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skins were reflected, and blued wheal areas were measured. Mean 
values, plus or minus the standard error, for wheal areas in control 
and drug-treated groups were determined and compared statis- 
tically by Student’s t test. A comparative time-course study was 
carried out for one of the 2-(2,3-dihydro-2-oxo-l,3,4-oxadiazol-5-yl) 
benzo heterocycles (60) and disodium cromoglycate. These studies 
were carried out by the same general passive cutaneous ana- 
phylaxis (PCA) protocol, except that 1.5 mg/kg of compound 60 
or 6 mg/kg of DSCG was given intraperitoneally a t  intervals 
ranging from 5 to 120 min prior to antigen challenge. 
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A series of N-tetrazolylpyridinecarboxamides was prepared and evaluated for antiallergic activity by the passive 
cutaneous anaphylaxis (PCA) assay. From the structure-activity relationships (SAR) of this class of compounds, 
it was revealed that the N-tetrazolylcarbamoyl group as an acidic functionality is required to be a t  the 2-position 
of the pyridine nucleus and that the phenyl group as a subtituent is not necessarily required for activity. 6- 
Methyl-N-(1H-tetrazol-5-yl)-2-pyridinecarboxamide (36) showed good oral activity and low toxicity. 

Since the discovery of disodium cromoglycate (DSCG)? 
a large number of chemical series3 have been disclosed as 

aimed at seeking new series of antiallergic agents, we have 
previously reportedla that N-( lH-tetrazol-5-yl)-6-phenyl- 

tion of chromone-2-carboxylic acid, showed potent an- 
tia4lergic activity on oral administration. After extensive 
study on this structure, 1 (R = Me; X = 4-”Me) was 

X &CONH<N-: N-N H R -GXONH~~i+~ H 
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R - Q  a, R - Q c $ - - ~ c o o :  orally effective antiallergic agents. As part of a program 

2-pyridinecarboxamide, obtained by molecular modifica- r”%. e,.. ,v,. r... 

0 

‘ a =  (1)Me,SO4,(2)NaCN;b=HCl;c=SeO,, 
pyridine* 

substitution on the benzene ring of 1 was apparent,lb it was 
of interest to gain further insight into the structure-activity 
relationships (SAR) of this class of compounds. A larger 
number of derivatives (2)) without a phenyl substituent, 
were prepared in view of this principle, and they were 
substantially potent inhibitors of the passive cutaneous 
anaphylaxis (PCA) reactions in rats. A recent publication4 
reporting the antiallergic activity of 3, a reversed amide 
structure of 2, prompted us to report our results obtained 

,.-.. 3 Chemistry. The N-tetrazolylpyridinecarboxamides 
X =N,CH listed in Tables I and I1 were prepared by condensation 

of 5-aminotetrazole with a carboxylic acid as described 
found to be a potential candidate for a clinically useful previous~y.~ The choice of the condensation method 
antiallergic agent.lb While it appeared that the effect of (Experimental Section) was arbitrary. Most of the al- 

2 - 1 
&.. 

~ N H L O ~ ~ ~ ~  H with 2. 
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Table I. N-( 1H-Tetrazol-5-y1)pyridinecarboxamides 

Honma et al. 

-. 

PCA: % inhibnd at  the following PO doses 
no. position dec pt?  "C yield,b % formula 1 mg/kg 3 mg/kg 10  mg/kg 30 mg/kg 

0 29 35 100 
4 3 18 

57 

15 2 268-269 55 C7H6N60 

16 3 277-27Be 40 C7H6N60 

17 4 253-254 26 C,H6N60 .O. 25H20 
a All compounds were recrystallized from DMF-EtOAc. Prepared by method A (Experimental Section). As 

described in ref 1 with a 15-min pretreatment time. 
V.; Nosek, J. Czech. Chem. Commun. 1950, 15,  335. 

Not statistically significant. e Literature mp 268-269 'C: Ettel, 

Table 11. Substituted N-( 1H-Tetrazol-5-yl)-2-pyridinecarboxamides 

PCA:C % inhibnd 
at the following PO doses 

_I 

yield, recrystn 1 3 1 0  
no. R methoda % dec pt,  "C solvent b formula mg/kg mgikg mg/kg __ 
18 
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3 5  
36 
37 
38 
39 
49 
41 
42 
43 
44 
45 
46 

3 4 1  
3-OMe 
3-Me 

4-Br 
4-OMe 
4-Me 

4-i-Pr 
4-n-Bu 

5-Me 
5-SMe 

6-Br 
6-OMe 

4-C1 

4-Et 

4-N02 

6-C1 

6-0  -n -Bu 
6-OPh 
6-Me 
6-n-Pr 
6-n-Bu 
6-CHxCHPh 
6-CH,CH2Ph 
441, 6-Me 
4-OMe, 6-Me 
4-NO,, 6-Me 
3,6-Me, 
4,6-Me2 
5.6-Me" ~~ 

1 (R = Mk; X f "Me) 

A 37 
A 21 
B 9 
A 60 
B 59 
A 56 
B 33  
B 24 
B 29 
B 63  
B 56 
A 36 
A 34 
A 26 
B 57 
B 46 
A 6 1  
B 40 
A 49 
A 1 0  
A 29 
A 58 
a 67 
B 6 9  
B 73  
A 6 1  
B 62 
B 40 
B 55 

252-254 
213.5-215.5 
227-230 
240-25 0 e 
250-280e 
235-250 
241.5-242.5 
217-218 
198-203 
21 8-219 
250- 2 70 e 
275-277 
275-276 
240-242 
250-280e 
252-253 

'203-204 
212-218 
248-249 
218-220 
19 4- 197 
261.5-262 
220-221 
240- 2 50 e 
25 2-258 

247-248 
269-272 
240-242 

>300 

C,H ,ClN60 

C7H ,C1N60g 
C,H ,BrN,O 
C.H.N,O, 

C8H8N602 

C8H8N60 

C, H :N 60- 
C9H10N60 

C10HV,N60 

C11H14N60 

f 

C,H,N60S 
c ,H ,c~N, o 
C,H ,BrN 60j 

C8H8N60 

C8H8N602 

C11H14N602 

Cl,HlON,O2 
C8H8N60 

C10H12N60 

c11"14N60 

C15H12N60k 

C15H14N60 
C,H $IN6 0 
C9H10N602 

C,H,N,O, 
C9H10N60 

C9H10N60 

C9H10N60 

38 
9O 

28' 
32' 
36 ' 

40 

53 

66 

37O 

72 
34 ' 
42 
29O 
34 
33 O 

18O 
38 
36O 
1 8 O  

46 ' 

73 

65 
44 

89 

22' 
0 

69 
100 
100 
88 

54 
38 " 
42" 
29 ' 
13 O 
48 
58 ' 

B o  
0 

38' 
18' 

45 
100 

20 O 
6' 

42" 
- - 

a See Experimental Section. 

C: calcd, 37.43; found, 37.88. J N: calcd, 31.23; found, 30.51. C: calcd, 61.63; found, 61.09. N: calcd, 39.35; 

D = DMF; E = EtOH: H = H,O; * = washed with the indicated solvent. See correspond- 
ing footnote to Table I. p < 0.05 using student's t test, except as noted. e Gradually darken in this range of temper- 
ature. f Not obtained in an analytically pure state. g H: calcd, 2.25; found, 2.70. N: calcd, 31.23. found, 31.80. 

found, 38.02. rn N: calcd, 38.52; found, 39.06. p < 0.1. Not statistically significant. 

obtained by SeOz oxidation of 2,3- and 2,5-dimethyl- 
pyridines, respectively (Scheme I). 

The 6-methoxy, 6-butoxy, and 6-phenoxy acids were 
obtained from 6-bromo-2-pyridinecarboxylic acid7 by the 
action of the corresponding alkoxide. The preparation of 
the 5-methylthio derivative was patterned after the method 
reported by Finch et ala8 Other 2-pyridinecarboxylic acids 
bearing c h l o r ~ , ~ ~ l ~  bromo,ll m e t h o ~ y , ~ , l ~  and nitrog sub- 

(7) Gilman, H.; Spatz, s. M. J. Org. Chem. 1951, 16, 1485. 
(8) Finch, N.; Campbell, T. R.; Gemenden, C. W.; Antonaccio, M. 

(9) Matsumura, E.; Ariga, M.; Ohfugi, T. Bull. Chem. SOC. Jpn. 
J.; Povalski, H. J. J.  Med. Chem. 1978, 21, 1269. 

1970,43, 3210. 

Scheme I1 a 

8 

-1 a 

Ph 

Ph 14 
Nrr 

11 
rr 12: R=Et 
13: R=H c 

a a =  NaN,, NH,Cl/DMF; b = (PhO),P(=O)N,, t-BuOH; 
(c) dilute HCI/EtOH; d = CICOCO,Et/pyridine. 



N -  (1H- Tetrazol-5- yl)-2-pyridinecarboxamides 

Table 111. 6-Styrylpyridines Bearing an Acidic Functionality 

Journal of Medicinal Chemistry, 1984, Vol. 27, No. 2 127 

Ph aR 
PCA test 

no. R yield,a % mp, "C formula (10 mg/kg, PO) 
9 CO,H 100 200-203 dec C,,H,,NO ,.0. 5H,O IA 

12 NHCOC0,Et 86 127-129 Cl,Hlf,N,O3 IA 
13 NHCOC0,H 48 203-204 dec C, ,H,,N,O;O. 25H,O IA 
1 4  5-tetrazolyl 59 173-177 dec Cl,Hl,N, IA - 

a Described under Experimental Section. See footnote c in Table I. IA = inactive. 

stituents were prepared by known procedures. 
The 2-( 1H-tetrazol-5-y1)pyridine 14 was obtained by 

reaction of the nitrile 8 with sodium azide and ammonium 
chloride in DMF. Treatment of the acid 9 with diphenyl 
ph~sphorazidatel~ in refluxing tert-butyl alcohol afforded 
10 with concomitant formation of the amine 11 (Scheme 
11). The carbamate 10 was hydrolyzed with dilute acid 
to give 11. Acylation of 11 with ethyl chloroglyoxalate in 
pyridine gave 12, which provided the oxamic acid 13 by 
the literature method.4b 
Results and Discussion 

The compounds listed in Tables I-IV were tested in the 
rat PCA assay by the oral route of administration as de- 
scribed previous1y.l Among the three positional isomers 
(15-17) of N-(lH-tetrazol-5-yl)pyridinecarboxamide, the 
simplest member of this series, the 2-carbamoyl derivative 
15, exhibited substantial oral efficacy (Table I). 

This result is consistent with our earlier finding1* in the 
6-phenyl-2-pyridinecarboxamides, where the transposition 
of the tetrazolylcarbamoyl group to the 3-position resulted 
in a marked fall in activity. Since it appeared that the 
presence of a phenyl group is not essential for activity, 
effect of substitution on 15 was examined next (Table 11). 

Although no SAR is obvious, alkyl substitution tends 
to enhance activity, regardless of the position on the 
pyridine ring. On the other hand, the effect of chloro and 
methoxy groups on activity depends on the position of 
their substitution (18, 21, and 31; 19, 23, and 33). The 
highest activity was observed with 41, which bears both 
4-chloro and 6-methyl substituents, while the other di- 
substituted derivatives, 42-46, showed no improvement 
of the activity of the respective monosubstituted deriva- 
tives. As mticipated, compound 39, a vinylogous analogue 
of the 6-phenyl derivative, also displayed significant ac- 
tivity. 

Table I11 lists the 6-styrylpyridines bearing various 
acidic functionalities, which are often included in antial- 
lergic agents, a t  the 2-position. They were all devoid of 
activity at a lO-mg/kg oral dose. On the basis of these 
results, it was concluded that the N-tetrazolylcarbamoyl 
group is required to be at  the 2-position of the pyridine 
ring and that the phenyl group is not necessarily required 
for the antiallergic activity of this class of compounds. 

Table IV gives the PCA results of the most active com- 
pounds in this series when administered at their optimal 
time14 (5 min) before antigen challenge. Recently, the 
Wyeth group reported the antiallergic activity of 3, a re- 

(10) Takahashi, K.; Kimura, I.; Takei, Y.; Zaima, T.; Mitsuhashi, 
K. Nippon Kagaku Kaishi. 1975, 1530. 

(11) Deaky, L. W.; Shanks, R. A.; Campbell, A. D.; Chooi, S. Y. 
Aust. J. Chem. 1971, 24, 385. 

(12) Brown, E. V.; Shambhu, M. B. J. Org. Chem. 1971,36,2002. 
(13) Ninomiya, K.; Shioiri, T.; Yamada, S. Tetrahedron 1974, 30, 

2151. 
(14) The antiallergic activity of 36, including the effect of the time 

of administration, will be published in detail later. 

Table IV. PCA Results with a 5-min 
Pretreatment Time 

PCA? % inhibnb 
a t  3 mgl kg PO no. 

21 71 
24 51 
26 54 ( p  < 0.01) 
36 73 ( p  < 0.01) 
39 75 
41  85 
44 72 
4 5  37 ( p  < 0.05) 

a See footnote c in Table I, except for pretreatment 
time. p < 0,001, unless otherwise noted ( N  = 4). 

versed amide structure of 2. Therefore, the activities of 
the 6-methyl derivatives 36 and 3 (X = N R = 6-Me) were 
compared, and it was revealed that 36 is approximately 
2.5 times as potent as 3 in our test system. Compound 36 
has ED,, value of 0.7 mg/kg PO (95% confidence limit 
0.5-09 mg/kg, N = 18) and low toxicity (LD5, = 1000 
mg/kg PO, rat).14 
Experimental Section 

Melting points were determined on a Yamato capillary melting 
point apparatus and are uncorrected. IR spectra were taken on 
a Hitachi IR-215 spectrometer, and NMR spectra were taken a t  
60-MHz on a JEOL PMX-60 spectrometer as a solution in CDC13 
or Me2SO-d6 with tetramethylsilane an internal standard. Mass 
spectra were obtained on a Hitachi RMU-6M instrument. While 
most of the intermediates were not obtained in an analytically 
pure form, their spectra were consistent with the assigned 
structures. Where represented by elemental symbols, the analyses 
of these elements fF1l within *0.4% of the theoretical values, 
unless otherwise indicated. 

Method A. N-(lH-Tetrazol-5-yl)-6-methyl-2-pyridine- 
carboxamide (36). A mixture of 2.29 g (13.2 mmol) of 6.HC1 (R 
= 6-Me) and 20 mL of SOClz was heated a t  reflux temperature 
for 2 h. Evaporation gave an oily residue, which was dissolved 
in DMF (10 mL) and added to a cooled solution of 1.33 g (15.6 
mmol) of 5-aminotetrazole and 2.67 g (26.7 mmol) of triethylamine 
in DMF (10 mL). After being heated at 80 OC for 2 h, the mixture 
was diluted with H 2 0  and brought to pH 3 with 10% HC1. The 
precipitate was filtered off, washed with HzO, and dried. The 
crude product was decolorized with charcoal and recrystallized 
from DMF-EtOH to give 1.31 g (49%) of 36. 

Method B. N-(1H-Tetrazold-yl)-4-chloro-6-methyl-2- 
pyridinecarboxamide (41). Carbonyldiimidazole (0.67 g, 4.14 
mmol) was added to a solution of 0.68 g (3.96 mmol) of 6 (R = 
4-C1; 6-Me)B in DMF (5 mL) and THF (10 mL), and the mixture 
was stirred at room temperature for 1.5 h. 5-Aminotetrazole (0.37 
g, 4.35 mmol) was added, and then the whole mixture was heated 
at 70 "C for 2 h. Evaporation of the solvent left an oily residue, 
which was dissolved in HzO and made acidic with 10% HCl. The 
precipitate was collected by filtration, and recrystallized from 
DMF-EtOH to give 0.65 g (69%) of 41. 

N - (  lH-Tetrazol-5-yl)-6-(2-phenylethyl)-2-pyridine- 
carboxamide (40). A solution of 2.0 g of 39 in 10% NaOH ( 5  
mL), H20  (30 mL), and EtOH (15 mL) was hydrogenated over 
10% Pd/C (0.18 9). After the theoretical amount of Hz had been 
absorbed, the catalyst was removed by filtration. Upon acidi- 
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fication of the filtrate, a crystalline solid was precipitated. The 
solid was collected and recrystallized from DMF-EtOH to give 
1.34 g (67%) of 40. 
2-Cyano-6-styrylpyridine (8). A mixture of 5.0 g (0.0254 mol) 

of 2-styrylpyridine N-oxide (4, R = 2-styryl)," 3.2 g (0.0254 mol) 
of MeZSO4, 20 mL of dioxane, and 10 mL of THF was heated at  
50 OC for 1 h. The mixture was cooled (-5 OC) and treated with 
a solution of 1.5 g (0.03 mol) of NaCN in HzO (13.5 mL). After 
being allowed to stand at room temperature overnight, the whole 
mixture was extracted with EtOAc. The extracts were washed 
with brine, dried (NaZSO4), and evaporated to give a crystalline 
residue. Recrystallization from i-PrOH gave 3.12 g (60%) of 8, 
mp 90-92 "C. Anal. (C14H10N2! C, H, N. 
6-Styryl-2-pyridinecarboxylic Acid (9). A mixture of 8 (17 

g) and concentrated HCl(400 mL) was heated under reflux ov- 
ernight. Evaporation gave a crystalline solid, which was triturated 
with HzO, filtered, and dried to afford 19.4 g (100%) of 9, mp 
191-197 OC dec. This compound was used directly for subsequent 
reaction without further purification. Recrystalhation from EtOH 
gave a sample for analysis and biological testing, mp 200.5-202.5 
"C dec. 

2-[ (tert-Butoxycarbonyl)amino]-6-styrylpyridine (10). A 
mixture of 12.3 g (0.0547 mol) of 9, 5.59 g (0.0558 mol) of tri- 
ethylamine, 16.56 g (0.06 mol) of diphenyl phosphorazidate, and 
tert-butyl alcohol (156 mL) was heated under reflux overnight. 
The solvent was evaporated, and the residue was dissolved in 
CHC13 and then washed with 5% aqueous citric acid, brine, and 
aqueous NaHC03 successively. The organic layer was dried 
(Na2S04) and evaporated to give an oily residue, which was 
subjected to column chromatography on silica gel. The f i t  eluate 
fraction with EtOAc-hexane (37) afforded 6.72 g (42%) of 10, 
mp 100-101 OC (hexane). Anal. (ClBH20Nz0z) C, H, N. 

The second eluate fraction gave 1.77 g (26%) of 11, mp 106-108 
"C (ether). 

Acid Hydrolysis of Compound 10. A mixture of 10 (12.41 
g), 10% HCl(l7 mL), and EtOH (170 mL) was refluxed for 3 h. 
Evaporation of the solvent gave a solid, which was recrystallized 
from EtOH to give 8.55 g (88%) of 11-HC1, mp 248-250 OC dec. 
Anal. (Cl3HIzN2.HC1) C, H, N, Cl. 

Ethyl [[2-(6-styryl)pyridyl]amino]oxoacetate (12). To a 
cooled solution of 1.0 g (5.1 mmol) of 11 in pyridine (6.5 mL) was 

Honma et al. 

(15) Somani, R.; Sway, B. Indian J.  Chem. 1978,15,927. 

added 1.1 g (8.2 mmol) of ethyl chloroglyoxalate. After the mixture 
was stirred at  room temperature overnight, there was added excem 
HzO. The precipitate was collected by filtration and recrystallized 
from EtOH to afford 1.30 g (86%) of 12. 

[ [2-(6-Styryl)pyridyl]amino]oxoacetic Acid (13). Com- 
pound 12 (0.58 g, 1.95 mmol) was dissolved in CHzClz (34 mL); 
then 1 N NaOH (3.4 mL) and HzO (14 mL) were added, and the 
mixture was stirred overnight at  room temperature. After the 
aqueous layer was brought to pH 3 with 10% HCl, the organic 
phase was separated. The aqueous phase was extracted with 
CH2C12. The combined organic layer was dried (Na2SO4) and 
evaporated. The residue was recrystallized from EtOH to give 
0.25 g (48%) of 13. 

6-Styryl-2-( 1H-tetrazol-5-y1)pyridine (14). A mixture of 
2.0 g (9.7 mmol) of 8,0.69 g (10.6 mmol) of NaN3, and 0.57 g (10.7 
mmol) of NH4Cl in DMF (30 mL) was heated at  120 OC for 4.5 
h. The mixture was cooled, diluted with HzO, and then made 
acidic with 10% HC1. The precipitate was collected by filtration, 
washed with HzO, and dried. Recrystallization from DMF-EtOH 
afforded 1.42 g (59%) of 14. 
N-(6-Methyl-2-pyridinyl)-l~-tetrazole-5-carboxamide (3, 

R = 6-Me; X = N). This compound was prepared according to 
ref 4a, mp 261-262 "C dec (DMF). Anal. (C8H7N60) C, H, N. 
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