldehydes wiillirge and
ethyl acetoacetate under the same reaction condlifibable 2, entries 1-5). A variety of electrochrior electron
poor aldehydes with various substitution pattemsathly underwent the transformation to give ther&gponding
products in good yields. However, 3-iodobenzaldehgdd 2-nitroaniline did not give the desired pridbecause
of the steric hindrance caused by the large iodd mitro groups respectively. Also, 4-methoxybenehltie
remained unaffected under the reaction conditiondably due to the strong electron donating eftdadhe OMe
group, which reduces the electrophilicity of theéeddyde group.

The present protocol was also examined for oth8tdicarbonyl compound such as methyl acetocetaity w
varying aromatic aldehydes and aniline, where #&rdd piperidine derivativeda-i were obtained in good yields
as shown in Table 2 (entries 6 and 7). This esthedi that the alkoxy moiety present in the estectionality does
not have any major role in determining the courfshe reaction.
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Table 2. Bi(OTf)s-Catalyzed synthesis of tetrahydropyridines under optimized reaction conditions®

Entry

R

RZ

R3

product

Time (h)

Yieltl (%)

M.p. ° C)

Measured

Reported

Et

: NH O

A OEt

OB

66

171-173

1789

4-Cl

Et

82

236-238

234-238"

4-Br

Et

10

73

238-240

234-238"

4-NQ;

Et

75

246-248

247-24%!

4-Me

Et

61

234-235

2387

70

182-184

180-18%

4-Cl

Me

64

200-202

1989

4-Br

Me

81

228-230

228-23¢!




Abdelmadjid Debacheet al J. Chem. Pharm. Res., 2014, 6(6):79-85

9 4-Br | Et| 4F O N O 10 63 220-222 2187
Br © Br

F di
# Reaction conditions: A mixture of aromatic aldety@ mmol), anilines (2 mmol), and ethyl/methgtaacetate (1 mmol) in the presence of
bismuth triflate (10 mol%) as catalyst.

® |solated yields.

To find the generality and scope of this MCR, otlaenines were also examined. Anilines bearing edeetr
withdrawing groups such as N@id not give any product, nevertheleggluroaniline led to the desired piperidine
in moderate yield (entry 8) although a prolongedction time (10 hours) was required. The low redtgtiof
anilines containing electron-withdrawing groups dam attributed to their relatively weak nucleoptiili and
therefore decreased activity in the Mannich stdghereaction.

Most of the reactions afforded the correspondind®$th good to excellent yields irrespective of plsition of the
substituents present in aldehyde or amine. Workvap simple and for all the substrates, the follgyimocedure
was adopted. Once the reaction was deemed confpteteirther conversion in TLC), the precipitatedquct was
collected by filtration. In all cases, simple waghwith cold ethanol and crystallization from etlagetate/ethanol
delivered the desired product in very pure form.

Finally, we proposed in schen2e a plausible mechanism in which benzaldehydeas reacted with enamir®
which was formed initially from condensation of laré with B-ketoester and the resulting probable Knovenagel
product6 or 7 was then refluxed with pure imirt (obtained from the reaction of aniline and aldehydand
eventually generating.

A second possible mechanism is initiated by thdewghilic attack by enaming will take place preferentially on
the imine 6 to give Mannich type produd. Then the intermediat® reacts with aldehyde to givéO after
dehydration. Further, there will be a spontaneengéncy in the presence of the catalyst for tautzai@n to give
the intramolecular hydrogen bonded spediesHowever, the tautomell immediately undergoes intramolecular
Mannich-type reaction to form intermediat2 which give by tautomerization the final piperididerivative 4.

Scheme 2

NH, o o R
P R ‘ CHO ™ Ty |
N R N OTf)a
NH O
X -

~ | 2 1 | Bl
- - _ NH (0]
X,
OR?
R MORZ H,0 |
3 5 ‘

>©
1

R R
N |
N O X
‘ CcHO I N) it
OR? o
R@ OR? Inter-molecular
5 8 — X B —— D Mannlch condensallon
¥ HIN | S -H,0 [ g ‘ X
ZR Rl | Sl
@ =z ‘ ~ZR
\\R3 L\
9 R3

10 11 12

In summary, we have developed a mild and efficieattion between aldehydes, anilines frctoesters leading
to piperidines using catalytic Bi(OEfwith high atom economy. The notable advantageshif method are
operational simplicity, use of inexpensive catglysild reaction conditions, ease of isolation ofguicts and non-
toxic ethanol as solvent. Due to easy availabdityhe starting materials, the reaction might pravée very useful
for building up piperidine scaffolds.
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