
ANTI-GASTRIC-SECRETORY PYRIDINES Journal of Medicinal Chemistry, 1971, Vol. 14, No. 7 575 

Novel Pharmacological Activity of a Series of Substituted Pyridines 

DONALD E. BUTLER,* PAUL BASS, IVAN C. NORDIN, FREDERICK P. HAUCK, JR., AND YVON J. L’ITALIEN 

Department of Chemistry, Medical and Scientific Affairs Division, Parke, Davis and Company, Ann Arbor, Michigan 48106 

Received December 11, 1970 

A series of substituted pyridines was synthesized and found to inhibit gastric secretion without anticholinergic, 
ganglionic blocking, or adrenergic blocking activity. The 
most active compounds include : 4-phenoxypyridine, 3-phenoxypyridine, 2-phenylpyridine N-oxide, 2-(2-thienyl)- 
pyridine, 3-phenylpyridine, and 2,2’-bipyridine. 

The structure-activity relationships are discussed. 

2,2’-Bipyridine was chosen for clinical trial. 

For many years peptic ulcers have been treated 
through the use of antacids and anticholinergic agents. 
Antacids are often taken in doses that are inadequate to  
alter the pH of the gastric contents and, since they 
enhance stomach emptying, their duration of action is 
shortened by their rapid removal from the st0mach.l 
In  fact, the enhanced stomach-emptying may be a 
major factor in their symptomatic relief of gastric dis- 
tress, The anticholinergics reduce gastric secretion by 
blocking the parasympathetic stimuli to  the stomach. 
These drugs also block the parasympathetic stimuli to 
many other organs-e.g., the eye, the heart, and the 
urinary bladder. Code2 reviewed antisecretory agents 
in 1951 and Brodie recently reexamined this area.3 
A number of experimental agents and approaches to the 
peptic ulcer problem have been r e ~ i e w e d . ~ - ~  

A potentially useful clinical agent could be one which 
effectively reduces the volume and acidity of gastric 
secretion through mechanisms other than the blockade 
of the cholinergic system. Compounds devoid of 
anticholinergic activity, as demonstrated by their 
failure to  antagonize the blood pressure effect of ace- 
tylcholine, were tested in a modified pylorus-ligated 
rats.9 technique. Results were expressed as the dose 
necessary to  reduce gastric secretion to  50% (EDSO). 
Compounds with ED50’s equal to  or less than 10 mg/kg 
sc were also checked for anticholinergic activity in a rat 
chromodacryorrhea testlo and for antagonism of the 
blood pressure effects of epinephrine and dimethylphe- 
nylpiperazinium iodide (DMPP) in an anesthetized 
dog preparation. The gastric antisecretory results are 
presented in Tables I and 11. 

Chemistry.-The compounds were prepared as 
described in the references in Tables I and I1 or by the 
methods desciibed in the Experimental Section. 

Structure-Activity Relationships.-For ease in dis- 
cussion, the compounds can be separated into 2 types; 
the phenoxypyridines and the arylpyridines. Some 
relationships will be observed to be common to both 
groups. 
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Among the phenoxypyridines, a number of com- 
pounds with substituents in the 2‘ position of 4-phe- 
noxypyridine” (5)  retained high activity. Substitu- 
ents in the 3‘ and 4’ positions severely depressed activ- 
ity. In  3-phenoxypyridinelz (3), even 2’ substitution 
lowered activity. 2-Phenoxypyridine13 (1) was less 
active than the 3 or 4 analogs. The N-oxide deriva- 
tives of compounds with ED5:s less than 10 mg/kg 
usually were less active, while in compounds with EDSO’S 
between 10 and 100 mg/kg the N-oxide was often more 
active. The improvement in the N-oxides, when seen, 
did not provide highly active compounds (ED50 < 
10 mg/kg). Replacement of the phenoxy group by 
alkyloxy, cycloalkyloxy, phenylthio, and benzyl either 
lowered or destroyed activity. 

The 4-arylpyridines were less active than either the 
2 or 3 isomers. In  2-phenylpyridine14 (56), 2’-chloro, 
2‘-nitro, and the N-oxide substituents enhanced activ- 
ity. Other substituents such as 2’-methyl, 2’-amino, 
2’-hydroxyl, or 3’ and 4’ substitution lowered or de- 
stroyed activity. The N-oxides of compounds with 
ED5o7s less than 5 mg/kg were usually less active with 
some exceptions. The change from 2-phenylpyridine 
(56) (ED50 = 10) to 2-phenylpyridine N-oxide’j (57) 
(EDSO = 2.2) was the most dramatic observed. Ac- 
tivity was retained in some Me, Ph disubstituted pyri- 
dines and in some bridged arylpyridines, as an indeno- 
pyridine. The Ph could be replaced by another pyri- 
dine or a thiophene resulting in compounds with en- 
hanced activity. All of the isomeric bipyridines tested 
possessed high activity except the 4,4’ isomer. All the 
compounds with ED50)s less than 10 mg were tested 
and found inactive in the agonist-antagonist tests in the 
anesthetized dog preparation. 

The most active compounds include 4-phenoxypyri- 
dinell (5 ) ,  3-phenoxypyridine12 (3), 2-phenylpyridine 
N-oxide15 (57), 2-(2-thieny1)pyridinel6 (81), 3-phe- 
nyl~yridine’~ (58))  2,2’-bi~yridine’~ (85),  and several of 
its isomers. 2,2’-Bipyridine (85) was chosen for clinical 
trial. Bass and coworkers have published the gastric 
antisecretory and other pharmacologic studies on this 
drug in 1966.19 
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Compd 

Quinoline N-oxide 
8-Hydroxyquinoline 
8-Hydroxyquinoline N-oxide 
2-Phenylquinoline 
2-Phenylquinoline N-oxide 
2-(2-Quinolinyl)quinoline 
1 , 10-Phenanthroline 
2,9-Dimethyl-l,l0-phenanthroline 
5-Phenyl-1,lO-phenanthroline 
5H-Indeno[ lJ2-b]pyridine 
5H-Indeno[ 1,2-b] pyridine N-oxide 
5H-Indeno [ 1,2-b] pyridin-5-one 

TABLE I1 

EDm" 

(free base) 
m d k g  80 

13 

22 
0/25 

14.5 
0/25 
5.1 

13.8 
0/25 
2 .5  
7.0 
6 . 3  

0/100 

Reference 
aource or 

experimental 
methodb 

P 
P 
P 

d 
P 
P 
P 
P 
e 
f 
g 

C 

MP, 'C 

83-85 
142-144 

Empirical 
formula 

CgH7NO 
CgH7NO 
CgH7NOz 
CisHiiN 
C i J L N O  
CisHizNz 
CizHsNz 
CiiHizNz 
ClsHnNz 

163- 164 CizHgNO 
139.5-140 CizH7NO 

263-264 (HC1) CizHgN *HC1 

0 Footnote b, Table I. * P stands for a purchased sample. F. W. Birgstrom and S. H. McAllister, J .  Amer. Chem. Soc., 52, 2845 
d RI.  Colonna and A. Risalti, Boll. Sci. Fac. Chim. Ind. Bologna, 9,82 (1951); Chem. Abstr., 46,7102e (1952). e J. N. Chatterjea (1930). 

and K. Prasad, J .  Indian Chem. Soc., 32,371 (1955). f See Table I, footnote y. 8 See Table I, footnote z .  

Exper h e n  tal Section *O 

Gastric Antisecretory Testing.-The detailed method has been 
published.9 Briefly, antisecretory properties were studied in 
pylorus-ligated Carworth farm rats, 130-150 g. The test drugs 
and carrier controls were coded and assigned to the rats in a 
random block design (6 animals/group). They were adminis- 
tered sc immediately after pyloric ligation. Four hr later, 
secretions were collected and the vols were recorded. EDw's 
were detd by testing the effect of each compound on gastric 
secretory vol a t  log interval doses. The results were plotted on 
semilogarithmic paper and the value that produced a 50% re- 
duction of secretion was read from the graph. An ED50 of less 
than 10 mg/kg was confirmed and the average value was re- 
ported. 

Compds were tested for antagonism of the blood pressure 
effects of ACh (15 pg/kg), epinephrine (2 pg/kg), and DMPP 
(15 pg/kg) in an anesthetized dog prepn. The compd was ad- 
ministered every 20 min in increasing log intervals (log 2) starting 
with 0.5 mg/kg to an accumulative dose of 64 mg/kg. Each 
injection of compd was followed in 5-min intervals by agonists. 
Both agonists and antagonists were administered iv. Water- 
insoluble compds were dissolved in 50% propylene glycol. 

In the rat chromodacryorrhea test,10 the compds were ad- 
ministered ip to each of 5 rats per group 0.5 hr before methacholine 
(10 mg/kg) was injected ip. All drugs were tested at  dose levels 
that were 5 times the gastric antisecretory EDSO. Saline and 
atropine sulfate (3 mg/kg) were run as carrier and standard 
controls, respectively. Chromodacryorrhea was detd 10 min 
after methacholine administration. The dosing procedure was 
randomized and evaluation of chromodacryorrhea performed 
without knowledge of specific drug administered. The presence 
of chromodacryorrhea in a t  least 4 of the 5 animals was considered 
as evidence of the absence of anticholinergic properties. 

4-Phenoxypyridines were prepd by the method of Jerchel, 
et aLai (method A), or that of Koenigs and Greinerll (method B). 
3-Phenoxypyridines were prepd by the procedure used by Ren- 
shaw and Cormi2 (method C). Pyridine N-oxides were ob- 

(20) Melting points (uncorrected) were taken in open capillary tubes in 
a Thomas-Hoover mp app. Ir spectra were detd on a Beckman IR7 
instrument. The compds were tested only when the spectra, bp. or mp 
were consistent with those reported in the literature. The yields are based 
on pure isolated materials. C and H microanalyses were performed on all 
compds prepd and such anal. checked within 0.4%. We are indebted to 
Mr. C. E. Childs and associates for microanalyses, Dr. J. M. Vandenbelt 
and associates for spectral data, Mr. W. Pearlman for catalytic hydrogena- 
tions, and Misses R .  A. Purdon and M. A .  Patterson for performing the 
many pylorus-ligated rat prepns. 

(21) D. Jerchel, H. Fisher, and K.  Thomas, Ber., 89, 2921 (1956). 

tained by oxidn as described by Ochiai and Saizz (method 
D), with the exception of some 4substituted phenoxypyridines 
prepd by the method of Ochiai and Katada28 (method E). Aryl- 
pyridines were prepd as described in the footnote references of 
Table I. 

Method F. 2-Phenyl-4-phenoxypyridine (36).-A soln of 
PhLi was prepd from Li chips, 4 g (0.57 g-atom), and PhBr, 
40 g (0.254 mole) in EtZO, and a s o h  of 4-phenoxypyridine,11 
43 g (0.25 mole) in 200 ml of EhO, was added dropwise with 
~t i r r ing.~ '  After the mildly exothermic reaction had subsided, 
6 ml of HeO (0.33 mole) was added and the mixt was stirred 
until the excess Li had reacted. A soln of PhNO2, 80 g (0.65 
mole), in xylene, was added, followed by 0.2 g of com 5% Pd/C. 
The Et20 was distd with the addn of xylene until the reaction 
temp reached 135' and the mixt was refluxed overnight under a 
Dean-Stark H20 trap.15 The mixt was cooled and the product 
was extd into dil HCI. The aq acid exts were made strongly basic 
(NaOH), extd (EtzO), dried (hfgso,), concd, and distd to yield 
25 g, 39%, bp 128-130' (0.06 mm). 
2-n-Butyl-4-phenoxypyridine (34).-This was prepd in the 

same manner using com BuLi. 
Method G. 2-(o-Chlorophenyl)pyridine (62).-2-(o-Amino- 

phenyl)pyridine,26 8.4 g (0.05 mole), was diazotized in cold dil HCl 
and treated with a freshly prepd soln of CuzCl2 in HCl. The 
mixt was allowed to warm to 25' and then heated to 60', made 
strongly basic (NaOH) and extd (Eteo). The exts were dried 
(MgSO,), filtd, and evapd. The residue was converted to the 
hydrochloride and recrystd from i-PrOH-Et20 to yield 4 g, 
35%, mp 176-178'. Anal. (C11HsClN.HCl) C, H. 

Method H. 2-(2-Thienyl)pyridine (81).18-3,4,5,6-Tetrahy- 
dro-2-(2-thienyl)pyridine (114) was prepd using the method 
Salathiel, et aL27  used to preD the P h  analog. The vield was 35%. 

Anal. (C1,H13NO) C, €1. 

- -  
bp 140-i42' ( i2  mm). 
3,4,5,6-Tetrahydro-2-(2-thienyl)pyridine (1 14), 30 g (0.182 

mole), was mixed with 11.6 g (0.37 mole) of S and heated slowlv 

- 

until gas was evolved (ca. 1iO'). After the gas evoln subsided, 
the mixt was heated to 280' and allowed to co01.~s The product 
was distd to yield 20 g, bp 138-140' (16 mm). Recrystn (EtzO) 
yielded 10.1 g, 3475, mp 61-63'. Anal. (CgH7NS) C, H. 
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