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Synthesis of N - [  [ (Substituted-phenyl)carbonyl]a~ino]-1,2,3,6-tetrahydropyridines 
with Analgesic and Hyperglycemic Activity 

Jupita M. Yeung, Linda A. Corleto, and Edward E. Knaus* 
Faculty of Pharmacy and Pharmaceutical Sciences, University of Alberta, Edmonton, Alberta, T6G 2N8, Canada. 
Received May 18, 1981 

A group of N - [  (phenylcarbonyl)amino]-1,2,3,6-tetrahydropyridines, 5, were synthesized to determine the effect that 
changes in aromatic substitution on the phenyl ring have on analgesic, hyperglycemic, and antiinflammatory activities. 
All of the N- [ (phenylcarbonyl)amino]-l,2,3,6-tetrahydropyridines 5 exhibited potent analgesic activity, relative to 
morphine, irrespective of the position and physicochemical properties of the aromatic substituent. Pretreatment 
with naloxone did not alter the analgesic activity of the 4-fluorophenyl derivative 5p. N-[ [ (2-Fluoropheny1)- 
carbonyl]amino]-1,2,3,6-tetrahydropyridine (Sn) was one of the most active hyperglycemic agents, elevating blood 
glucose 213 and 127% at 2 and 4 h after a 100 mg/kg PO dose. Incorporation of aromatic substituents into the 3 
and 4 positions of 1 abolished antiinflammatory activity. 

The sodium borohydride reduction of N-(carbonyl- 
imin0)pyridinium ylides is an attractive method for the 
synthesis of pharmacologically interesting N-(carbonyl- 
amino)-1,2,3,6-tetrahydropyridines.l A broad-spectrum 
pharmacological screen indicated that N- [ (phenyl- 
carbonyl)amino]-1,2,3,6-tetrahydropyridine (1) exhibited 
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analgesic and antiinflammatory activities comparable to 
aspirin and indomethacin, respectively.2 In addition, 1 
also exhibited a potent hyperglycemic effect, elevating 
blood glucose 78% after 2 h for a dose of 100 mg/kg PO. 
It was therefore of interest to determine the effect of 
aromatic phenyl substituents, with regard to substituent 
position and physicochemical properties, upon pharma- 
cological activity. We now describe the synthesis and 
analgesic-hyperglycemic activities of N - [  [ (substituted- 
phenyl)carbonyl]amino]-1,2,3,6-tetrahydropyridines 5. 

Chemistry. N-[(Phenylcarbonyl)imino]pyridinium 
ylides 4 were synthesized by the reaction of N-amino- 
pyridinium iodide 2, obtained by amination of pyridine 
using hydroxylamine-0-sulfonic acid, with acid chlorides 
3 in the presence of 10% aqueous sodium hydroxide (see 
Table I). Reduction of ylides 4 using sodium borohydride 
in absolute ethanol at ice-bath temperature gave the title 
N-[  (phenylcarbonyl)amino]-1,2,3,6-tetrahydropyridines 5 
as illustrated in Scheme I and summarized in Table 11. 

Pharmacology. The N - [  [(substituted-phenyl)- 
carbonyl]amino]-1,2,3,6-tetrahydropyridines were tested 
for analgesic activity using the phenylquinone writhing3 
and hot-plate4 tests. Blood glucose determinations were 
effected by spectrophotometric measurement of enzy- 
matically produced NADHP5 Antiinflammatory activity 

(1) Knaus, E. E.; Redda, K. J. Heterocycl. Chem. 1976,13, 1237. 
(2) Knaus, E. E.; Redda, K.; Wandelmaier, F. W., U.S. Patent 

4088653, May 9, 1978. 
(3) Collier, H. 0.; Dineen, L. C.; Johnson, C. A.; Schneider, C. Br. 

J. Pharrnacol. Chemother. 1968.32. 295. 
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was determined using the carrageenan-induced paw edema 
method (see Experimental Section).6 
Discussion 

Four complete series of 2-, 3-, and 4-monosubstituted 
phenyl derivatives, 5, bearing methoxy, methyl, fluoro, and 
trifluoromethyl substituents were prepared to investigate 
the effect of substituent position and physicochemical 
effects, such as electronic (a), lipophilic (a), and steric (EJ, 
upon analgesic and hyperglycemic activity. The analgesic 
test results indicate that the N - [  (phenylcarbony1)- 
amino]-1,2,3,6-tetrahydropyridine moiety is the important 
structural feature, since analgesic potency is quite inde- 
pendent of the position and physicochemical properties 
of the aromatic substituent. For example, there was not 
a significant difference in activity between compounds 
having electron-donating substituents, such as methoxyl 
and methyl, compared to those having electron-attracting 
substituents, such as fluoro, trifluoromethyl, and nitro. 
The partition coefficient P does not appear to have a 
significant influence on analgesic activity (see measured 
P values in Table 11). Compounds having lipophilic sub- 
stituents, such as methyl, chloro, and trifluoromethyl, 
exhibit similar activity to those having substituents with 
low a values, such as methoxyl and nitro. The dose-re- 
sponse relationships for the 3-methyl (5b) and 4-fluor0 (5p) 
derivatives, which exhibited ED, values of 0.0004 and 
0.00036 mg/kg sc, respectively, in the phenylquinone 
writhing test3 were quite flat. This prompted us to ex- 
amine their analgesic activity using an alternate test. The 
3-methyl (5b) and 4-flUOrO (5p) compounds exhibited ED,, 
values of 17 and 30 mg/kg sc, respectively, using the 
hot-plate test, relative to an ED,, of 3.09 mg/kg sc for 
morphine ~ u l f a t e . ~  N-(Carbonylamino)-l,2,3,6-tetra- 
hydropyridines 5 do not act at an opiate receptor, since 
pretreatment with naloxone hydrochloride did not alter 

(4) (a) Eddy, N. B.; Touchberry, C. F.; Lieberman, J. E. J. Phar- 
macol. Exp. Ther. 1950,98,121. (b) Eddy, N. B.; Leimbach, 
D. Ibid. 1953, 107, 385. 

(5) Barthelmai, W.; Czok, R., Klin. Wochenschr. 1962, 40, 585. 

(6) Winter, C. A., "International Symposium on Non-Steroidal 
Antiinflammatory Drugs"; Garattini, S.; Dukes, M. N., Ed.; 
Excerpta Medica Foundation: Amsterdam, 1967; p 190. 
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N -  [(Phenylcarbonyl)amino] - 1,2,3,6- tetrahydropyridines 

Table I. Some Physical Data of N-(  Carbony1imino)pyridinium Ylides 4 
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exact mass 
no. R yield, % mp, "C formula calcd found 

4a 2-Me-C6H, 
4b 3-Me-C6H, 
4c 4-Me-C6H, 
4d 4-(Me),C-C6H, 
4e 3,4-Me2-C6H3 
4f 2-MeO-C6H, 
4% 3-MeO-C6H, 
4h 4-MeO-C6H, 
4i 2-Cl-C6H4 
4j 4-Cl-C6H, 
4k 2,4-C1,-C6H3 
41 3,5-C1,-C6H3 
4m 3,4-C1,-C6H3 
4n 2-F-C6H, 
40 3-F-C6H, 
4P 4-F-C,H4 
4q 2-CF ,-C,H4 
4r 3-CF3-C6H4 
4s 4-CF,-C6H, 
4t 4-0,N-C6H, 

99.9 
98.2 
60  
97.1 
50 
99.2 
94.6 
34.2 
98.7 
35.7 
94.1 
68.1 
44 
97.8 
93  

100  
99 
70 
71.5 
NIa 

111-112 
9 5-96.5 

171-173 
167.5-168.5 
154-155 
103-105 

88-90 
149-151 
119-120 
184-186 
153-154 
129.5-131 
177-179 
125-126.5 
1 9-120 
204-204.5 
134-135 
138-139 
183.5-185 

C13H12"20 

C13H12N20 

C13H12N20 

C16H18N20 

C14H14N20 

C13H12"202 

C13H12N202 

C13H,2N202 
C12H,N20Cl 
C,,H,N,OCl 
c 12H 8N *oc12 
c 12H8N2OClZ 
c 1 2H*N2OC12 
C12H9N20F 

C12H9N20F 

12H9N,0F 

13H9N20F 3 

13H9N20F 3 

C13H9N20F3 

212.0950 
212.0950 
212.0950 
254.1419 
226.1106 
228.0898 
228.0898 
228.0898 
232.0403 
232.0403 
267.9984 
267.9984 
267.9984 
216.0699 
216.0699 
216.0699 
266.0667 
266.0667 
266.0667 

212.0953 
212.0944 
212.0942 
254.14 00 
226.1101 
228.0895 
228.0882 
228.0889 
232.0400 
232.0396 
267.9968 
267.9957 
267.9957 
216.0687 
216.0686 
216.0687 
266.0664 
266.0660 
266.0652 

a NI = not isolated. 

the analgesic activity of 5p. It is not known whether these 
compounds act as prostaglandin synthetase inhibitors. 

The influence which substituents attached to the phenyl 
ring of 5 have upon blood glucose concentration was also 
investigated. These results were compared to that of the 
unsubstituted parent compound 1, which elevated blood 
glucose 78 and 50% at 2 and 4 h, respectively, after a 100 
mg/kg PO dose (see Table 11). Examination of the hy- 
perglycemic activities of 5a-c,f-h,n-p,q-s indicate that 
the 3-substituted compounds are more potent than the 
corresponding 4-substituted analogues. All of the 2-sub- 
stituted compounds were relatively inactive, except for the 
2-fluor0 ( 5 4  compound, which was more potent than the 
%fluor0 (50) and 4-flU01-0 (5p) compounds. The low ac- 
tivity of 2-methyl (5a), 2-methoxy (5f),2-chloro (5h), and 
2-trifluoromethyl (5q) may be due to an ortho effect. If 
this is true, one would expect the 2-fluor0 ( 5 4  compound 
to exhibit an activity similar to 1, which has a 2-hydrogen 
atom, since fluorine is most similar in size to hydrogen. 
The Van der Waals radii of fluorine and hydrogen are 1.35 
and 1.2 A, respectively.' A correlation between the par- 
tition coefficient P and hyperglycemic activity is not ev- 
ident from the results obtained. The mechanism by which 
N-(carbonylamino)-l,2,3,6-tetrahydropyridines elevate 
blood glucose is under investigation elsewhere. The N- 
(carbonylamino)-1,2,3,6-tetrahydropyridines 5 would not 
alter blood glucose concentration at doses which provide 
significant analgesic activity, since the dose-response re- 
lationship for hyperglycemic activity has a steep slope 
relative to that observed for analgesic activity. For ex- 
ample, 5b has no effect on blood glucose concentration at 
doses below 0.1 mg/kg PO. 

A previous study indicated that 1 exhibited antiinflam- 
matory activity as indicated by a 25 and 50% inhibition 
of carrageenan-induced paw edema at  3 and 5 h, respec- 
tively, after a 64 mg/kg sc dose.2 The 4-methyl (5c), 4- 
methoxy (5h), 4-chloro (5j), and 3,4-dichloro (5m) ana- 
logues were selected, as described in the manual method 

for applying the Hansch approach to drug design: to de- 
termine the effect of different types of substitution on the 
phenyl ring of 1 upon antiinflammatory activity. Com- 
pounds 5c,h,j,m were found to be inactive at a dose of 64 
mg/kg sc, indicating that substitution at the 3 or 4 position 
of the phenyl ring abolishes antiinflammatory activity. 
Indomethacin produces a 17 and 83% inhibition of car- 
rageenan-induced paw edema at 3 and 5 h, respectively, 
after a 12 mg/kg sc dose. 

Experimental Section 
Melting points were determined with a Buchi capillary appa- 

ratus and are uncorrected. Nuclear magnetic resonance spectra 
were determined for solutions in CDC13, unless otherwise stated, 
with Me4Si as internal standard using a Varian EM-360A spec- 
trometer. Infrared spectra (potassium bromide unless otherwise 
noted) were taken on a Perkin-Elmer 267 spectrometer. Mass 
spectra were measured with an AEI-MS-50 mass spectrometer. 
All of the products described gave rise to a single spot on TLC 
using three different solvent systems of low, medium, and high 
polarity. No residue remained after combustion of the products. 
Microanalyses are within 0.4% of theoretical values when indi- 
cated by symbols of the elements. N-Aminopyridinium iodide 
was prepared according to the procedure of Gosl and Meuwsens 
by animation of pyridine using freshly prepared hydroxyl- 
amine-0-sulfonic acid.1° 

General Synthesis of N-(Carbony1imino)pyridinium 
Ylides 4 (Table I). The acid chloride 3 (12 mmol) was added 
dropwise to a solution of 2 (8 mmol) in 25 mL of 10% aqueous 
sodium hydroxide with stirring. The reaction was allowed to 
proceed for 24 h a t  25 "C with stirring and then water (75 mL) 
was added. Extraction with chloroform (4 X 75 mL), drying 
(Na2S04), and removal of the solvent in vacuo gave the crude 
product, which was purified by elution from a 2.5 X 20 cm neutral 
alumina oxide column. The initial 100-mL ether eluate was 
discarded. Further elution with 300 mL of ether-methanol (9:1, 
v/v) afforded 4. Compound 4a exhibited the following spectral 
data: 'H NMR 6 2.58 (s, 3 H, Me), 7.11-7.38 (m, 3 H, H,, H4, 
and H5 phenyl hydrogens), 7.38-8.01 (m, 4 H, & phenyl hydrogen, 
H,, H,, and H5 pyridinium hydrogens), 8.85 (d, J2,, = J5,6 = 6 Hz, 

(7) Pauling, L. "The Nature of the Chemical Bond", 3rd ed.; 
Cornel1 University Press: Ithaca, NY, 1960. 

(8) Topliss, J. G. J. Med. Chem. 1977, 20, 463. 
(9) God, R.; Meuwsen, A. Org. Synth. 1963, 43, 1. 

(10) Gosl, R.; Meuwsen, A., Ber. Dtsch. Chem. Ges. 1959,92, 2521. 
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a vehicle-treated control group. The percent change is calculated 
according to the following equation: % change = 100 - (no. of 
writhes in treated group/no. of writhes in control group) X 100. 
A compound causing a 30-50% reduction is considered to  be 
slightly active, whereas one causing a greater than 50% reduction 
in the number of writhes is an active analgesic agent. The hot- 
plate test using the method of Eddy et al.4 was also used. Five 
male Swiss albino mice weighing 18-22 g were used in each group. 
Mice were put on a hot plate a t  55 & 0.5 "C. The reaction time 
(jumping) was observed once before and then 30 min after ad- 
ministration of the compound sc. 

of d, J z , 4  = J4,e = 1.5 Hz, 2 H, H,, and H6 pyridinium hydrogens). 
Exact mass for C13HlzNz0 calcd, 212.0950; found (high-resolution 
MS), 212.0953. 

The following modifications to the purification of 4, which did 
not require column chromatography, were followed in the specific 
instances listed below. The 2-methyl derivative 4a was obtained 
as a pure product. The 4-tert-butyl analogue 4d was washed with 
10 mL of cold ether to obtain a pure sample. Products 4g, 4i, 
and 4q were purified by decolorization using charcoal. The 2- 
fluoro compound 4n was purified by crystallization from meth- 
ylene chloride, while 40 was crystallized from ether. 

General Synthesis of N-(Carbonylamino)-l,2,3,6-tetra- 
hydropyridines 5 (Table 11). A solution of the N-(carbonyl- 
imino)pyridinium ylide 4 (5  mmol) in 20 mL of absolute ethanol 
was added dropwise to a solution of sodium borohydride (50 mmol) 
in 20 mL of absolute ethanol precooled to  0 "C. The reduction 
was allowed to  proceed for 5 h a t  0 "C with stirring. Water (50 
mL) was added, and the mixture was allowed to return to 25 "C. 
Extraction with chloroform (4 X 75 mL), drying (Na2S04), and 
removal of the solvent in vacuo gave 5. In most reactions, the 
product 5 was isolated pure. 

Those products 5 requiring further purification were purified 
as outlined in the specific instances listed below. The 3-methyl 
analogue 5b was purified by elution from a 2.5 X 20 cm neutral 
alumina column using 300 mL of ether-methanol (9:1, v/v) as 
eluant. Products 5g and 5s were purified by crystallization from 
ether, while 5i was recrystallized from chloroform-ether. The 
2-fluor0 derivative 5n was decolorized using charcoal. The 4-nitro 
compound 5t was purified on 0.5 mm silica gel G plates using 
CHC13-MeOH (9:1, v/v) as development solvent. Extraction of 
the band having Rf 0.5 with hot absolute ethanol afforded 5t. 
Alternatively, these compounds can also be purified by elution 
from a 2.5 X 20 cm neutral alumina column using 300 mL of 
ether-methanol (91, v/v) as eluant. Compound 5a exhibited the 
following spectral data: IR 3200 (NH), 1620 (CO) cm-'; 'H NMR 
6 2.08-2.53 (m, 5 H, Me, Ha), 3.11 (t, J2,3 = 7 Hz, 2 H, Hz), 3.52 
(m, 2 H, H6), 5.73 (m, 2 H, H4, H5), 6.87-7.42 (m, 5 H, phenyl 
hydrogens, NH, exchanges with deuterium oxide). Exact mass 
for C13H16N20: calcd, 216.1262; found (high-resolution MS), 
216.1254. 

Pharmacological Methods. Analgesic activity was evaluated 
by the phenylquinone writhing test? Five male Swiss albino mice 
weighing 18-22 g were used in each group. The test compound, 
suspended using ultrasonic mixing in a solution of physiological 
saline and Tween 80 surfactant, was administered subcutaneously, 
and 30-min later each mouse received a 0.03% phenyl-p-benzo- 
quinone solution in a volume of 0.1 mL/10 g of body weight 
intraperitoneally. The total number of writhes exhibited by each 
animal in the test group was recorded and compared to that of 

% analgesia = ( ~ :,--T;o) loo 

To = control time; Tt = latency time a t  30 min; T,, = 30 s 

Blood glucose was measured using the procedure developed 
by Barthelmai and Czok? Four male Wistar rats weighing 230-260 
g were used in each group. The test compound, suspended in 1% 
tragacanth in distilled water, was administered orally to overnight 
fasted rats. Capillary blood samples were obtained from the tail 
at 0,2, and 4 h posttreatment. The sera derived from these blood 
samples were analyzed for glucose by spectrophotometric de- 
termination of enzymatically produced NADHz using an Abbott 
ABA-100 analyzer. Table I1 summarizes the analgesic and blood 
glucose concentration results. 

Antiinflammatory activity was measured by the method of 
Winters6 Six female Sprague-Dawley rats weighing 120-160 g 
were used for each group. Carrageenan (0.1 mL, 1%) in physi- 
ological saline was injected subcutaneously under the plantar skin 
of the hind paw following subcutaneous injection of the test 
compound suspended in physiological saline and Tween 80 sur- 
factant. The volume of the injected paw was measured imme- 
diately after and a t  3 and 5 h after the injection of the test 
compound for calculation of percent inhibition. A compound 
causing a greater than 30% reduction in edema is considered to 
be an active antiinflammatory agent. 

Partition Coefficient. The partition coefficient, P ,  which was 
calculated as P = Coctanol/CHn0 was determined using the method 
of Fujita." 
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Tryptophan Analogues. 1. Synthesis and Antihypertensive Activity of Positional 
Isomers 
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A series of tryptophan analogues having the carboxyl function a t  the p position was synthesized and tested for 
antihypertensive activity. The 5-methoxy analogue 46 exhibited antihypertensive activity in the rat via the oral 
route and was much more potent than the normal tryptophan analogue. The methyl ester was found to be a critical 
structural feature for activity. 

Dur ing  the past quarter century  the physiological 
function of serotonin in  the central nervous system has 

been the subject of intensive research. Serotonin has been 
implicated in theories of the etiology of affective disorders,l 
in  sleep mechanisms,2 and in regulation of blood pre~sure.~ 

(1) A. Coppen in "Factors in Depression", N. S. Kline, Ed., Raven 
Miles Laboratories. 

t Universidad Nacional Autonoma de Mexico. * Instituto Miles de Terapeutica Experimental, Press, New York, 1974, pp 33-44. 
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