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f-1-Imidazole-2,3,4,6-tetrasulfonic-D-
glucopyranosyl bisulfate ([Bmim-G
(SOsH)4]'[HSO4], 1) was synthesize
for the first time and used as an
efficient catalyst to prepare fivet
substituted tetrahydropyridines via the
three-component condensation  pf
aromatic aldehyde, aromatic aniline
and ethyl acetoacetate in ethanol |at
40°C. Six bonds were cleaved while
five new bonds and one new ring wefe
formed in one-pot with water as the
only one by-product in this highly
atom-economic reaction. The work
opens up a new and efficient synthesis
and application of sugar-containing
carbene Brgnsted acid.
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Five-substituted tetrahydropyridines

1. Introduction The five-substituted tetrahydropyridines are widdibtributed
in many natural products, biologically active maikes and
- ; A organic Finechemical$.They are also the key structural units of
groups. As a cheap and readily available substaitse, 50y important synthetic bioactive molecules orgdrsuch as

physiological and pharmacological activity has besidely  5nipacterial” anti-inflammation agerif, antineoplastit™®® and
investigated. However, its application in synthetic chemistry, mental disorder drugg.

especially as a catalyst, is relatively rare comedr By far, it is
mainly used as surfactahtarrier to extract and separate protein ~ Recently the researches on MCRs in which more toan f
from complex systefnand substrate in asymmetric organic components were used are of great important in @gan
synthesis. Although possessing five hydroxyl groups in its chemistry due to their higher efficiency and atocoreomy and
framework, glucose is not active enough to be aarwgatalyst. have already become a trend of organic chemistryweher,
Therefore, it should be functionalized and intraehlicactive sites  related researches are still not full enough totrtteedemand of
into its framework if we want to use it as catalyseahance its researches. Only several groups investigated thiedeok MCRs.
catalysis. Bonfield et al. reported a six-compound to prepamndoline
. .via tandem double A3-coupling and [2+2+2]-cyclo-didd

N-heterocyclic carbenes (NHCs) have become versatilg,acion? Brauch et al. have extended MCRs to seven
_neutral Ilgands_ for catalysis since: 1959Il'h_ey .also play components by taking advantage of the different
important r_oles in catalysiand _blomed|cal appllcan_oﬁas v_veII chemoselectivities of the Ugi-Mumm and the Ugi-Smile
as other fields such as luminescent and functionalemals  yeaction?® Orru group developed a one-pot reaction of upgatei
application$. Carbohydrate-containing metal NHC compIexesComloonemS that involves nine new bond formation elegen

such as Ag(lf;lo Ni(Il), ™ Pd(in)” Pt(I),"” Ru(iin,™ ir(iin) = points of diversity* A key factor of a successful MCR is to
and Rh(I1I}* have ever been synthesized and used as the efficiechoose an efficient and appropriate.

catalyst of organic reaction>*°

Glucose is an important nature product bearing Hiygroxyl

*

* Corresponding author. Tel.: +86051683536977; #86051683536977; e-mail: wuhui72@aliyun.com
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Glucose sulfonic acid (GSA), a sulfonic group funciibn
glucose which is synthesized in our lab, is provedbé an
efficient, inexpensive, non-toxic, non-metallicaddy available
and environmentally benign catalyst to afford
tetrahydrobenze{xanthens and tetrahydrobenajgcridines in
water firstly in our previous work.

To obtain these potential units in high the typed an
application of sugar-containing Brgnsted acid, wereine
introduced a carbene unit into the GSA framework tee gt
novel and efficient functional catalygt-1-imidazole-2,3,4,6-
tetrasulfonic-D-gluco-pyranosyl bisulfate ([Bmim-G-
(SOH)]THSO,, 1) firstly. It's catalytic activity was then
evaluated based on the three-component condensation
aromatic aldehyde (2 eq.), aromatic aniline (2 ,egthyl
acetoacetate (1 eq.) in ethanol atG@o afford a series of five-
substituted tetrahydropyridines efficiently (Schethe
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Scheme 1Synthesis of five-substituted tetrahydropyridines
2. Results and discussion

Firstly, the optimal reaction condition was testeddd on the
synthesis of4a (Table 1). From Tablel, this transformation
could not run smoothly in the presence of catalystsh as
TsOH, L-proline and CI-S¢M (Table 1, Entries1-3). SSA could
catalyze this reaction but with lower yield agaihs{Table 1,
Entries4 and 5, respectively), which indicated that strong acid
condition was the key factor of this reaction. Whitereasing
loading ofl to 10 mol%4a was afforded in 75% vyield (Table
Entry 5), which showed the important role of catalyst
concentration in the reaction. However, the yield reased
unexpectedly when the molar amount of catalyst was 4%
mol% (Tablel, Entry7). A possible reason is that the starting

Table 1Synthesis oft under different conditions

Entry Cat. X/ Solvent T t Yield
mol% /[°C /h %"
1 L-proline 10 EtOH 60 15 Nr
2 TsOH 10 EtOH 60 15 <5
3 CI-SGH 10 EtOH 60 15 20
4 SSA 10 EtOH 60 15 62
5 | 10 EtOH 60 15 75
6 | 5 EtOH 60 15 70
7 | 15 EtOH 60 15 65
8 -~ [BMIM|BF] 60 15 16
9 I 10 [BMIM[BF] 60 15 24
10 | 10 HO 60 15 NE
11 | 10 DMF 60 15 Nt
12 | 10 EtOH 60 15 70
13 | 10 EtOH 40 15 85
14 | 10 EtOH 30 15 30
15 | 10 EtOH r.t 15 25
16 | 10 EtOH 40 10 85
17 | 10 EtOH 40 5 83

®All reactions were carried out in the scale of ththol and in 2.0 mL of
solvent."Isolated yields‘not reacted Silica sulfuric acid.

material or the products had been destroyed whessexamount
of | was added. Ethanol is the best solvent (TablEntries7-
11) maybe due to its appropriate solubility and hasitt seems
that [BmIm][BF,] (pKagr.=0.5) is too alkaline to meet this
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reaction. It was also realized that the process Wfiseatly

facilitated at 40°C (Tabld, Entry 13). However, elevating the
temperature did not enhance the yields of prod(tble 1,

Entry 12).

To explore the application of this method, the scaop the
substrates was evaluated with a variety of aromdtiehgdes
and aromatic anilines (Tabl®). It showed that aromatic
aldehydes and aromatic amine can afford moderatégtoyield
of product4 and the product can be separated easily. Theielect
and effect and steric hindrance had no regulauémite on the
yields.

Table 2 Synthesis oft under optimum conditiofis

Comp. Ar Ar? )(:;Idb Mp/°C
4a CeHs 4-CHCeH4 83 198-199
4b 3-FGH., 4-CH:CeH4 60 150-153
4c 4-FCH, 4-CHCeHy 76 193-195
4d 4-CICsH,4 4-CHCeHy 83 233-236
4e 4-CNGH4 4-CHCeH4 65 184-185
A4f 4-OHGH4 4-CH;CeH4 53 218-220
49 4-CHzCgH4 4-CHCeH4 55 220-222
4h 2-CH;0OCgH, 4-CH;CeH4 71 166-168
4i 2,3-(CH0),CeH3 4-CHCeHy 70 222-224
4j 3,4,5-(CHO)3CeH, 4-CH;CeH4 80 171-172
4k CeHs 4-CH;OCsH, 77 196-197
4] 4-CICsH,4 4-CH,OGH, 71 187-189
4am CeHs 4-CICH, 64 229-232
4n 3-FGH4 4-CICH, 54 186-186
40 4-FCH, 4-CIGH,4 80 208-209
4p CeHs 4-BrGsHy4 76 230-231
4q 3-FGH, 4-BrGsHy4 55 193-194
ar 4-FCH, 4-BrCsH,4 60 195-200
4s 4-CICGH,4 4-BrGsHy 63 199-202
4t CeHs 4-NQO,CgH,4 70 250-252

@ All reactions were carried out in the scale ofi6l% of in 2 mL ethanol
at 40°C, and starting materiald:@:3=2.0:2.0:1.0 mmol) were completely
consumed®Isolated yield.

Alkyl aldehyde, alkyl amine or different beta-ketoesters
(ethyl 3-oxo-3-phenylpropanoate) were used as satbstr
subsequently. However, the results indicated thatyl-alk
substituted aldehyde or amine could not react withero
reactants to afford product. Another aryl-substituted beta-
ketone ester ethyl 3-oxo-3-phenylpropanoate cougb anot
obtain the product like the result of most of kteerres’®

It is regret that no chiral product was detected Wiy be
due to that chiral center of catalyistwas tightly wrapped by
circumjacent sulfo groups. It also mentioned theessity of
further modification on sugar ring if we want to get efficient
asymmetric catalyst based on it.

The possible reaction mechanism was proposed inngche
The reaction proceeds via initial formation of eimard through
condensation of aromatic aldehydeand aromatic aniline.
Meanwhile, ethyl acetoacetadecondense with another aromatic
aniline 2 to give enaminesster 6. Subsequently6 react with
another aromatic aldehydg to give intermediate/ by the
Knoevenagel reaction. Intermediaty provide 8 via
tautomerization, theB cyclize with5 to give the expected by
an W+2]-aza-Diels—Alder reaction. We supposed that the
important role of ([Bmim-G'HSQ,) in this reaction is to
provide an apropos acidity and supporting function.

3. Conclusion

In summary, we have developed a [Bmim-8%$0;-
catalyzed three-component condensation for thetean®n of
five-substituted tetrahydropyridines from commeligiavailable



materials. ([Bmim-G'JHSOy,) showed its important role in this
interesting reaction. One ring of the fused-ringrfeavork was
constructed in one-pot. This method offers sevatblantages
including cheap starting materials, low catalystding and no
formation of by-products. In addition, there arevesal
modifiable and coordinate sites in this framework, the
subsequent structural optimization should be passib

H H
+  ArNH !
Ar/go 2 T Ar/k\N’Ar
1 2 5
Ar
o o -H,0 "SNH 0
Ar'NH + —
2 A A or H* A oq
2 3 6
Ar' Ar _H.
N o N0
Ar—CHO | H+ I
| OEt | OEt
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Ar Ar
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Ar'
Ar—X-Ar SNH 0
5 N0kt
[4+2] Ar N Ar
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4

Scheme 4Proposed mechanisms
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General remarks

A mixture of aromatic aldehydé (2.0 mmol), aniline2 (2.0
mmol), ethyl acetoacetat8 (1.0 mmol), ([Bmim-GTHSQ,)
(10mol%) and EtOH (2.0 mL) was stirred at 40 °C forhblurs
until complete consumption of the starting mateasimonitored

IR spectra were recorded with a Varian FTIR-Tensor-27by TLC. After completion of the reaction, the mixtuwas

spectrophotometer using KBr opticH NMR spectra were
recorded at 400 MHz on a Bruker DPX 400 spectrometirgu
TMS as an internal standard and DM8£as solvent. Mass was
determined by using a Bruker TOF-MS high resolutinass
spectrometer. All reagents were obtained from comiaerc
suppliers and used without further purification ssl@therwise
stated. Organic solvents were dried and distilledrgd use.

The synthesis of ((Bmim-G'HSO;)

A  mixture of 2,3,4,6-tetra-O-acetylD-glucopyranosyl
bromide (10 mmol) and N-methylimidazole (20 mmol) reve
dissolved in 1.0 mL of acetonitrile and then stirrat room
temperature for 2h to give a white powder fpil-imidazole-
2,3,4,6-tetraacetyl-D-glucopyranoyl  bromide  which
collected by filtration and washed with cold acetoafter that,
chlorosulfonic acid (20 mmol) was dropped into (5 olimat 0-5

diluted with water and the crude solid was filtered aashed
with 95% EtOH. The solid residue was then recrystalliby
95% EtOH/DMF (1:4) to provide the pure proddct

The spectral data of new products are given below:

Ethyl4-(4-tolylamino)-1,2,5,6-tetrahydro-2,6-dipheryl-1-(4-
tolylpyridine)-3-carboxylate (4a):

White solid. 83% yield. IR (KBry, cm'l): 3245, 3025, 2920,
1650, 1594, 1517, 1256 NMR (400 MHz, DMSO¢dg) & 1.39
(t, J=7.0 Hz, 3H), 2.06 (s, 3H), 2.22 (s, 3H), 2.75 (HdL4.8 and
2.0 Hz, 1H), 2.88 (dd, J=15.6 and 8.4 Hz, 1H), 4.22-4M, 2H),
5.32 (brs, 1H), 6.24-6.33 (m, 5H), 6.81 (d, J=8.8 B), 6.96

Was (4, J=8.0 Hz, 2H), 7.15 (d, J=7.2 Hz, 2H), 7.28-7.31 i),

10.18 (s, 1H); *C NMR (100 MHz, CDGJ): 5 168.3, 156.4,
144.9, 144.4, 143.1, 135.5, 135.2, 129.5, 129.8.6,2128.2,

°C under N atmosphere, generated gas was absorbed by 70 126.7, 126.5, 126.2, 125.9, 125.0, 112.9,%0.6, 58.2,

saturated NaOH solution. The mixture was stirred foh 2 the

same temperature to afford 2.5g @fl-imidazole-2,3,4,6-
tetrasulfonic-D-glucopyranosyl bisulfatg) (as yellow oil (78%).
Because there was only two reactafitd-imidazole-2,3,4,6-
tetraacetyl-D-glucopyranoyl bromide and chlorosnifoacid in

the reaction system whose amount were calculatedratety

when these two reactants reacted completely therg e

product [Bmim-G'|+HSO, itself in the system (HBr was
removed out of the system by absorption via NaOH) and
further purification was necessary.

B-1-imidazole-2,3,4,6-tetraacetyl-D-glucopyranosyl lmmide:

White solid; mp: 229-231 °C; IR (KBry: 3077, 3046,
1750, 1539, 1264, 1224, 1210, 1103, 1047, 756, @t7 H
NMR (400 MHz, DMSO#€) (3, ppm): 1.91 (s, 3H), 1.98 (s, 3H),
2.02 (s, 3H), 2.04 (s, 3H), 3.88 (s, 3H), 4.13 (¢35 Hz, 2H),
4.31-4.41 (m, 1H), 5.25 (t, J=9.6 Hz), 5.55 (dd, 3=6nd 2.2
Hz, 2H), 6.05 (d, J =8.4 Hz, 1H), 7.80 (s, 1H), 8.08L(), 9.47
(s, 1H);130 NMR (100 MHz, DMSOdg): 8 170.0, 169.5, 169.4,
169.0, 137.0, 124.5, 120.2, 83.2, 73.5, 71.5, 7652, 61.7,
36.3, 20.5, 20.4, 20.2, 20.1; HRMS (ESI) m/z: cdlor
C1gH,eN,0, [M-Br] ¥, found (expected): 413.1573 (413.1560).

B-1-imidazole-2,3,4,6-tetrasulfonic-D-glucopyranosyl
bisulfate (1):

Yellow oil; IR (KBr) v: 3423, 2960, 1232, 1061, 1004, 885,
855; 'H NMR (400 MHz, DMSO-d6) & ppm): 3.03 (d, J=2.0
Hz, 1H), 3.09-3.18 (m, 1H), 3.24-3.28 (m, 1H), 3.3493(f,
1H), 3.57 (s, 1H), 3.75 (s, 3H), 4.01-4.12 (m, 1H)55%253 (m,
1H), 7.55 (s, 1H), 7.71 (s, 1H), 9.14 (s, 1H), 9.775¢). **C
NMR (100 MHz, DMSO-d6):5 170.0, 169.5, 169.4, 169.0,
137.0, 124.5, 120.2, 83.2, 73.5, 71.5, 70.5, 631, 36.3, 20.5,
20.4, 20.2, 20.1; IR (KBR: 3423, 2960, 1232, 1061, 1004, 885,
855.

General procedure for the Synthesis of five-subsii
tetrahydropyridines derivatives 4

55.2, 33.6, 20.9, 20.1, 14.8; HRME&SI) m/z: calc. for
CsHaN,0,Na [M+Na]*, found (expected): 525.251(325.2518).

Ethyl4-(4-tolylamino)-2,6-bis(3-fluorophenyl)-1,2,56-tetrah-
ydro-1-4-tolylpyridine)-3-carboxylate (4b):

White solid. 60% yield. IR (KBry, cmi'): 3242, 2985,
2911, 2855, 1651, 1591, 1517, 1258{ NMR (400 MHz,
DMSO-ds) & 1.37 (t, J=7.0 Hz, 3H), 2.07 (s, 3H), 2.23 (s, 3H),
2.75 (dd, J= 15.6 and 1.2 Hz, 1H), 2.93 (dd, J=1Bk6%6 Hz,
1H), 4.26-4.41 (m, 2H), 5.38 (brs, 1H), 6.25 (s, 1HR16(d,
J=8.4 Hz, 2H), 6.38 (d, J=8.0 Hz, 2H), 6.84-6.88 (m,, BD5-
7.06 (m, 6H), 7.17 (d, J=8.0 Hz, 1H), 7.30-7.39 (iH),210.20
(s, 1H)*C NMR (100 MHz, CDG): & 168.0, 161.9, 161.8,
156.1, 144.3, 135.9, 135.0, 130.2, 130.1, 129.8,5,2125.9,
125.7, 122.1, 122.0, 114.2, 114.0, 113.8, 113.8.3,1113.1,
112.9, 97.0, 59.7, 57.6, 55.0, 33.4, 20.9, 20.13;14RMS (ESI)
m/z: calc. for GgHsF.N,O.Na [M+Na], found (expected):
561.2347 (561.2330).

Ethyl4-(4-tolylamino)-2,6-bis(4-fluorophenyl)-1,2,56-tetrah-
ydro-1-(4-tolylpyridine)-3-carboxylate (4c):

White solid. 76% yield. IR (KBry, cm): 3236, 2987,
2922, 1650, 1596, 1517, 1256{ NMR (400 MHz, DMSO#dq) 5
1.37 (t, J=7.0 Hz, 3H), 2.07 (s, 3H), 2.23 (s, 3H),22(@d,
J=15.2 and 1.2 Hz, 1H), 2.87 (dd, J=15.2 and 4.8 Hx, 4.24-
4.40 (m, 2H), 5.33 (brs, 1H), 6.23 (s, 1H), 6.30 &B.8 Hz,
2H), 6.37 (d, J=8.4 Hz, 2H), 6.83 (d, J=8.4 Hz, 2H)17(6,
J=8.0 Hz, 2H), 7.11-7.14 (m, 6H), 7.31-7.33 (m, 2H).210(s,
1H); *C NMR (100 MHz, CDC}): § 169.1, 156.2, 144.5, 139.8,
138.4, 135.8, 135.1, 129.5, 128.2, 128.1, 128.70,9,2125.8,
125.6, 115.5, 115.3,115.0, 114.8, 113.0, 97.5,,59/73, 54.7,
33.7, 20.9, 20.1, 14.8; HRMS (ESI) m/ z : calc. for
Cs4H5oFN,0,Na [M+Na]’, found (expected): 561.2(561.2330).

Ethyl4-(4-tolylamino)-2,6-bis(4-chlorophenyl)-1,2,5%5-tetrah-
ydro-1-(4-tolylpyridine)-3-carboxylate (4d):

White solid. 83% vyield. IR (KBry, cmi'): 3247, 2978,
2919, 1655, 1491, 1255HNMR (400 MHz, DMSOd,) & 1.35
(t, J=7.0 Hz, 3H), 2.05 (s, 3H), 2.22 (s, 3H), 2.74, (HdL5.6 and
5.6 Hz, 1H), 2.90, 4.22-4.38 (m, 2H), 5.33 (brs, 1H}96(s,
1H), 6.27 (d, J=8.8 Hz, 2H), 6.38 (d, J=8.0 Hz, 2H)26(8,
J=8.4 Hz, 2H), 7.00 (d, J =8.4 Hz, 2H), 7.10 (d, J#8z4 2H),
7.31-7.36 (m, 6H), 10.19 (s, 1HC NMR (100 MHz, CDCk):
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5 168.0, 156.2, 144.4, 142.8, 141.3, 135.9, 13%0,8, 132.0,
129.6, 128.8, 128.4, 128.2, 128.1, 127.9, 125.%.8,2113.0,
97.3, 59.3, 57.4, 54.9, 33.6, 21.0, 20.2, 14.8; HRESI) m/z:
calc. for GHz.ClLN,O,Na [M+Na]J’, found (expected): 593.1716
(593.1739).

Ethyl4-(4-tolylamino)-2,6-bis(4-cyanophenyl)-1,2,%-tetrahy-
dro-1-(4-tolylpyridine)-3-carboxylate (4e):

White solid. 65% yield. IR (KBry, cmi'): 3357, 2979,
2923, 2227, 1653, 1602, 1517, 1258{ NMR (400 MHz,

DMSO-ds) 8 1.45 (t, J=7.2 Hz, 3H), 2.17 (s, 3H), 2.29 (s, 3H),

2.77 (s, 2H), 4.29-4.48 (m, 2H), 5.14(brs, 1H), 6.2306(m,
4H), 6.38 (s, 1H), 6.89 (d, J=8.0 Hz, 2H), 6.96 (d,.8+7z, 2H),
7.22 (d, J=7.6 Hz, 2H), 7.43 (d, J=7.6 Hz, 2H), 7.5B7m,
4H), 10.19 (s, 1H)**C NMR (100 MHz, CDCJ):  167.7, 155.7,
143.8, 136.3, 132.5, 132.2, 132.0, 129.8, 129.8.112127.7,
127.4, 127.3, 125.6, 119.1, 119.0, 118.7, 112.9,2,1110.4,
96.5, 60.0, 57.6, 55.3, 33.4, 20.9, 20.1, 14.8; HRESI) m/z:
calc. For GHzNO.,Na [M+Na], found (expected):
553.2414(575.2423).

Ethyl4-(p-tolylamino)-1,2,5,6-tetrahydro-2,6-bis(4hydroxy-
phenyl)-1-(4-tolylpyridine)-3-carboxylate (4f):

Yellow solid. 53% yield. IR (KBr,v, cm’): 3026, 2917,
2860, 1607, 1577, 1505, 128" NMR (400 MHz, DMSO#d,) &
2.07 (s, 6H), 2.10 (s, 3H), 2.29 (s, 4H), 4.76 (bts), .46 (m,
1H), 6.80 (d, J=8.4 Hz, 2H), 6.87 (d, J=8.4 Hz, 2H)26(8,
J=8.4 Hz 2H), 7.10 (d, J=8.8 Hz 3H), 7.17 (d, J=8.4 HJ, 3
7.75 (dd, J=8.4 and 2.4 Hz, 4H), 8.43 (s,1H), 9.77H} 10.23
(s, 1H); ®*C NMR (100 MHz, CDC)): & 163.3, 160.4, 159.2,
149.2, 145.8, 134.6, 132.1, 130.5, 129.6, 129.8, %2 127.5,
124.2, 120.7, 115.8, 115.6, 114.9, 114.1, 113.8,51 .4, 30.6,
30.1, 20.5, 20.1, 19.9; HRMS (ESI) m/z: calc. fagHz,N,O,Na
[M+Na]*, found (expected): 557.2413 (557.2416).

Ethyl4-(4-tolylamino)-1,2,5,6-tetrahydro-1,2,6-trip-tolylpyr-
idine-3-carboxylate (49):

White solid. 55% vyield. IR (KBry, cmi'): 3236, 2979,
2919, 1651, 1596, 1515, 1258 NMR (400 MHz, DMSOdq) 5
1.46 (t, J=7.2 Hz, 3H), 2.17 (s, 3H), 2.28 (s, 3H)328 3H),
2.35 (s, 3H), 2.74 (dd, J=15.2 and 2.4 Hz, 1H), 268 {=15.2
and 5.6 Hz, 1H), 4.32-4.47 (m, 2H), 5.10 (brs, 1H)96(d,
J=8.0 Hz, 2H), 6.38 (s, 1H), 6.45 (d, J=8.4 Hz, 2H)968
J=7.2 Hz, 4H), 7.09 (t, J=6.8 Hz, 6H), 7.24 (t, J=6.8 PH),
10.23 (s, 1H);"*C NMR (100 MHz, CDCJ): & 168.4, 156.5,
145.0, 141.5, 140.0, 13 6.5, 135.7, 135.4, 12928,4, 129.3,
128.9, 126.6, 126.4, 125.9, 124.9, 112.9, 97.%,58.0, 55.0,
33.6, 21.2, 21.1, 20.9, 20.2, 14.9; HRMS (ESI) na&lc. for
CsHagN,O,Na  [M+Na], found  (expected): 553.2826
(553.2831).

Ethyl4-(4-tolylamino)-1,2,5,6-tetrahydro-2,6-bis(2methoxyp-
henyl)-1-(4-tolylpyridine)-3-carboxylate (4h):

White solid. 71% yield. IR (KBry, cmi'): 3265, 2918,
2836, 1664, 1619, 1604, 1517, 1Z##;NMR (400 MHz,
CHCL) § 1.41 (t, J= 7.2 Hz, 3H), 2.13 (s, 3H), 2.24 (s, 3HJ9
(dd, J = 15.6 and 5.6 Hz, 1H), 2.96 (dd, J=15.6 a@cH2, 1H),
3.60 (s, 3H), 3.82 (s, 3H), 4.23-4.44 (m, 2H), 5.38 (iH), 6.15
(d, J=8.4 Hz, 2H), 6.32 (d, J=8.4 Hz, 2H), 6.41 (s, BH)9-6.90
(m, 8H), 7.03 (d, J=6.8 Hz, 1H), 7.14-7.23 (m, 3H)093, 1H);

C NMR (100 MHz, CDGC): 5 168.9, 157.5, 156.1, 155.1,

144.8, 136.0, 134.7, 130.9, 129.8, 129.4, 129.B.312127.9,
127.4, 126.0, 124.6, 120.7, 119.6, 112.6, 111.8.8,097.6,
59.3, 55.3, 54.8, 53.3, 53.2, 29.3, 20.8, 20.29;14ARMS (ESI)
m/z: calc. for GgHsgN,O,Na [M+NaJ], found (expected):
585.2716 (585.2729).

Ethyl4-(4-tolylamino)-1,2,5,6-tetrahydro-2-(2,3,4-timethox-
yphenyl)-6-(2,3-dimethoxypheny-1-(4-tolylpyridine)3-carbo-
xylate (4i):

White solid. 70% vyield. IR (KBry, cmi'): 3245, 2940,
2829, 1646, 1597, 1517, 1477, 1238 NMR (400 MHz,
CHCL) & 1.37 (t, J=7.0 Hz, 3H), 2.10 (s, 3H), 2.31 (s, 3H332
(s, 3H), 3.01 (dd, J=30.8 and 14.0 Hz, 1H), 3.21 4,0 Hz,
1H), 3.63 (s, 3H), 3.89 (s, 3H), 3.98 (s, 3H), 4.2Q (Hd.4.0 and
6.8 Hz, 2H), 4.60 (brs, 1H), 5.23 (s, 1H), 6.39 (d,.048z, 2H),
6.61-6.67 (m, 4H), 6.80-7.00 (m, 4H), 7.05 (d, J=8Z 2H),
7.12 (d, J=8.4 Hz, 2H), 10.22 (s, 1HYCNMR (100 MHz,
CDCLy): & 170.2, 164.6, 159.0, 152.8, 152.5146.9, 146.2,8141
136.7, 136.0, 135.0, 134.8, 133.8, 129.6, 128.6,.9,2125.8,
123.3,123.2, 119.8, 111.4, 110.7, 93.3, 60.1, 55818, 56.4,
55.6, 43.2, 28.8, 28.4, 20.9, 20.7, 14.7; HRMS (E8: calc.
for CsHiN,ONa [M+Na]', found (expected): 645.2886
(645.2941).

Ethyl4-(4-tolylamino)-1-(4-tolyl)-2,6-bis(3,4,5-trimethoxyph-
enyl)-1,2,5,6-tetrahydropyridine-3-carboxylate (4j)

White solid. 80% yield. IR (KBry, cmi'): 3245, 2934,
2835, 1649, 1593, 1516, 1238 NMR (400 MHz, DMSOd,) 5
1.36 (t, J=7.0 Hz, 3H), 2.08 (s, 3H), 2.24 (s, 3H),22(@d,
J=14.4 and 4.4Hz, 1H), 2.94 (dd, J=15.6 and 5.6 Hz, 213p
(s, 6H), 3.63 (s, 3H), 3.64 (s, 3H), 3.67 (s, 6H), 424 (m,
1H), 5.28 (brs, 1H), 6.19 (s, 1H), 6.30 (d, J=8.0 H,%.38 (d,
J=8.8 Hz 2H), 6.43 (s, 2H), 6.56 (s, 2H), 6.86 (d, 4+&, 2H),
6.98 (d, J=8.0 Hz, 2H), 10.19 (s, 1FCNMR (100 MHz, CDCI
3. & 167.2, 155.9, 152.8, 152.7, 144.2, 140.3, 13835.2,
135.8, 135.1, 135.0, 129.3, 129.2, 125.5, 124.2.3,1103.4,
103.1, 96.6, 60.0, 59.9, 56.5, 55.6, 55.5, 33.34,209.8, 14.8;
HRMS (ESI) m/z: calc. for GHsN,OsNa [M+Na], found
(expected): 705.3188 (705.3152).

Ethyl4-(4-methoxyphenylamino)-1,2,5,6-tetrahydro-1(4-
methoxyphenyl)-2,6-diphenylpyridine-3-carboxylate 4Kk):

White solid. 77% yield. IR (KBry, cm’): 3231, 2990,
2902, 1647, 1597, 1510, 124# NMR (400 MHz, DMSOd;) &
1.37 (t, J=7.0 Hz, 3H), 2.65 (dd, J=15.2 and 1.6 Ht), 2.83
(dd, J=15.6 and 5.6 Hz, 1H), 3.55 (s, 3H ), 3.69 ), 3.26-
4.36 (m, 2H), 5.26 (brs, 1H), 6.21 (s, 1H), 6.28-§d, J=17.6
and 9.2 Hz, 4H), 6.63 (d, J=8.8 Hz, 2H), 6.70 (d, J+&82H),
7.13-7.30 (m, 10H), 10.09 (s, 1HJC NMR (100 MHz, DMSO-
de): 6 168.3, 157.8, 156.8, 144.4, 143.6, 143.3, 1413%%.9,
128.6, 128.1, 127.9, 127.1, 126.8, 126.5, 126.24.5, 114.1,
113.9, 97.3, 59.5, 58.3, 55.7, 55.6, 55.4, 33.8;14RMS (ESI)
m/z: calc. for GHazN,O:Na [M+Na], found (expected):
557.2413 (557.2416).

Ethyl4-(4-methoxyphenylamino)-2,6-bis(4-chlorophenly-
1,2,5,6—tetrahydro-1-(4-methoxyphenyl)pyridine-3-ceboxy-
late (41):

White solid. 71% yield. IR (KBry, cmi’): 3230, 2907,
2832, 1660, 1611, 1511, 124@ NMR (400 MHz, DMSOd,) &
1.34 (t, J=7.0 Hz, 3H), 2.65 (dd, J= 15.6 and 2.0 H), 2.85
(dd, J=16.0 and 5.6 Hz, 1H), 3.55 (s, 3H), 3.71 (s, 8t21-4.36
(m, 2H), 5.25 (brs, 1H), 6. 11 (s, 1H), 6.31 (d, J=92 2H),
6.45 (d, J=8.8 Hz, 2H), 6.65 (d, J=9.2 Hz, 2H), 6.77JB.8
Hz, 2H), 7.12 (d, J=8.4 Hz, 2H), 7.29-7.36 (m, 6H), 20(4,
1H); °C NMR (100 MHz, CDGC)): & 168.1, 158.0, 156.5, 151.5,
142.8, 141.5, 141.0, 132.8, 132.0, 130.5, 128.8.3,2128.0,
127.7, 114.7, 114.6, 114.1, 113.2, 96.7, 59.7, ,59546, 55.4,
33.7, 14.8; HRMS (ESI) m/z: calc. for 3f3,Cl,N,O/Na
[M+Na]*, found (expected): 625.1626 (625.1637).



Ethyl4-(4-chlorophenylamino)-1-(4-chlorophenyl)-1,25,6-
tetrahydro-2,6-diphenylpyridine-3-carboxylate (4m):

White solid. 64% yield. IR (KBry, cmi'): 3242, 2972,
2857, 1646, 1604, 1585, 1494, 1258 NMR (400 MHz,
DMSO<ds) & 1.38 (t, J=7.0 Hz, 3H), 2.76 (dd, J=15.2 and 4.0
Hz, 1H), 2.96 (dd, J=16.0 and 6.0 Hz, 1H), 4.24-4.44 ZH),
5.39 (brs, 1H), 6.28 (s, 1H), 6.38-6.42 (m, 4H), 7(65J=9.2
Hz, 2H), 7.13 (d, J=6.8 Hz, 2H), 7.18-7.33 (m, 10H)160(s,
1H); *°C NMR (100 MHz, CDC)): 5 168.2, 115.4, 145.5, 143.3,
142.3, 136.4, 131.4, 129.0, 128.8, 128.7, 128.4,5,2127.0,
126.6, 126.5, 126.3, 121.3, 114.1, 98.7, 60.0, 58533, 33.5,
14.8; HRMS (ESI) m/z: calc. for &H,sClL,N,O,Na [M+Na]’,
found (expected): 565.1420 (565.1426).

Ethyl4-(4-chlorophenylamino)-1-(4-chlorophenyl)-2,6bis(3-
fluorophenyl)-1,2,5,6-tetrahydropyridine-3-carboxylate (4n):

Yellow solid. 54% vyield. IR (KBr,v, cm): 3241, 2981,
2858, 1647, 1607, 1494, 1266{ NMR (400 MHz, DMSOdq) 5
1.37 (t, J=7.0 Hz, 3H), 2.76 (dd, J= 15.6 and 1.6 H), 3.02
(dd, J=16.0 and 6.0 Hz, 1H), 4.26-4.44 (m, 2H), 54, (1H),
6.24 (s, 1H), 6.41 (d, J=8.8 Hz, 2H), 6.56 (d, J=8.824}), 6.85
(d, J=8.4 Hz, 1H), 6.93 (d, J=8.0 Hz, 1H), 7.05-7.1Q %ir),
7.18 (d, J=7.6 Hz, 1H), 7.24 (d, J=8.4 Hz, 2H), 7.31:7(m,
2H), 10.19 (s, 1H)**C NMR(100 MHz, CDCJ): & 167.9, 161.9,
161.8, 155.1, 146.1, 145.0, 136.2, 131.7, 130.8.413129.9,
129.8, 129.2, 128.9, 126.9, 121.9, 114.6, 114.4.111113.8,
113.5, 113.3, 98.0, 60.1, 57.7, 55.1, 33.4, 14.7MSR(ESI)
m/z: calc. for GH,Cl,F,N,O,Na [M+NaJ, found (expected):
601.1189 (601.1237).

Ethyl4-(4-chlorophenylamino)-1-(4-chlorophenyl)-2,6bis(4-
fluorophenyl)-1,2,5,6-tetrahydropyridine-3-carboxylate (40):

White solid. 80% yield. IR (KBry, cm): 3237, 3069,
2978, 1650, 1495, 1227 NMR (400 MHz, DMSOsd,) & 1.37
(t, J=7.0 Hz, 3H), 2.76 (dd, J=15.6 and 4.0 Hz, 1H)6 Zdd,
J=16.0 and 5.6 Hz, 1H), 4.25-4.41 (m, 2H), 5.39 (bk$), 6.22
(s, 1H), 6.37 (d, J=8.8 Hz, 2H), 6.54 (d, J=8.8 Hz, 2H)6-7.17
(m, 8H), 7.24 (d, J=8.8 Hz, 2H), 7.32-7.36 (m, 2H),190(s,
1H); **C NMR (100 MHz, CDGJ): § 168.0, 160.9, 160.4, 155.2,
145.2, 13 8.8, 137.6, 136.3, 131.6, 129.2, 12828.11, 128.0,
127.9, 127.8, 126.8, 121.7, 115.8, 115.6, 115.%3,111114.2,
98.6, 60.1, 57.4, 54.8, 33.7, 14.8; HRMS (ESI) nealc. for
CaHaxClLFN,O,Na [M+Na]', found (expected): 601.1228
(601.1237).

Ethyl4-(4-bromophenylamino)-1-(4-bromophenyl)-1,2,%-
tetrahydro-2,6-diphenylpyridine-3-carboxylate (4p):

White solid. 76% yield. IR (KBry, cmi'): 3241, 2973,
2834, 1646, 1602, 1491, 1226 NMR (400 MHz, DMSOdq) 5
1.37 (t, J=7.0 Hz, 3H), 2.74 (dd, J=15.6 and 4.0 HH{), .96
(dd, J=16.0 and 5.6 Hz, 1H), 4.25-4.41 (m, 2H), 588, (1H),
6.22 (s, 1H), 6.37 (d, J=8.8 Hz, 2H), 6.54 (d, J=88 2H),
7.06-7.17 (m, 10H), 7.25 (d, J=8.8 Hz, 2H), 7.32-7136 2H),
10.19 (s, 1H);"*C NMR (100 MHz, CDCJ)): & 168.1, 155.2,
145.9, 143.1, 142.1, 136.9, 132.0, 131.6, 128.8.412127.5,
127.2, 126.6, 126.4, 126.3, 119.1, 114.6, 108.48,9®.9, 58.3,
55.2, 33.4, 14.8; HRMS (ESI) m/z: calc. fog8,4Br,N,O,Na
[M+Na]", found (expected): 653.0405 (653.0415).

Ethyl4-(4-bromophenylamino)-1-(4-bromophenyl)-2,6-ls(3-
fluorophenyl)-1,2,5,6-tetrahydropyridine-3-carboxylate (4q):

Yellow solid. 55% yield. IR (KBry , cmi’): 3242, 2977,
2859, 1647, 1590, 1488, 12661 NMR (400 MHz, DMSOd,) &
1.37 (t, J=7.0 Hz, 3H), 2.77 (dd, J=16.4 and 2.0 H4), B.04
(dd, J=16.0 and 5.6 Hz, 1H), 4.27-4.42 (m, 2H), 53, (1H),

6.23 (s, 1H), 6.35 (d, J=9.2 Hz, 2H), 6.50 (d, J=8.42), 6.88
(d, J=8.4 Hz, 1H), 6.95 (d, J=7.6 Hz, 1H), 7.05-7.09 &H),
7.18-7.22 (m, 3H), 7.30-7.43 (m, 4H),10.18 (s, 18 NMR
(100 MHz, CDC)): 6 167.8, 161.9, 161.8, 154.9, 145.4, 144.8,
136.7, 132.2, 131.8, 130.5, 130.0, 127.2, 122.0,92119.4,
114.6, 113.8, 113.7, 113.6, 113.5, 113.3, 109.2,99.2, 57.6,
55.0, 33.4, 14.7; HRMS (ESI) m/z: calc. fos,8,¢Br,FN,O,Na
[M+Na]*, found (expected): 698.0229 (698.0227).

Ethyl4-(4-bromophenylamino)-1-(4-bromophenyl)-2,6-lis(4-
fluorophenyl)-1,2,5,6-tetrahydropyridine-3-carboxylate (4r):

White solid. 60% yield. IR (KBry, cmi): 3237, 2928,
2862, 1673, 1656, 1504, 1258 NMR (400 MHz, DMSO¢dg) &
1.37 (t, J=7.0 Hz, 3H), 2.77 (dd, J=14.4 and 4.0 H), 2.98
(dd, J=15.6 and 5.6 Hz, 1H), 4.21-4.42 (m, 2H), 58, (1H),
6.21 (s, 1H), 6.33 (d, J=9.2 Hz, 2H), 6.51 (d, J=88 2H),
7.13-7.20 (m, 8H), 7.31-7.38 (m, 4H), 10.19 (s, 1%, NMR
(100 MHz, CDC}): 6 167.9, 160.9, 160.4, 155.1, 145.6, 136.8,
132.1, 131.7, 128.1, 128.0, 127.9, 127.8, 127.8,.311115.8,
115.6, 115.3, 115.1, 114.7, 108.9, 98.7, 60.1, ,55448, 33.7,
14.8; HRMS (ESI) m/z: calc. for £H,:Br,FN,O, [M+H]",
found (expected): 667.0154 (667.0407).

Ethyl4-(4-bromophenylamino)-1-(4-bromophenyl)-2,6-ls(4-
chlorophenyl)-1,2,5,6-tetrahydropyridine-3-carboxyhte (4s):

White crystal. 63% vyield. IR (KBry, cm’): 3243, 2928,
1665, 1647, 1586, 1491, 125MNMR (400 MHz, DMSO#€) &
1.37 (t, J=7.2 Hz, 3H), 2.78 (dd, J= 14.4 and 4.0 H#), 3.00
(dd, J=16.0 and 5.6 Hz, 1H), 4.25- 4.40 (m, 2H), §t88, 1H),
6.21 (s, 1H), 6.31 (d, J=8.8 Hz, 2H), 6.54 (d, J=8.824}), 7.11
(d, J=8.4 Hz, 2H), 7.19 (d, J=8.8 Hz, 2H), 7.32-7.4Q &id),
10.18 (s, 1H);*C NMR (100 MHz, CDCJ)): § 167.8, 155.0,
145.4, 141.6, 140.3, 136.7, 133.2, 132.5, 132.2,.8,3129.0,
128.6, 127.9, 127.7, 127.1, 119.4, 114.6, 109.14,9.1, 57.4,
549, 336, 14.8; HRMS (ESI) m/z: calc. for
CsH,Br,CLN,O,Na [M+Na], found (expected): 698.9504
(698.9816).

Ethyl4-(4-nitrophenylamino)-1,2,5,6-tetrahydro-1-(4nitrop-
henyl)-2,6-diphenylpyridine-3-carboxylate (4t):

Yellow solid. 70% yield. IR (KBry , cmi'): 3289, 2985,
1680, 1596, 1501, 12484 NMR (400 MHz, DMSO¢g) 6 1.37
(t, J=7.0 Hz, 3H), 2.87 (dd, J=14.4 and 4.0 Hz, 1H393dd,
J=16.0 and 5.6 Hz, 1H), 4.10-4.23 (m, 2H), 4.48 (b, 6.03
(dd, J=18.8 and 7.6 Hz, 3H), 6.61 (t, J=7.4 Hz, 2Hj746.70
(m, 1H), 6.74-6.78 (m, 1H), 6.83-6.89 (m, 4H), 7.0877(m,
2H), 7.42 (d, J=8.8 Hz, 2H), 8.15 (d, J=9.2 Hz, 2H)28(d,
J=8.8 Hz, 2H), 10.80 (s, 1H}*C NMR (100 MHz, CDG)): &
169.2, 157.0, 152.1, 146.9, 143.6, 141.4, 139.8.713127.4,
126.9, 126.4, 126.2, 125.8, 125.2, 123.5, 115.8§.311103.5,
60.3, 52.3, 45.6, 38.5, 13.6; HRMS (ESI) m/z: calor
CyHxNOgNa  [M+Na], found (expected): 587.1923
(587.1907).



