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Abstract: A study of the modification of N-alkylanthranilic acids to develop novel DMARDs is detailed. 
1,2,3,4-Tetrahydroquinoline-8-carboxylic acid derivatives were found to exhibit a therapeutic effect on 
adjuvant arthritis and a suppressive effect on bone destruction. © 1997 Elsevier Science Ltd. 

Although Flufenamic acid, Mefenamic acid, and CCA are much alike in structure, there is an 

important difference in the pharmacology of CCA (Fig. I ). While Flufenamic- and Mefenamic acid exhibit 

cyclooxygenase (COX) inhibitory activity and are classified as nonsteroidal antiinflammatory drugs 

(NSAIDs), CCA shows no COX inhibition and is classified as a disease-modifying antirheumatic drug 

(DMARD). To our knowledge, CCA is the sole antirheumatic drug of anthranilic acid type. This suggests 

that anthranilic acid derivatives, typically utilized as NSAIDs, might be useful in other roles as well, and in 

particular that anthranilic acids lacking COX inhibition, like CCA, might have potential as DMARDs. 

Based on the above expectation, we attempted to investigate the antirheumatic activity of anthranilic acids. I 

Fig. 1 
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During our preliminary examining of the COX inhibitory activity of N-phenylanthranilic acid (1), N- 

methylanthranilic acid (2), and anthranilic acid (3), we found that only 1 showed COX inhibition. 2 Thus, 

N-methylanthranilic acid (2) and anthranilic acid (3), lacking COX inhibition, might make suitable lead 

compounds in the development of DMARDs. I Accordingly, we focused our research on the modification 

and antirheumatic acitivity of compounds of the N-alkylanthranilic acid-type, such as 2 and 3. 

First, anthranilic acids were synthesized and tested for their effects on adjuvant arthritis in rats, As 

expected, 5-nitroanthranilic acid (4b)and N-methyl-5-nitroanthranilic acid (4c) moderately reduced 

arthritic swelling of non-injected rat paws 3 without COX inhibitory activity (Table 1). Since it was 
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obvious that N-alkylanthranilic acid-type compounds had potential as antirheumatic agents, we continued 

the conversion of lead compounds. However, the activity of  the synthesized derivatives on adjuvant 

arthritis was low, and it seemed that simple modifications such as N-alkylation and the introduction of 

substituents to the benzene ring were limited in their enhancement of antirheumatic activity. 

Table 1 HO2 c. 

R 2 , ~  NH 

Inhibitory effect on 
Compound R R2 adiuvant arthritis* 

4 a H C] 

4 b H NO2 + (10) 
4 c Me NO2 ++ (50) 
4 d CH2Ph NO 2 

• ) Edema suppression rates were calculated as percentages with respect to the control 
value; 0-20%=-, 21-30%=+. 31-40%=++. ( ): Dose (mg/kg). 

Our next trial was centered on the novel type of anthranilic acid analogs. Bicyclic anthranilic acid 

analogs, such as indoline-7-carboxylic acids, 1,2,3,4-tetrahydroquinoline-8-carboxylic acids, benzazepine- 

9-carboxylic acids, 1,4-benzothiazine-5-carboxylic acids, and 1,4-benzoxazine-5-carboxylic acids, can be 

regarded as an structural extension of N-methylanthranilic acid. These analogs were prepared by a 

sequence involving (I) transformation of amines (5 and 8) to the corresponding key isatin analogs (6 and 

10); (2) introduction of substituent groups to the key intermediates, if necessary and; (3) conversion of 7 

and 10 to acids by oxidative cleavage reaction (Scheme I). In the case of the synthesis of benzoxazine 

analogs, the ether bond of the amide derivative obtained by oxalyl chloride treatment of 8 was easily 

cleaved by successive A1C13 treatment. Therefore, isatin analogs of benzoxazine were synthesized by 

applying the method of Heinisch. 4 

Scheme 1 0 o 0 o 

R a R b R 
R 1 ~ 1 m 2 

X: (CH2)n, n=1-3, SCH 2 

6xy H N O HO2C. 

R l q  yON R d R l ~ y R  e _  R 2 N R C " R2 oN R 

9 " '  
a: 1) (CICO)2, THF, reflux 2) AICI 3, CS2 , reflux (61-92%) b:NCS, DMF, 80°C (95 -100%), or f-HNO3,0°C-rt 
(61- 100%) c: 35%H202, aq. NaOH, 0°C-rt (49-93%) d:l) CICOCH2CI, pyridine, Phil, rt (quant.) 2) pyridine, 
reflux (quant.) e: 1) N,N-dimethyl-p-nitrosoaniline, DMF, aq. NaOH, rt (95 -100%) 2) c-HCI, rt (30- 58%) 3) NBS, 
DMF, 80°C (90%), or f-HNO3,0°C-rt (73%) 
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As depicted in Table 2, the activity of indoline 11 and benzothiazine derivatives 15a and 15b was 

low, but some of the derivatives displayed effects on adjuvant arthritis in rats. None of these compounds 

displayed any COX inhibitory activity. 

Among compounds extrapolated from N-methyl-5-nitroanthranilic acid (4c), tetrahydroquinoline 12a 

and the benzazepine analog 13a exhibited good activity. This was especially true of 6-nitro-l ,2,3,4- 

tetrahydroquinoline-8-carboxylic acid (12a), which was twice as effective on adjuvant arthritis as the parent 

compound 4e. In addition to the nitro compounds 4c, 12a, and 13a, tetrahydroquinoline-6,8-dicarboxylic 

acid 12b, and 8-carboxyl- l ,2 ,3,4-tetrahydro-6-quinolineacet ic  acid (12c), 7-methylsulfonylamino-  

benzazepine-9-carboxylic acid 13b, and 3-phenyl-1,4-benzoxazine-5-carboxylic acid 14c also exhibited the 

therapeutic effect on the chronic inflammatory model. The activity of these anthranilic acid analogs on 

adjuvant arthritis was much more effective than that of CCA, and' the effect continued even after 

discontinuation of therapy. 

Table 2 HO2C" H 3 

R t , , ~  _~_' X 
R 2 

Compound X R l R 2 

l l CH2 NO2 H 
12 a (CH2)2 NO2 H 
12 b (CH2)2 CO2H H 
12 c (CH212 CH2CO2H H 
12 d (CH2)2 NO2 H 
13 a (CH2)3 NO2 H 
13 b (CH2)3 NHMs H 
14 a OCH2 NO2 H 
14 b OCH2 Br CI 
14 c OCH2 H H 
15 a SCH2 CI H 
15 b SCH2 CO2H H 

R3 Inhibitory effect on 
adjuvant arthritis* 

H 
H ++++ (50) 
H ++ (10) 
H +++ (10) 
Ph 
H + 110) 
H ++ (50) 

H 
H + (50) 
Ph ++ (10) 
H 
H 

• ) Edema suppression rates were calculated as percentages with respect to the control value; 0- 20%=- 
21-30%=+, 31-40%=++. 41-50%=+++, more than 50%=++++. ( ): Dose (mg/kg). 

It has been reported that bone destruction occurs in adjuvant arthritic rats. 5 The IL- 113 production by 

splenic adherent cells from adjuvant arthritic rats is markedly increased during the development of disease, 6 

and this mediator enhances Ca release from the bones. 7 These findings suggest that the increase of IL-I13 

during the development  of adjuvant arthritis might play a role in bone damage. In addition to the 

antiinflammatory effect above, it was noted that the bicyclic anthranilic acid analogs listed in Table 2, 

particularly 1,2,3,4-tetrahydroquinoline-8-carboxylic acid derivatives 12a and 12c suppress Ca release from 

IL-I13-stimulated bones. 8 Actually, 12a and 12e exhibited a suppression of bone damage in the non- 

injected paws of established adjuvant arthritic rats. 9 Thus, 12c-treated rats had an average bone destruction 

score of 3.5, much lower than the scores of 6.2 and 5.4 for adjuvant control and CCA-treated rats, 
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respectively. Rheumatoid arthritis (RA) is a chronic autoimmune disease with joint destruction. 

Accordingly, the suppressive effect on bone destruction exhibited by 12a and 12e is of great import to the 

treatment of this disease. Moreover, both agents were found to inhibit the appearance of anti-sheep 

erythrocyte IgM antibody-producing cells in vitro and in vivo (data not shown). 

In conclusion, antirheumatic activity was enhanced by the transformation of N-alkylanthranilic acids 

to bicyclic anthranilic acid analogs. The novel antirheumatic agents, 6-nitro-l,2,3,4-tetrahydroquinoline-8- 

carboxylic acid (12a) and 8-carboxy-1,2,3,4-tetrahydro-6-quinolineacetic acid (12c) showed not only potent 

antirheumatic activity but also a suppressive effect on bone destruction. The pharmacological properties of 

both agents are distinct from those of ordinary DMARDs. These properties are now under further 

investigation. 
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