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Fourteen novel N-(substituted phenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahydropyridines 9 were synthe-
sized in fair to good yields. 4-Ethylpyridine 5 reacted with O-mesitylenesulfonylhydroxylamine (O-M SH)
4 to furnish N-amino-4-ethylpyridinium mesitylenesulfonate 6. The reaction of 6 with substituted acid
chlorides 7 gave the stable crystalline pyridinium ylides 8a-8n. A sodium borohydride reduction of 8 in
absolute ethanol furnished the target compounds N-(substituted phenylcarbonylamino)-4-ethyl-1,2,3,6-

tetrahydropyridines 9a-9n.

J. Heterocyclic Chem.,, 38, 69 (2001).

Compounds consisting of a reduced pyridine ring sys-
tem are known to possess a variety of biological activities
[1-4]. Earlier work [5-7] by Knaus and co-workers indi-
cated the synthesis of a series of N-(carbonylamino)-
1,2,3,6-tetrahydropyridines (THPs) which showed that
anti-inflammatory, analgesic, and hyperglycemic activi-
ties with no observed toxicities after preliminary pharma-
cological tests. It became obvious that the pharmacologi-
cal activities of the THP derivatives depended greatly on

the nature of the substituents on the THP ring structure
[8,9]. Previoudly, toxicological evaluation of 1-Methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP) and its analogs
by Fries et al., indicated that less or no toxicity was
observed when alkyl groups were introduced on the
tetrahydropyridine ring [10].

Several N-[phenyl(pyridyl)carbonylamino]-1,2,3,6-
tetrahydropyridines were synthesized and reported
[8,9,11]. Nucleophilic attack of pyridine derivatives on
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1-chloro-2,4-dinitrobenzene resulted in the formation ofwith 70% perchloric acid and allowing them to react for
the 2,4-dinitrophenyl pyridinium chlorides. Benzoyl 40 minutes, gave white crystals of M3Hn 79% yield.
hydrazide and/or pyridyl hydrazides reacted with pyri-4-Ethylpyridine 5 was reacted with MSH4 in
dinium chlorides furnishing the 2,4-dinitroaniline deriva- dichloromethane to produdé-amino-4-ethyl pyridinium
tives, which were subsequently hydrolyzed to yield themesitylenesulfonaté. Reaction o6 with substituted acid
pyridinium ylides. Sodium borohydride reduction of the chlorides?7 in anhydrous tetrahydrofuran at 70 °C gave
ylides afforded the 1,2,3,6-tetrahydropyridine analogs. stable ylides8a-8n. Sodium borohydride reduction 8fin

In a recent approach the carbonyl group of the THPabsolute ethanol furnished the target compouxdsub-
was replaced with a sulfonyl group producing new derivastituted phenylcarbonylamino)-4-ethyl-1,2,3,6-tetra-
tives with significantly enhanced anti-inflammatory activ- hydropyridine9a-9n
ities [12]. Other previous reports indicated that the alkyl The results of the synthesis of the pyridinium yli@es
groups on the tetrahydropyridine ring system possesseahd the corresponding 1,2,3,6-tetrahydropyridifese
reasonably higher anti-inflammatory activity [8,9,11]. presented in Table 1 and Table 2. Scheme 2 shows the

In our current report, the tetrahydropyridines were prenumbering of the pyridinium ylide8 and tetrahydro-
pared using an alternative method of incorporating elegyridines9 systems. The tetrahydropyridin@sshow
tron-donating ethyl groups on the THP ring structure. Irtypical 1H nmr absorption at approximatefy3.1 as a
addition, several substituents that tend to exert electronicpultiplet which correspond to£protons coupled to the
lipophilic and steric influences on the tetrahydropyridineCs-protons. Since &-protons are directly connected to
analogs were introduced on the phenyl ring. Thes&l-atom, G—protons are expected to absorb at arodind
changes in turn are expected to influence the biologicé®.2 when compared to,Eprotons. @-protons generally
activities of the tetrahydropyridine derivatives. Using aabsorb at® 3.5. Since @-protons are connected with
similar method, electron withdrawing groups were intro-both N-atom and vinyl group, they are further down
duced on the tetrahydropyridine ring system and theifield-shifted. The broad singlet at aroudnd3.5 was
anti-inflammatory activities were tested [13,14]. assigned to g-protons which have very weak coupling

The synthetic pathway is outlined in Scheme 1. Thevith the G-proton. The vinyl proton of the tetrahy-
O-mesitylenesulfonylhydroxylamine (MSH) was used dropyridines on g-proton was typically observed at
to prepare théN-amine salt as an aminating agent [15].5.3. The infrared (ir) spectrum (potassium bromide) con-
Mesitylene sulfonylchlorid@ was added with stirring to a firmed the presence of structural features in targeted
solution of ethyl acetohydroxamateand triethylamine in  compounds which typically display absorption approxi-
dimethylforamide at 0 °C. After one hour, the reactionmately atv 3200 (NH), 1640 (CO) crh. The pharmaco-
mixture was poured into ice/water to give ethyllogical evaluation of the compounds for anti-inflamma-
O-mesitylenesulfonylacetohydroxama@en 92% yield.  tory and analgesic activity is underway.
Stirring the mixture of3 in p—dioxane:water (4:1 v/v)

Table 1 Table 2

Pyridinium Ylides8a-8nsynthetic data 1,2,3,6-Tetrahydropyridineda-9nsynthetic data

O
OO~ SO~
R

R mp (°C) Yield (%) F.W. R mp (°C) Yield (%) F.W.
8a 4-OCH, 117-119 81 25631 9a 4-OCHy 167-169 32 260.34
8b 3-OCH, 138-140 49 25631 9b 3-OCHs 133-135 32 260.34
8c 3-Chy 120-122 28 20428  9c 3-CR 119-121 44 298.31
8d 4-CHy 164-166 12 24031 9d 4-CHg 149-151 30 244.34
8e 4-CyH5 151-153 72 25434 e 4-CHs 143-145 26 258.37
8f 4nBu 174-176 33 28239 O 4-nBu 125-127 64 286.42
8g 4¢Bu 194-196 66 28239 99 44 Bu 158-160 52 286.42
8h 2-CHy 136-138 53 24031 9h 2-CHg 157-159 78 244.34
8i 4F 182-184 22 24427 9 4-F 164-166 31 248.30
8 3-F 130-132 48 24427 9] 3-F 142-144 33 248.30
8k 2-F 168-170 49 24427 9k 2-F 125-127 38 248.30
8l 4-Cl 189-191 42 260.73 Ol 4-Cl 180-182 64 264.76
8m 4-Br 169-171 26 305.18 9m 4-Br 187-189 36 309.21

8n 3,5-Ch 141-143 35 295.17 on 3,5-Ch 120-122 83 299.20
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Elemental Analysis of the Pyridinium Ylide8a-8n)

S
&
Molecular MW
Formula

0.25 HO

0.125 HO

C15H1aNL0OF3 296.53
0.125H,0

CyH16N0 240.31
CyH1gN0 254.33
CygH2oN,0 282.39
C1gH2oNO- 286.89
0.25H,0

C15H16N20 240.31
Cy4H1N,OF 244.27
CiaH13N,0F 244.27
Ci4H13N,0F 246.52
0.125 HO

Cy4H13N,OCI 265.23
QLAHlsNzoBI" 314.19
0.5 HO

C14H1oN,OCly: 299.62
0.25H,0

Scheme 2

Structure and numbering of N-(Substituted Phenylcarbonylamino)-
4-ethylpyridinium ylides (8a-8n) and N-(Substituted Phenylcarbonylamino)-
4-ethyl-1,2,3,6-tetrahydropyridines (9a-9n).
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N-(Substituted Phenylcarbonylamino)-

4-ethyl-1,2,3,6-tetrahydropyridines

(9a-91m)
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I -
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Elemental Analysis

%C %H %N
69.08 6.38 10.74 Calcd.
69.17 6.41 10.51 Found
69.68 6.33 10.83 Calcd.
69.69 6.33 10.81 Found
60.30 4.55 9.38 Calcd.
60.09 4.66 9.01 Found
74.97 6.71 11.66 Calcd.
74.72 6.82 11.34 Found
75.56 7.13 11.01 Calcd.
75.56 7.25 10.86 Found
76.56 7.85 9.92 Calcd.
76.97 8.04 9.79 Found
75.36 7.91 9.76 Calcd.
75.35 8.03 9.69 Found
74.97 6.71 11.66 Calcd.
75.21 6.82 11.55 Found
68.84 5.36 11.47 Calcd.
68.69 5.46 11.37 Found
68.84 5.36 11.47 Calcd.
68.67 5.45 11.34 Found
68.21 5.42 11.36 Calcd.
68.14 5.39 11.22 Found
63.40 5.13 10.56 Calcd.
63.08 4.97 10.41 Found
53.52 4.49 8.92 Calcd.
53.67 4.22 8.94 Found
56.11 4.20 9.35 Calcd.
56.22 4.03 9.35 Found

EXPERIMENTAL

Melting points were determined on a Mettler Toledo Type Fp
62 Melting Point Apparatus and were uncorrected. Infrared
spectra were recorded on a Perkin-Elmer FTIR 1430 spec-
trophotometer, using KBr pelletdd-nmr spectra were obtained
with a Brucker HX-300 spectrometer and the chemical shifts are
reported in parts per million (ppm) downfield from tetramethyl-
silane as an internal standard. Elemental analyses were per-
formed by Galbraith Laboratories, Inc., Knoxville, Tennessee.
Silica gel (Merck, 250-400 mesh) was used for flash column
chromatographic separations. The homogeneity of products and
intermediates was monitored by TLC on Merck 60F-254 plates,
with visualization under UV light. All the solvents and chemi-
cals were purchased from Fisher Scientific Company (Orlando,
Florida) and Aldrich Chemical Company (Milwaukee,
Wisconsin).

General Procedure A.
N-Amino-4-ethylpyridinium Mesitylenesulfonaté)(

To an ice-cold solution of 4-ethyl pyridine (3.12 g, 29.11
mmoles) in dichloromethane (10 ml) was added dropwise a
solution ofO-MSH (O-mesitylene sulfonyl hydroxylamind,
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Elemental Analysis of the Tetrahydropyridirgza{9n)

@]
I
OO
KR

Compound R Molecular MW Elemental Analysis
Formula %C %H %N
9a 4-OCH C15Ho0N0,. 260.34 69.20 7.74 10.76 Calcd.
69.18 7.90 10.54 Found
9b 3-OCH; Cy5HogN50, 260.34 69.20 7.74 10.76 Calcd.
69.40 7.80 10.75 Found
9c 3-CR Cy5H17N,0F5 302.81 59.94 5.78 9.32 Calcd.
0.125H,0 59.69 5.80 9.27 Found
9d 4-CHg C15Ho0N0 240.31 73.74 8.25 11.46 Calcd.
73.73 8.46 11.45 Found
9e 4-C,Hs Cy7H25N,0 258.37 74.38 8.58 10.84 Calcd.
74.65 8.66 10.85 Found
of 4-n-Bu CygHoN,0 286.42 75.48 9.15 9.78 Calcd.
75.78 9.33 9.73 Found
9g 4+-Bu CgHogN0 286.42 75.48 9.15 9.78 Calcd.
75.38 9.31 9.77 Found
9h 2-CH, C15H20N0 244.34 73.74 8.25 11.46 Calcd.
73.40 8.26 11.34 Found
9i 4-F Cy4H17/N,OF 248.30 67.72 6.90 11.28 Calcd.
67.47 7.00 11.16 Found
9j 3-F Cy4H17N,OF 248.30 67.72 6.90 11.28 Calcd.
67.45 7.08 11.23 Found
9k 2-F Cy4H1N,OF 248.30 67.72 6.90 11.28 Calcd.
67.79 6.99 11.21 Found
9l 4-Cl Cy4H17N,OCI 264.76 63.51 6.47 10.58 Calcd.
63.92 6.61 10.68 Found
9m 4-Br Cy4H1N,0Br 309.21 54.38 5.54 9.06 Calcd.
54.26 5.64 8.86 Found
9n 3,5-Ch Cy4H1oN,0Cly 308.21 54.56 5.56 9.09 Calcd.
0.5H,0 54.89 5.38 9.07 Found

6.26 g, 29.11 mmoles) in dichloromethane. The resulting mixof solventin vacuogave a yellowish semi-crystal residue.
ture was stirred in an ice bath for 30 minutes, stirred at roonThis residue was crystallized from hexane/ether (10:1, v/v) to
temperature for 20 minutes and excess ether was added. &fford 4.8 g (81%) of off-white crystals, mp 117-119 °C. The
dark brown oil weighing 5.14 g was extracted (57% vyield).other derivatives were similarly prepared and purified. ir
This product,6, was used for the next step without further (potassium bromide)v 1605 (CO) cml; 1H nmr (deuterio-
purification. 1H nmr (deuteriochloroform$i 1.19 (t, J = 7.6  chloroform):d 1.25 {, J = 7.8 Hz, 3H, CbCH3), 2.80-2.88
Hz, 3H, CHCHj), 2.15 (s, 3H, El3), 2.49 (s, 6H, E3 x 2), (g, J=7.8 Hz, 2H, B,CHy), 3.80 (s, 3H, OH3), 6.90 (d, J =
2.87 (q, J = 7.6 Hz, 2H,K,CHj3), 4.01 (br s, 2H, N,), 6.74 8.8 Hz, 2H, phenyl protons), 7.45 (d, J = 6.8 Hz, 2H, C
(s, 2H, phenyl protons), 7.82-7.91 (dd, J = 5.8, 5.8 Hz, 2HCs-H), 8.10 (d, J = 8.8 Hz, 2H, phenyl protons), 8.62 (d, J =
pyridinium protons), 8.66-8.80 (dd, J = 5.8, 5.8 Hz, 2H, pyri-6.8 Hz, 2H, G, C4-H).

dinium protons). Anal Calcd. for GsH1gN,0,¢0.25H,0: C, 69.08; H, 6.38; N,

General Procedure B. 10.74. Found: C, 69.17; H, 6.41; N, 10.51.

N-(4-Methoxyphenylcarbonylimino)-4-ethylpyridinium Ylide E\IB-(S-Methoxyphenylcarbonylimino)-4-ethy|pyridinium Ylide
(8a).

To an ice-cold solution dfl-amino-4-ethylpyridinium salé The compound@b was obtained following General Procedure
(7.5 g, 23.3 mmoles) in anhydrous tetrahydrofuran (100 mIB as off-white needles, 393 mg (49%), mp 138-140 °C; ir
was addecpara-anisoyl chloride (11.9 g, 69.9 mmoles) drop- (potassium bromide) 1686 (CO) cmit; 1H nmr (deuterio-
wise via a syringe. The reaction was allowed to reflux for 24chloroform): 1.30 (t, J = 7.8 Hz, 3H, Gj€H3), 2.78-2.87 (q,
hours at 70 °C. After cooling to room temperature, the reacd = 7.8 Hz, 2H, E@,CHj3), 3.85 (s, 3H, El3), 6.94 (m, 1H,
tion was quenched by adding 40 ml of a saturated aqueoughenyl proton), 7.24-7.31 (m, 1H, phenyl proton), 7.44 (d, J =
sodium bicarbonate solution. The mixture was shaken repea6.8 Hz, 2H, G, Cs-H), 7.74-7.69 (m, 2H, phenyl protons), 8.61
edly in a 500 ml separatory funnel and allowed to stand for #d, J = 6.8 Hz, 2H, & Cg-H).
few minutes. The solution was extracted with chloroform (3 x Anal Calcd. for GsH1gN50,0.125H,0: C, 69.68; H, 6.33;
90 ml). Drying over magnesium sulfate, filtration and removalN, 10.83. Found: C, 69.69; H, 6.33; N, 10.81.
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N-(3-Trifluoromethylphenylcarbonylimino)-4-ethylpyridinium to give a white compound, 66% yield, mp 194-196 °C; ir (potas-
Ylide (8¢). sium bromide):v 1588 (CO) cm!; IH nmr (deuterio-
chloroform): & 1.30(t, J = 7.8 Hz, 3H, CkCH3), 1.34 (s, 9H,
CHg x 3), 2.79-2.88 (q, J = 7.8 Hz, 2HHGCH3), 7.38 (d, J =
7.8 Hz, G, Cg-H), 7.43 (d, J = 7.3 Hz, £ Cs-H), 8.03 (d, J =
7.8 Hz, G, C4-H), 8.58 (d, J = 7.3 Hz, £ Cs-H).

The compoundc was obtained following General Procedure
B using 3 equivalents of 3-trifluoromethyl benzoylchloride to
furnish ivory crystals in 28% yield, mp 120-122 °C; ir (potas-
sium bromide):v 1613 (CO) cnl; 1H nmr (deuterio- . ) )
7.8 Hz, 2H, ®1,CHz), 7.55 (d, J = 6.8 Hz, 3H, phenyl protons), -76- Found: C, 75.35, H, 8.03; N, 9.69.

7.70 (d, 3 = 7.7 Hz, 1H, £H), 8.40 (d, J = 6.8 Hz, 2H,4£  N-(2-Methylphenylcarbonylimino)-4-ethylpyridinium Ylide
Ce-H), 8.71 (d, J = 6.8 Hz, 2H,Cs-H). (8h).

Anal. Calcd. for GsH;aN,OF3+0.125H0: C, 60.30; H, 455, The compoundh was obtained following General Procedure
N, 9.38. Found: C, 60.09; H, 4.66; N, 9.01. B by using 3 equivalents of 2-methyl benzoylchloride to give an
N-(4-Methylphenylcarbonylimino)-4-ethylpyridinium Ylide ivory compound in 53% yield, mp 136-138 °C; ir (potassium
(8d). bromide):v 1581 (CO) cnt; 1H nmr (deuteriochloroform)d
1.32 (t, J = 7.8 Hz, 3H, C}€H,), 2.55 (s, 3H, E3), 2.78-2.87
,J=7.8, 7.8 Hz, 2H,K,CHjy), 7.20 (m, 3H, G, Cy, C5-H),

45 (d, J = 6.8 Hz, 2H,£Cs-H), 7.65 (m, 1H, G-H), 8.64 (d,
=6.8 Hz, 2H, g C4-H).

The compoundd was obtained following General Procedure
B. The product was recrystallized in 100% ethyl acetate an
obtained as a solid, 12% yield, mp 164-166 °C; ir (potassiurr:»j
bromide): 1585 (CO) cr& 1H nmr (deuteriochloroform) 1.35 ) ) )
(t, J = 7.8 Hz, 3H, ChCHs), 2.40 (s, 3H, B), 2.85 (q, J = 7.8 Foﬁ?]g'_' Cca;gdz'f.o,: GeHlyghlo O © 7497 H, 6715 N, 11.66.
Hz, 2H, H,CHy3), 7.20 (d, J = 7.5 Hz, 2H, phenyl protons), LT e o o
7.45 (d, J = 7.5 Hz, 2H, £ Cs-H), 8.05 (d, J = 7.5 Hz, 2H, N-(4-Fluorophenylcarbonylimino)-4-ethylpyridinium Ylid8&i}.

phenyl protons), 8.60 (d, J = 7.5 Hz, 2H, Cg-H). The compoundi was obtained following General Procedure
Anal. Calcd. for GsH1gN2O: C, 74.97; H, 6.71; N, 11.66. B py using 3 equivalents of 4-fluorobenzoylchloride.

Found: C, 74.72; H, 6.82; N, 11.34. Recrystallization using 100% ethyl acetate gave a white needle-

N-(4-Ethylphenylcarbonylimino)-4-ethylpyridinium Ylid&¢). like compound in 22% yield, mp 182-184 °C; ir (potassium bro-

mide):v 1602 (CO) cni; IH nmr (deuteriochloroform) 132

The compoun@e was obtained following General Procedure (¢ j = 7.8 Hz, 3H, ChCHg), 2.78-2.87 (q, J = 7.8 Hz, 2H,
B using 3 equivalents of 4-ethyl benzoylchloride. The resultingCHZCHa), 7.01-7.07 (m, 2H, phenyl protons), 7.44 (d, J = 6.8
crude compound was purified on a column of silica-gel and thgyz oH. G, Cs-H), 8.09-8.15 (m, 2H, phenyl protons), 8.59 (d,
eluent ethyl acetate:methanol (9:1 v/v, 1,000 m) furniskeas  j=6.8 Hz, 2H, G Ce-H).
white crystals in 72% yield, mp 151-153 °C; ir (potassium bro- - aAnal, Calcd. for G4H;3N,OF: C, 68.84; H, 5.36; N, 11.47.
mide):v 1591(CO) cm?; IH nmr (deuteriochloroform)3 0.90  Found: C, 68.89: H, 5.46: N, 11.37.
(2t6‘]3_2773;|_(|é §E7C?SE2H1F{%?:S3)J2_870822§3 éHJ?G;HSS)HZ N-(3-Fluorophenylcarbonylimino)-4-ethylpyridinium Ylide
2H, CH,CHa), 6.86 (d, J = 8.3 Hz, 2H, & Cg-H), 7.46 (d, 3= (8))-
6.8 Hz, 2H, G, Cs-H), 8.05 (d, J = 8.3 Hz, 2H,4 C5-H), 8.63 The compoundj was obtained following General Procedure

(d,J=6.8 Hz, 2H, & Cg-H). by using 3 equivalents of 3-fluorobenzoylchloride with ethyl
Anal. Calcd. for GgH1gN,O: C, 75.56; H, 7.13; N, 11.01. acetate:methanol (9:1,v/v) as an eluent for column chromatogra-
Found: C, 75.56; H, 7.25; N, 10.86. phy followed by recrystallization with 100% ethyl acetate to

give ivory crystals in 85% yield, mp 130-132 °C; ir (potassium

bromide):v 1689 (CO) cnt; 1H nmr (deuteriochloroform)d
The compound@f was obtained following General Procedure B 1.29 (t, J = 7.8 Hz, 3H, GJ&H5), 2.78-2.87 (g, J = 7.8 Hz, 2H,

by using 3 equivalents of@butyl benzoylichloride. The resulting CH,CHg), 7.20-7.38 (m, 3H, & Cs, Cg-H), 7.83 (d, J = 6.8

crude mixture was recrystallized in 100% ethyl acetate to givédz, 2H, G, Cs-H), 7.95 (d, J = 7.3 Hz, 1H,4eH), 8.90 (d, J =

1.1 g (33% yield) of white crystals, mp 174-176 °C; ir (potassiumé.8 Hz, 2H, G, Cg-H).

bromide):v 1593 (CO) cni; IH nmr (deuteriochloroform)d Anal. Calcd. for G4H13N,OF: C, 68.84; H, 5.36; N, 11.47.

092 ¢ J = 7.6 Hz, 3H, CHCHj3), 1.34 (m, 5H, Found: C, 68.67; H, 5.45; N, 11.34.

CH,CH,CH,CH3), 1.60-1.70 (m, 2H, CKHCH,CH,CHs), 2.65 (t, s Ce N ‘g :

3=7.6 Hz, 2H, €,CH,CH,CHy), 2.86 (q. J = 7.6 Hz, 2H. - (l\éé)z Fluorophenylcarbonylimino)-4-ethylpyridinium Ylide

CH,CHjy), 7.23 (d, 3 = 8.3 Hz, £ C5-H), 7.45 (d, J = 6.8 Hz, 2H, '

Cg, Cs-H), 8.05 (d, J = 8.3 Hz, 2H,4 Cg-H), 8.61 (d, J = 6.8 The compoundk was obtained following General Procedure

N-(4-n-Butylphenylcarbonylimino)-4-ethylpyridinium Ylidesf).

Hz, 2H, G, Cg-H). B by using 3 equivalents of 2-fluorobenzoylchloride to give a
Anal. Calcd. for GgH,,N,O: C, 76.56; H, 7.85; N, 9.92. Wwhite compound in 49% yield, mp 168-170 °C; ir (potassium
Found: C, 76.97; H, 8.04: N, 9.79. bromide):v 1600 (CO) cnt; H nmr (deuteriumchloroform)

- C . 1.28(t, J = 7.8 Hz, 3H, CKCH3), 2.78-2.86 (q, J = 7.8 Hz, 2H,
N-(4-t-Butylphenylcarbonylimino)-4-ethylpyridinium Ylide CH2C(H3), 7.02-7.17 (m, gﬁ Sghenyl protor(]i), 750 (d,J=6.8
(89). Hz, 2H, G, Cs-H ), 7.82-7.90 (dd, J = 6.9 Hz, 1H, phenyl pro-

The compoundg was obtained following General Procedure ton), 8.62 (d, J = 6.8 Hz, 2H ,(0Cs-H).
B by using 3 equivalents of #butylbenzoyl chloride. The Anal. Calcd. for G4H,3No,OF<0.125H0: C, 68.21; H, 5.42;
resulting crude mixture was recrystallized in 100% ethyl acetat®l, 11.36. Found: C, 68.14; H, 5.39; N, 11.22.
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N-(4-Chlorophenylcarbonylimino)-4-ethylpyridinium Ylides 3.80 (s, 3H, O@l3), 5.32 (s, 1H, &H), 6.90 (d, J = 8.6 Hz, 2H,
(8. phenyl protons), 7.0 (br s, 1H,H\ deuterium oxide exchange-

The compoundl was obtained following General Procedure able), 7.70 (m, 2H, pheny! protons).
Anal. Calcd. for GgHogN,O,: C, 69.20; H, 7.74; N, 10.76.

B by using 3 equivalents of 4-chlorobenzoylchloride. ; ) )
Recrystallization under 100% ethyl acetate gave an ivory comEound' C, 69.18; H, 7.90; N, 10.54.
pound in 42% yield, mp 189-191 °C; ir (potassium bromite): N-(3-Methoxyphenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahy-
1596 (CO) cnt; IH nmr (deuteriochloroform) 1.26(t, J=7.5  dropyridine @b).

(l_c|iZ' J3=H S(ille-lczH?é)Hzgr?eiy?ir(gtan;) 7'75 4|_5|Z(’ d2|\-]|1;[2‘g 23&27'%2 c The compoun®b was obtained following General Procedure
c ’-H) 7 '97 (d, ] _ 8.4 Hz. 2H phe,nyll protolns) 8-53 (dl J‘:' 6 60 by using 1_00% eth_yl acetate for recr_ystallization of the crut_je
Hi 2|’_| Cz Ce-,H) ) B T ' ’ Froduct to gtl)ve a (\j/vr;\lltes nggd( WHﬁz?GZfl?é (r)n)p #‘331-;35 °C; ir
oz : . . . potassium bromide) , crk; nmr
Foﬁ?lgl: gaé%dbg_)qung?NﬁlO% 401 63.40; H, 5.13; N, 10.56. (deuteriochloroform)® 0.98 (t, J = 7.3 Hz, 3H, CJ€Hy), 1.95-
T T T e T e 2.03 (9, J = 7.3 Hz, 2H,K,CHjy), 2.25 (m, 2H, G-H), 3.10 (m,
N-(4-Bromophenylcarbonylimino)-4-ethylpyridinium Ylides 2H, C,-H), 3.47 (s, 2H, gH), 3.83 (s, 3H, -O8), 5.33 (s, 1H,
(8m). Cs-H), 6.95 (br s, 1H, N, deuterium oxide exchangeable), 7.00

The compoun@m was obtained following General Procedure (M. 1H, G-H), 7.20-7.33 (m, 3H, & Cg, Gg-H).
B by using 3 equivalents of 4-bromobenzoyichloride. The result- Anal Calcd. for GsHpN;0p: C, 69.20; H, 7.74; N, 10.76.
ing crude product was purified on a column of silica gel withFound: C, 69.40; H, 7.80; N, 10.75.
ethyl acetate:methanol (9:1, v/v, 1,000 ml) eluent to give a whitg\-(3-Trifluoromethylphenylcarbonylamino)-4-ethyl-1,2,3,6-
compound in 26% yield, mp 169-171 °C; ir (potassium bro-tetrahydropyridinegc).
mide):v 1595 (CO) cn¥; IH nmr (deuteriochloroform) 1.29
(t, J = 7.8 Hz, 3H, ChCHy), 2.79-2.87 (q, J = 7.3 ,7.8 Hz, 2H
CH,CHg), 7.45-7.55 (m, 4H, phenyl protonsz, ©s5-H), 8.20 (d,
J = 8.7 Hz, 2H, phenyl protons), 8.63 (d, J = 6.8 Hz, 2§, C
Ce-H).

The compoun®c was obtained following General Procedure
’ C except using methanol:diethyl ether (40:1, v/v) for recrystal-
lization of the crude mixture to furnish 44% yield of white com-
pound, mp 119-121 °C ; ir (potassium bromideB217 (NH),
Anal. Calcd. for G4H,gN,OBr+0.5H,0: C, 53.52; H, 4.49; N, i|635 (CO) cm¥; IH nmr (deuttirlochloroform)é 1.02(,J=75
8.92. Found: C, 53.67; H, 4.22; N, 8.94. Z, 3H, CHCHy), 2.01(q, 9= 7.5 Hz, 2H,IGCHy), 2.27 (5,

’ T A 2H, C3-H), 3.10 (m, 2H, G-H), 3.49 (s, 2H, gH), 5.35 (s, 1H,
N-(3,5-Dichlorophenylcarbonylimino)-4-ethylpyridinium Ylides Cg-H), 7.00 (s, 1H, M, deuterium oxide exchangeable), 7.55
(8n). (m, 1H, G-H), 7.72 (d, J = 7.7 Hz, 1H,eH), 7.90 (d, I = 7.7

The compoun@n was obtained following General Procedure B Hz, 1H, G-H), 8.0 (s, 1H, G—H).
by using 3 equivalents of 3,5-dichlorobenzoylchloride to give an Anal Caled. for GsHi7N;OF3+0.125H0: C, 59.94; H, 5.78;
ivory compound in 35% yield, mp 141-143 °C; ir (potassium bro-N: 9-32. Found: C, 59.69; H, 5.80; N, 9.27.
mide):v 1595 (CO) cni; IH nmr (deuteriochloroform)> 1.33 (t,  N-(4-Methylphenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahy-
J=7.8Hz, 3H, ChlCH3), 2.80-2.88 (g, J = 7.8 Hz, 2HHZCHj), dropyridine @d).
7.36 (m, 1H, G-H), 7.50 (d, J = 6.8 Hz, 2H,4CCs-H), 8.00 (m,

2H, Cy, Gg-H), 8.60 (d, J = 6.8 Hz, 2H,,0CsH). The compoun®d was obtained following General Procedure

] . . C. After recrytallization in 100% ethyl acetate, the product was
N Aéngé (f:%lggdfcg %‘éHzlﬁNﬁOf%gﬁls?gs C. 5611 H, 420 ;jected as a white solid, 30% yield, mp 149-151 °C; ir (potas-
P I C SRS T RS, T See sium bromide):v 3211 (NH), 1636 (CO) cm; 1H nmr
General Procedure C. (deuteriochloroform)d 1.02 (t, J= 7.4 Hz, 3H, CHCH3), 2.01
N-(4-Methoxycarbonylamino)-4-ethyl-1,2,3,6-tetrahydropyri- (0 9= 7.4 Hz, 2H, Gi;,CHy), 2.27 (br s, 2H, gH), 3.11 (m,
dine Qa). 2H, C-H), 3.49 (s, 2H, gH), 5.35 (s, 1H, gH), 7.23 (d, J =
8.0 Hz, 2H, phenyl protons), 7.65 (d, J = 8.0 Hz, 2H, phenyl
N-(4-Methoxyphenylcarbonylimino)-4-ethylpyridinium ylide protons).
8a (4 g, 15.6 mmoles) was dissolved in 100 ml of absolute ApalCalcd. for GgH,oN,O: C, 73.74; H, 8.25; N, 11.46.
ethanol and cooled to 0 °C while stirring. Sodium borohydriderqund: C, 73.73: H, 8.46: N, 11.45.
2.95 g, 78.03 mmoles) in 20 ml of absolute ethanol was adde .
f’:md stgi]rring continued l\t 0 °C for 5 hours. The excess sodiu -(4-Ethylphenylcarbonylamlno)-4-ethyl-1,2,3,6-tetrahydropy-
borohydride was treated with distilled water (100 ml) and the'dine ©€).
reaction mixture allowed to warm up to room temperature. It The compound9e was obtained following General
was then extracted with chloroform (3 x 75 ml) and dried overProcedure C after recrystallization in 100% ethyl acetate as a
anhydrous sodium sulfate. Evaporation of the filtered chlorowhite solid, 27% yield, mp 143-145 °C ; ir (potassium bro-
form solutionin vacuoresulted in obtaining ivory crystals. This mide): v 3230 (NH), 1644 (CO) crd; 1H nmr (deuterio-
crude product was purified on a silica-gel column using ethykhloroform):4 1.05 (t, J = 7.3 Hz, 3H, CJ€H3 of THP ring),
acetate:hexane (2:1, v/v, 1,000 ml) as an eluent to fuBaists 1.25 (t, J = 7.8 Hz, 3H, Cj)€Hy), 2.0 (q, J = 7.3 Hz, 2H,
an ivory white solid, 1.31 g (32% vyield) of the desired tetrahy-CH,CHj3), 2.24 (m, 2H, G-H), 2.62-2.70 (g, J = 7.8 Hz, 2H,
dropyridine, mp 167-169 °C; ir (potassium bromide)3206 = CH,CHj3), 3.08 (m, 2H, G-H), 3.46 (s, 2H, H), 5.32 (s,
(NH), 1635 (CO) cn#; IH nmr (deuteriochloroform) 0.98 (t, 1H, Gs-H), 6.95 (br s, 1H, N, deuterium oxide exchange-
J = 7.4 Hz, 3H, ChKICH3), 2.00 (q, J = 7.4 Hz, 2H,H3CHy), able), 7.20 (d, J = 8.3 Hz, 2Hg{Cy-H), 7.63 (d, J = 8.3 Hz,
2.25 (s, 2H, G-H), 3.08 (m, 2H, GH), 3.45 (br s, 2H, EH), 2H, C,, Cs-H).
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Anal. Calcd. for G;H,5N,0: C, 74.38; H, 8.58; N, 10.84. N-(3-Fluorophenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahydropy-

Found: C, 74.65; H, 8.66; N, 10.85. ridine 9)).
N-(4-n-Butylphenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahy-  The compound®j was obtained following General Procedure
dropyridine 9f). C. This compound was collected after recrystallization in ethyl

acetate:hexane (9:1, v/v) as a white solid, 33% yield, mp 142-

The compoun®f was obtained following General Procedure o : N i
C. After flash column chromatography of the crude productﬁlﬁn;‘:’r 'Ed(gﬁttaes}iséucmh@;%TJ?%%%&N?):] 13473 écl_?z) C?H

using ethyl acetate:methanol (9:1, v/v) as an eluent to provide _ .
white solid, 64% yield, mp 125-127 °C; ir (potassium bromide):E;'ngf)’(rﬁ'oqu’C;_H)7és4|_éz’(szg’|_|ezé_:|:|)3)’52'3257((sbr13|_‘| ZSH%:

v 3229 (NH), 1644 (CO) cri *H nmr (deuteriochloroform)s - o .(br s, 1H, M. deuterium oxide exc’haingealyz)le),l7.20-l7.40
0.87 (t, J = 7.3 Hz, 3H, CJ€H,CH,CHy), 0.97 (t, J = 7.3 Hz, (m, 3H, phenyl protons), 7.50 (s, 1Hy-El).

3H, CHCHy), 1.28-1.39 (m, 2H, CHCH,CHCHg), 1.52-1.63 (o) caled. for GyH,N,OF: C, 67.72; H, 6.90; N, 11.28.
(m, 2H, CH,CH,CH,CH3), 1.95-2.03 (q, J = 7.8 Hz, 2H, Found: C. 67.45: H. 7.08' N. 11.23.

CH,CHz3), 2.24 (br s, 2H, @H), 2.59 (t, J = 7.8 Hz, 2H, ’ Y Y _
CH,CH,CH,CHg), 3.09 (m, 2H, G-H), 3.46 (s, 2H, GH), 5.32 l\_l-(_2-FIuorophenylcarbonylam|no)-4-ethyl-1,2,3,6-tetrahydropy-
(s, 1H, G-H), 7.01 (br s, 1H, N, deuterium oxide exchange- ridine (9k).

able), 7.18 (d, J = 7.8 Hz, 2HgCCs-H), 7.62 (d, J = 7.8 HZ,  The compoun®k was obtained following General Procedure
2H, G, Gg-H). C. This compound was collected after recrystallization in 100%
Anal. Caled. for GgHygNoO: C, 75.48; H, 9.15; N, 9.78. gy acetate as a white solid, 38% yield, mp 125-127 °C: ir
Found: C, 75.78; H, 9.33; N, 9.73. (potassium bromidey 3204 (NH), 1644 (CO) cri IH nmr
N-(4-t-Butylphenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahy- (deuteriochloroform)d 0.98 (t, J = 7.3 Hz, 3H, G}€H3), 1.96-
dropyridine eg) 2.04 (q, J=73 HZ, 2H,|'€.‘2CH3), 2.25 (bl’ S, 2H, g;H), 3.13

) i (m, 2H, G-H), 3.52 (s, 2H, GH), 5.33 (s, 1H, GH), 7.04-7.12
The compoun®g was obtained following General Procedure dd, J = 8.0 Hz, 1H, &H), 7.21-7.26 (d, J = 8 Hz, 1H4eH),

C. The compound was collected, after recrystallization in 100% 4.7 48 (m, 1H, gH), 7.70 (br s, 1H, N, deuterium oxide
ethyl acetate, as a white solid, 52% yield, mp 158-160 °C; i'éxchangeable), 8.00-8.10 (m, 1Hy-8).

(potassium bromide 3220 (NH), 1647 (CO) e tH nmr— aAna “Calcd. for G4H;,N,OF: C, 67.72; H, 6.90; N, 11.28.
(deuteriochloroform)& 1.02 (t, J=7.5Hz, 3H, Cjﬂ:HS), 1.31 (S, Found: C, 67.79; H, 6.99; N, 11.21.

9H, CH3in t-butyl), 2.01 (g, J = 7.5 Hz, 2HHZCHy3), 2.27 (br s, ]

2H, C;-H), 3.10 (M, 2H, GH), 3.49 (s, 2H, GH), 5.35 (s, 1H, N-(4-Chlorophenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahy-
Cs-H), 6.98 (s, 1H, M, deuterium oxide exchangeable), 7.40 (d, dropyridine @I).

J=7.9Hz,2H, g Cs-H), 7.65 (d, J = 7.9 Hz, 2H,,CCs-H). The compound9l was obtained following General
Anal. Calcd. for GgHgNoO: C, 75.48; H, 9.15; N, 9.78. procedure C. This compound was collected after recrystalliza-
Found: C, 75.38; H, 9.31; N, 9.77. tion in 100% ethyl acetate as a white solid, 64% yield, mp
N-(2-Methylphenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahy- 180-182 °C; ir (potassium bromide):3204 (NH), 1643 (CO)
dropyridine @h). cnrl; IH nmr (deuteriochloroform)d 1.06 (t, J = 7.8 Hz, 3H,

_ _ CH,CH3), 2.04-2.12 (q, J = 7.8 Hz, 2H,H3CH3), 2.33 (s,
The compoun®h was obtained following General Procedure C. o Cs-H), 3.17 (m, 2H, G-H), 3.55 (s, 2H, GH), 5.41 (s,

A white solid was collected with 78% yield after recrystallization in 14, Cs-H), 7.05 (br s, 1H, N, deuterium oxide exchange-

100% ethyl acetate, mp 157-159 °C; ir (potassium bromicd)93  aple), 7.45 (d, J = 7.8 Hz, 2H,CCq-H), 7.75 (d, J = 7.8 Hz,

(NH), 1645 (CO) cr¥; IH nmr (deuteriochloroformp 0.97 (t, J= 2, Cy, Cg-H).

7.3 Hz, 3H, CHCHy), 1.94-2.02 (q, J = 7.3 Hz, 2HHZCHy), 2.25 Anal. Calcd. for G4H;N,OCI: C, 63.51; H, 6.47; N, 10.58.

(m, 2H, GrH), 2.43 (s, 3H, Ch), 3.09 (m, 2H, GH), 3.45 (s, 2H,  Found: C, 63.92; H, 6.61; N, 10.68.

Ce-H), 5.32 (s, 1H, gH), 6.60 (br s, 1H, N, deuterium oxide .

exchangeable), 7.14-7.32 (m, 4H, phenyl protons). N-(4—B_r9mopheny|carbony|am|no)-4-ethy|-1,2,3,6-tetrahy-
Anal. Calcd. for GeHooNLO: C, 73.74; H, 8.25; N, 11.46. dropyridine fm).

Found: C, 73.40; H, 8.26; N, 11.34. The compoun®m was obtained following General Procedure
N-(4-FIuorophenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahydropy-C' This compound was collected after recrystallization in 100%
ridine (i). ethyl acetate as a white solid, 36% yield, mp 187-189 °C; ir (potas-

sium bromide)v 3208 (NH), 1646 (CO) criy H nmr (deuterio-

The compoundi was obtained following General Procedure chioroform):5 0.97 {, J = 7.3 Hz, 3H, ChCH,), 1.95-2.03 (q, J =
C. After recrystallization in 100% ethyl acetate, a white solid7.3 Hz, 2H, ®1,CHy), 2.24 (s, 2H, GH), 3.06 (M, 2H, GH),
was collected, 31% yield, mp 164-166 °C; ir (potassium bro33.45 (s, 2H, GH), 5.32 (s, 1H, GH), 6.95 (br s, 1H, N, deu-
mide): v 3210 (NH), 1638 (CO) cm; IH nmr (deuterio-  terium oxide exchangeable), 7.50-7.61 (m, 4H, phenyl protons).
chloroform):8 0.98 (t, J = 7.5 Hz, 3H, C}€H3), 1.99-2.02 (q, Anal. Calcd. for G4H;7N,OBr: C, 54.38; H, 5.54; N, 9.06.
J=7.5Hz, 2H, 6,CHy), 2.31 (m, 2H, GH), 3.26 (M, 2H, & Found: C, 54.26; H, 5.64; N, 8.86.
gi %66?_')(37212(&2) 15|—.|?il,(Sc’ieluTérieljr?;);aOeGe7xlgﬁa(nng;é§t|)_:é), dN-(S,57Dichlorophenylcarbonylamino)-4-ethyl-1,2,3,6-tetrahy-
7.80 (M, 2H, G, Cg-H). ropyridine @n).

Anal. Calcd. for G4H,7/N,OF: C, 67.72; H, 6.90; N, 11.28.  The compoun®n was obtained following General Procedure
Found: C, 67.47; H, 7.00; N, 11.16. C. This compound was collected after recrystallization in 100%
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ethyl acetate as a white solid, 83% yield, mp 120-122 °C; ir
(potassium bromide): v 3195 (NH), 1645 (CO) cmL; 1H nmr
(deuteriochloroform): & 0.98 (t, J = 7.3 Hz, 3H, CH,CH3), 1.97-
2.02 (g, J = 7.3 Hz, 2H, CH,CHy), 2.29 (br s, 2H, C5-H), 3.19
(m, 2H, C,-H), 3.56 (s, 2H, Cg-H), 5.32 (s, 1H, C5-H), 6.70 (br
s, 1H, NH, deuterium oxide exchangeable), 7.45 (s, 1H, C4-H),
7.65 (s, 2H, Cy, Cg-H).

Anal. Calcd. for Cq4H16N,0CI,*0.5H,0: C, 54.56; H, 5.56;
N, 9.09. Found: C, 54.89; H, 5.38; N, 9.07.
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