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A variety of benzylideneoxazoles, -thiazoles, and -imidazoles derived from 2,6-di-tert-butylphenol 
were prepared and evaluated as dual inhibitors of 5-lipoxygenase and cyclooxygenase in rat basophilic 
leukemia (RBL-1) cells. The target compounds exhibit varying degrees of selectivity toward the 
two enzymes. Several compounds are orally active in the rat carageenan footpad edema (CFE) 
and mycobacterium footpad edema (MFE) antiinflammatory models. Structure-activity rela- 
tionships are discussed. From this work, (2)-5-[  [3,5-bis(l,l-dimethylethyl)-4-hydroxyphenyl]- 
methylene] -2-imino-4-thiazolidinone methanesulfonate salt (CI-1004) was identified as a potent 
dual inhibitor of 5-lipoxygenase (IC60 = 0.77 pM) and cyclooxygenase (IC60 = 0.39 pM), with oral 
activity (ID40 = 0.6 mg/kg) in the rat MFE model of inflammation. 

Nonsteroidal antiinflammatory drugs (NSAIDS) are 
widely used in the treatment of rheumatoid arthritis and 
other inflammatory diseases? However, long-term NSAID 
use has been associated with gastrointestinal ulceration, 
bleeding, and nephroto~icity.~ The beneficial effects of 
NSAIDS have been historically attributed to inhibition 
of the enzyme cyclooxygenase, thereby preventing pro- 
duction of proinflammatory prostaglandins.h Recently, 
two related isoenzymes of cyclooxygenase have been 
identified in mammalian  cell^.^^*^ One isoenzyme is 
thought to be involved in the conversion of arachidonic 
acid to regulatory prostaglandins that control normal 
kidney and gastric function, while the other isoenzyme 
produces prostaglandins involved in inflammation. The 
identification of selective isoenzyme inhibitors may even- 
tually lead to safer drugs for inflammation therapy. 

In addition to cyclooxygenase (CO), the 5-lipoxygenase 
(5-LO) enzyme is also associated with the metabolism of 
cellular arachidonic acid? Leukotrienes, produced through 
the 5-lipoxygenase enzyme pathway, may also contribute 
to both inflammation and NSAID-induced side effects.6 
For these reasons, compounds that are dual inhibitors of 
both cyclooxygenase and 5-lipoxygenase are being studied 
as potential antiinflammatory agents with an improved 
safety profile in comparison to NSAIDS. 

Derivatives of 2,6-di-tert-butylphenol have been ex- 
tensively studied as dual COl5-LO inhibitors. Earlier 
reports from our laboratories described a variety of 
chemical series in which the di-tert-butylphenol ring is 
either directly b ~ n d e d ~ ~ ~ ~  or linked by a two-carbon chain7c 
to various heterocyclic systems. Othersa have reported 
related compounds in which the phenol portion of the 
molecule is part of a benzylidene moiety attached to a 
heterocyclic ring. Examples of the latter type include la 
(KME-4),9 lb  (E-5110),1° and 2 (BF-389)." 
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Many di-tert-butylphenol bicyclic derivatives are highly 
lipophilic compounds, resulting in generally poor aqueous 
solubility and associated bioavailability. Results from our 
earlier chemical series'lapb demonstrated that the addition 
of ionizable functionality to the heterocyclic ring linked 
to the phenol ring would reduce the lipophilicity and aid 
in adsorption and elimination of these compounds. 

This paper describes the synthesis and biological activity 
of a series of benzylideneoxazoles, -thiazoles, and -imid- 
azoles, generically represented in 3. Many of these 
compounds are dual inhibitors of cyclooxygenase and 
5-lipoxygenase activity as measured in rat basophilic 
leukemia (RBL-1) cells. A number of compounds also 
show oral activity in animal models of inflammation. 

Chemistry 
A series of benzylidene derivatives 6 (Scheme 1) were 

prepared by Knoevenagel condensation (methods A, D) 
of the di-tert-butyl aldehyde 4 with heterocycles 5a-c, 
5d,12 58, 5f,13 and 5g14 (Table 1). Alkylation of benzylidene 
thiones 6c,15 6g, and 6j with iodomethane (method E) 
provided the methyl thioether intermediates 7a-c. Re- 
action of 7a-c with various amines (methods F, I, J,  K) 
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PP 
aMethod A NaOAc, HOAc. Method D &alanine, HOAc. 

Method E MeI, (i-Pr)lNEt. Method F R&NH. Method G 
R&NH, BaCOa. Method I R&NH, t-BuOK. Method J guani- 
dine, bBuOK. Method K cyanamide, t-BuOK. Variations Sa-g 
are listed in Table 1, while variations of 6 and 8 are listed in Table 
3. 

Table 1. Intermediate Heterocycles for Knoevenagel 
Condensation 

0 

no. X Y 
Sa 
Sb 
sc 
Sd 
se 
sr 
6% 

S 0 
S S 
S NHa 
0 S 
NMe 0 
NMe S 
CHa S 

gave the amino derivatives 8. Additional examples of 8 
were obtained by reaction of amines with thione 6c 
(method G). A benzylideneoxazoledione 9a was obtained 
by acidic hydrolysis of thioether 7b. Benzylidene deriv- 
atives 6-9 are listed in Table 3. 

A sequence of reactions similar to that described in 
Scheme 1 was used to prepare analogs containing a methyl 
substituent on the benzylidene double bond. Knoevenagel 
condensation (method L) of the di-tert-butyl ketone 1016 
(Scheme 2) with heterocycles Sa and Sb gave thiazoles 1 la 
and llc, respectively. Alkylation of l lc (method E) 
provided the thioether intermediate 12, and reaction of 
12 with cyanamide (method K) or guanidine (method J) 
gave derivatives 13a and 13b, respectively. 
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Table 2. Intermediate Aldehydes for Knoavenagel Condensation 

R4 "TCHO R3 

no. Rs R.4 

14a 
14b 
140 
lad 
148 

Ph 
i-Pr 
I 
H 
t-Bu 

OH 
OH 
OH 
OH 
H 

Benzylidenethiazoles 15 (Scheme 3) without the di-tert- 
butylphenol substituent pattern were obtained by 
Knoevenagel condensation (method D) of heterocycle Sa 
with aldehydes 14a, 14b,17 14c,18 14d, and 148.19 The 
aldehydes used are listed in Table 2, while the thiazole 
products 11,13, and 15 are listed in Table 4. 

Choline (methods B, C), methanesulfonate, and hy- 
drochloride (method H) salts of selected target compounds 
were prepared as described in the Experimental Section. 

In all cases of the Knoevenagel condensation, only a 
single stereoisomer was obtained for the olefinic product.20 

Table 5 summarizes the physicochemical data for the 
benzylideneoxazoles, -thiazoles, and -imidazoles prepared. 

Results and Discussion 
Our overall goal was the discovery of a balanced dual 

inhibitor of cyclooxygenase and 5-lipoxygenase with 
substantial antiinflammatory activity and a low potential 
for ulcerogenicity. Test compounds were evaluated for 
inhibition of PGF% (aproduct of CO) formation andLTB4 
(a product of 5-LO) formation in intact rat basophilic 
leukemia (RBL-1) cells stimulated with the calcium 
ionophore A23187. Those compounds with ICs0 values 
110 pM for both enzymes were then tested in an acute 
animal model of inflammation, the carrageenan footpad 
edema (CFE) test. Compounds active in CFE (defined as 
showing 140% inhibition at  a dose of 30 mg/kg PO) were 
next tested in the mycobacterium footpad edema (MFE) 
test, a 3-day subacute model more demanding of antiin- 
flammatory efficacy than CFE. Selected compounds with 
oral activity in both the CFE and MF'E tests received 
additional pharmacological evaluation. 

Results from the enzyme assays and in vivo antiin- 
flammatory models for compounds 6-9 are shown in Table 
3. Thiazole and oxazole di-tert-butylphenols with a 
2-hydroxy (6a and 9b), 2-mercapto (6c and 6g), or 2-amino 
(60 substituent were found to be potent dual inhibitors 
and orally active in the animal models. The corresponding 
imidazoles 6i and 6j, although dual inhibitors, were inactive 
in vivo, while the pyrrolidine derivative 6k and the thiazole 
thioether 7a were active in CFE but not in MFE. 

In view of the potent activity of thiazoles 6a, 6c, and 6f, 
a further series (8a-o) of 2-substituted thiazoles was 
synthesized. Several additional dual inhibitors were 
identified, including compounds with a methoxymethyl- 
amino (8h), cyanoimino (a bioisosteric thione replace- 
ment;218i), and guanidino (81) substituent. However, these 
compounds did not exhibit a satisfactory overall profile 
after secondary pharmacological evaluation. 

The cyanoimino and guanidino substituent patterns 
were also investigated in the oxazole (8q and 8s) and 
imidazole (8t and 8v) series. Once again, potent dual 
inhibitors were obtained in both series. 
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Table 3. Biochemical and in Vivo Antiinflammatory Activity of Benzylidene Derivatives 6-9 

Z HO 

Unangst et al. 

no. X 
CFEb inhibn f SEM at dose in mglkg po ICw, rM" 

2 5-LO CO 30 10 MFE? ID@, mdka DO 
6a S OH 1.4 0.35 59 i 4.6d 54 f 4.3 2.0 (1.0-3.2)d 
6c S SH 0.38 0.012 36 f 5.00 32 f 4.4 
6f S N H Me S 0 3 H 0.77 0.39 61 f 4.5 52 f 3.6 0.6 (0.3-0.9) 

0 SH 0.84 1.7 6g 
6i NMe OH 0.78 4.6 Nf 

NMe SH 0.17 0.79 N 
6k CH2 SH 1.7 2.4 39 * 3.9 19 f 4.7 Ng 
6j 

N 7a S SMe 0.65 0.60 47 f 7.1 
8a S NHMe Nh N 
8b S NMe2 65' N 
8c S NHOH 3.7 0.80 Nj 
88 S NMeOH 7.3 10.0 N 
8f S NHOMe N 61' 
8h S NMeOMe-HCl 1.7 0.33 36 2.7 41 f 3.8 6.2 (2.4-11.8) 
Si S NHCN 0.63 0.16 49 i 5 . 9  29 f 4.4 Nk 
81 S NHCNHNHrHCI 0.91 0.083 40 f 3.1 34 f 5.4 2.2 (0.8-3.9) 
8m S NHCNHNMe2 lW' N 
8n S NH(CHd2NMe2 79' N 
80 S NH(CH2)&02H 53' N 
8q 0 NHCNScholine 2.6 1.1 N 
8s 0 NHCNHNHTMeSOsH 1.2 0.34 48 f 3.3 33 f 4.0 5.7 (4.1-7.5) 
8t NMe NHCN 0.70 3.5 N' 
8v NMe NHCNHNHi 1.3 2.1 N 
9b 0 OH-choline 2.8 0.65 51 f 2.7 35 i 3.6 3.7 (2.4-6.0) 
la 2.5 0.15 28 f 5.1 17 f 9.5 3.7 (2.0-7.2) 
l b  0.56 0.040 26 i 4.7 29 f 3.1 1.9 (1.1-2.9) 
sodium meclofenamate 24.0 0.10 41 f 5.3 34 f 5.5 0.40 (0.02-1.0) 

40 f 2.9 32 f 6.5 12.4 (8.0-20.2) 

36 f 6.2 

0 The concentration (pM) of test compound causing 50% inhibition of LTB4 (5-LO) or PGFb (CO) formation. The standard errors average 
11 % of the values shown for 5-LO and 8% for CO. Percent inhibition fSEM of edema in the carageenan footpad edema test. C The dose 
(mg/kg) of teat compound causing 40% inhibition of induced edema in the mycobacterium footpad edema test; 96% confidence limits are in 
parentheses. d Data from the choline salt 6b. Data from the choline salt 6d. f Inactive (N) is defiied as <25% inhibition at a dose of 30 mg/kg 
PO. 8 Inactive (N) is defined as <30% inhibition at a dose of 10 mg/kg PO. Inactive (N) is defined as <50% inhibition at a screening concentration 
of 10 pM. i Percent inhibition at  10 pM screening concentration. j Data from the choline salt 8d. Data from the choline salt 8j. Data from 
the choline salt 8u. 

Biological test results for compounds 11-15 are shown 
in Table 4. Analogs of the thiazole dual inhibitors 6a, 6c, 
8i, and 81 were prepared in which the benzylidene proton 
was replaced by a methyl group (llb, l lc ,  13a, and 13b). 
In all cases, the methyl derivatives were inactive in the 
animal models and were generally of lower potency as dual 
inhibitors when compared to the corresponding non- 
methyl analogs. 

Thiazole 6a was also used as a model to explore a limited 
substituent variation in the phenol ring of the molecule. 
Replacement of both tert-butyl groups of 6a with phenyl 
(Ea), isopropyl (16c), iodo (15d), or hydrogen (158) 
resulted in compounds with overall activity inferior to 
that of 6a. Replacement of the phenolic hydroxyl group 
of 6a with hydrogen (150 produced a dual inhibitor without 
activity in the animal models. These results agree with 
earlier ~0rk7cp~~p2~ in a number of diverse chemical series 
demonstrating the preference for the di-tert-butylphenol 
substructure. 

The 2-hydroxythiazole 6a and the 2-aminothiazole 6f 
were selected for additional evaluation. These two com- 
pounds exhibited an improved balance in the enzyme 
inhibitory assays and a similar potency in the in vivo 
models when compared to the standards la, lb, and sodium 
meclofenamate. 

Thiazoles 6a and 6f were evaluated for gastric ulcero- 
genic potential in a rat stress mode1.78 When administered 

orally to fasted rats (N = 10 animals), neither compound 
caused ulcers a t  a 200 mg/kg dose in contrast to la (30% 
incidence of ulcers at  30 mg/kg dose) and sodium 
meclofenamate (50 7% incidence of ulcers at  36 mg/kg dose). 
When tested orally in an adjuvant induced polyarthritis 
assay24 (a chronic model of inflammation in which sodium 
meclofenamate has ID& = 1.3 mg/kg for prophylactic 
administration), 6a and 6f had ID4 values of 2.2 and 1.7 
mg/kg, respectively. 

We have described the synthesis of novel thiazole, 
oxazole, and imidazole derivatives of 3,5-di-tert-butylphe- 
nol. Several of these compounds are relatively balanced 
dual inhibitors of the 54ipoxygenase and cyclooxgenase 
enzyme pathways. Thiazoles 6a (designated a~ CI-987) 
and 6f (designated as CI-1004) were identified as nonul- 
cerogenic, orally active antiinflammatory agents. 

Experimental Section 
Melting points were determined on a Thomas-Hoover or 

Electrothermal capillary apparatus and are uncorrected. Ele- 
mental analyses were performed by the Analytical Chemistry 
staff of Parke-Davis (Ann Arbor, MI) and were within *0.4% of 
the theoretical values, unless indicated otherwise. Infrared 
spectra were recorded as KBr d i s h  on a Nicolet MX-1 FTIR 
spectrometer. Proton NMR spectra were recorded on a B d e r  
AM 250 spectrometer, with chemical shifts reported in 6 units 
relative to internal TMS. Reactions were generally run under 
a nitrogen atmosphere. Organic solutions were concentrated at 
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Scheme 20 

Me Method L - 
&m Y 

Ila Y=O 
& Y = S  

I Me 0 

Method E - 

Ua 
a Method E MeI, (i-Pr)aNEt. Method J: guanidine, t-BuOK. 

Method K cyanamide, t-BuOK. Method L: NH~OAC, toluene. 

aspirator vacuum on a rotaryevaporator. Flash chromatography 
was performed with E. Merck silica gel 60,230-400-mesh ASTM, 
according to the method of Still.% 

Method A. (Z) -S- [  [3,S-Bie( l,l-dimethylethy1)-4-hydrox- 
yphenyl]methylene]-2,4-thiazolidinedione (6a). A suspen- 
sion of 4 (6.5 g, 28 mmol), Sa (3.0 g, 26 mmol), and NaOAc (7.6 
g, 93 "01) in HOAc (40 mL) was stirred at reflux for 48 h. The 
cooled reaction mixture was added to Ha0 (200 mL), and the 
precipitated product was fiitered and washed with H2O. Re- 
crystallization from EtOH gave 2.3 g (27%) of 6a: mp 238-240 
"C; IR 3619,1741,1583,1214 cm-l; lH NMR (DMSO-de) 6 1.41 
(s,18H, t-Bu), 7.38 (s,2H, ArH), 7.77 (8,  lH,  olefin), 7.79 (8,  lH,  
OH), 12.48 (br s, lH, NH). Anal. (ClJ-IaNOsS) C, H, N. 

Method B. (Z)-S-[[3,CBis( l,l-dimethylethyl)-4-hydrox- 
yphenyl]methylene]-2~-thiazolidinedione Choline Salt (6b). 
A stirred shspension of 6a (10.0 g, 30 mmol) in EtOH (100 mL) 
was treated dropwise with a 47% aqueous choline bicarbonate 
solution (10.6 g, 30 mmol). The mixture was heated at reflux for 
1 h, cooled, and evaporated. Fresh EtOH (50 mL) was added 
and the mixture again evaporated two additional times. The 
fiial residue was triturated with EhO to yield 12.8 g (86%) of 
6 b  mp 215 OC dec; IR 1675,1617,1571,1206 cm-1; lH NMR 
(DMSO-de) 6 1.40 (s,18H, t-Bu), 3.11 (s,9H, NMe), 3.40 (m, 2H, 
CHs), 3.85 (m, 2H, CHp), 5.40 (br s, lH, choline OH), 7.23 (s , lH 
olefii), 7.30 (s,2H, ArH). Anal. (Cl&I22NOsS-CsHlrNO) C, H, 
N. 

(Z ) -S - [  [3,S-Bis( l,l-dimethylethyl)-4-hydroxyphenyl]- 
methylene1-2-imino-kthtazolidinone Methaneeulfonate Salt 
(60. A solution of methanesulfonic acid (0.50 mL, 0.74 g, 7.7 
mmol) in THF (4.0 mL) was added a t  room temperature to a 
stirred solution of 6e (2.3 g, 7.0 mmol) in THF (190 mL). The 
mixture was stirred for 30 min, and the solvent was evaporated. 
Trituration of the reaidue with EhO gave a solid which was 
recrystallized from MeOH/EhO to yield 2.7 g (90%) of 6f: mp 
252 OC dec; IR 3600,1734,1608,1192 cm-l; lH NMR (DMSO-de) 
6 1.42 (8,  18H, t-Bu), 2.43 (s,3H, Me), 6.67 (br s, 2H, NHz), 7.39 
(8,  2H, ArH), 7.65 (s, lH,  olefin), 7.69 (br s <1H, OH), 9.58 (br 

(Z)-5-[ [ 3,S-Bis( 1,l-dimethylet hyl)-4-hydroxyphenyl]- 
methylene]-2-thioxo-4sx~zolidinone (6g). A mixture of 4 
(18.8 g, 80 mmol), 6d12 (10.0 g, 85 mmol), and @-alanine (1.6 g, 
18 "01) in HOAc (28 mL) and toluene (80 mL) was stirred at 

8, lH,  NH). Anal. (ClJ-I&202S*CHsSOsH) C, H, N. 
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Scheme 3" 

CHO 
Method D - 
FNH 

0 

P 
0 Method D: 8-alanine, HOAc. Variations 14a-e are listed in Table 

2. The condensation products 16 are listed in Table 4. 

reflux through a Dean-Stark trap for 4 h. The solid that 
precipitated from the cooled reaction mixture was filtered and 
washed with hexane. Recrystallization from MeCN/HZO gave 
11.1 g (41%) of 6g: mp 240 OC dec; IR 3612,1728,1653,1432 
cm-1, 1H NMR (DMSO-de) 6 1.41 (8 ,  18H, t-Bu), 6.77 (8,  lH,  
olefin), 7.72 (s,2H, ArH), 7.74 (8, lH,  OH), 13.75 (br s, lH, NH). 

Method C. (Z)-S-[[3,S-Bis( l,l-dimethylethyl)-4-hydrox- 
yp henyl]methylene]-2-thioxo-4-oxazolidinone Choline Salt 
(6h). A solution of 47% aqueous choline bicarbonate (2.5 g, 7.1 
mmol) in MeOH (50 mL) was treated over 5 min with 6g (2.3 g, 
6.9 mmol). The mixture was warmed to reflux for 5 min on the 
steam bath and fiitered hot. The cooled filtrate was evaporated, 
and the residue was redissolved in methanol and reevaporated 
three times. Recrystallization of the fiial residue from acetone/ 
t-BuOMe gave 2.1 g (70%) of salt 6h: mp 167 OC dec; IR 1634, 
1653,1366,1199 cm-l; 1H NMR (DMSO-de) 6 1.40 (s,18H, t-Bu), 
3.11 (s,9H, NMe), 3.39 (m, 2H, CH2), 3.84 (m, 2H, CH,), 5.32 (br 
s, lH, choline OH), 6.03 (8,  lH,  olefii), 7.26 (br s, lH, phenol 

Met hod D. (Z)-S-[  [ 3,S-Bis( 1,l-dimet hylethy1)-4-hydrox- 
yphenyllmet hylenel- 1-methyl-2-t hioxo-44midazolidinone 
(6j). A mixture of 4 (19.0 g, 81 mmol), 5Fs (10.6 g, 81 mmol), 
and @-alanine (4.7 g, 53 mmol) in HOAc (150 mL) was stirred at 
reflux for 24 h. The cooled reaction mixture was added to H20 
(1.5 L) and stirred for 1 h. The precipitated product was filtered 
and washed with H2O and then recrystalliied from MeCN to 
yield 17.5 g (62%) of 6j: mp 242-244 OC; IR 3630, 1734, 1497, 
1240 cm-l; lH NMR (DMSO-ds) 6 1.40 (s,18H, t-Bu), 3.48 (e, 3H, 
NMe), 6.74 (8, lH, olefin), 7.50 (8, lH, OH), 8.07 (8,  2H, ArH), 
12.29 (br 8, lH, NH). Anal. (C~~H&ZO~S)  H, N; C: calcd, 61.17; 
found, 60.60. 

( Z ) - S - [  [3,S-Bis( l,l-dimethylethyl)-4-hydroxyphenyl]- 
methylene]-2-(methylthio)-4(SH)-oxazolone (7b). A solution 
of 6g (5.0 g, 15 mmol) in THF (75 mL) was cooled in ice and 
treated with EtsN (2.4 mL, 1.7 g, 17 mmol). The mixture was 
stirred for 30 min, and Me1 (4.5 mL, 10.3 g, 72 mmol) was added. 
The ice bath was removed, and the mixture was stirred for 24 h. 
The insoluble material was fiitered, and the fiiter cake was washed 
several times with fresh THF. The filtrates were evaporated, 
and the residue was purified by flash chromatography (2.55% 
EtOAc in CH2C12) to yield 4.3 g (83 % ) of 7b. Sample recrystallized 
from EtOAc/hexane: mp 164-166 "C; IR 3568,1719,1656,1505 
cm-l; lH NMR (CDCls) 6 1.47 (8,  18H, t-Bu), 2.74 (s,3H, SMe), 
5.68 (8,  lH,  OH), 6.82 (8,  lH,  olefin), 7.60 (Is, 2H, ArH). Anal. 

Anal. (ClaHBNOaS) C, H, N. 

OH), 7.57 (8,2H, ArH). Anal. (Cl~~NOsS-CaHlf iO)  C, H, N. 

(CieHzsNOsS) C, H, N. 
Method E. (Z)-S-[[3,S-Bis( l,l-dimethylethyl)-4-hydrox- 

yphenyl]methylene]- 1,5-dihydro- 1-methyl-2-( met hylt hio)- 
4H-imidazol-4-0110 (70). A sumension of 6i (4.0 e. 12 mmoD 
and N,N-diisopropyleth&nine 6.4 mL, 1.8 g;14 "01) in EtOH 
(50 mL) was treated with Me1 (1.2 mL, 2.7 g, 19 "01). The 
mixture was stirred at room temperature for 18 hand then added 
to H2O (300 mL). After 1 h the product was filtered, washed 
with H20, and recrystallized from EtOAc to yield 3.0 g (70% ) of 
70: mp 177-179 OC; IR 3572, 1677, 1588,1430 cm-l; lH NMR 
(DMSO-de) 6 1.42 (8, 18H, t-Bu), 2.63 Is, 3H, SMe), 3.32 (s,3H, 
NMe), 6.78 (e, lH,  olefin), 7.47 (br s, lH, OH), 8.20 (e, 2H,ArH). 
Anal. (CmH&zO&0.25CHsCN) C, H, N. 

Method F. (Z)-S-[[J,S-Bis( l,l-dimethylethyl)-4-hydrox- 
yphenyl]methylene]-2-(methylamino)-4(S~-thiazolone (8a). 
A mixture of 7a (3.6 g, 9.9 mmol) and 40 % aqueous methylamine 
(5.3 g, 68 mmol) in EtOH (300 mL) was stirred at reflux for 22 
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Table 4. Biochemical and in Vivo Antiinflammatory Activity of Benzylidene Derivatives 11, 13, 15 

R3 

Unangst et al. 

ICw, pMa CFEb % inhibn * SEM at dose in mg/kg po 
no. 2 Rs Rs Ra 5-LO CO 30 10 MFEC ID&, m d h  PO 
l l b  OH-choline t-Bu OH Me 0.48 52d 
110 SH t-Bu OH Me 2.3 4.5 Ned 
13a NHCN bBu OH Me 1.2 5.1 N 
13b NHCNHNHz t-Bu OH Me 1.6 1.9 N 
1Sa OH Ph OH H 0.16 9.6 41 & 5.18 11 * 7.6 N8JJ 
160 OH i-Pr OH H 0.22 0.82 N 
1Bd OH I OH H Ni 6od 
lk OH H O H H  N N 
1st OH t-Bu H H 3.3 4.6 Nj 

a The concentration (pM) of test compound cawing 60% inhibition of LTB4 &LO) or PGFh (CO) formation. The standard errore average 
11 % of the values shown for 5-LO and 8% for CO. Percent inhibition ASEM of edema in the carageenan footpad edema test. The dose 
(mg/kg) of teat compound causing 40% inhibition of induced edema in the mycobacterium footpad edema test; 95% confidence limits are in 
parentheees. d Percent inhibition at 10 pM screening concentration. * Data from the cholineaalt 1 Id. Inactive (N) is defied as <25% inhibition 
at a dose of 30 mg/kg po. 8 Data from choline salt 1Sb. * Inactive (N) is defied as <30% inhibition at a dose of 10 mg/kg PO. Inactive (N) 
is defined as <50% inhibition at a screening concentration of 10 pM. j Data from the choliie salt 16g. 

h. After cooling to room temperature, the precipitated product 
was filtered and washed with EtOH. Recrystallization from 
DMF/EtOAc gave 2.4 g (69%) of 8a: mp 308-310 OC; IR 3541, 
1679,1591,1260 cm-1; 1H NMR (DMSO-de) 6 1.44 (a, 18H, t-Bu), 
3.14 (8,  3H, Me), 7.41 (8,  2H, ArH), 7.71 (8,  lH, olefin). Anal. 
(CieHzsNzOzS) C, H, N. 

Method G. (Z)-S-[[t,S-Bis( l,l-dimethylethyl)-4-hydrox- 
yphenyl]methylene]-2-(hydroxymethylamino)-4(Sa)-thi- 
azolone (88). A mixture of N-methylhydroxylamine hydro- 
chloride (12.5 g, 150 mmol), BaCO3 (14.8 g, 75 mmol), EtOH (50 
mL), and Ha0 (50 mL) was stirred at  room temperature for 10 
min. Additional EtOH (600 mL) and 60 (17.5 g, 50 mmol) were 
added, and the new mixture was stirred at reflux for 8 h. The 
cooled reaction mixture was filtered and the filtrate evaporated. 
The residue was stirred in ice H20, and the resulting solid was 
filtered, washed with HzO, and dissolved in CH2C12. The organic 
layer was dried (Na&O,) and evaporated to give 19 g of residue. 
Purification by flash chromatography (CH2Cl2, followed by 9 1  
CHzC12/MeOH), followed by recrystallization from MeOWEtOAc 
gave 8.6g (48%) of 8e: mp 199-200 OC; IR 3627,1613,1438,1210 
cm-1; 1H NMR (DMSO-de) 6 1.42 (s,18H, t-Bu), 3.54 (8,  3H, Me), 
7.38 (8,  2H, ArH), 7.58 (e, lH, olefin), 7.63 (br 8, <1H, phenol 
OH), 11.80 (br s, <1H, NOH). Anal. (CleH&J20sS) C, H, N. 

Method E. (Z)-5-[[3,5-Bis( l,l-dimethylethyl)-4-hydrox- 
yp heny llmet hy lenel-2- (met hoxy met hy lamino) -4 (Sa) -t hi- 
azolone Hydrochloride (8h). A solution of 8g (8.3 g, 22 "01) 
in CH2Cl2 (50 mL) was treated with excess ethereal HC1. The 
precipitated salt was filtered and recrystallized from CHZC12/ 
MeOH/EgO to yield 6.0 g (66%) of salt 8h: mp 177-179 "C; IR 
3417,1734,1588,1422 cm-'; 'H NMR (DMSO-de) 6 1.42 (a, 18H, 
t-Bu), 3.56 (8 ,  3H, NMe), 3.92 (8 ,  3H, OMe), 7.40 (8, 2H, ArH), 
7.67 (8 ,  lH, olefin). Anal. (CzoHzeN203S.HCl) H, N; C: calcd, 
58.17; found, 58.60. 

Method I. (Z)-N-[S-[[B,S-Bis(l,l-dimethylethy1)-4-hy- 
droxyphenyl]methylene]-4,S-dihydro-4-oxo-2-thiazolyl]- 
MJV-dimethylguanidine (am). A mixture of 1,l-dimeth- 
ylguanidine sulfate (6.7 g, 25 mmol) and t-BuOK (4.8 g, 43 mmol) 
in EtOH (500 mL) was stirred at  room temperature for 15 min. 
After the addition of 7a (7.3 g, 20 mmol), the new mixture was 
stirred at  reflux for 6 h. The cooled mixture was evaporated, and 
the residue was partitioned between E g o  and ice H2O made 
slightly acidic with 1.0 N HC1. The organic layer was washed 
with brine, dried (NafiO,), and evaporated. Purification of the 
residue by flash chromatography (CHzCl2, then 9 1  CH2CldMeOH 
elution) followed by recrystallization from EtOH/DMF gave 5.1 
g (63%) of 8m: mp 293-295 OC; IR 3620,1660,1513,1261 cm-'; 
lH NMR (DMSO-de) 6 1.43 (8,  18H, t-Bu), 3.07 (8,  3H, NMe), 
3.14 (e, 3H, NMe), 7.41 (8,  2H, ArH), 7.85 (8,  lH, olefin). Anal. 
(Cz1HaoN40zS) C, H, N. 

(Z)-S-[ [3,S-Bis( l,l-dimethylethyl)-4-hydroxyphenyl]- 
methylene]-2-[ [2-(dimethylamino)ethyl]amino-4(Sa)-thi- 
azolone (8n). A mixture of 6c16 (7.0 g, 20 "01) and ( N f l -  
dimethylamin0)ethylamine (5.3 g, 60 mmol) in EtOH (250 mL) 
was stirred at  reflux for 8 h. The solvent was evaporated and the 
residue recrystallized f i i t  from toluene and then from MeOH/ 
EtOAc/toluene to give 3.4 g (42%) of 8n: mp 209-211 OC; IR 
1684,1628,1440,1315 cm-l; 'H NMR (DMSO-de) 6 1.42 (s,18H, 
t-Bu), 2.19 (e, 6H, NMe), 2.46 (t, J = 6 Hz, 2H, CHa), 3.59 (t, J 
= 6 Hz, 2H, CHZ), 7.36 (8, 2H, ArH), 7.53 (8,  lH, olefin). Anal. 
(CnHssNsOzS) C, H, N. 
(2)-4-[ [[ [3,6-Bis( l,l-dimethylethyl)-4-hydroxyphenyl]- 

methylene]-4,S-dihydro-4-0~0-2-t hiazolyl]amino]brttanoic 
Acid (80). A mixture of 4aminobutyric acid (1.9 g, 18 "01) 
and t-BuOK (1.4 g, 12 mmol) in EtOH (250 mL) was stirred at 
room temperature for 30 min and then treated with 7a (3.6 g, 9.9 
"01). The new mixture was stirred at reflux for 22 h, cooled, 
and evaporated. The residue was treated with cold Ha0 made 
slightly acidic with 2.0 N HC1. The insoluble eolid was filtered 
and washed with HzO. The crude product was dissolved in CHZ- 
CldTHF, and the solution was dried (NaaO,) and evaporated. 
The residue was digested in warm EbO and fiitered. Recrys- 
tallization of the final solid from THF/EtOAc gave 2.7 g (65 % ) 
of 80: mp 239-240 OC; IR 3621,1717,1570,1423 cm-1; 1H NMR 
(DMSO-de) 6 1.42 (s,18H, t-Bu), 1.84 (m, 2H, CHZCHZCH~), 2.33 
(t, J = 7 Hz, 2H, CHZCOZH), 3.52 (m, 2H, NHCHZ), 7.36 (a, 2H, 
ArH), 7.56 (8, lH, olefin), 9.54 (m, lH, NH), 12.00 (br 8, <1, 

(Z)-[S-[[3,5-Bis( l,l-dimethylethyl)-4-hydroxyphenyl]- 
met hylene]-4,S-dihydr+4-oxo-2-oxazolyl]cyan~de (8p). A 
suspension of cyanamide (0.38 g, 9.0 "01) in EtOH (50 mL) was 
cooled in ice and treated in small portions with t-BuOK (0.93 g, 
8.3 "01). After the mixture was stirred for 15 min, 7b (2.6 g, 
7.5 "01) was added, followed by additional EtOH (25 mL). The 
mixture was stirred at reflux for 3 h and then cooled, and the 
precipitated potaesiumsalt of the product was fitered and washed 
with Ego. The salt was suspended in H2O (100 mL) and acidified 
with 1.0 mL of HOAc. The mixture was stirred for 30 min and 
extracted with EtOAc. The organic layer was waahed with brine, 
dried(Nafi03,andevaporatedtoyield l.Og(38%)0f8p. Sample 
recrystallized from EtOAc/hexane: mp 220 OC dec; IR 3545,2219, 
1755,1431 cm-l; 1H NMR (DMSO-&) 6 1.41 (a, 18H, t-Bu), 6.88 
(8,  lH, olefin), 7.71 (8,  2H, ArH), 7.72 (8, lH, OH). Anal. 
(CishNsOa) c, H, N. 

Method J. (2)-[ 5-[ [ t,S-Bis( l,l-dimethylethyl)-4-hydrox- 
yp henyl]methylene]-4,S-dihydro-4-oxo-2-oxazolyl]guani- 
dine (8r). A solution of guanidine hydrochloride (2.0 g, 21 "01) 
in EtOH (75 mL) was cooled in ice and treated in portions with 
t-BuOK (2.2 g, 20 mmol). The mixture was stirred for 15 min 

C02H). Anal. (C&&!Ofi) C, N, H. 
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no. method yield, % mp, O C  recryst solvent formula anal. 
EtOH CinHmNOB C.H.N 26 238-240 6a 

6ba 
6c 
6da 
60 
6fd 
6e 
6ha 
61 
6j 
6k 
7a 
7b 
70 
8a 
8b 
8c 
8do 
8e 
8f 
8g 
8hh 
8i 

8k 
81h 
8m 
8n 
80 
8P 
8q0 
8r 
Sad 
at 
8Ua 
8v 
9a 
9ba 
lla 
1lba 
1 IC 
llda 
12 
13. 
13b 
15a 
1Sba 
15c 
16d 
1Se 
1Sf 
1sea 

A 
B 
A 
B 
A 
e 
e 
C 
D 
D 
A 
E 
e 
E 
F 
F 
G 
C 
G 
I 
G 
H 
K 
C 
I 
H 
I 
e 
e 
e 
C 
J 
e 
K 
B 
J h  
e 
C 
L 
B 
L 
B 
E 
K 
J 
D 
B 
D 
D 
D 
D 
B 

98 
30 
93 
38 
90 
41 
70 
10 
62 
7 

55 
83 
70 
69 
77 
30 
27 
48 
77 
27 
66 
70 
89 
31 
24 
63 
42 
65 
38 
53 
55 
83 
51 
94 
47 
53 
60 
67 
96 
76 
77 
93 
88 
92 
54 
91 
98 
85 
89 
56 

215 dec 
248-249 
196 dec 

252 dec 
240 dec 
167 dec 
211-212 
242-244 
237-239 
159-160 
164-166 
177-179 
308-310 
247-249 
241 dec 
178-180 
19+200 
245-246 
187-189 
177-179 
240-242 
189-190 
267-268 
217-220 
293-295 
209-211 
239-240 
220 dec 
85 dec 

258 dec 
278 dec 
257-259 
185-186 
288-290 
239 dec 
165 dec 
253-254 
191 dec 
244-246 
213 dec 
224-226 
229-230 
277 dec 
228-229 
113-125 
201-203 

277-279 

>285 
>290 

193-197 
88 216 dec 

b 
EtOAc 
b 
EtOAc/MeOH 
MeOH/EhO 
MeCN/HZO 
acetonel t-BuOMe 
EtOH 
MeCN 
EtOH 
MeOH 
EtOAc/ hexane 
EtOAc 
DMF/EtOAc 
MeOH 
EhO/toluene 
MeOH/EtOAc 
MeOH/EtOAc 
MeOH 

CHaCld MeOWEhO 
MeOH 
MeOH/EtOAc 
MeOH/EtOAc 
MeOH/EtOAc 
DMF/EtOH 
MeOH/EtOAc/toluene 
THF/EtOAc 
EtOAcl hexane 
b 
MeCN/H20 
b 
MeCN 
b 
EtOH/DMF 
EtOAcl hexane 
acetone/ t-BuOMe 
b 
b 
MeCN 
b 
MeCN 
MeCN 
MeCN/EtOH 
MeOH 
b 
b 
b 
b 
MeOH 
b 

CH2C12/EtOAc 

320 

C1sH1BNOsS 
CtoHdzNOB 
C;&;NOaS 

CIHIN 

- . .  
a This compound is the choline salt of the preceding compound in the table. * Compount not recrystallized. H calcd, 8.02; found, 7.59. 

This compound is the methanesulfonate salt of the preceding compound in the table. e See the Experimental Section. f C calcd, 65.86; found 
66.27.8 C: calcd, 61.17; found,60.60. This compound is the hydrochloride salt of the precedingcompound in the table. i C: calcd, 58.17; found, 
58.60. j N: calcd, 14.61; found, 14.12. Heating time increased to 21 h. C: calcd, 64.67; found, 65.08. C: calcd, 70.76; found, 70.31. 

and then rapidly filtered into a suspension of 7b (4.6 g, 13 mmol) 
in EtOH (75 mL). The new reaction mixture was stirred at  reflux 
for 3 h, cooled, and filtered. The filtrate was condensed 50% 
and added to ice and He0 (500 9). The precipitated solid was 
filtered, washed with HzO, and dissolved in EtOAc (200 mL). 
The solution was washed with brine, dried (N~zSO~) ,  and 
evaporated. Purification of the residue by flash chromatography 
(10% MeCN in EtOAc elution) gave 2.6 g (55%) of 8r. Sample 
recrystallized from MeCN/H20: mp 258 "C dec; IR 1708,1653, 
1560,1301 cm-1; 1H NMR (DMSO-de) 6 1.40 (8,  18H, t-Bu), 6.43 
(8,  lH,  olefin), 7.33 (br s,2H, NH), 7.40 (8, lH,  OH), 7.56 (s,2H, 
ArH), 8.18 (br s,2H, NH). Anal. (CleHa$J4O8) C, H, N. 
(Z)-N-[S-[ [ 3,S-Bis( 1,l-dimethylet hyl)-4-hydroxyphenyl]- 

methylene] -~-dihydro-doxo-2o .azoly l ]~ idi~~  Met h- 
anesulfonate Salt (8s). A solution of 8r (1.9 g, 5.3 mmol) in 
i-PrOH (100 mL) was filtered warm and treated immediately 
with a solution of methanesulfonic acid (0.40 mL, 0.59 g, 6.2 
mmol) in a few mL of i-PrOH. Upon cooling, the precipitated 
salt was filtered and washed with EhO to yield 2.0 g (83%) of 

8s: mp 278 "C dec; IR 1773, 1669, 1432, 1172 cm-l; lH NMR 
(DMSO-de) 6 1.40 (8, 18H, t-Bu), 2.34 (8,  3H, Me), 6.83 (8, lH,  
olefin), 7.63 (e, 2H, ArH), 7.67 (8, lH,  OH), 8.29 (br s,2H, NH), 
8.55 (br s,2H, NH). Anal. (Cl&&O&H$OsH) C, H, N. 

Method K. (Z)-[5-[[3,5-Bis( L,l-dimethylethyl)-4-hydrox- 
yphenyl]methylene]-4,5-dihydro- 1-methyl-4-oxo- la-imida- 
zol-2-yl]cyanamide (8t). Cyanamide (0.20 g, 4.8 "01) was 
added to a mixture of 7c (1.5 g, 4.2 m o l )  and t-BuOK (0.50 g, 
4.5 mmol) in EtOH (25 d). The mixture was stirred at reflux 
for 2.5 h, cooled, and added to H2O (200 mL). The mixture was 
acidified with HsP04, and the precipitated product was filtered 
and washed with H2O. Recrystallization from MeCN gave 0.70 
g (51%) of 8 t  mp 257-259 OC; IR 3622,2198,1745,1388 cm-l; 
lH NMR (DMSO-&) 6 1.41 (s, 18H, t-Bu), 3.21 (e., 3H, NMe), 
6.69 (8, lH,  olefin), 7.48 (e, lH,  OH), 7.99 (8 ,  2H, ArH). Anal. 
(C&zsNiOz) C, H, N. 
(2) -5- [ [ 3,5-Bis( 1,l -dimet hylet hy1)-4- hydroxyp hen yl]- 

methylene]-2,4-oxazolidinedione (9a). A solution of 7b (3.0 
g, 8.6 mmol) in warm EtOH (25 mL) was diluted with warm HzO 
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Samueleson, B. Arachidonic Acid Metabolism: Role in Inflam- 
mation. 2. Rheumatol. 1991,60 (Suppl. l), 3-6. 
(a) Brain, S. D.; Williams, T. J. Leukotrienes and Mammation. 
Phurm. Ther. 1990,46,57-66. (b) Vaananen, P. M.; Keenan, C. 
M.; Grisham, M. B.; Wallace, J. L. Pharmacological Investigation 
of the Role of Leukotrienes in the Pathogenesis of Experimental 
NSAID Gastropathy. lnflammation 1992,16,227-240. (c) Gus- 
landi, M. Gastric Effecta of Leukotrienes. Prostaglandins, Leu- 
kotrienes Med. 1987,26,203-208. 
(a) Unangst,P. C.; Shrum, G. P.; Connor, D. T.; Dyer, R. D.; Schrier, 
D. J. Novel 1,2,~0xadioaz0les and 1,2,4-Thiadiazoles as Dual 
5-Lipoxygenaee and Cyclooxygenaee Inhibitors. J. Med. 1992,36, 
3691-3698. (b) Mullican, M. D.; Wilson, M. W.; Connor, D. T.; 
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(8 mL). The solution was treated over 10 min with 5.0 mL of 
concentrated HC1. After the mixture was stirred for 4 h, the 
precipitated product was fiitered and washed with hexane to 
yield 1.4 g (51%) of 9a. Sample recrystallized from EtOAc/ 
hexane: mp 239 "C dec; IR 3613,1827,1664,1332 cm-1; 1H NMR 
(DMSO-de) S 1.40 (8,  18H, t-Bu), 6.69 (8, lH, olefin), 7.58 (s, lH, 
OH), 7.61 (a, 2H, ArH), 12.30 (brs, lH, NH). Anal. (ClsHzsN04) 
C, H, N. 

yphenyl]ethylene]-2,4-thiazolidinedione (1 la). A mixture of 
10le (4.0 g, 16 mmol), Sa (3.0 g, 26 mmol), and NHIOAc (1.9 g, 
25 "01) in toluene (12 mL) was stirred at reflux for 48 h. The 
reaction mixture was cooled and evaporated. The residue was 
digested briefly in warm MeOH (20 mL), cooled, and filtered to 
provide 3.7 g (67 %) of lla: mp 253-254 "C; IR 3613,1734,1575, 
1434 cm-l; lH NMR (DMSO-de) 6 1.39 (8, 18H, t-Bu), 2.66 (s,3H, 
olefin Me), 7.21 (s,2H, ArH), 7.46 (brs, lH,  OH), 12.17 (br 8, lH,  

3,5-Diphenyl-4-hydroxybenzaldehyde (14a). A stirred 
mixture of 2,6-diphenylphenol (5.0 g, 20 mmol) and hexameth- 
ylenetetramine (5.5 g, 39 mmol) was treated dropwise with HOAc 
(45 mL). After 20 min, HzO (10 mL) was added, and the mixture 
heated to reflux. Distillate was removed until the reaction pot 
temperature was 114 "C; reflux was then maintained for 6 h. The 
cooled mixture was treated with HzO (20 mL), and the precip- 
itated product was filtered and washed with HzO. Recrystalli- 
zation from EtOH gave 3.5 g (64%) of 14a: mp 168-170 "C; IR 
1673,1583,1429,1325 cm-l; 'H NMR (DMSO-de) S 7.37-7.61 (m, 
10H, ArH), 7.76 (8, 2H, ArH), 9.53 (br s, lH,  OH), 9.93 (8, lH,  

Pharmacology. The whole cell 5-lipoxygenase and cycloox- 
ygenase, carrageenan footpad edema, microbacterium footpad 
edema, and gastric ulcerogenicity assays were performed as 
previously described?. 
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