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Abstract--A series of 2-(arylmethyl)pyridoisothiazolones is reported that inhibit the IL-1 [3 induced breakdown of bovine nasal septum 
cartilage in an organ culture assay. The synthesis and preliminary SAR of these compounds are described. These compounds represent 
a novel, non-peptide lead series approach to the mediation of the chronic cartilage breakdown associated with arthritic disease. These 
compounds are relatively resistant to reduetive metabolism by liver mierosomal preparations and appear to inhibit cartilage breakdown 
by interfering with the proteolytic activation of matrix metalloproteinases. 

Introduction 

Osteoarthritis is characterized by the erosion of the 
cartilage pad during the progression of the disease, m This 
damage is thought to be triggered by a variety of stimuli, 
particularly cytokines. 2 IL-l[3 causes a net loss of 
proteoglycan from cartilage both in vitro 3 and in vivo. 4 
This effect is due at least in part to its ability to stimulate 
stromelysin synthesis by articular chondroeytes 5 and other 
cells in connective tissues. 6 A number of approaches to the 
inhibition of cartilage breakdown have been described 
recently, including inhibition of cytokine production and 
inhibition of matrix metalloproteases.7 There remains an 
unmet medical need for agents that will arrest or retard the 
cartilage loss associated with arthritis. To this end, we 
recently reported s a series of N-aryl pyridoisothiazolones 
(1) that inhibit the IL-I[$ induced breakdown of cartilage 
in a cartilage organ culture assay 9 in a dose-dependent 
manner while not affecting cartilage synthesis. We 
described several structural features that influence 
inhibitory activity and demonstra ted that the 
pyridoisothiazolone moiety is critical to the potency 
observed. In this paper we report the results of our studies 
on the pharmacokinetics and metabolism of the N-aryl 
pyridoisothiazolones, and the synthesis, activity, and SAR 
of pyridoisothiazolones that are resistant to metabolism by 
liver microsomes. 

Preliminary in vivo studies with some of the most potent 
N-aryl pyridoisothiazolones reported previously ( la ,  le 
and lg)  revealed that these compounds produced no 
inhibition of IL- 113 induced cartilage breakdown in rabbit 
knees when dosed po, even at doses of up to 300 mg kg -~. 
However, the compounds were effective inhibitors when 

*Present address: Pfizer Central Research, Eastern Point Road, 
Groton, CT 06340, U.S.A. 

dosed by intra-articular injection. To understand the 
discrepancy between in vitro and oral potencies, 
pyridoisothiazolone In was selected for pharmacokinetic 
investigation. When plasma samples from animals dosed 
with l a  were examined by HPLC, it was found that only a 
metabolic product of l a  was observed. Subsequent 
incubation of l a  with rabbit liver microsomes showed that 
l a  was rapidly converted to a new product by the 
microsomal preparation (tu2 = ca 20 min, Scheme 1). This 
product was tentatively identified as 2 based on the pH 
dependence of its ultraviolet spectrum; this was confirmed 
by co-injection with an authentic sample of 2 on HPLC) ° 
The plasma metabolite was likewise identified as 2. 

O O 

N- -Ph .. 
liver microsomes 

l a  2 

Scheme 1. 

These results were not unique to the rabbit; similar results 
were obtained with rat liver microsomes. Incubation of 
other N-aryl pyddoisothiazolones ( l b - l g )  showed that all 
underwent reductive ring opening of the isothiazolone at a 
fairly rapid rate (Table 1). Those N-aryl pyrido- 
isothiazolones which have electron-releasing substituents 
conjugated to the isothiazolone nitrogen (e.g. lc  and lg), 
or in which the sulfur is stedcally shielded (e.g., le  and 
If),  underwent reduction less rapidly but were still 
reduced at an unacceptable rate. 

A variety of pyridoisothiazolones with diverse structures 
were surveyed in order to identify those that were less 
subject to rapid reduction by liver microsomes. The 
structural modification that was found to be most effective 
at preventing the microsomal reduction was deconjugation 
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of the phenyl ring bonded to the isothiazolone nitrogen. 
The insertion of  a methylene spacer into this bond 
afforded the N-benzyl analog 3a, which was recovered 
unchanged (> 90%) following incubation (1 h, 37 *C) with 
microsomes." This compound had potency similar to that 
of compounds in Table 1, and was selected for further 
analoging (Table 2). 

Chemistry 

The benzylic isothiazolones 3 were prepared by any one of 
five methods. Most were prepared by the alkylation of 2- 
H-isothiazolo[5,4-b]pyridin-3-one ( 4 )  t 2 by the 
corresponding benzylic bromide (Scheme 2, X = Br) or 
methanesulfonate (X = OSO2CH 3) under basic conditions. 
This was accomplished by the use of either Nail in THF 
(method A) or Hunig's base in EtOH (method B). The use 
of Nail  in THF tended to afford significant quantities of 
O-alkylated product in addition to the desired N-alkylated 
product. This side reaction was best minimized by the use 
of Hunig's base in EtOH; however, in these reactions some 
of the alkylating agent was lost to solvolysis by EtOH. 

O O 
~ $  RICH2X 

H ,. CH2R I 
base 

4 3 
Scheme?.. 

An alternate means of  preparing these compounds, which 
was particularly useful when the appropriate benzylic 
amine (RtCH2NH2) was readily available and/or the 
corresponding benzylic halide would be unstable, was to 
synthesize the 2-benzylthionicotinamide 5 by standard 
methods and subsequently convert 5 to 3 (Scheme 3). The 
oxidative cyclization of 5 to 3 was carried out in one step 
by heating with sulfuryl chloride (method C). 13 

In order to avoid the need to test the stability of each new 
compound toward liver microsomes, we devized a means 
of chemically modeling this reduction. We found that the 
reaction of these isothiazolones with t-butyl mercaptan 
provided a useful model for the microsomal reduction, t- 
Butyl  mercaptan reacts with 1 or 3 to form the 
corresponding ring-opened mixed disulfides 6 (Scheme 4). 

O O 
'~HCH2R1 S02CI-, 

-N- "SCH2Ph PhMe. I15°C = CH2R1 

5 3 
Scherm 3. 

O O 

~ S "  (CH3)3CSH ( 1.0 eq) ~ s c H  R 
N - R  " 

THF, 25 °C 
(CH3)3 

1, R = Aryl 

3, R = CH2Aryl 
Scheme 4. 

We found that the rate of reaction of isothiazolones with 
Me3CSH to form the mixed disulfides 6 was proportional 
to their rate of reduction by the microsomal preparation to 
form the thiols 2. For instance, l a  underwent essentially 
complete reaction with Me3CSH (1.0 eq. Me3CSH, THF, 
25 °C, 0.5 M reactants) within 20 min. The more resistant 
l c and I f required 1 h for complete reaction with 
Me3CSH. However, 3a failed to undergo significant 
reaction (< 10%) with Me3CSH after 24 h as judged by 
HPLC and ~H NMR. A similar correlation between 
reactivity towards liver microsome reduction and Me3CSH 
disulfide formation was found for all of  the isothiazolones 
1 and 3 that were tested in both systems, t4 The rate of 
reduction of isothiazolones to form 2 by liver microsomes 
was slower than the rate of reaction of isothiazolones with 
Me3CSH to form 6 in all cases examined; thus it was 
proposed that compounds resistant to Me3CSI-I for 24 h 

Table 1 

O 

~s, N--R1 

In W~o" In Vivo Activity b Microsomal ¢ 
Enlry R, mp,'*(2 Activity ia po Stability 
ta C ,~  135 77 (4.4) 75 0 10 

4-CIC~H 4 195 68 (8.5) nt d nt 10 
lc 4..-CH 3 ( ~  6I~ 165 68 (13.5) nt nt 50 
lld 4-02~6I-I 4 285 7 nt tat 0 

le 2,6-.(CH 3)2C61-I 3 112 72 (8.0) 47 0 60 

If 2,6-((CH 3)2CH)2C6H 3 147 83 (12.0) tat nt 50 
lg 2,4-(CH 30) 2C6H 3 178 86 (9.5) 67 0 60 

"Expressed as percent inhibition of control cartilage breakdown at 30 ttM dose. Standard errors + 15%; IL-! [~ stimulated bovine nasal 
cartilage assay as outlined in Ref. 9. IC s0 (~tM) values in parentheses, bExpressed as percent inhibition of control cartilage 
breakdown: ia = intra-articular injection of 5 gg drug in 0.2 mL PBS simultaneously with IL-I [3 injection; po = oral dose of 100 mg 
kg -t (see Experimental section). CExpressed as percent recovery of drug following incubation with liver microsomes (see 

Experimental section), dNot tested, eMp were within a 2 °C range with the lower value reported. 
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Table2 
O 

~ C H 2 R I  

Entry" R~ nap, p °12 Yield Method Activity b 

2a C~I-I~ 89 82 A 73 
:]b 4-NO 2C6H 4 172 25 B < 20 
3c 4-CH302CE6H ~ 169 15 A 59 

3 - C H  302(3C6H 4 95 36 A 47 
3e 2-CH 302(~6I'I 4 124 18 A 41 
31" 3-CH 302-4-CIC6I~ 109 8 A 40 
3g 4-NCC6I ~ 187 27 A 47 
311 3-NCC 6I-~ 143 26 A 49 
31 2-NCC6H 4 162 30 A 42 
3j 4-CIC6H , 164 21 B 61 
3k 3-CIC6I-I 4 115 54 B 58 
31 2-CIC6I-I 4 155 57 B 31 
3m 1-C toI-~ 116 17 B 68 
311 4-CF 3C6H~ 119 62 B 50 
30 4-CH 3026I-I 4 107 41 B 52 
3p 3-CH 3 (31~ 6[-I 4 97 14 B 49 
31: ! 2-CH 3026I-I 4 92 24 B 71 
3r 2,5-(CH 30) 2C6H a 109 20 B 70 
:Is 4-C6~C6I-t 4 183 13 B 67 
3t 3.C 6I-I5 C,I-I ~ 106 23 B 45 
~11 4-(2-CH 3 O2 ( ~  6H, t )C 6H4 141 45 B 58 
3V 4-(2-HN 4(~ 6I-~ )C 6Hi c 214 27 B 63 

4-((2-CH30z OI2,I-I4 )CO)C_~ I ~ 160 25 B 71 
3K 4-(Ce HsN(CH s)CO)C~ I- ~ 145 28 B 70 
3y 3-(C, Hs N(CH s )CO)C6 I-~ 144 7 B 53 
3z 2-CsI'I4N d 117 77 C 64 
3aa 3-CsI-I4N 136 91 C 56 
3bb 4-CsI-14N 129 61 C 40 
~g 2-C 4I~N2* 134 27 B 43 
3rid 2-(6-CH 3OzC)C 5I'IaN t 134 41 B 54 
3ee 2-(5-CH 302C)C,I-I3N 149 14 B 43 
3fl' 2-(3-C'H 302C)C sH~N 168 35 B 32 
3gg 4-(3-CH 302C)C sH~N 159 25 B 78 
3hh 3-C 41"[~ O m 100 31 B 55 
3i 3-(2-CH 302C)C 4H2(Y 74 27 B 49 
3~ 2-(3-CH 302 C)C 4I-I20 163 25 a 54 
3kk 2-(4-CH30~C)C4~O 96 20 B 52 
31 2-(5-CH 302C)C 4H20 142 43 B 72 
3ram 3-(2-NC)C4H20 167 13 B 46 
3nn 2-(3-NC)C 41-[20 164 12 B 51 
300 2-(5-NC)C4~O 176 20 B 44 
3pp 2-(5-HO 2C)C 4H20 258 80 B 60 
3qq 2-(5-HN 4C)C 4H20 255 80 B 94 
31"!" 2-C 8I't50 146 28 B 73 

2-C4H3S j 126 30 A 50 
3tt 3-C4H3S 125 21 A 40 
3uu 3--(2-CH 3(H 20~ C)C 4H2 S k 124 34 A 61 
3VV 2-'(5-CH 3 (]-I 2 O2 C)C 4 H2 S 110 13 A 69 
3ww 3-(2-NC)C 41-12 S 172 64 B 40 
3xx 2-(5-NC)C 4I-I2S 159 43 B 67 
3yy 2 - ( 5 - H O  2C)C 4 H2 S 211 13 B 80 
~Z 2--(5-aN 4C)C 4H2 S 275 23 A 87 
3aaa 2-(5-(CH3)2NCO)C ,H2S 141 64 B 45 

2-CsHsS I 168 17 B 58 
3CCC 3-CsHsS 137 23 B 44 
3ddd 4-C ~H21~S" 137 17 A 57 
3eee 2-C 1I-I~1~* 139 51 B 70 

"All compounds gave satisfactory tH NMR, CIMS, and elemental analyses, bExpressed as percent inhibition of control 
cartilage breakdown at 30 ltM dose. Standard errors + 15%; IL-I ~ stimulated bovine nasal cartilage assay as outlined in Ref. 

d • f g 9. ~I'etrazolyl = HN4C. Pyridyl = CsH4N. Pyrimidyl = C4H3N~. Substituted pyridyl. Furyl = C,H30. bSubstituted furyl. 
iBenzofuraayl, q"hiophenyl = C4H3S. kSubstituted thiophenyl, tBenzothiophenyl, mThiazolyl = C 3H2NS. "Benzothiazolyl. 

PMp were within a 2 *C range with the lower value reported. 
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should be resistant to liver microsomes for 1 h 
(considering only the reductive metabolism of  the 
isothiazolone). Indeed, all of the benzylic isothiazolones 3 
reported in Table 2 were found to be relatively unreactive 
(< 10% reaction in 24 h) towards t-butyl mercaptan. 

In Vitro Evaluation 

The two series of isothiazolones were examined for their 
ability to inhibit the IL- 11~ induced breakdown of cartilage 
in a cartilage organ culture assay. IL-11~ causes a time- and 
concentration-dependent stimulation of  proteoglycan 
breakdown (as measured by reaction of the liberated 
glycosaminoglycans with 1,9-dimethylmethylene blue) 
and also inhibits proteoglycan resynthesis (as measured by 
uptake of 35SO4 = by the cartilage). To evaluate inhibitors, 
bovine nasal septum cartilage slices were stimulated with 
a soluble, fully-active recombinant human IL-113 (500 ng 
mL -I) for 40 h, which resulted in a submaximal effect on 
proteoglycan metabolism. 15 Incubations were carried out at 
37 °C in the presence or absence of test compounds (at 30 
~tM inhibitor). The novel isothiazolones 3 inhibited the 
breakdown of proteoglycan in IL-113 stimulated cartilage 
(Table 2). As a class, the inhibitors 3 did not further 
inhibit cartilage resynthesis beyond that caused by IL-11~ 
alone, indicating that they are not simply toxic to the 
cartilage. Control incubations of cartilage with 3 also 
showed no increase or decrease in 3sSO4 = incorporation 
from control cartilage incubated in the absence of 3. The 
compounds 3 did not reverse the IL-113 induced inhibition 
of cartilage synthesis, suggesting that they exert their 
action at a stage following the IL-113 signal transduction 
events. 

found that stromelysin activity was inhibited by 20% if 3a 
was present during the activation of prostromelysin by 
either plasmin or chymotrypsin. Control experiments 
indicated that 3a was not an inhibitor of either of the 
activating proteases, 2~b suggesting that 3a interacts with 
the prostromelysin in such a way as to inhibit subsequent 
proteolytic activation. Further experimentation revealed 
that the inhibition of stromelysin activity was enhanced by 
preincubation of  3a with prostromelysin prior to the 
addition of the activating protease. The inhibition of 
activation reached its maximal effect at approximately 3 h 
of preincubation. Taken together, these data suggest that 
these compounds inhibit IL-I[i  stimulated cartilage 
breakdown by interfering with prostromelysin activation. 
Studies are currently in progress to further elucidate the 
biochemical mechanism of this inhibition. 2~c Preliminary 
in vivo studies with 3a indicate that this compound 
produces inhibition of IL-1 I~ induced cartilage breakdown 
in rabbit knees when dosed by intra-articular injection or 
po. A summary of  the effects of  3a and one of the 
previously reported pyridoisothiazolones ( lg)  is presented 
in Table 3. 

Structure--Activity Relationships 

Previous work s had shown that the pyrido-fused N-benzyl 
isothiazolone is the key pharmacophore for inhibition of 
IL-I[~ induced cartilage breakdown in vitro. Thus, 
attention was turned to the benzyl group of 3a for 
optimization of in vitro activity. The effects of adding 
various functional groups to the benzyl moiety and of 
changing the phenyl ring to various heterocyclic rings, as 
well as combinations of these two strategies, were studied. 

These compounds were also tested for their ability to 
inhibit various enzymes thought to play a role in 
inflammatory diseases. They were found as a class to be 
inactive as inhibitors of plasmin-activated stromelysin, 16 
cyclooxygenase 17 (bovine seminal vesicles, IC50 generally 
> 750 I.tM), PLA218 (Croatalus adamanteus, IC50 generally 
> 1 mM) and 5-1ipoxygenase19 (rat basophilic leukemia 
cell line, IC50 generally > 25 ~tM). They also did not 
inhibit the release of IL-1 ~ by human monocytes in vitro. 20 
Data generated for lg  previously suggested that this 
compound inhibited cartilage degradation by interfering 
with the normal activation of matrix metalloproteinases, g 
Studies carried out on 3a suggest that compounds in this 
series act similarly to lg. For example, 3a did not inhibit 
plasmin-activated stromelysin, 21a nor did it inhibit 
stromelysin activated by chymotrypsin. However, it was 

The addition of various functional groups, such as nitro, 
ester, amide, halogen, nit_rile, and methoxy, to the benzyl 
moiety of 3a generally led to decreased activity in vitro. 
For example, the methyl esters 3c--e were all less potent 
than 3a. A similar trend was observed for chloro (3j-31) 
and nitrile (3g-3i) substituents. For these series of  
substituents, the activity also decreased in the order 4 > 3 
> 2. The methoxy-substituted compounds 30 and 3p were 
likewise less potent than 3a, but the 2-isomer 3q and the 
2,5-dimethoxy compound 3 r  were equipotent to 3a,  
resulting in an activity trend of 2 > 3 > 4, the opposite of 
the trend noted with C1, CN and COzCH 3. The addition of 
a highly lipophilic 4-phenyl substituent 3s resulted in 
activity similar to 3a,  but the 3-phenyl substituted 
compound 3t suffered a significant loss of activity, 
suggesting that steric effects are also important. The 

Table 3. Inhibition of stromelysin activation by pyridoisothiazolones 

Entry R~ Cartilage a Inhibition of Activation b Activation c In Vivo Activity d 
IC50 (la 311 IC5o ia po 

2g 2,4-(MeO) 2C6H3 95 45 65 62 67 0 
(~"I 2C6 H5 5.4 20 50 99 77 30 

"ICso (~tM) in IL-1 ~ stimulated cartilage organ culture assay, standard errors + 15%. bExpressed as percent inhibition of control 
stromelysin activity following preincubation of compounds with prostromelysin for 0 h or 3 h prior to activation by plasmin and assay 
(see Experimental section). Standard errors + 10%. tC50 (gM) for inhibition of prostromelysin activation with no preincubation period, 
standard errors 5: 10%. dExpressed as percent inhibition of control cartilage breakdown: ia = intra-articular injection of 5 gg; po = oral 

dose of 100 mg kg -I (see Experimental section). 
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highly lipophilic para N-methyl anilide 3x was likewise 
equipotent to 3a and 3s, in contrast to the simple methyl 
ester 3e. Again, movement of the lipophilic functional 
group to the 3-position (3y) resulted in a loss of activity. 
The addition of functional groups (ester and tetrazole) to 
the 4-phenyl substituent of 3s (3u and 3 v )  led to a 
decrease in activity as was observed for 3a. 

Replacement of the phenyl ring by other aromatic residues 
was also examined. The pyridyl series (3z-3bb) was less 
potent than 3a, with activity decreasing only marginally as 
the pyridyl nitrogen was moved away from the methylene 
group (2 > 3 > 4). The pyfimidyl analog 3ce was relatively 
poor, similar to 3bb. Similarly, the furyl (3hh), thiophenyl 
(3m and 311), and thiazolyl (3ddd) analogs were also less 
potent than 3a. Fused bicyclic aromatic residues were also 
examined. Not surprisingly, the lipophilic 1-naphthyl 
group 3m was similarly potent to 3a, as were the 2- 
benzofuran 3r r  and 2-benzothiazole 3eee. However, the 
benzothiophene isomers 3bbb  and particularly 3eoe, 
which would be expected to be comparable in terms of 
lipophilicity and steric demands, were considerably less 
potent than 3a, 3m, 3rr ,  or a ~ .  

Some combinations of phenyl ring replacements with 
functional group substituents were also examined. These 
groups were mostly carboxylic acids and esters, nitriles, 
and tetrazoles that were introduced to provide a 
substituent that could be expected to increase the water 
solubility of these compounds, which might otherwise 
have very low solubility in aqueous media. In the 2- 
pyridyl series, the addition of a methyl ester (3dd-3ff)  
resulted in a decrease in activity as compared to the parent 
pyridine 3z, similar to that previously observed with the 
benzyl series 3¢-3e. Unlike 3e-3e, however, the activity 
decreased as the ester substituent was moved away from 
the pyridine ring nitrogen (2,6 > 2,5 > 2,3). However, the 
SAR must not be assumed to be entirely additive, as the 
methyl ester 3gg was more potent than 3a. In the furan 
and thiophene series, the nitriles 3mm-3oo,  3ww and 3xx 
were all less potent than 3a, but not necessarily less potent 
than the parent furan and thiophene compounds. In 
marked contrast to previous observations with the 
carbomethoxy substituted benzyl series 3c -3e  and the 
pyridines 3dd  - 3ff,  the addition of ester groups to the 
furan (3ii-311) and thiophene (3uu and 3 w )  series resulted 
in an increase  in activity when compared to the parent 
furan and thiophene compounds. Like the pyridines Mld- 
3ff, the activity of  the furans 3ii-311 decreased as the 
carbomethoxy group was moved away from the ring 
heteroatom (2,5 > 2,4 > 2,3). Having noted previously that 
a tetrazole can be more potent than the corresponding 
methyl ester (3v), as well as being potentially more water 
soluble, the 2,5-furan tetrazole 3qq and the 2,5-thiophene 
tetrazole 3zz were prepared and found to be very active 
inhibitors of  cartilage breakdown (94% and 87% 
inhibition of IL- 1 ~ induced breakdown, respectively). 

Table 4. It will be noted that conventional anti- 
inflammatory drugs, such as indomethacin and naproxen, 
as well as tetracycline (a collagenase inhibitor), 22 are 
ineffective at blocking the IL-1 [3 stimulated breakdown of 
cartilage in vi tro,  as is the dual 5-LO/CO inhibitor 
phenidone. By way of further comparison, a typical 
peptidic inhibitor of stromelysin 23 (BBT-16, IC50 = 20 nM 
in activated stromelysin enzyme assay) was shown to be 
approximately equipotent to 3a, 3r and 3gg in the organ 
culture assay. The tetrazoles 3qq and 3zz were the most 
active compounds evaluated. 

Table 4. Data for standard drugs and selected 
pyridoisothiazolones 3 

C o ~ d  In Vitro Activity" 
Indomethacin < 20 
Naproxen < 20 
Phenidone < 20 
BBT-16 73 
3a 73 
3r 70 
agg 78 
3qq 94 
3~z 87 

"Expressed as percent inhibition of control 
cartilage breakdown at 30 I~M dose. Standard 
errors + 15%; IL-II~ stimulated bovine nasal 

cartilage assay as outlined in Ref. 9. 

In conclusion, these pyridoisothiazolones 3 represent 
simple, non-peptidic small molecule structures that inhibit 
the IL-113 stimulated breakdown of cartilage tissue in an 
organ culture system. These compounds are equally or 
more effective at inhibiting cartilage destruction in a 
tissue-based assay than other anti-inflammatory agents. In 
general, it would appear that activity in the cartilage organ 
culture assay is mediated to some extent by the electron 
releasing or electron withdrawing nature of substituents 
placed on the pendant benzyl ring. Steric effects are 
important as evidenced by the changes in activity noted as 
a substituent is moved about the pendant ring. 
Lipophilicity also appears to be important, but is not 
sufficient by itself to impart high in vitro activity. The 
higher activity noted with the 2-methoxy and 2-pyridyl 
compounds as compared to their positional isomers might 
suggest that a hydrogen bond acceptor o r t h o  to the 
methylene tether is helpful, but this interpretation is 
somewhat clouded by the varied results obtained for ester 
derivatives. Clearly the structure-activity relationships are 
not entirely additive, and must be interpreted with some 
care, as the in vitro data represent the product of structural 
contributions to solubility, tissue penetration, and cell 
penetration, as well as contributions to intrinsic potency. 
Studies are in progress to determine the mechanism of 
action of these compounds and to further profile their in 
vivo biological properties, particularly their effects upon 
models of arthritic diseases. 

Summary 

A compar i son  of  in v i t ro  data for  selected 
pyridoisothiazolones with some standard drugs is given in 

Experimental 

'H NMR spectra were recorded on Varian Gemini 200 
(200 MHz) or IBM 200 SY (200 MHz) spectrometers 
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using tetramethylsilane as an internal standard. Infrared 
spectra were recorded as neat films or KBr pellets as noted 
on a Perkin-Elmer 1710 FT spectrometer. Mass spectral 
data was recorded on Finnigan-MAT 8230 or Du Pont DP- 
1 instruments, using the indicated ionization techniques. 
Melting points were determined on a Thomas-Hoover 
melting point apparatus and are uncorrected. 
Microanalyses were performed by Quantitative 
Technologies, Inc., Bound Brook, NJ, and were within 
0.4% of the calculated values. Thin layer chromatography 
was carried out with E. Merck 15327 silica gel plates. 

All reactions were carried out with continuous magnetic 
stirring under an atmosphere of dry nitrogen. All solutions 
were dried over anhydrous magnesium sulfate unless 
otherwise noted; all evaporations were carried out on a 
rotary evaporator at ca 30 Torr. Commercial reagents and 
solvents were generally used as received without 
additional purification. 

Method C: 2-pyridin-3-ylmethyl-isothiazolo[5,4-b]- 
pyridin-3-one, 3aa 

A suspension of 2-benzylsulfanyl-N-pyridin-3-ylmethyl- 
nicotinamide u (3.00 g, 8.94 mmol) in PhMe (100 mL) was 
treated with SO2C12 (2.16 mL, 26.8 mmol) and heated at 
reflux for 4 h. The mixture was then cooled, filtered, and 
the solid was digested with 150 mL of EtOH at reflux for 
1 h. The mixture was cooled, filtered, and dried to give 
1.40 g (56%) of 3aa as the HC1 salt, mp > 250 °C. 2~ This 
solid (0.28 g, 1 mmol) was dissolved in 5 mL of H20 and 
treated with saturated NaHCO 3- The mixture was extracted 
with EtOAc and the EtOAc was dried and concentrated to 
afford 0.22 g (90%) of 3aa, mp 134-136 °C. IH NMR 
(CDC13): 8.76 (d, 1H), 8.66 (s, 1H), 8.59 (d, 1H), 8.31 (m, 
1H), 7.72 (m, 1H), 7.38 (m, 1H), 7.30 (m, 1H); 5.08 (s, 
2H). MS (NH3CI): m/z = 244 (M + H ÷, 100%). Analysis: 
calcd for C~2HgN3OS: C 59.24%, H 3.73%, N 17.27%. 
Found: C 58.98%, H 3.64%, N 17.04%. 

Method A: 4-(3-oxo-3H-isothiazolo[5,4-b]pyridin-2-yl- 
methyl)-benzonitrile, 3g 

Sodium hydride (80%, 0.90 g, 32.8 retool) was washed 
free of mineral oil with hexane, suspended in 100 mL of 
dry THF, and treated with 5.00 g (32.8 mmol) of 4. The 
mixture was stirred for 30 min at 20 °C until gas evolution 
ceased. 4-Cyanobenzyl bromide (7.06 g, 36 retool) was 
added in one portion and the mixture was heated under 
reflux for 24 h. The mixture was then cooled, poured into 
10% K2(]O 3 solution, and separated. The aqueous phase 
was extracted twice with EtOAc, and the combined 
organic extracts were washed with water and brine, dried, 
and concentrated. The residue was recrystallized from 9:1 
n-BuCI:MeCN to give 2.32 g (27%) of 3g, mp 185-187 
°C. ~H NMR (CDC13): 8.77 (d, 1H), 8.32 (d, 1H), 7.66 (d, 
2H), 7.46 (d, 2H), 7.40 (d of d, IH); 5.13 (s, 2H). MS 
(NH3C1): m]z  --- 268 (M + H ÷, 100%). Analysis: calcd for 
CI4H9N3OS: C 62.91%, H 3.39%, N 15.72%. Found: C 
63.04%, H 3.29%, N 15.70%. 

Method B: 3-(3-oxo-3H-isothiazolo[5,4-b]pyridin-2-yl- 
methyl)-benzoic acid methyl ester, 3d 

A solution of 4 (2.00 g, 13.0 mmol) in 50 mL of dry 
MeOH was treated successively with 3- 
carbomethoxybenzyl bromide (3.89 g, 17.0 mmol) and 
N,N-diisopropylethylamine (2.5 mL, 14.4 mmol). The 
reaction mixture was stirred at 25 °C for 16 h, then was 
poured into 200 mL of 1 M HC1 and extracted with 
EtOAc. The EtOAc extract was washed with water and 
brine and dried, and concentrated and the residue 
chromatographed on silica (1:1 hexane:EtOAc) to give 
1.40 g (36%) of 3d, mp 95-97 °C after recrystallization 
from n-BuCl:hexane. IH NMR (CDCI3): 8.75 (d, 1H), 8.29 
(d, 1H), 8.03 (s, 1H), 7.58-7.46 (m, 3H), 7.38 (m, 1H), 
5.13 (s, 2H), 3.92 (s, 3H). MS (N~CI): m/z = 301 (M + 
H ÷, 100%). Analysis: calcd for C ~sHI2N203S: C 59.99%, H 
4.03%, N 9.33%. Found: C 59.97%, H 3.96%, N 9.21%. 

Liver microsome stability studies 

A sample of 2.5 lxg of test compound was incubated with 
200 lxL of rat liver microsomes (1 mg protein mL-t) 26 in 
0.1 M pH 7.4 phosphate buffer containing NADPH (1 
mM) in a final volume of 2 mL for 1 h at 37 °C. At the 
end of incubation, metabolism was stopped by extraction 
with either CH3CN or CH2C12. Samples were analyzed by 
HPLC using a g-Bondpack column (15 cm x 4.6 ram) 
with a mobile phase of CH3CN:0.01 M H3PO4 (35:65, pH 
3.0) at a flow rate of 1 mL rain -I. Peaks were identified by 
retention time with reference to standard compounds and 
quantitated using peak area. 

Chemical modeling of stability 

A sample of 0.1 mmol of test compound in 100 ~tL of THF 
and 100 ltL of 1 M Me3CSH in THF were combined in a 
micro vial under nitrogen and closed. The reaction was 
kept at 25 *C and monitored by HPLC, and at the end of 
24 h the mixture was evaporated to dryness and the ~H 
NMR spectrum was recorded. The extent of reaction was 
determined by peak area integration (HPLC) and by 
comparison of the Me3C integrals in the tH NMR 
spectrum against the rest of the spectrum. Authentic 
samples of reduced products were prepared by NaBH4- 
EtOH reduction of the test compound. 

Cartilage inhibitor studies 

Nasal septa were removed from bovine noses obtained at 
the time of slaughter. Uniform cartilage discs (1 mm thick 
x 8 mm diameter) were prepared 27 and cut into eighths. 
Cartilage pieces were then weighed and each placed into a 
well of a 96-well culture dish containing 180 mL of 
Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 5% fetal calf serum, penicillin (100 IU 
mL-~), streptomycin (100 Ixg mL-t), amphotericin B (0.25 
lxg mL-t), and neomycin (50 ~tg mL-t). Paired explants 
from the same disc were used to compare the effects of 
various experimental conditions. Eight replicates per 
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treatment group were run for each experiment, and a well 
containing medium but no cartilage was included as a 
negative control for each group. Cultures were incubated 
for 40 h at 37 "12 in an atmosphere of 95% air and 5% 
032. Drugs were dissolved in DMSO to provide 10 mM 
stock solutions and then further diluted with DMEM to the 
required final concentrations. DMSO concentrations in the 
assay media never exceeded 1%. ~ Cartilage was incubated 
in the absence or presence of IL-l[3 (500 ng mL-'), with or 
without drug. Under these conditions, 500 ng of IL-113 
resulted in submaximal stimulation of proteoglycan 
breakdown, 9 thus allowing the observation of either 
inhibition or augmentation of the effects of IL-1 [3 by the 
added drug. When included, drugs were present 
throughout the culture period. At the end of  the 
incuba t ion ,  the media  were  r e m o v e d  for  
glycosaminoglycan (GAG) analysis and replaced with 
Ham's F-12 media, containing 20 ~tCi mL -~ of 35S-sulfate. 
The samples were incubated an additional 2 h, and the 
media was removed. The cartilage was digested with 
papain, the proteoglycan precipitated with cetylpyridinium 
chloride, and the precipitates counted for 3sS. GAGs in the 
culture media were measured from the amount of  
polyanionic material reacting with 1,9-dimethylmethylene 
blue, using shark chondroitin sulfate as a standard. 29 
Results were reported as ~tg GAG per mg wet weight of 
cartilage. 35S-Sulfate incorporation was determined as dpm 
per mg wet weight of cartilage. 

Stromelysin activation studies 

Incubation mixtures were prepared from 3.3 ~tL of  
prostromelysin (31.25 ~tg mL-~), 3o 3.3 IxL of plasmin (6.25 
~tg mL-'), and 10 ktL of drug stock solution (prepared by 
dilution of a DMSO stock solution with an appropriate 
volume of water). DMSO concentrations never exceeded 
1%. Drugs were assayed at 100, 30, 10 and 1 gM. Control 
assays employed 10 I.tL of H20 instead of drug stock 
solution. Activation was allowed to proceed for 2 h at 37 
°C, after which the stromelysin activity was assayed as 
described below. 

Preincubation experiments were conducted by combining 
the prostromelysin and drug solutions (or water for 
controls) as described above and allowing the mixture to 
stand for the desired preincubation period at 25 *C. 
Plasmin was then added and activation was carded out at 
37 °C, after which the stromelysin activity was assayed as 
described below. 

Stromelysin assay 

Stromelysin activity was assessed using a [3H]-transferrin 
substrate. 3' Following proteolytic activation with plasmin 
for 2 h at 37 °(2 as described above, the incubation 
mixtures were treated with 3.3 IxL of 500 IxM PACK-H, 10 
gL of water, 10 lxL of 3X pH 7.8 buffer, and 10 lxL of 
[3H]-transferrin, to give a total volume of  50 IxL. The 
mixtures were incubated for 4 h at 37 °C, then quenched 
with 200 IxL of 3.3% C13CCO2H and centrifuged. An 
aliquot of the supernatant (100 IxL) was added to 5 mL of 
scintillation cocktail for LSC. 

Intra-articular injection of IL- l fl 

Male New Zealand white rabbits (2.3-3.0 kg) were 
injected intra-articularly through the suprapatellar 
ligament into the joint space with 5 ng of human 
recombinant IL-l[3 ~5 in a volume of 0.2 mL of phosphate 
buffered saline (PBS). In initial studies, injection of 0.2 
mL of PBS into the knees of rabbits (vehicle control) 
caused no difference in the amount of GAG released into 
the synovial fluid or cell number as compared with 
untreated, naive control knees. Therefore, the contralateral 
uninjected knees were used as paired controls in these 
studies. Animals were euthanized 18 h following a single 
injection of IL-1li Under these conditions, 5 ng of IL-113 
gave approximately half-maximal stimulation of GAG 
release into the synovial fluid. 

Inhibitor studies 

Drugs were administered 1 h prior to IL-1 [3 challenge as a 
suspension or solution in methyl cellulose vehicle via 
gavage in a volume of < 5 mL. Following euthanasia, 1 
mL of sterile PBS was injected into the joint space and the 
joints were articulated. The diluted synovial washes were 
taken for cell count and the cell-free joint fluids were then 
stored at -70  °(2 for assay of sulfated glycosaminoglycans 
(GAG). Aliquots of the synovial fluid wash were digested 
with 250 lxg mL -I of papain in 0.1 M pH 6.5 phosphate 
buffer containing 0.005 M cysteine HC1 and 0.005 M 
EDTA at 65 °C for 2 h. Sulfated GAG concentrations of 
the digests were measured from the amount of polyanionic 
material reacting with 1,9-dimethylmethylene blue, using 
shark chondroitin sulfate as a standard. 29 
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