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Styrylpyrazoles, Styrylisoxazoles, and Styrylisothiazoles. 
and Cyclooxygenase Inhibitors1 

Novel 5-Lipoxygenase 
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A series of styrylpyrazoles, styrylisoxazoles, and styrylisothiazoles were prepared and found to be dual inhibitors 
of 5-lipoxygenase and cyclooxygenase in rat basophilic leukemia cells. Compounds from this series also were found 
to inhibit the in vivo production of LTB4 when dosed orally in rats. Among these compounds, di-tert-butylphenols 
19 and 33 exhibit oral activity in various models of inflammation and, most importantly, are devoid of ulcerogenic 
potential. 

The mammalian 5-lipoxygenase (5-LO) enzyme plays a 
key role in the conversion of arachidonic acid to a number 
of lipoxygenase products, including 5-HPETE, LTA4, 
LTB4, and the peptidoleukotrienes LTC4, LTD4, and 
LTE4.3 The latter leukotrienes have been identified as 
components of SRS-A. Because these mediators have been 
demonstrated to possess potent chemotactic, broncho-
constrictor, and vascular leakage properties, they have been 
implicated as important mediators of various allergic 
diseases including asthma. Various lipoxygenase products 
(LTB4) also exhibit proinflammatory properties in vitro 
and in vivo.4 Thus inhibition of 5-LO is currently the 
subject of intense research toward the discovery of novel 
antiallergic and antiinflammatory agents. 

The inhibition of cyclooxygenase (CO) is a hallmark 
feature of virtually all marketed nonsteroidal antiinflam­
matory drugs (NSAIDs)5'6 currently in wide use for the 
treatment of rheumatoid arthritis and osteoarthritis. 
However, NSAIDs possess certain types of mechanism-
based side effects including dyspepsia, gastrointestinal 
ulceration/bleeding, and nephrotoxicity. These side effects 
often limit the clinical usefulness of this therapeutic class.6 

The inhibition of prostaglandin synthesis has been invoked 
as a mechanism for these side effects of NSAIDs.7'8 More 
recently, however, evidence has accumulated which im­
plicates increased leukotriene formation in addition to 
prostaglandin inhibition as a more complete explanation 
for the NSAID side-effect profile.9"12 Hence, the discovery 
of novel dual inhibitors of CO and 5-LO appears to be a 
fruitful approach toward the identification of safer sec­
ond-generation NSAIDs. 

Recently, we reported that naturally occurring diaryl-
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alkanoids display dual inhibition of 5-LO and CO in vitro.13 

Namely, curcumin (1) and yakuchinone B (2) were found 

OH HO 

OMe OMe OMe 

to be inhibitors of both 5-LO and CO enzymes, but did not 
exhibit reproducible in vivo inhibition of LTB4 biosyn­
thesis or antiinflammatory activity. 

In an effort to impart more potent in vitro inhibition 
and confer in vivo activity in this chemical class, the 
structure-activity relationships (SAR) of curcumin ana­
logues was explored. SAR of these initial curcumin ana­
logues led to the development of a novel series of styryl 
heterocycles (3). We now report that this series potently 

(13) Flynn, D. L.; Rafferty, M. F.; Boctor, A. M. Prostaglandins, 
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Table I. Substituted Styrylpyrazoles, Styrylisoxazoles, and Styrylisothiazoles 

w ,̂ r̂ " 
no. 

15 
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14 
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35 
36 
37 
38 
39 
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OH 
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OH 
OH 
OH 
OH 
OH 
OH 
OH 
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R, 

H 
H 
OMe 
OMe 
Me 
t-Bu 
t-Bu 
t-Bu 
t-Bu 
t-Bu 
t-Bu 
CI 
Br 
Br 
i-Pr 
OMe 
OMe 
Me 
i-Pr 
t-Bu 
t-Bu 
t-Bu 
OMe 
OMe 
t-Bu 
t-Bu 

R-2 
H 
H 
H 
OMe 
Me 
t-Bu 
t-Bu 
t-Bu 
t-Bu 
Me 
OMe 
CI 
Br 
OMe 
i-Pr 
H 
OMe 
Me 
i-Pr 
t-Bu 
t-Bu 
t-Bu 
H 
OMe 
OMe 
OMe 

X 

0 
0 
0 
0 
0 
0 
N 
0 
N 
0 
0 
0 
0 
0 
0 
N 
N 
N 
N 
N 
N 
NMed 

S 
S 

s 
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Y 

N 
N 
N 
N 
N 
N 
0 
N 
0 
N 
N 
N 
N 
N 
N 
NH 
NH 
NH 
NH 
NH 
NMed 

N 
N 
N 
N 

s 

R 

Me 
Me 
Me 
Me 
Me 
Me 
Me 
CF3 

CH2COOH 
Me 
Me 
Me 
Me 
Me 
Me 
COOH 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

method (% yield) 

A (67) C (29) 
A/B (14) 
A (78), B (80) 
A (63), B (69), or E (42) 
A (31), B (85) 
A (72), B (69) 
E(44) 
(90)6 

(70)t 

A (46), B (79) 
A (34), B (55) 
A (61), C (45) 
A (53), B (15) 
E(55) 
A (56), B (98) 
(68)6 

D(56) 
F (50) 
D(53) 
D (55) or F (61) 
(25)" 
(7)" 
Gl (35) 
G2 (65) 
G2(5) 
E (28) 

mp, °C 

86-87° 
185-186 
123-127 
155-157 
158-161 
175-180 
172-174 
132-134 
205-210 
140-152 
128-130 
184-186 
167-169 
178-180 
119-120 
270-271 
153-158 
185-188 
183-184 
218-223 
155-157 
120-122 
189-194 
202-205 
138-139 
156-160 

formula 

C1 2HuNO 
C 1 2 H n N0 2 

C13H1303N 
C14H15N04 

C14H15N02 

C2oH27N02 

C 2 Q H 2 7 N 0 2 

C20H24F3NO2 
C21H27N04 

C17H21N02 

C17H21N03 

C12H9C12N02 

C12H9Br2N02 

C13H12BrN03 

C18H23N02 

C13H1204N2 

C14H16N203 

C I4H16N20 
C18H24N2O-0.1H2O 
C2oH28N20 
C21H3„N20 
C21H30N2O 
C13H13N02S 
C14H15N03S 
C17H21N02S 
C17H21N02S 

analysis 

C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,NC 

C,H,N,Br 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N 
C,H,N,S 
C,H,N,S 
C,H,N,S 
C,H,N 

IC50, 
CO 

>30 
4.0 

12.0 
22.0 

1.2 
1.5 
0.3 

>30 
>30 

7.4 
1.1 

13.8 
16.0 
9.3 

10 
>30 
>30 

4.6 
14.0 
0.9 
7.0 

>30 
3.4 
9.0 

11.5 
0.9 

MM 

5-LO 

>30 
20.0 

5.5 
1.4 
4.5 
2.4 
2.7 

>30 
17.0 
2.3 
1.3 

21.0 
11.0 
4.0 
1.0 

>30 
2.6 
0.8 
3.6 
3.0 
1.7 
1.4 
1.8 
0.2 
1.5 
1.2 

0 Mixture of E/Z isomers (lit.46 mp. E isomer 87-90 °C). 6See the Experimental Section for methodology. 
J ~ ' ' the basis of NOE experiments. e Trans geometry was assigned on the 26.25. d Regiochemistry was assigned on 

'HNMR 

cAnal. CI calcd 26.75, found 
basis of coupling constant in 

inhibits both 5-LO and CO activities in rat basophilic 
leukemia (RBL) cells. These agents also inhibit the in vivo 
production of LTB4 when dosed orally in rats. Pharma­
cologically, this series exhibits oral activity in various 
models of inflammation, and most importantly is devoid 
of ulcerogenic potential. 

Chemistry 
Curcumin analogues 4-6 were prepared as shown in 

Scheme I. Hydrogenation of curcumin (1) provided 
compound 4. Treatment of curcumin (1) and 4 with hy­
drazine hydrate in acetic acid gave the pyrazole derivatives 
5 and 6, respectively. 

Isoxazolylmethyl Carbanion Approach. The series 
of styrylisoxazoles 10 was initially prepared by making use 
of regioselective carbanion generation from 3,5-di-
methylisoxazole16 (Scheme II, methods A-C). Thus the 
lithio carbanion 8 was generated and reacted with a variety 
of substituted benzaldehydes 7, affording styrylisoxazoles 
10 in good yields after acid-catalyzed dehydration of in­
termediates 9. Styrylisoxazoles 10 could be converted to 
the corresponding styrylpyrazoles 11 by hydrogenolysis of 
the isoxazole using Mo(CO)6,

17 followed by ring closure 
with hydrazine (Scheme III, method D). 

(15) (a) Kashima, C; Uemori, M.; Tsuda, Y.; Omote, Y. Bull. Chem. 
Soc. Jpn. 1976, 49, 2254. (b) Kashima, C; Yamamoto, Y.; 
Tsuda, Y. Heterocycles 1977, 6, 805. 

(16) See the Experimental Section for a detailed description of the 
chemical methods. 

(17) Nitta, M.; Kobayashi, T. J. Chem. Soc. Chem. Commun. 1982, 
877. Use of Raney nickel led to concomitant hydrogenation of 
the olefinic bonds. 
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Decarboxylative Knoevenagel Approach. An al­

ternative approach to styryl heterocycles made use of the 
Doebner modification of the Knoevenagel reaction18 

(Scheme IV, methods E and F). This sequence provided 
greater flexibility in that both regioisomeric pairs of sty­
rylisoxazoles 3 could be prepared starting with the ap­
propriate isoxazoleacetic acid (12).19,20 Additionally, 

(18) Corey, E. J. J. Am. Chem. Soc. 1952, 74, 5897. 
(19) Micetich, R. G. Can. J. Chem. 1970, 48, 206. 
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Table II. Substituent Effects on in Vitro Activity 

no. 

15 
16 
14 
17 
30 
37 

ZR23 

0.0 
-0.64 
-0.81 
-0.98 
-0.98 
-0.98 

5-LO 

>30 
20.0 
5.5 
1.4 
2.6 
0.20 

CO 

>30 
4.0 

12.0 
22.0 

>30 
9.0 

selectivity 

0.2 
2.2 

16.0 
>16.0 

45.0 

s tyrylpyrazoles could be m a d e d i rec t ly from 3-methyl-5-
pyrazoleacet ic acid2 1 r a t h e r t h a n resor t ing to t he l inear 
sequence from isoxazoles using Mo(CO) 6 . Final ly , key 
styrylisothiazoles were prepared from the isothiazoleacetic 
acid2 2 by th i s rou te . 

Witt ig A p p r o a c h . In certain cases, t he Wit t ig reaction 
was employed to ob t a in t h e s tyryl heterocycles (Scheme 
V, method G). 

T h e s t ruc tu r e s a n d syn the t i c rou te employed for each 
of t h e s tyryl he terocycles are s u m m a r i z e d in T a b l e I. 

R e s u l t s a n d D i s c u s s i o n 

A. I n i t i a l M o d i f i c a t i o n s o f C u r c u m i n . Ini t ia l ex­
plorat ion in to t he s t ruc tu re -ac t iv i ty re la t ionships of cur­
cumin (1) focused on t h e two chemical t r ans fo rma t ions 
shown in S c h e m e I. S a t u r a t i o n of t he olefinic b o n d s of 
curcumin gave t he t e t r ahydro derivat ive 4. A comparison 
of t he h u m a n polymorphonuclear cell ( P M N ) 5-LO ICsoS14 

revealed t h a t 4 was 8-fold less p o t e n t t h a n cu rcumin . 
Conversion of curcumin to t he pyrazole analogue 5 resulted 
in a more p o t e n t 5-LO inhib i tor , while t he reduced ana ­
logue 6 was 53-fold less act ive t h a n 5. T h u s it would 
appear t h a t a t least one of t he olefinic bonds of curcumin 
is required for p o t e n t 5-LO inhibi t ion and t h a t pyrazoles 
might re ta in or enhance t he 5-LO inhibi tory proper t ies in 
th i s class. 

F u r t h e r ana logue deve lopmen t revealed t h a t t he sym­
metrical s t ruc ture of curcumin analogues was no t essential 
for po t en t 5-LO inhibit ion. T h u s t he t runca ted isoxazole 
14 d isp layed act ivi ty comparab l e t o t h a t of curcumin . 

OMe ICS0 - 6 . 8 uM 

B . B io log ica l S t r u c t u r e - A c t i v i t y R e l a t i o n s h i p s . 1. 
B i o c h e m i c a l S A R / B i n d i n g Model H y p o t h e s i s . Initial 
s t ruc tu re -ac t iv i ty re la t ionships of t h e s tyrylheterocycles 
3 focused on phenyl subs t i tuen t effects on bo th 5-LO and 
C O inhibi t ion . T a b l e II reveals t h a t whereas t h e u n s u b -
s t i t u t e d analogue 15 is inact ive as e i ther a CO or 5-LO 
inhibi tor , t he pa ra -hydroxy la ted analogue 16 is act ive as 
a C O (IC.J0 = 4.0 M M ) a n d 5-LO (ICa, = 20.0 M M ) inhibitor. 
Interest ingly, as t he phenyl subs t i t uen t s increase in the i r 
capacity to dona te e lectron dens i ty in to t he s tyryl heter-
ocycle framework (as measu red by R 2 3 ) , t he 5-LO inhibi­
tory po tency increases d ramat ica l ly while C O po tency 
d iminishes (cf. c o m p o u n d s 16, 14, and 17). T h e d ime th -
oxylated analogues 17, 30, and 37 a r e > 16-fold selective 
5-LO inhib i tors . 

T h e best dual inhibi tor c o m p o u n d s possess one or two 
alkyl g roups , par t icu la r ly t he di-£erJ-butylated phenol ic 

(20) Gainer, J.; Howarth, G.; Hoyle, W.; Roberts, S.; Suschitzky, H. 
J. Chem. Soc. Perkin Trans. 1 1976, 994-7. 

(21) Ainsworth, C. J. Am. Chem. Soc. 1954, 76, 3172. 
(22) Micetich, R.; Lemieux, R; Raap, R. US Patent 3,268,523,1966. 
(23) Norrington, F. E.; Hyde, R. M ; Williams, S. G.; Wootton, R. 

J. Med. Chem. 1975, 18, 604. 

F igu re 1. Pentadienyl radical model of the 5-LO reaction.28 

Figure 2. Superposition of arachidonic acid (green) and com­
pound 17 (red). 

analogues 19, 20, a n d 33 . Among the d i - t e r t -bu ty l a t ed 
phenols , t he 5-LO inhib i tory ac t iv i ty is d imin i shed by 
electron-withdrawing subs t i tuents a t t he C-3 carbon of the 
isoxazole ring (cf. c o m p o u n d s 19 and 21). 

T h e 5-LO inhibitory activities of t he present compounds 
are mos t likely med ia t ed , a t least in pa r t , by e i ther an 
ant ioxidant or redox mechanism.24"27 Consistent with this 
proposal is t he observation tha t an unprotected p-hydroxy 
g roup on t h e pheny l r ing is r equ i red for act ivi ty . T h e 
obligate n a t u r e of t he olefinic l inkage be tween the phenyl 
ring and the heterocycle is also structurally consistent with 
this m e c h a n i s m . However , no t all a n t i o x i d a n t s and re-
dox-active compounds inhibit 5-LO. For instance, we have 
found t h a t ca techol , o -aminophenol , and bu ty la t ed hy-
d roxy to luene are v i r tual ly inact ive as inhibi tors in our 
RBL-cel l l ine. I t would appea r t h a t two componen t s are 
necessary for 5-LO inhibition by redox-active compounds : 
(1) affinity for the enzyme e n v i r o n m e n t con ta in ing the 
catalytic iron and (2) expressed redox activity. In suppor t 
of this hypo thes i s , it is no ted t h a t mos t redox-act ive in-

(24) Cashman, J. R. Pharm. Res. 1985, 253 and references therein. 
(25) Musser, J. H.; Kreft, A. F.; Lewis, A. J. Ann. Rep. Med. Chem. 

1985, 20, 71. 
(26) Kawai, K.; Hasegawa, J.; Shiojiri, H.; Nozawa, Y.; Tsurumi, K.; 

Fujimura, H. Experientia 1985, 41, 490. 
(27) Moore, G. G.; Swingle, K. F. Agents Actions 1982, 12, 674. 
(28) Summers, J. B.; Mazdigasni, H.; Holms, J. H.; Ratajcyk, J. D.; 

Dyer, R. D.; Carter, G. W. J. Med. Chem. 1987, 30, 574. 
(29) DeGroot, J. J. M. C ; Veldink, G. A.; Vliegenthart, J. F. G.; 

Boldingh, J.; Wever, R.; Van Gelder, B. F. Biochim. Biophys. 
Acta. 1975,377,71. (b) Corey, E. J.; Cashman, J. R.; Eckrich, 
T. M.; Corey, D. R. J. Am. Chem. Soc. 1985, 107, 713. 
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Table III. In Vivo 5-LO Inhibition and Antiinflammatory Activity 

no." Rt 

36 OMe 
17 OMe 
30 OMe 
37 OMe 
19 t-Bu 
20 t-Bu 
33 t-Bu 
23 t-Bu 
24 t-Bu 
31 Me 
32 j-Pr 
25 CI 
26 Br 

R>2 

H 
OMe 
OMe 
OMe 
t-Bu 
t-Bu 
t-Bu 
Me 
OMe 
Me 
i-Pr 
CI 
Br 

X 
S 
0 
N 
S 
0 
N 
N 
0 
0 
N 
N 
0 
0 

Z-

dose, 
Y mg/kg po 

N 
N 
NH 
N 
N 
0 
NH 
N 
N 
NH 
NH 
N 
N 

50 
40 
20 
50 
50 
50 
20 
50 
50 
20 
50 
50 
50 

sponge6 

% inhibn 
±SEM 
Nrf 

62 ± 4 
32 ± 6 
44 ± 7 
67 ± 5 
N 
47 ± 14 
N 
N 
49 ± 10 
N 
N 
N 

CFEC 

dose, 
mg/kg po 

20 
20 

20 
50 
30 

20 
50 

50 
50 

% inhibn 
±SEM 
32 ± 6.5 
37 ± 5.1 
NT* 
NT 
32 ± 5.8 
N 
27 ± 6.2 
NT 
24 ± 4.4 
N 
NT 
N 
N 

0 Complete structural data are found in Table I. b Percent inhibition of LTB4 biosynthesis at the indicated dose po (n = 5 or 6 animals per 
experimental group). cPercent inhibition of edema at the indicated dose po (re = 7 animals per experimental group). dN = no inhibition. 
eNT = not tested. 

hibitors of 5-LO contain functional groups capable of 
binding iron (catechols, monomethylated catechols, o-
aminophenols, /?-dicarbonyls, 1,2-diheteroatomic 
rings)24,30,31 and hence in allowing for an initial affinity-
mediated component to their mechanisms of 5-LO inhib­
ition. 

Assuming an initial affinity component to the mecha­
nism of the presently described inhibitors, it is noted that 
the structures of compounds 1-3 allow for binding 5-LO 
in a manner consistent to that recently described for a 
series of arylhydroxamic acids.28 Thus, the critical C5-C9 
region of arachidonic acid may resemble a pentadienyl 
radical (W conformation shown as b in Figure 1) as a 
transition-state structure or as a bound intermediate at 
the enzyme-active site.29 The styryl backbone of the styryl 
heterocycles is envisioned as binding at the same site as 
the putative substrate pentadienyl radical of arachidonic 
acid, while the isoxazole, pyrazole, or isothiazole ring binds 
to an iron center near C5, the site of substrate per­
oxidation.29,30 This binding model is illustrated in Figure 
2, a superposition of arachidonic acid and 17. 

Several aspects of this binding model (Figure 2) are 
consistent with the observed structure-activity relation­
ships. Increasing electron density in the heterocycle by 
placing electron-donating substituents on the phenyl ring 
could result in greater iron-binding capacity in the het­
erocyclic ring, affording more potent 5-LO inhibition 
(Table II). Conversely, withdrawing electron density from 
the heterocycle via electron-attracting groups on the 
heterocyclic ring hinders iron-binding and compromises 
5-LO inhibition. Finally, the observation that olefinic bond 
saturation leads to a drastic reduction of 5-LO inhibitory 
potency also supports the binding model. 

2. In Vivo Activity. This styryl heterocycle series was 
evaluated in the rat 5 h zymosan-sponge model of in vivo 
LTB4 biosynthesis.33 The dimethoxylated styryl hetero­
cycles 17, 30, and 37, which were among the most potent 
in vitro 5-LO inhibitors (Table II), also inhibited LTB4 
biosynthesis in vivo (Table III). Compound 17 inhibited 

(30) Karayannis, N. M.; Mikulski, C. M.; Sonsino, S. D.; Bradshaw, 
E. E.; Pytlewski, L. L. Inorg. Chim. Acta 1975, 14, 195. 

(31) Chong, K. S.; Rettig, S. J.; Storr, A.; Trotter, J. Can. J. Chem. 
1979 57 3119 

(32) (a) Hope, W. C.; Welton, A. F.; Fiedler-Nagy, C; Batula-Ber-
nardo, C; Coffey, J. W. Biochem. Pharm. 1983, 32, 367. (b) 
Yoshimoto, T.; Furukawa, M.; Yamamoto, S.; Horie, T.; Wa-
tanabe-Kohno, S. Biochem. Biophys. Res. Commun. 1983,116, 
612. 

(33) Ford-Hutchinson, A. Prostaglandins 1984, 28, 13. 

LTB4 biosynthesis by 62% at 40 mg/kg po and compound 
37 by 44% at 50 mg/kg po. The di-tert-butylated phenol 
analogues 19 and 33 also exhibited excellent in vivo in­
hibition of LTB4 biosynthesis by 67% (50 mg/kg) and 47% 
(20 mg/kg), respectively. Interestingly, compound 20, the 
regioisomeric isoxazole of 19, was devoid of in vivo activity 
in this model. 

In vivo efficacy as cyclooxygenase inhibitors was assessed 
by using the functional model of carrageenan footpad 
edema (CFE) in the rat.34 The dimethoxylated styryl-
isoxazole 17 inhibited edema formation by 37% at 20 
mg/kg po. Otherwise, the di-teri-butylated phenol ana­
logues 19 and 33 and the tert-butylated methoxyphenol 
24 appeared to be the most promising antiinflammatory 
agents from this series. Compound 33 demonstrated 27% 
inhibition at 30 mg/kg po. Others have reported di-
£er£-butylated phenols to be new-generation NSAID dual 
CO/5-LO inhibitors.35 Our results indicate that such 
di-teri-butylated phenols in this styryl heterocycle series 
are also orally active dual inhibitors. Interestingly, both 
di-tert-butylated phenols 19 and 33 were devoid of ul­
cerogenic potential at oral doses up to 200 mg/kg po. 
Taken together with the above in vivo efficacy data, these 
compounds compare favorably to other recently disclosed 
di-teri-butylated phenolic dual inhibitor NSAIDs such as 
KME-4 and E-511036 (Table IV). 

Experimental Section 
Melting points were determined on a Buchi 510 melting point 

apparatus and are uncorrected. Nuclear magnetic resonance 
spectra OH NMR) were recorded on either a Varian EM-390 (90 
MHz), a IBM WP100SY (100 MHz), a Varian XL-200 (200 MHz), 
or a Varian XL-300 (300 MHz) spectrometer. The peaks are 
described in ppm downfield of tetramethylsilane. Infrared spectra 
(IR) were determined on a Nicolet MX-1 FTIR. Mass spectra 
were obtained on either a Finnigan 4500 spectrometer or a V.G. 
Analytical 7070E/HF instrument. Elemental analyses were within 
±0.4% of the theoretical values for the specified elements unless 
otherwise noted and were performed by the Analytical Chemistry 
Section of Parke-Davis Pharmaceutical Research Division. 
Thin-layer chromatography was carried out on 0.25-mm silica F264 

(34) Winter, C. A.; Risley, E. A.; Nuss, G. W. Proc. Soc. Exp. Biol. 
N.Y. 1962,544, 114. 

(35) (a) Ikuta, H.; Shirota, H.; Kobayashi, S.; Yamagishi, Y.; Ya-
mada, K.; Yamatsu, I.; Katayama, K. J. Med. Chem. 1987, 30, 
1995. (b) Hidaka, T.; Hosoe, K.; Ariki, Y.; Takeo, K.; Yama-
shita, T.; Katsumi, I.; Kondo, H.; Yamashita, K.; Watanbe, K. 
Jpn. J. Pharmacol. 1984,36, 77. (c) Lazer, E. S.; Wong, H.-C; 
Possanza, G. J.; Graham, A. G.; Farina, P. R. J. Med. Chem. 
1989, 32, 100-104. 
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(E. Merck) glass plates. Merck silica gel 60 (230-400 mesh) was 
used for chromatography. 

Starting benzaldehydes were either commercially available or 
were prepared from the corresponding 2,6-disubstituted phenols 
as described by van der Goot and co-workers36 or Cahoy.37 

Chemistry. Method A. a-[3,5-Bis(l,l-dimethylethyl)-4-
hydroxyphenyl]-3-methyl-5-isoxazoleethanol (40). A solution 
of n-butyllithium in hexane (0.103 mol, 2.5 M) was added dropwise 
to a solution of 3,5-dimethylisoxazole (10 g, 0.103 mol) in dry THF 
(100 mL) at -78 °C under an argon atmosphere. After the reaction 
mixture was stirred at -78 °C for 2 h, 3,5-bis(l,l-dimethyl-
ethyl)-4-hydroxybenzaldehyde (12 g, 0.051 mol) in dry THF (200 
mL) was added dropwise. The reaction mixture was allowed to 
warm to room temperature and was stirred at room temperature 
for an additional 8 h. The reaction mixture was evaporated to 
near dryness, redissolved in ethyl acetate (500 mL), and washed 
with water and then brine. The organic layer was dried (Na2S04) 
and evaporated to dryness. Flash chromatography (hexane/ethyl 
acetate 3:2, silica gel) gave pure a-[3,5-bis(l,l-dimethylethyl)-4-
hydroxyphenyl]-3-methyl-5-isoxazoleethanol (12.0 g, 72%): mp 
145-147 °C. Anal. (C20H29O3N) C, H, N. 

Method B. (£)-2,6-Bis(l,l-dimethylethyl)-4-[2-(3-
methyl-5-isoxazolyl)ethenyl]phenol (19). A solution of a-
[3,5-bis(l,l-dimethylethyl)-4-hydroxyphenyl]-3-methyl-5-isoxa-
zoleethanol (16.8 g, 0.051 mol) in saturated methanolic HC1 (300 
mL) was heated at reflux for 24 h. The reaction mixture was 
evaporated to dryness, redissolved in ethyl acetate (400 mL), and 
washed with 15% aqueous sodium bicarbonate and with brine. 
The organic layer was dried (Na2S04) and evaporated to dryness. 
Flash chromatography (hexane/ethyl acetate 3:1, silica gel) 
provided 19 (11.0 g, 69%): mp 174-175 °C; IR (KBr) 3627, 3365, 
1645 cm"1; 'H NMR (200 MHz, CDC13) 6 7.36 (s, 2 H, ArH), 7.27 
(d, J = 16 Hz, 1 H, vinyl), 6.78 (d, J = 16 Hz, 1 H, vinyl), 6.06 
(s, 1 H, isoxazole H-4), 5.43 (s, 1 H, OH), 2.32 (s, 3 H, CH3), 1.48 
(s, 18 H, t-Bu); EIMS m/z 313 (M+). Anal. (C20H27O2N) C, H, 
N. 

Method C. 2,6-Dichloro-4-[2-(3-methyl-5-isoxazolyl)-
ethenyljphenol (25). To a solution of a-(3,5-dichloro-4-
hydroxyphenyl)-3-methyl-5-isoxazoleethanol (5.5 g, 19.1 mmol) 
(prepared in 61% yield from 3,5-dimethylisoxazole and 3,5-di-
chloro-4-hydroxybenzaldehyde according to the procedure in 
method A) in toluene (100 mL) was added a catalytic amount of 
p-toluenesulfonic acid. The reaction mixture was heated at reflux 
for 3 h with azeotropic removal of water. The solvent was 
evaporated and the residue was purified by flash chromatography 
(ethyl acetate/chloroform 1:9, silica gel) to afford 25 (2.3 g, 45%): 
mp 184-188 °C. Anal. (C12H9C12N02) C, H, N; CI: calcd, 26.75, 
found 26.25. 

Method D. 2,6-Bis(l,l-dimethylethyl)-4-[2-(5-methyl-lff-
pyrazol-3-yl)ethenyl]phenol (33). A solution of 19 (2.00 g, 6.4 
mmol), water (115 mg, 6.4 mmol), and molybdenum hexacarbonyl 
(1.27 g, 48 mmol) in acetonitrile (75 mL) was refluxed for 12 h 
under a nitrogen atmosphere. The reaction mixture was cooled 
and evaporated to dryness. The residue was dissolved in methanol 
(250 mL) and acidified to pH = 1 with 4 N HC1. 

After the reaction mixture was stirred at room temperature 
for 4 h, the methanol was evaporated. The resulting aqueous 
solution was neutralized with 1 N NaOH and extracted with ethyl 
acetate. The organic layer was collected and filtered through a 
pad of silica gel (150 g) and further eluted with chloroform (400 
mL). The combined filtrate and eluant were evaporated, taken 
up in a minimal amount of ethyl acetate, and passed through a 
silica gel pad a second time. 

The resulting crude ketone (1.25 g) was suspended in a mixture 
of acetic acid (100 mL) and 97% hydrazine (1.0 mL). The reaction 
mixture was stirred at room temperature for 12 h, evaporated, 
diluted with water (100 mL), and stirred for 30 min. The solid 
was collected by filtration and purified by flash chromatography 
(dichloromethane/ethyl acetate 1:1, silica gel) to give 33 (1.10 g, 
55%): mp 218-223 °C; IR (KBr) 3615, 2959, 1645, 1585 cm-1; 

(36) van der Goot, H.; Eriks, J.; van Rhijn-van der Schaar, P. J.; 
Zuiderveld, O. P.; Nauta, W. T. Eur. J. Med. Chem. Chim. 
Ther. 1978, 73(5), 425. 

(37) Cahoy, R. P. US Patent 4,009,210, 1977. 

NMR (100 MHz, DMSO-d6) 5 7.38 (s, 1 H), 7.07 (br s, 1 H), 7.03 
(d, J = 18 Hz, 1 H, vinyl) 6.75 (d, J = 18 Hz, 1 H, vinyl), 6.2 (s, 
1 H, H-4 pyrazole), 2.28 (s, 3 H, CH3), 1.43 (s, 18 H, t-Bu); EIMS 
m/z 312 (M+). Anal. (C20H28N2O) C, H, N. 

Method E. 2,6-Dimethoxy-4-[2-(3-methyl-5-isoxazolyl)-
ethenyl]phenol (17). A solution of 3-methyl-5-isoxazoleacetic 
acid17 (10.0 g, 71 mmol), syringaldehyde (12.9 g, 71 mmol), pi-
peridine (0.6 g, 7 mmol), and acetic acid (0.42 g, 7 mmol) in toluene 
(500 mL) was heated to reflux with azeotropic removal of water 
for 3 h. The mixture was cooled and the solid collected by fil­
tration. The solid was taken up in pyridine (100 mL) and heated 
at reflux for 4 h. The solvent was evaporated and the residue 
was purified by flash chromatography (methanol/chloroform 1:9, 
silica gel) followed by recrystallization from ethyl acetate to afford 
17 (7.73 g, 42%): mp 152-155 °C; IR (KBr) 3200 (br), 1647,1606, 
1517 cm"1; XH NMR (200 MHz, CDC13) 5 7.22 (d, J = 16.3 Hz, 
1 H, vinyl), 6.78 (d, J = 16.3 Hz, 1 H, vinyl), 6.75 (s, 2 H, Ar), 
6.07 (s, 1 H, isoxazole H-4), 5.72 (br s, 1 H, OH), 3.94 (s, 6 H, 
OCH3), 2.32 (s, 3 H, CH3); EIMS m/z 261 (M+). Anal. (C14-
H15N04) C, H, N. 

2,6-Bis(l,l-dimethylethyl)-4-[2-(5-methyl-3-isoxazolyl)-
ethenyl]phenol (20). According to the procedure of method E, 
5-methyl-3-isoxazoleacetic acid20 (0.69 g, 4.9 mmol) was reacted 
with 3,5-bis(l,l-dimethylethyl)-4-hydroxybenzaldehyde (1.14 g, 
4.9 mmol) to afford 20 (0.72 g, 44%): IR (KBr) 3636, 2967,1644, 
1606,1438 cm"1; !H NMR (300 MHz, CDC13) 5 7.33 (s, 2 H, Ar), 
7.05 (d, J = 16 Hz, 1 H, vinyl), 6.94 (d, J = 16 Hz, 1 H, vinyl) 
6.19 (s, 1 H, isoxazole H-4) 5.37 (s, 1 H, OH), 2.41 (s, 3 H, CH3), 
1.45 (s, 18 H, t-Bu); EIMS m/z 313 (M+). Anal. (C20H27O2N) 
C, H, N. 

3-(l,l-Dimethylethyl)-4-hydroxy-5-methoxybenzaldehyde 
(41). According to the procedure of Cahoy,37 a solutibn of 2-
(l,l-dimethylethyl)-6-methoxyphenol38 (28.2 g, 156 mmol) and 
hexamethylenetetramine (43.9 g, 313 mmol) in acetic acid (100 
mL) and water (30 mL) was heated to reflux. Distillate was 
collected until the reaction temperature reached 130 °C. At this 
temperature, collection of distillate was discontinued and the 
reaction mixture was heated at 130 °C for 6 h. The reaction 
mixture was poured into ice water (600 mL) and extracted with 
ether. The organic layer was washed with aqueous sodium bi­
carbonate and dried (MgS04). The solvent was evaporated and 
the residue was recrystallized from hexane to give 3-(l,l-di-
methylethyl)-4-hydroxy-5-methoxybenzaldehyde (16.0 g, 49%): 
mp 101-102 °C (lit.39 mp 103-104 °C). Anal. (C12H1603) C, H. 

Method F. 2,6-Bis(l,l-dimethylethyl)-4-[2-(5-methyl-l.ff-
pyrazol-3-yl)ethenyl]phenol (33). A solution of 3-methyl-5-
pyrazoleacetic acid21 (20.0 g, 0.14), 3,5-di-£ert-butyl-4-hydroxy-
benzaldehyde (33.4 g, 0.14 mol), piperidine (1.2 g, 0.014 mol), and 
acetic acid (0.85 g, 0.014 mol) in toluene (1000 mL) was heated 
at reflux for 24 h with azeotropic removal of water. The reaction 
mixture was cooled and evaporated to afford a residue which was 
dissolved in methanol/ethyl acetate (1:9) and extracted with water 
(300 mL). The organic layer was evaporated and the residue 
recrystallized from hexane/ethyl acetate (5:1) to afford 33 (27.4 
g, 61%): mp 220-224 °C; IR, NMR, MS were identical with those 
of the material prepared by method D. Anal. (C20H28N2O) C, 
H, N. 

Method Gl. 2-Methoxy-4-[2-(3-methyl-5-isothiazolyl)-
ethenyl]phenol (36). To a suspension of (4-acetoxy-3-meth-
oxybenzyl)triphenylphosphonium chloride40 (4.77 g, 0.01 mol) in 
dry THF (100 mL) and DMSO (4 mL) at 0 °C under an argon 
atmosphere was added sodium hydride (60% suspension oil; 0.4 
g, 0.01 mol). The reaction mixture was stirred at room tem­
perature for 30 min and 3-methylisothiazole-5-carboxaldehyde41 

was added. 
The reaction mixture was stirred at room temperature for 3 

h and was poured into a saturated solution of ammonium chloride 
(250 mL). The product was extracted into ethyl acetate (2 X 300 
mL). The crude acetoxy intermediate was separated from tri-

(38) Rosenwald, R. H. J. Am. Chem. Soc. 1952, 74, 4602. 
(39) Hemetsberger, H.; Knittel, D. Monatsh. Chem. 1971,102,1110. 
(40) Lonsky, L.; Lonsky, W.; Kratzl, K.; Falkehag, I. Monatsh. 

Chem. 1976, 107, 685. 
(41) Buttimore, D.; Jones, D. H.; Slack, R.; Wooldridge, K. R. H. 

J. Chem. Soc. 1963, 2063. 
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phenylphosphine oxide by flash chromatography (25% Et-
0Ac/CH2Cl2, silica). The intermediate acetoxy derivative (2.2 
g) was dissolved in methanol (200 mL) and treated with sodium 
methoxide (0.8 g) at 0 °C for 1 h. The reaction mixture was 
evaporated and the residue was suspended in water, neutralized 
with acetic acid, and extracted with ethyl acetate. The organic 
layer was dried (MgS04) and evaporated to give crude 36 as a 
mixture of cis and trans isomers. Crude 36 was dissolved in 
saturated methanolic HC1 (500 mL) and heated at reflux for 3 
h to equilibrate to the trans isomer. Recrystallization from iso-
propyl ether gave pure trans isomer 36 (0.87 g, 35%): mp 189-194 
°C; IR (KBr) 3400-2800 (br), 1628,1591,1524 cm"1; *H NMR (300 
MHz, DMSO-d6) <5 9.37 (s, 1 H, OH), 7.31 (d, J = 16.2 Hz, 1 H, 
vinyl), 7.25 (d, J = 1.8 Hz, 1 H, Ar, C2-H), 7.19 (s, 1 H, isothiazole 
H-4), 7.09 (d, J = 16.2 Hz, 1 H, vinyl), 7.02 (dd, J = 1.8, J = 8 
Hz, 1 H, Ar, C6-H), 6.78 (d, J = 8 Hz, 1 H, ArC5-H), 3.83 (s, 3 
H, OMe). Anal. (C13H13N02S) C, H, N, S. 

[(3-Methyl-5-isothiazolyl)methyl]triphenylphosphonium 
Chloride. A solution of 5-(chloromethyl)-3-methylisothiazole42 

(5.2 g, 35 mmol) and triphenylphosphine (9.25 g, 35 mmol) in 
toluene (100 mL) was heated at reflux for 2 days. The resulting 
precipitate was collected by filtration to give the desired phos-
phonium chloride (13.1 g, 91%): mp >250 °C; XH NMR 
(DMSO-d6) 6 8.1-7.6 (m, 15 H, Ar), 6.83 (d, J = 3 Hz, 1 H, 
isothiazole H-4), 5.82 (d, J = 16.5 Hz, 1 H, CH2), 2.33 (s, 3 H, CH3). 

Method G2. 2,6-Dimethoxy-4-[2-(3-methyl-5-iso-
thiazolyl)ethenyl]phenol (37). To a solution of [(3-methyl-5-
isothiazolyl)methyl]triphenylphosphonium chloride (3.0 g, 7.3 
mmol) in DMSO (75 mL) under an argon atmosphere was added 
potassium tert-butoxide (0.82 g, 7.3 mmol). The reaction mixture 
was stirred at room temperature for 1 h and 4-acetoxy-3,5-di-
methoxybenzaldehyde (1.6 g, 7.2 mmol) was added. The reaction 
mixture was stirred at room temperature for 1 h and was poured 
into a saturated solution of ammonium chloride. The intermediate 
acetoxy derivative was extracted into ethyl acetate (2 X 200 mL). 
Workup as described in method Gl provided pure 37 (1.3 g, 65%): 
mp 202-205 °C (from isopropyl ether); IR (KBr) 3450 (br), 3100 
(br), 1631,1599,1518,1330,1115; >H NMR (90 MHz, DMSO-d6) 
& 8.93 (s, 1 H, OH), 7.42 (d, J = 16.5 Hz, 1 H, vinyl), 7.20 (s, 1 
H, isothiazole H-4), 7.08 (d, J = 16.5 Hz, 1 H, vinyl), 6.97 (s, 2 
H, Ar), 3.83 (s, 6 H, OMe), 2.40 (s, 3 H, CH3); EIMS m/z 211 (M+). 
Anal. (C14H16N03S) C, H, N, S. 

Method H. 3,5-Bis[/?-(4-hydroxy-3-methoxyphenyl)-
ethenyl]pyrazole (5). To a solution of curcumin (5.93 g, 16.1 
mmol) in ethanol (50 mL) and butanol (50 mL) was added hy­
drazine hydrate (0.81 g, 16.1 mmol) and acetic acid (0.5 mL). The 
reaction mixture was heated at 60 °C for 24 h. The solvent was 
evaporated and the residue purified by flash chromatography 
(EtOAc, silica) to give a red solid. Recrystallization from 
methanol/water provided 5 (0.3 g, 5%) as a hydrate: mp 211-214 
°C; IR (KBr) 1594, 1559,1513,1280 cm"1; :H NMR (DMSO-d6) 
h 12.82 (s, 1 H, NH), 9.18 (s, 2 H, OH), 7.45-6.70 (m, Ar), 7.06 
(d, 2 H, J = 16 Hz), 6.92 (d, 2 H, J = 16 Hz), 6.63 (s, 1 H, pyrazole 
H-4), 3.84 (s, 6 H, OMe); EIMS m/z 363 (M+), 364 (M + 1). Anal. 
(C21H20N2O4-0.1H2O) C, H, N. 

3,5-Bis[/?-(4-hydroxy-3-methoxyphenyl)ethyl]pyrazole (6). 
According to the procedure of method H, l,7-bis(4'-hydroxy-3'-
methoxyphenyl)-3,5-heptadione43 was reacted with hydrazine 
hydrate to afford 6 in 65% yield: mp 125-128 °C; IR (KBr) 3300, 
1603,1570,1526,1454,1280 cm"1; *H NMR (CDC13) 5 6.8-6.4 (m, 
6 H, Ar), 5.73 (s, 1 H, pyrazole H-4), 3.75 (s, 6 H, OMe), 2.77 (s, 
8 H, methylene); EIMS m/z 368 (M+). Anal. (C21H24N204) C, 
H, N. 

5-(Chloromethyl)-3-(trifluoromethyl)isoxazole. A solution 
of 3-(trifluoromethyl)-5-(hydroxymethyl)isoxazole44 (0.7 g, 4.2 
mmol) and triphenylphosphine (1.43 g, 5.4 mmol) in carbon 
tetrachloride (50 mL) and dichloromethane (20 mL) was heated 
at reflux for 6 h. The reaction mixture was cooled and filtered 
through a pad of silica gel. Concentration of the eluent afforded 
5-(chloromethyl)-3-(trifluoromethyl)isoxazole (0.64 g, 82%) of 

(42) Layton, A. J.; Lunt, E. J. Chem. Soc. Perkin Trans. 1 1968, 
611. 

(43) Lampe, W.; Smolinska, J. Bull. Acad. Polon. Sci. 1958, 6, 481. 
(44) Tanaka, K. Bull. Chem. Soc. Jpn. 1984, 57, 2184. 

sufficient purity for conversion to the phosphonium salt. 
[[3-(Trifluoromethyl)-5-isoxazolyl]methyl]triphenyl-

phosphonium Chloride. A solution of triphenylphosphine (1.02 
g, 3.9 mmol) and 5-(chloromethyl)-3-(trifluoromethyl)isoxazole 
(0.72 g, 3.9 mmol) in toluene (40 mL) was heated at reflux for 
24 h. Upon cooling, a white precipitate formed and was collected 
by filtration to afford the desired phosphonium salt in 60% yield: 
mp 245-250 °C. 

2,6-Bis(l,l-dimethylethyl)-4-[2-[3-(trifluoromethyl)-5-
isoxazolyl]ethenyl]phenol (21). To a solution of [[3-(tri-
fluoromethyl)-5-isoxazolyl]methyl]triphenylphosphonium chloride 
(1.05 g, 2.35 mmol) in dimethyl sulfoxide (5 mL) was added 
potassium tert-butoxide (264 mg, 2.35 mmol) and the reaction 
mixture was stirred at room temperature for 45 min under an 
argon atmosphere. 3,5-Bis(l,l-dimethylethyl)-4-hydroxybenz-
aldehyde (250 mg, 1.06 mmol) was added and the reaction mixture 
was stirred at room temperature for 24 h. The reaction mixture 
was poured over saturated aqueous ammonium chloride and 
extracted with ethyl acetate. The organic layer was washed with 
water, dried (MgS04), and evaporated. Flash chromatography 
(hexane/ethyl acetate, silica) afforded 21 as a mixture of cis and 
trans isomers. The crude mixture of isomers was dissolved in 
methanolic HC1 and heated at reflux for 12 h to give pure 21 as 
the trans isomer (350 mg, 90%): mp 132-134 °C; 'H NMR (300 
MHz, CDC13) 5 7.43 (s, 2 H, Ar), 7.40 (d, J = 16.4 Hz, 1 H, vinyl), 
6.83 (d, J = 16.4 Hz, 1 H, vinyl), 6.44 (s, 1 H, isoxazole H-4), 5.52 
(s, 1 H, OH), 1.49 (s, 18 H, t-Bu); EIMS 367 (M+). Anal. (C20-
H24N02F3) C, H, N. 

Ethyl 6-(4-Hydroxy-3-methoxyphenyl)-2,4-dioxo-5-hexe-
noate (42). To a freshly prepared solution of sodium ethoxide 
in ethanol (50 mL) (prepared from 1.8 g of sodium metal) was 
added an ethanolic solution of l-(4-hydroxy-3-methoxy-
phenyl)-l-buten-3-one45 (5.00 g, 0.026 mol) under an argon at­
mosphere. 

The reaction mixture was stirred at room temperature for 10 
min and diethyl oxalate (3.8 g, 0.026 mol) was added dropwise. 
The reaction mixture was stirred at room temperature for 5 h and 
then was acidified with concentrated HC1. The reaction mixture 
was diluted to 400 mL with water and stirred at 0 °C for 1 h to 
obtain ethyl 6-(4-hydroxy-3-methoxyphenyl)-2,4-dioxo-5-hexenoate 
(4.8 g, 63%) as a precipitate which was not purified but used 
directly in the next reaction: mp 97-98 °C; 'H NMR (90 MHz, 
CDC13) 5 7.74 (d, J = 16 Hz, 1 H, vinyl), 7.4-6.8 (m, 3 H, Ar), 6.57 
(s, 1 H, = C H enol form), 6.55 (d, J = 16 Hz, 1 H, vinyl), 4.43 (q, 
J = 7 Hz, 2 H, CH2), 3.95 (s, 3 H, OCH3), 1.42 (t, J = 7 Hz, 3 H, 
CH3). 

Ethyl 3-[2-(4-Hydroxy-3-methoxyphenyl)ethenyl]-l.ff-
pyrazole-5-carboxylate (43). According to the procedure of 
method H, ethyl 6-(4-hydroxy-3-methoxyphenyl)-2,4-dioxo-5-
hexenoate (2.00 g, 6.8 mmol) was reacted with hydrazine hydrate 
to afford ethyl 3-[2-(3-methoxy-4-hydroxyphenyl)ethenyl]-lH-
pyrazole-5-carboxylate (0.8 g, 40%): mp 99-101 °C; IR (KBr) 
3319,1697,1595,1522 cm"1; JH NMR (300 MHz, CDC13) S 7.1-6.9 
(m, 6 H, Ar, vinyl, pyrazole), 4.41 (q, 2 H, CH2), 3.95 (s, 3 H, OMe), 
1.41 (t, 3 H, CH3); EIMS m/z 288 (M+). Anal. (C16H16N204) C, 
H, N. 

3-[2- (4-Hydroxy-3-methoxyphenyl)ethenyl ] - l f l ' -
pyrazole-5-carboxylic Acid (29). Ethyl 3-[2-(4-hydroxy-3-
methoxyphenyl)ethenyl]-lH-pyrazole-5-carboxylate (0.49 g, 1.7 
mmol) was added to a solution of KOH (0.38 g, 6.8 mmol) in 50 
mL of EtOH and the reaction mixture was heated to reflux ov­
ernight. After the reaction mixture was cooled to room tem­
perature, it was diluted to 200 mL with water and acidified to 
pH = 4 with aqueous HC1. The resulting white precipitate was 
collected by filtration and dried over P206 to give 29 (0.3 g, 68%): 
mp 270-271 °C dec; IR (KBr) 3550-2400 (br), 1715,1646,1597, 
1516; JH NMR (200 MHz, DMSO-d6) 3 7.21-6.78 (m, 6 H), 3.84 
(s, 3 H, OMe); EIMS m/z 288 (M+). Anal. (C13H1204N2) C, H, 
N. 

3-[2-[3,5-Bis(l,l-dimethylethyl)-4-hydroxyphenyl]-
ethenyl]-5-(carboxymethyl)isoxazole (22). A solution of n-

(45) Denniff, P.; Macleod, I.; Whiting, D. J. Chem. Soc. Perkin 
Trans. 1 1981, 82. 

(46) Ohler, E.; Zbiral, E. Chem. Ber. 1980, 113, 2852. 
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Table IV. Comparison of 19 and 33 with KME-4 and E-5110 
Z-sponge0 

IC5Q' **M dose, % inhibn CFE" ID26, 
no. 5-LO CO mg/kg po ± SEM mg/kg po U P ^ 

19 2.4 1.5 50 67 ± 5 24 0% at 200° 
33 3.0 0.9 20 47 ± 14 15 0% at 200c 

KME-4 2.5 0.15 30 N 23 30% at 30c 

E-5110 8J <L0 50 N 4!) 10% at 10c 

"Percent inhibition of LTB4 biosynthesis at the indicated dose po (n = 5 or 6 animals per experimental group). 'Carrageenan footpad 
edema. c Gastric ulcerogenicity data are presented as percent rats with ulcers at the indicated dose po (n = 10 animals per experimental 
group). 

butyllithium in hexane (2 mL, 1.6 M, 3.2 mmol) was added 
dropwise to a solution of 20 (0.5 g, 1.6 mmol) in dry THF (15 mL) 
at -78 °C under an argon atmosphere. The reaction mixture was 
stirred at -78 °C for 20 min and was poured over an excess of 
dry ice. The reaction mixture was allowed to warm to room 
temperature and was partitioned between water (100 mL) and 
ethyl acetate (200 mL). The organic layer was washed with 
saturated aqueous ammonium chloride and water. The organic 
layer was dried (Na2S04) and evaporated. Flash chromatography 
of the residue (chloroform/methanol 95:5 containing 0.1% acetic 
acid) afforded 22 (0.4 g, 70%): mp 205-210 °C; ]H NMR (100 
MHz, DMSO-c(6) 7.34 (s, 2 H, Ar), 7.33 (d, J = 16.8 Hz, 1 H, vinyl) 
6.90 (d, J = 16.8 Hz, 1 H, vinyl), 6.75 (s, 1 H), 3.88 (s, 2 H, CH2), 
1.41 (s, 18 H, i-Bu); EIMS m/z 357 (M+). Anal. (C21H27N04) 
C, H, N. 

2,6-Bis(l , l -dimethylethyl)-4-[2-( l ,5-dimethyl- l . ff-
pyrazol-3-yl)ethenyl]phenol (34) and 2,6-Bis(l,l-dimethyl-
ethyl)-4-[2-(l,3-dimethyl-lff-5-yl)ethenyl]phenol (35). A 
mixture of 33 (4.00 g, 12.8 mmol), sodium acetate (11.55 g), and 
methyl iodide (18.17 g, 128 mmol) in DMF (200 mL) was stirred 
at room temperature for 12 h. The reaction mixture was poured 
into water (50 mL) and extracted with dichloromethane. The 
organic layer was washed with brine and then dried (MgS04). The 
solvent was evaporated and the two isomers were separated by 
flash chromatography (CHC13, silica). 

Isomer 34 (1.04 g, 25%): TLC R, = 0.24 (CHC13, silica); mp 
155-157 °C; IR (KBr) 3510, 2960,1547,1436 cm"1; !H NMR (300 
MHz, CDC13), 7.38 (s, 2 H, ArH), 7.04 (m, 2 H, vinyl), 6.27 (s, 1 
H, pyrazole H-4), 5.30 (s, 1 H, OH), 3.82 (s, 3 H, NMe), 2.32 (s, 
3 H, Me), 1.51 (s, 18 H, t-Bu); EIMS m/z 326 (M+), 327 (M + 
1). Anal. (C21H30N2O) C, H, N. 

Isomer 35 (0.29 g, 7%): TLC Rf = 0.12 (CHC13, silica); mp 
120-122 °C; IR (KBr) 2960,1634,1541,1437 cm"1; >H NMR (300 
MHz, CDCI3) 7.34 (s, 2 H, ArH), 7.00 (d, 1 H, vinyl), 6.74 (d, 1 
H, vinyl), 6.27 (s, 1 H, pyrazole H-4), 5.39 (s, 1 H, OH), 3.91 (s, 
3 H, NMe), 2.31 (s, 3 H, Me), 1.52 (s, 18 H, t-Bu); EIMS m/z 326 
(M+). Anal. (C2iH30N2O) C, H, N. 

Pharmacology. A. Whole Cell 5-Lipoxygenase (5-LO) and 
Cyclooxygenase (CO) Assays. Materials. The rat basophilic 
leukemia cell line (RBL-1) was obtained from the American Type 
Culture Collection (Rockville, MD). Radioimmunoassay (RIA) 
kits of LTB4 and PGF^ were obtained from Amersham (Arlington 
Heights, IL) and Seragen (Boston, MA), respectively. All tissue 
culture media were obtained from GIBCO (Grand Island, NY). 

Method. RBL-1 cells were grown in suspension culture in 
Eagle's minimum essential medium supplemented with 12% fetal 
bovine serum at 37 °C in an incubator supplied with air-5% 
carbon dioxide. Cells were harvested by centrifugation. They 
were washed with cold phosphate-buffered saline, pH 7.4 (PBS; 
NaCl, 7.1 g; Na2HP04,1.15 g; KH2P04, 0.2 g; and KCl, 0.2 g/L). 
Cells were finally suspended in PBS containing 1.0 mM calcium 
at a density of 2 X 106 cells/mL. Cells were incubated with and 
without test agent (in DMSO) (1% DMSO is without effect on 
arachidonic acid metabolism) for 10 min at room temperature. 
Calcium ionophore A23187 (5 nM) was added and cells were 
incubated for 7 min at 37 °C. The reaction was topped by chilling 
the tubes on ice for 10 min. Cells were separated by centrifugation 
and the supernatant was stored at -20 °C. Aliquots (100 i*L) were 
analyzed for LTB4 and PGF2a by using radioimmunoassay kits 
as provided by the supplier. 

Table I contains biochemical data obtained from this whole 
cell assay. IC50S were calculated as the amount of test compound 
causing 50% inhibition of formation of LTB4 or PGF2a. 

B. Carrageenan Footpad Edema.34 Carrageenan solution 
(1% w/v) was prepared by dissolving 100 mg of carrageenan 
(Marine Colloidal Div., Springfield, NJ) in 10 mL of sterile saline 
(0.9%) solution (Travenol). Male Wistar rats were dosed with 
compound (in 10 mL/kg of 0.5% (hydroxypropyl)methyl-
cellulose/0.2% Tween 80 or Labrafils) 1 h before carrageenan 
challenge. Foot paw edema was induced by injecting 0.05 mL 
of the carrageenan solution subcutaneously into the planter 
portion of the right hind paw of each rat under light anesthesia. 
Initial foot paw volume was measured immediately following 
carrageenan challenge by using mercury plethysmography (Buxco 
Electronics). Edema was measured 5 h after carrageenan ad­
ministration. The swelling in each test group of animals was used 
to calculate the percent inhibition of edema achieved by the 
compound at the test dose compared with the vehicle control 
group. 

C. Zymosan-Sponge Assay.33 Zymosan-impregnated sponges 
were prepared by soaking polyurethane sponges in a 1% sus­
pension of zymosan A in saline. Male Wistar rats were dosed with 
the test compounds (in 10 mL/kg of 0.5% (hydroxypropyl)-
methylcellulose and 0.2% Tween 80 in distilled water) 1 h before 
implantation of the sponges under the skin on the lateral side 
of the rat. The rats were anesthetized with ether during the 
implantation procedure. Five hours later, the rats were sacrificed 
by C02 asphyxiation, the sponge was removed, and the volume 
of fluid exudate in the sponge was determined. LTB4 levels were 
measured by radioimmunoassay. 

D. Gastric Ulcerogenicity (UDK,). Male outbred Wistar rats 
(100-250 g) were fasted for 24 h. After fasting, test compounds 
were administered orally (in 2 mL/kg of 0.5% (hydroxy-
propyl) methylcellulose) and the rats were denied access to food 
and water for six more hours. The rats were then sacrificed with 
C02 so that the stomachs could be removed, opened along the 
greater curvature, and evaluated for the presence of gastric ulcers. 
Results are expressed as the percent of rats with gastric ulcers 
at a given dose. 
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