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Abstract: A study of the structural optimization of tetrahydroquinoline-6-acetic acid and the development of
a novel DMARD with prompt action are detailed. (5)-(+)-8-Chloro-1,2,3,4-tetrahydro-2-trifluoromethyl-6-
quinolineacetic acid (IRA-378) exhibits the effect against both acute and chronic inflammations. It also has
suppressive effects of bone destruction in adjuvant arthritis and Ca release from bones in vitro.
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Initial drug treatment of the chronic autoimmune diseases Rheumatoid arthritis (RA) usually involves
the use of nonsteroidal antiinflammatory drugs (NSAIDs) to reduce joint pain and swelling. Unfortunately,

NSAIDs fundamentally do not alter the course of the disease or prevent joint destruction.! Disease-
modifying antirheumatic drugs (DMARDs), on the other hand, have the potential to regulate immunological

responses and to slow down the progress of RA,! but the drawback of relatively slow action. For this reason
the disease is often treated by a combination therapy utilizing both NSAIDs and DMARDs.

In the preceding paper, we reported that antirheumatic activity of bicyclic anthranilic acid analogs.
Interestingly, 8-carboxy-1,2,3,4-tetrahydro-6-quinolineacetic acid (1) has potent antirheumatic activity and

suppressive effect on bone destruction.2 However, 1 exhibits neither an effect on acetic acid-induced
vascular permeability, one of the acute inflammation models, nor an effect on primary inflammation of
adjuvant arthritis. For the purpose of examining the difference in rate of action between anthranilic and non-
anthranilic acid structures, acid 1 was converted into tetrahydro-6-quinolineacetic acid 2 (Scheme 1). 2 then
demonstrated suppressive activity against acetic acid-induced vascular permeability without cyclooxygenase
(COX) inhibitory activity.
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The above results indicated that the tetrahydro-6-quinolineacetic acid 2 might have potential for
deriving a novel DMARD with prompt action. Accordingly, we here describe the synthesis and biological
activities of a series of tetrahydro-6-quinolineacetic acids.

The above results suggest that the substituent groups at the 8-position of the quinoline ring are crucial
for a good activity. Hence. the introduction of substituents was aimed at the 8-position in the

tetrahydroquinoline skeleton, and the effect of substituents at the 2-position was also investigated. The
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general synthetic procedures are shown in Scheme 2.
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a: Method A R200CH2C02Et, p-TsOH, PhH, reflux, MethodB CF3C = CCOsEtL, EtOH, rt, b: PhoO, reflux,
c: POCI3, reflux, (20 - 70% trom 3) d: Hy, 10% Pd/C, EtzN, EtOH, (80 -100%) e: ag. NaOH, EtOH, (80 - 100%)
or 1) NCS, DMF, 80°C, (55 - 87%) 2) aq. NaOH, EtOH, (80 - 100%)

Treatment of methyl 4-aminophenylacetates 3 with B-ketocarboxylate derivatives in the presence of p-
TsOH (Method A), or with ethyl 4,4.4-trifluorobutynoate (Method B) gave enamines 4. The resultant
enamines 4 were cyclized by heating to afford 4-quinolones 5. The transformation of the quinolones § into
tetrahydro-6-quinolineacetates 7 was performed by aromatization and reduction. Hydrolysis of the acetates 7
with aq. NaOH in EtOH or chlorination of 7 (R!=H) with N-chlorosuccinimide (NCS) and successive
hydrolysis produced 1,2,3,4-tetrahydro-6-quinolineacetic acids 8.

Ha
Table 1 H 5
N_ _R
HO,C
Acid 2 3 Inhibitory effect on Acid 2 3 Inhibitory effect on
‘ R R vascular permeability * . R R vascular permeability*
2 H H 1.06 8f Me Cl 1.94
8a H Cl 1.44 8¢ Me Me Cl 1.22
8b Ph Cl 1.63 8h Et Cl 1.54
8¢ o-F-Ph Cl 2.09 8i Pr Cl 1.59
8d p-Meo-Ph (i 0.62 8j i-Pr Cl 1.10
8e CO;H Cl 0.00 8k CF; Cl 1.48

#) Each value was obtained as inhibitory rate of sample 100 mg/kg(p.o.)

inhibitory rate of diclofenac-Na 25 mg/kg(p.o.)

For the first examination, the most effective substituent group R3 in acids 8 against acetic acid-induced
vascular permeability in mice was searched.? The suppressive effect of acids 8 having various substituents of
R3. such as CI, Br, NO2, MeO, CN, Ac, Bz, and Ph, was tested under the condition that R2 was fixed by the
hydrogen atom. Among them, only chloride-substituted derivative 8a was more effective on the vascular

permeability than that of 2. R3 was therefore held by chloride, and the influence of substituents R2 on the
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activity was investigated (Table 1). The introductions of phenyl and alkyl groups gave good results with o-
fluorophenyl and methyl substituted acids (8¢ and f} showing especially potent suppressive activity. The
introduction of mono-substituent was found to be preferable to that of di-substituents for increasing the
activity (8f and g). It was confirmed that the effect of most of the Table 1 compounds on vascular
permeability was not owing to inhibition of COX. The acids 8 hardly suppressed malondialdehyde
production in rabbit platelets at a concentration of 9x10-5 M in virro.4

We selected some of the compounds demonstrating high potency in Table 1 and tested their therapeutic

effects on adjuvant arthritis in rats.5 The results are summarized in Table 2. Despite its potent effectiveness
against vascular permeability, the inhibitory effect of 8¢ on adjuvant arthritis was weak at a dose of 25
mg/kg. In addition, the effect of 8a extremely decreased at doses of less than S0 mg/kg. In contrast, the
alkyl-substituted compounds 8f, i, and k significantly suppressed the swelling of adjuvant arthritic rat paws at
doses less than 25 mg/kg, and the inhibitory actions of these compounds were apparent even in the early
stages of drug treatment.

Table 2 Cl
H 2
N R
HO,C.
Inhibitory effect on , Inhibitory effect on Inhibitory effect on IgM
Acid R’ adjuvant arthritis* Acid R- adjuvant arthritis* antibody production**
Dose (mg/kg) Inhibition (%) Dose (mg/kg) Inhibition (%) Conc. _Inhibition (%)
8a H 10.0 27 8f Me 125 42 6 60
50.0 20 25.0 56 2X10°M
100.0 55 8i Pr 125 3 NT
8 o-F-Ph gg.g 19 oF 250 47 o
. 52 8k CF; 12.5 36
100.0 64 25.0 45 2X10° M 71
x) Each value was obtained by comparison between the non-injected paw volumes of the arthritic and control
groups.

=x) Each value was obtained by the number of IgM-PFC in the tested group and that in the control group.

Because it was obvious that 2-alkyl-8-chloro-1,2.3.4-tetrahydro-6-quinolineacetic acids (8f, i and k)
had potent effects against both acute and chronic inflammation, these acids’ suppression of antibody
production was further investigated. The methyl- and trifluoromethyl-substituted derivatives (8f and k)
significantly inhibited the appearance of anti-sheep erythrocyte IgM antibody-producing cells in vitro (Table
2).6 Inin vivo as well as in vitro experiment, 2-trifluoromethyl-6-quinolineacetic acid 8k showed the
moderate suppressive effect on antibody production.”

As mentioned above, 8-chloro-1.2,3.4-tetrahydro-2-trifluoromethyl-6-quinolineacetic acid (8k) was
found to have potential as a novel DMARD with prompt action. Our succeeding study was focused on the
synthesis of optically active 8k for comparison of the biological activities between optical isomers.

Methyl 1,2,3,4-tetrahydro-2-trifluoromethyl-6-quinolineacetate (9) was reacted with excess N-Ts-(L)-
prolyl chloride in 1,2-dichloroethane at 80°C to afford a separable diastereomer mixture 10 (a:b=1:1) in 92%
yield. Stereochemistry of these isomers was determined by means of X-ray analysis. The absolute
configuration of the less polar isomer is S configuration and the more polar isomer is R. Hydrolysis of the

each diastereomer with ag. NaOH gave the corresponding acid in good yield. The resulting acids were
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reacted with SOCI; in MeOH to yield esters 11. The transformation of the esters 11 to optically active 8k
was performed by the following synthetic procedures. After the introduction of chloride group to 11 with

NCS and successive hydrolysis with aq. NaOH, produced the optically active acids (Scheme 3).8

Scheme 3 O
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a: (L)-Ts-Pro-Cl, GICH,CH,Cl, 80°C, 92% (a:b=1:1) b: 1) aq. NaOH, EtOH, reflux, (97 - 100%) 2} SOCly,
MeOH, rt, (88 - 90%) c: NCS, DMF, 80°C, (85 - 90%) d: aq. NaOH, EtOH, rt, (quant.)

The optical isomers showed striking different potencies against the acute and chronic inflammatory
models (Table 3). (§)-(+)-8-Chloro-1,2,3.4-tetrahydro-2-trifluoromethyl-6-quinolineacetic acid (5-8k, IRA-
378) significantly inhibited the vascular permeability in mice at a dose of 50 mg/kg and moderately reduced
the swelling of the non-injected paws of arthritic rats even at a dose of 6.3 mg/kg. On the other hand, (R)-8k
did not exhibit the effect against vascular permeability at a dose of 50 mg/kg. Furthermore, R-isomer
required a four fold dosage increase over (5)-8k to exhibit the same effect on adjuvant arthritis (25.0 mg/kg
vs 6.3 mg/kg).

Table 3 oy
N _-CF3
HO,C
Inhibitory effect on [nhibitory effect on
Opical form vascular permeability * adjuvant arthritis* *
Dose (mg/kg)  Inhibition (%) Dose (mg/kg)  Inhibition (%)
racemic-8k 50 0.99 250 46
100 1.48
(5)-8k 50 1.28 6.3 25
(IRA-378) 100 1.62 12.5 34
25.0 60
(R)-8k 50 0.43 12.5 3
100 1.50 250 20

*- % %) See the footnotes of Tables | and 2. respectively.

Thus, the optically active (5)-8k (IRA-378) was more effective than (R)-8k not only against the acute
inflammatory model but also against the chronic one. The effect of IRA-378 on adjuvant arthritis was then
investigated in further detail, and its suppressive patterns were compared to those of NSAIDs. Figure |
compares the effectiveness of IRA-378 (25 mg/kg) and diclofenac-Na (0.5 mg/kg) in inhibiting the swellings
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of non-injected paws.9 IRA-378 displayed suppressive patterns similar to those of diclofenac-Na. This result
suggests that IRA-378 is a novel DMARD with prompt action.

In the articular of adjuvant arthritic rats, bone destruction advances along with the disease.!0 Table 4

shows the results of radiologic analysis of non-injected paws on Day 27.11 In the adjuvant control, bone
damage was developed and its mean score was 7.8. IRA-378 significantly suppressed the bone damage
(p<0.05) at a dose of 25 mg/kg. In addition, it was confirmed that IRA-378 suppressed the Ca release from

bones stimulated with IL- {3 or PTH in virro in a concentration dependent manner (Table 5). 12
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Table 4
i Bone damage score
Fig. 1 Group Dose (mg/kg) p? on Dayg27

2% Adjuvant control - 8 7.8£1.0
= = 4 = Adjuvant control _ *
E | Ca—(RAITS 25.0mpke) IRA-378 250 10 2.540.6
@ —=o— Diclofenac-Na (0.5mg/ky) Diclofenac-Na 05 9 4.3+0.8
§ 20 o---—-- o--B
2 e Value are meanstSE. a) Number of rats.
; o’ *) significantly different from the adjuvant control, p<0.05
8 Pid (Scheffe ‘s test).
B 54 L
g L Table 5
:._.4 -7 Inhibitory effect on
101 GBI (55 Model bone resorption*
g Concentration (ug/ml) Inhibition (%)
s
S G e IL-1-stimulated 9 )
g5 b on 160 7 ki)
g () inhibition 4% j 97
= P Drug-administration N 04 41

oo PTH-stimulated 20 1 *h)h)

12 14 e I8 20 2 M % & 10.0 94%*

Days after adjuvant injection *. % %) significantly different from the positive control,

p<0.05 and p<0.01. respectively.
a) Dunnett's test. b} Scheffe ‘s test.

Nitric oxide (NO) is a unique biological messenger molecule, and recently its close relationship to

inflammation has been discussed.!? The macrophage inducible nitric oxide synthase (INOS) is regulated at
the transcriptional level and expressed to a significant level only after cell activation. Excessive NO
production not only mediates the bactericidal and tumouricidal actions of macrophages, but may also

contribute to cell and tissue damage in immunological diseases. IRA-378 suppressed the expression of iNOS
mRNA and inhibited induction of NO generation from murine macrophages stimulated with LPS and IFN-y.

Hence, it seems that IRA-378 may exhibit its antiinflammatory and immunomodulating effects by inhibiting
NO production.

In conclusion, we were able to develop the novel antirheumatic agent. (S)-(+)-8-chloro-1,2,3.4-
tetrahydro-2-trifluoromethyl-6-quinolineacetic acid (IRA-378) by structural optimization of 1,2.34-
tetrahydro-6-quinolineacetic acid (2). IRA-378 has various unique biological activities and its
pharmacological properties are distinguished from those of ordinary DMARDs and NSAIDs. Studies to
clarify the actions of IRA-378 on the other models are currently on going.
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