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Two a-benzylidene-y-butyrolactones, a-(3,5-dimethyl-4-hydroxybenzylidene)-y-butyrolactone
and «-(3,5-di-tert-butyl-4-hydroxybenzylidene)-y-butyrolactone (KME-4), were found to have
platelet aggregation inhibitory activity; the latter also had potent antiinflammatory activity and
inhibited not only prostaglandin synthetase (PGS) but also 5-lipoxygenase. Further a-benzylidene-
y-butyrolactones were synthesized, and tested for antiinflammatory activity in carrageenin-induced
rat paw edema assay (CPE) and for PGS inhibitory activity. It was found that the structural
combination of a fers-butyl group at the 3 position, an alkyl group at the 5 position and an oxygen
atom at the 4 position in a-benzylidene-y-butyrolactone is necessary for antiinflammatory activity,
and that rather broad structural variation is possible for inhibitors of PGS. The structural
requirements for antiinflammatory activity in the CPE assay also seem to be partial requirements
for inhibitory activity against PGS.

Keywords a-benzylidene-y-butyrolactone;  «-(3,5-di-tert-butyl-4-hydroxybenzylidene)-y-
butyrolactone (KME-4); antiinflammatory activity; prostaglandin synthetase inhibition; S-lipoxy-
genase inhibition; carageenin-induced rat paw edema test; structure-activity relationship

Introduction

y-Butyrolactone derivatives have various biological activities,” and an o, $-unsaturated
carbonyl skeleton is often involved in the structure of biologically active substances® (e.g.
analogues of cinnamic acid).* a-Methylene-y-butyrolactone® has some biological activities,
and this compound contains both y-butyrolactone and «,f-unsaturated carbonyl moieties. We
therefore synthesized several a-benzylidene-y-butyrolactones, and tested them for biological
activities. As a result, ‘«-(3,5-dimethyl-4-hydroxybenzylidene)-y-butyrolactone was found to
have platelet aggregation inhibitory activity. Other a-(3,5-dialkyl-4-hydroxybenzylidene)-y-
butyrolactones were further prepared and tested for this activity. Among them, a new
compound which we designated as KME-4, «-(3,5-di-tert-butyl-4-hydroxybenzylidene)-y-
butyrolactone, was the most active and also had potent antiinflammatory activity in the
carrageenin paw edema test. Moreover, it inhibited not only prostaglandin synthetase (PGS)
but also 5-lipoxygenase.®) Some work has been done on the relationships between structural
factors and antiinflammatory activity or PGS inhibitory activity.>*” We therefore prepared
more a-benzylidene-y-butyrolactones in the hope of finding new and potent antiinflammatory
agents and to identify the important functional groups in relation to antiinflammatory activity.

Chemistry

The compounds were synthesized by three general methods. Most of the compounds
were prepared as shown in Chart 1. Aldehydes were condensed with y-butyrolactone in the
presence  of a base such as sodium methoxide,??® or were reacted with a-triphenylphos-
phoranylidene-y-butyrolactone by using the Wittig reaction.>>?
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Chart 3

Other preparative methods are shown in Chart 2. Derivatives of «-(3,5-di-terz-butyl-4-
hydroxybenzylidene)-y-butyrolactone were obtained by reaction with acid anhydrides, iso-
cyanates, alkyl iodides, or methanesulfonyl chloride.

Some of the starting aldehydes in Chart 1 were commercially available and other
aldehydes were synthesized. For example, as shown in Chart 3, 3-ters-butyl-5-ethyl-4-
hydroxybenzaldehyde was prepared by the procedures of Hart and Haglund,'® and Smith.!?)
That is, it was obtained by Friedel-Crafts alkylation of 4-bromo-2-ethylphenol with isobutene
in the presence of sulfuric acid, followed by debromination with Raney nickel, and finally the
improved Duff reaction. 3-tert-Butyl-4-hydroxybenzaldehyde was obtained by Vilsmeier
reaction of o-tert-butylphenol and N-methylformanilide in the presence of phosphorus
oxychloride. Halogenation of this compound gave 3-tert-butyl-4-hydroxy-5-halobenzalde-
hyde. 3,5-Di-tert-butyl-2-hydroxybenzaldehyde was synthesized by Reimer-Tiemann for-
mylation. The preparation of 3,5-di-tert-butylbenzaldehyde was achieved by oxidation of
3,5-di-tert-butyltoluene followed by reduction of the resulting 3,5-di-terz-butylbenzoic
acid.
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TaBLE I. Antiinflammatory Activity and PGS Inhibitory Activity
of a-Benzyliden-y-butyrolactones
RCH
oio:
Analysis (%) PGS
Compd. o Yield  mp Caled (Found) CPE?
No. R Method <0 ©0) Formula 0 51(13;(;
C H N
CH,
1 HO B 485 180—182 C,H,0, 1% 647 9 17
(7128 6.53)
CH,
iso-C;H,

2 HO@ B 346 169—171 C,;H,,0, 74.42 8.08 -7 11
e (7441  8.10)
tert-C,Hy

3 Ho@ B 774 155—156 C,oH,0, (;g'j? S‘gg) 35 0.28
tert-C,H, ) ’
tert-C,Hy

4 H B 484 201203 C,¢H,;0 7382 7.74 24 0.89

16+120%3
on (7374 1.77)
3
tert-C,H,
5 HO B 677 180—182 C,,H,,0, 7442 8.08 21 0.19
OH, (7431 8.31)
tert-C,H,
6 HO B 458 155—157 C,H,,0 7497 8.39 27 0.36
2 3
is0-C,1H, (75.09  8.34)
tert-C,H,
73.14  7.37

7 HO B 717 239-241 CuHiOy 50 7se) 6 1.4
tert-C,H,

64.18  6.10

8 H%@ B 605 224—226 CigHiCIOy (o) o1 9 0.90
tert-C,H,

5540 5.7

9 H%@ B 410 233235 CH B0, (3 o) 4
tert-C,H,

4841  4.60

10 Ho@ B 663 219221 CuHuloy 50 oy 5 0.69
tert-C4Hq H

7546  8.67

1 {d B 142 195197 CuHaOs 7030 ggs) 5 6.9
tert-C,Hy
tert-C,H,

12 @ B 68.1 112—114 C,oH,60, o 1
tert-C,H,
tert-C,H,

13 CH3C02@ C 790 144—146 CyH,0, > 819 37 1.9
rert.C,H, (7311 8.22) :
rert-CyH, 73.71 8.44

14  C,H,CO C 410 107—108 C,H : :
ferts.c4ﬁ;<©> 2M0s (7357 g564) 14
tert-Cofly 74.57 8.87

15 n-C,H,CO C 486 142—144 C,H ' :

Licﬁ@ #HsO 007 859) >3
tert-C,H,

16 CHSOZC(CHZLCOZ@ C 641 103—105 CuHy,0, 0074 79 )

tert-C,H, (69.69 7.78)
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TaBLe I. (continued)
Analysis (%) PGS
Compd. o Yield  mp Caled (Found) CPEY
No. R Method ) ¢0) Formula ©0 ﬁf{g
C H N
tert-C,H,
17 CH3O© C 760 131—132 C,H,s0; (Zz'gé 2‘35) 25 1.2
tert-C,H, ’ '
tert-C,H,
18 CZHSOQ C 321 122125 CypHyO, (;22‘;‘ Z;S) 2%
tert-C,H, ’ )
tert-C,Hy
19 CH3SO3—© C 1.7 187—189 C,oH,0.S (gi':;‘ ;"2?) 4 14
tert-C,H, ’ ’
tert-C4H,
20 CH3NHC02—© C 50.4 185—187 C,,H,,NO, (Zg% Zi? 3.3(6)) 5
tert-C,H, ' ' '
tert-C,H, .
21 PhNHCOr@ C 742 176—178 C,H,NO, (;g'gg ;‘ié 335) 10
tert-C,H, ’ ’ ’
Br
22 HO B 739 233235 C,,H,Br,0, é;'zg g'fé) —12 >100
. . .
23 Ho@ A 1.8 180181 C,,H,0; » 11 >100
CH,O
24 HO B 551 155156 C,H,,0, @ —9  >100
HO
25 HO@ B 161 206—208 C,,H,,0, (2‘3‘% igg) 5 35
CH,O
26 HO@ B 770 156158 C,3H,,0, (ggig 2'2‘2‘) 1
CH,0 : :
C,H.O
27 HO@ B 163 215217 C,;H,,I0, (Z;'ff g'gg) 12 >100
. . .
CH,O
28 HOQ B 201 204206 C,,H,Br,0, (22(1)2 g'%) —22 >100
B =y . .
HO,C
29 HO B 7.7 251—253 C,H,,0; (g:;g j:fg) 11 >100
CH,O
30 CH3O«© B 594 150—151 C, H,O; P 17
CH,0
81.58  5.64
31 @—@ B 89.0 201—203 C,,H,,0, 8163 5.57 -9 >100
CH,,
ky) N@ B 557 192193 C,3H,sNO, P 3 >100
/
CH,
7235 455 7.03
33 NC@ B 568 158160 CLHNO, 500 00 Job 4 >100
34 (CH3)3C—@ B 322 132134 C,H,:0, (;Sgg ;3/:32) ~3  >100
35 ON«)- B 740 200202 C,H,NO, (Zg:f; o 2:;3) 1
PhO
36 @ B 628 91-93 C,H,O0, (Zg'_ig 2:?3) 17 100
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TaBLE 1. (continued)

Analysis (%)

PGS
Compd. Yield mp Calcd (Found) CPE?
R Method? o Formula o IC
No. N CARINGQY D (g
C H N
37 CHSCONH@ B 15.7 197—198 C,;H,;NO, @) —13
O
38 ‘0@ A 343 176—177 C,H,,0, @ 19
80.33 5.39
39 B 849 169171 CeHuOy  go's ) —18
N 68.56 5.18 8.00
40 @ B 440 10112 CoHNO;, (% 5o 7g0) 10
7322 520 6.57
41 O\;’[ B 196 219220 CuHuNOy 030 io0 (g 8
H
42 /B 75.1  92—94 C,HgO, o ~2
CH,(CH,); ;
. 73.43  10.27
43 CH- B 98 Ol CuHaO: (3 1007) -8
C,H;
44 H B 542  Oil  CsHgO, n 3
Indomethacin 339 0.53
Phenylbutazone 22
Ibuprofen 32

a) See Charts 1 and 2. b) Inhibition (%) of edema formation induced by carrageenin in rats (50mg/kg p.o.). ¢) High-
resolution mass spectrum data m/e: 286.193 (M*). d) See ref 8a. ) See ref 9c. f) See ref 5b, 9d. g) Smg/kg p.o.

Results and Discussion

Antiinflammatory activities of the compounds were evaluated by using the carrageenin-
induced edema test in rats. Some compounds were examined in vitro for their effects on
microsomal prostaglandin synthetase and cytosol 5-lipoxygenase activities.

The results are summarized in Table I. The synthesized a-benzylidene-y-butvrolactones
are pure isomers (either cis or trans) judging from the narrow range of melting point and the
nuclear magnetic resonance (NMR) spectrum. Compound 3 is considered to be the trans
isomer; in the NMR spectrum of 3, the chemical shift of the olefinic proton shifted to lower
field, when the solvent was changed from CDCl, to C¢Hg-ds, whereas other signals shifted to
higher field. This result suggests that the olefinic proton is cis oriented with respect to the
carbonyl group, as mentioned by Minami et al.'® The other compounds are also considered
to be trans isomers, because the products are generally zrans in the Wittig reaction of a
resonance-stabilized phosphorane with an aldehyde'® or in aldol-type condensation.'®

Though o-(3,5-di-tert-butyl-4-hydroxybenzylidene)-y-butyrolactone (3) had potent anti-
inflammatory and PGS inhibitory activity, o-(3,5-dimethyl-4-hydroxybenzylidene)-y-
butyrolactone (1) and o-(3,5-diisopropyl-4-hydroxybenzylidene)-y-butyrolactone (2) showed
no antiinflammatory activity and only moderate PGS inhibitory activity. The other 3,5-
dialkyl-4-hydroxyphenyl compounds in which the terz-butyl group at the 5 position of 3 is
replaced with a methyl (4), ethyl (5) or isopropyl group (6) showed considerable antiin-
flammatory activity. Hydrogen, chlorine, bromine or iodine in place of the zerz-butyl group at
the 5 position of 3 (7—10) resulted in loss of this activity. On the other hand, these

NII-Electronic Library Service



126 Vol. 34 (1986)

TaBLE II. Inhibition of 5-Lipoxygenase

Compd. 1C4,
No. (um)
3 1.05
4 10.7
13 > 100
17 > 100
Indomethacin > 100

compounds (4—10) showed excellent or moderate PGS inhibitory activity. Compounds 11
and 12 (lacking the hydroxy group at position 4) exhibited a striking loss of antiinflammatory
activity and a decrease in PGS inhibitory activity. As regards the antiinflammatory activity of
derivatives of 3, the acetyl derivative (13) retained potent activity, but the derivatives (14—16)
having a bulky acyl group showed weak activity. Alkoxy compounds (17, 18) showed slightly
diminished activity. Carbamates (20—21) and the mesylate (19) were inactive. Some of these
compounds (13—21) had significant or moderate PGS inhibitory activity. Other phenol
derivatives without a fert-butyl group (23—29), phenyl analogues substituted with a variety of
groups (30—39), heterocyclic compounds (40—42) and others (43, 44) had little or no activity
in both tests (carageenin-induced rat paw edema and PGS).

These results suggested that the structural combination of a ferz-butyl group at the 3
position, an alkyl group at the 5 position and an oxygen atom at the 4 position in the a-
benzylidene-y-butyrolactones plays an important role in enhancing antiinflammatory activity,
and that the combination of a ferz-butyl group at the 3 position and an oxygen atom at the 4
position, or of a hydroxy group at the 4 position and two alkyl groups at the 3 and 5 positions
is necessary for activity as an inhibitor of PGS. Thus, broad structural variations are possible
among these compounds without loss of activity as inhibitors of PGS, and the structure at the
3, 4 and 5 positions in the compounds, as described above, seems to be important for potent
antiinflammatory activity. As regards antiinflammatory activity, 3 and «-(3,5-di-zerz-butyl-4-
acetoxybenzylidene)-y-butyrolactone (13) were the most potent compounds in this series.
They were more potent than ibuprofen and phenylbutanone, but less potent than in-
domethacin in inhibiting the inflammation induced by carrageenin. Compounds such as 4 and
17 showed moderate activity, but not more than the reference drugs. Compounds 3, 4, 13 and
17 were about as effective as indomethacin in inhibiting PGS.

As shown in Table II, 3 and 4 had potent inhibitory activity against 5-lipoxygenase, but
13, 17 and indomethacin were inactive.

Experimental

All melting points are uncorrected. Infrared (IR) spectra were recorded on a Hitachi 260-30IR spectrometer.
NMR spectra were recorded on a Varian EM-390 NMR spectrometer using tetramethylsilane as an internal
standard. Elemental analyses were performed at Sagami Chemical Research Center and high-resolution mass
spectrum was determined at the National Chemical Laboratory for Industry.

Preparation of -(3,5-di-tert-butyl-4-hydroxybenzylidene)-y-butyrolactone (3; KME-4) (Method B)——A solution
of 3,5-di-tert-butyl-4-hydroxybenzaldehyde (18 g), a-triphenylphosphoranylidene-y-butyrolactone (27 g) in dimethyl
sulfoxide (DMSO) was stirred at 80 °C for 20 h. After cooling of the mixture to room temperature, 800 m! of chloro-
form was added, and the resulting mixture was washed 5 times with the same volume of water. The chloroform
layer was evaporated to dryness in vacuo and the residue was crystallized by addition of ethanol. Recrystallization
from ethanol afforded compound 3 (18g 77.4%). IR (KBr): 3505 (OH), 1735 (C=0), 1640 (C=C) cm™!. NMR
(CDClLy) d: 1.47 (18H, s, (CH,),C), 3.21 (2H, dt, J=3, 7THz, =CCH,-), 4.43 (2H, t, J=7Hz, CH,0-), 5.50 (1H, s,
OH), 7.31 (2H, s, ArH), 7.49 (1H, t, J=3Hz, CH=); (C¢Ds) 6: 1.33 (18H, s, (CH,),C), 2.42 (2H, dt, J=7, 3Hz,
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=CCH,-), 3.66 (2H, t, J=7Hz, CH,0-), 5.25 (1H, s, OH), 7.21 (2H, s, ArH), 7.79 (1H, t, J=3Hz, CH=).

Compounds 1, 2, 4—12, 22, 24—37 and 3944 were prepared by a similar procedure in 8—89%] yields.

Preparation of «-(3,5-Di-tert-butyl-4-acetoxybenzylidene)-y-butyrolactone (13)——A drop of sulfuric acid was
added to a suspension of 3 (2.0 g) in acetic anhydride (3.0 g) and the mixture was stirred at 80 °C for 3 h, then poured
onto crushed ice. The solid product was collected by filtration, washed with water, and recrystallized from ethanol to
give 13 (1.8 g 79%). IR (KBr): 1750 (C=0), 1660 (C=C)cm~'. NMR (CDCl;) 6 : 1.33 (18H, 5, (CH;);C), 2.19 3H, 5,
CH,CO0O0-), 3.18 (2H, dt, J=3, 7THz, =CCH,-), 441 (2H, t, J=THz, CH,0), 741 (2H, s, ArH), 748 (1H, t, J=
3Hz, CH=).

Compounds 14—16 were obtained by a similar method in 41—649 yields.

Preparation of a-(3,5-Di-tert-butyl-4-methoxybenzylidene)-y-butyrolactone (17)——Sodium hydride (1 g, 60%,
mineral oil dispersion) and then methyl iodide (5 ml) were added to a solution of 3 (3.02 g) in tetrahydrofuran (15ml).
The mixture was heated under reflux for 7h, and after cooling, poured into water (100 ml). The resulting mixture was
acidified with dilute sulfuric acid, and extracted twice with chloroform (100ml). The chloroform layer was washed
twice with water and evaporated under reduced pressure. The residue was crystallized from n-hexane to give 17 (2.4 g
76%). IR (KBr): 1745 (C=0), 1640 (C=C)cm~'. NMR (CDCl;) é: 1.44 (18H, 5, (CH;);C), 3.62 (2H, dt, J=3, 7Hz,
=CCH,-), 3.70 (3H, s, CH;0), 4.43 (2H, t, J=7Hz, CH,0), 7.37 (2H, s, ArH), 7.50 (1H, t, J=3Hz, CH=).

Compound 18 was prepared by a similar procedure in 329 yield.

Preparation of a«-(3,5-Di-terz-butyl-4-methylsulfonyloxybenzylidene)-y-butyrolactone (19)——Methanesulfonyl
chloride (1.09 g) was added to a solution of the potassium salt of 3 in tetrahydrofuran (THF) (50 ml), and the mixture
was heated under reflux for 9.5h, then concentrated to dryness under reduced pressure. n-Hexane was added to the
residue. The resulting mixture was washed with water, and dried over anhydrous sodium sulfate, then the solvent was
evaporated off. The residue was purified by preparative thin layer chromatography (TLC) (silica gel; eluent, CHCl,)
and recrystallized from acetone to give 19 (61 mg 1.7%). IR (KBr): 1740 (C=0), 1655 (C=C) cm~'. NMR (CDCly)
8:1.45(18H, s, (CH,);0), 3.1—3.4 (5H, m, CH,SO;, =CCH,), 4.37 (2H, t, /=6 Hz, CH,0), 7.47 (2H, s, ArH), 7.53,
(1H, t, J=3Hz, CH=).

Preparation of a-(3,5-Di-tert-butyl-4-phenylcarbamyloxybenzylidene)-y-butyrolactone (21)——A solution of 3
(3.20g), triethylamine (0.2ml) and phenylisocyanate (1.09ml) in toluene (5ml) was stirred at 70°C for 5h. The
precipitated crystals were filtered, washed with toluene and recrystallized from ethanol to give 21 (2.89 g 747;). IR
(KBr): 3330 (NH), 1750 (C=0), 1720 (C=0) cm ™. NMR (CDCl,) 6: 1.42 (18H, s, (CH,);C), 3.26 (2H, dt, J=3,
7Hz, =CH-CH), 4.47 (2H, t, 7Hz, CH,0), 7.0—7.6 (9H, m, CH =, aromatic H, NH).

Compound 20 was obtained in the same way in 509 yield.

Preparation of a-(3,4-Methylenedioxybenzylidene)-y-butyrolactone (38) (Method A)——=Sodium methoxide was
added to a solution of piperonal (15.07 g) and y-butyrolactone (17.22g) in toluene (100 ml), and the mixture was
stirred at 40—50 °C for 1h. After cooling of the mixture, 10%, sulfuric acid was added under stirring, and the whole
was stirred at room temperature for 0.5 h. The resulting precipitate was filtered by suction, washed with water, and
recrystallized from ethanol to give 38 (7.50 g 34.3%). IR (KBr): 1745 (C=0), 1660 (C=C) cm ™!, NMR (DMSO-dy)
§:3.22 (2H, dt, J=3, 7THz, =CCH,), 4.42 (2H, t, J=7 Hz, CH,0), 6.05 (2H, s, OCH,0), 6.9—7.2 (3H, m, ArH), 7.3
(1H, t, J=3Hz, CH=).

Compound 23 was prepared in the same manner in 1.8% yield.

Preparation of 4-Bromo-2-tert-butyl-6-ethylphenol——Isobutene (15g) was passed through a mixture of 5-
bromo-2-ethylphenol (36 g), benzene (48 ml) and sulfuric acid (1.2 ml) at 65 °C for 7.5 h. The mixture was washed with
water, 5%, NaHCO,, and water. After removal of the solvent, the residue was distilled at 118—120°C/4mmHg to give
the desired phenol (28.1 g 61.1%). NMR (CDCly) §: 1.20 (3H, t, J=7Hz, CH;CH,), 1.40 (9H, 5, (CH;);C), 2.53 (2H,
q, J=7Hz, CH,CH,), 4.78 (1H, s, OH), 7.07 (1H, d, J=2Hz, ArH), 7.21 (1H, d, J=2Hz, ArH).

This product was used for the next step without further purification.

Preparation of 2-tert-Butyl-6-ethylphenol A solution of 10%, NaOH (750 ml) was added slowly (over 2.5h) to
a mixture of 4-bromo-2-tert-butyl-6-ethylphenol (27.5 g), Raney nickel-aluminum alloy and 959, EtOH (125ml). The
resultant mixture was stirred at room temperature for 1 h, then refluxed for 2 h, and filtered. The nickel catalyst was
washed with 109, NaOH followed by benzene. The filtrate and washing were poured into concentrated hydrochloric
acid (625ml) and extracted with CHCl,. The organic layer was washed with water. After removal of the solvent, the
residue was purified by column chromatography (silica gel; eluent CHCL,) to give the desired phenol (11 g 57.8%). IR
(neat): 3575 (OH), 1595 (Ar) cm~*. NMR (CDCl,) 3: 1.26 (3H, t, J=8 Hz, CH,CH,), 1.43 (9H, s, (CH;);C), 2.59
(2H, q, /=8 Hz, CH,CH,), 4.79 (1H, s, OH), 6.67—7.16 (3H, m, ArH).

This product was used for the next step without further purification.

Preparation of 3-rert-Butyl-5-ethyl-d-hydroxybenzaldehyde——A mixture of 6-tert-butyl-2-ethylphenol (7.0g),
hexamethylenetetramine (5.5 g) and trifluoroacetic acid (60 ml) was stirred at 80—90°C for 17h. The mixture was
concentrated, poured onto crushed ice, neutralized with Na,CO,, and extracted with CHCl,. The organic extract was
washed with water. After the removal of CHCI,, the residue was recrystallized from benzene to afford the desired
benzaldehyde (4.5 g 59.0%), mp 124—126°C. IR (KBr): 3270 (OH), 1660 (C=0), 1575 (Ar) cm™'. NMR (CDCl;) é:
1.30 (3H, t, J=8 Hz, CH,CH,), 1.45 (9H, s, (CH;),C), 2.72 (2H, q, J=8 Hz, CH;CH,), 5.88 (1H, s, OH), 7.56 (1H, d,
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J=2Hz, ArH), 7.68 (1H, d, J=2Hz, ArH), 9.84 (1H, s, CHO).

Preparation of 3-tert-Butyl-4-hydroxybenzaldehyde——Phosphorus oxychloride (21.4 g) was added dropwise to
N-methyl formanilide (20.3 g) with stirring and ice-water cooling, and the reaction mixture was stirred at room
temperature for 1 h. Next, o-tert-butylphenol (13.5 g) was added dropwise with stirring at room temperature. After
additional stirring at room temperature for 1 h and at 50—60 °C for 5 h, the mixture was poured onto crushed ice, and
extracted with CHCl;. The organic layer was shaken with 5% KOH (400 ml). The alkaline layer was acidified with
dil. HC, and the resultant oil was extracted with CHCl;. The organic layer was washed with water, and concentrated
under reduced pressure, and the residue was recrystallized from toluene to afford the desired benzaldehyde (2.8 g
17.5%), mp 140—142°C. IR (KBr): 3320 (OH), 1660 (C=0), 1580 (Ar) cm~'. NMR (CDCl,-DMSO-d, (3:1)) é:
1.40 (9H, s, (CH;);0), 6.89 (1H, d, J=8 Hz, ArH), 7.49 (1H, dd, J=2, 8 Hz, ArH), 7.69 (1H, d, /=2 Hz, ArH), 9.74
(1H, s, CHO), 9.60—10.30 (1H, br, OH).

Preparation of 3-Bromo-5-tert-butyl-4-hydroxybenzaldehyde——Bromine (4.7 g) was added to a solution of 3-
tert-butyl-4-hydroxybenzaldehyde (3.0g) in acetic acid (30 ml) with stirring and ice-water cooling. The reaction
mixture was stirred at room temperature for 5h, then poured onto crushed ice. The resulting precipitate was filtered
by suction, washed with water, 0.1~ Na,S,0, and water, and recrystallized with water-ethanol to give the desired
benzaldehyde (1.2g 27.5%). IR (KBr): 3255 (OH), 1680 (C=0), 1590 (Ar) cm~!. NMR (CDCl,) §: 1.44 (9H, s,
(CH;);0), 6.38 (1H, s, OH), 7.76 (1H, d, J=2Hz, ArH), 7.90 (1H, d, J=2Hz, ArH), 9.83 (1H, s, CHO).

This product was used for the next step without further purification.

Preparation of 3,5-Di-tert-butylbenzoic Acid——Potassium permanganate (39.1g) was added over 2h to a
mixture of 3,5-di-tert-butyltoluene (20.4 g), pyridine (55ml), KOH (8.61 g) and water (19 ml) with stirring at 90—
95°C, and the whole was stirred at 90—95 °C for 3.5h. After cooling, the mixture was filtered and the filtrate was
washed with 2N KOH and water. The filtrate and the washings were combined, acidified with sulfuric acid, and
extracted with ether. The ether extract was dried over Na,SO,, and concentrated to dryness. The residue was
recrystallized from EtOH-H,O to afford the desired benzoic acid (2.21 g 52.1%). IR (KBr): 3000—2500 (COOH),
1690 (C=0), 1600 (Ar) cm~*. NMR (CDCl,;) 6: 1.39 (18H, s, (CH;);C), 7.69 (1H, t, J=2 Hz, ArH), 8.00 2H, d, /=
2Hz, ArH).

This product was used for the next step without further purification.

Preparation of .3,5-Di-tert-butylbenzaldehyde——A solution of the 3,5-di-zert-butylbenzoyl chloride in THF
(10 ml) was added dropwise over 40 min to a slurry of LiAlJOC(CH,);};H (2.50g) and THF (10 ml) with stirring at
— 78 °C. The mixture was stirred at — 78 °C for 0.5 h and at room temperature for 2 h, then water (100 ml) was added.
The whole was neutralized with dil. sulfuric acid, and extracted with CHCl,. The organic extract was washed with
water and dried over Na,SO,. After removal of the CHCI,, the residue was purified by column chromatography
(silica gel; eluent CCl,—~CHCI, (49: 1)) to give the desired benzaldehyde (0.43 g 2.2%). IR (CCl,): 1700 (C=0) cm ™!,
NMR (CCl,) é: 1.39 (18H, s, (CH;);C), 7.61 (3H, s, ArH), 9.93 (1H, s, CHO).

This product was used for the next step without further purification.

Preparation of 3,5-Di-tert-butyl-2-hydroxybenzaldehyde——Chloroform (6.2g) was added over 0.5h to a
mixture of 2,4-di-tert-butylphenol (10.0 g) in EtOH (25 ml), NaOH (14.0 g) in water (30 ml), and a small amount of
benzyltriethylammonium chloride, with stirring at 70-—80 °C. The whole was stirred for 50 min, then the solvent was
evaporated off. The residue was acidified (pH 1) with dil. sulfuric acid and extracted with ether. The ether extract was
washed with water and satd. NaCl, then dried over Na,SO,. After removal of the ether, the residue was subjected to
column chromatography (silica gel; eluent CHCI,) to give a crude benzaldehyde (1.03 g) which contained a small
amount of impurities. This crude product was used for the next step without further purification.

Pharmacological Tests——Carrageenin-induced Paw Edema in Rats: Antiinflammatory activities of the
compounds were evaluated by the method of Winter e al.'> The test compounds were administered orally to groups
of 4—6 male Wistar rats weighing 160—220 g. One hour later, 19 carrageenin (0.1 ml/rat) in 0.99, NaCl was injected
subcutaneously into a hind paw. Paw volumes were measured 5 h after the injection of carrageenin. The results were
expressed as percent inhibition of edema in comparison with the control.

Preparation of Enzymes: The microsomal fraction from kidney medullas of male rabbits was obtained according
to the method of Tai ef al.'® and used as the prostaglandin synthetase preparation.

Peritoneal polymorphonuclear leucocytes from male guinea pigs (2% casein 5ml/100g body weight, in-
traperitoneal injection, 15 h) were prepared essentially according to the method of Ochi et al.!” The cells suspended in
50 mMm phosphate buffer (pH 7.4) containing I mm ethylenediamine-N,N,N’,N'-tetraacetic acid (EDTA) and 0.1,
gelatin were sonicated, then centrifuged at 105000¢ for 60 min. The cytosol fraction was used as the 5-lipoxygenase
preparation.

Enzyme Assays: The test compounds were dissolved in ethanol and the final concentration of ethanol was kept at
29% in each assay. The reaction mixture for prostaglandin synthetase assay consisted of 100 mm Tris—=HCI (pH 7.6),
4mm glutathione (GSH), 4 mM epinephrine bitartrate, 20 um [1-'*Clarachidonic acid (0.05 uCi), microsomal enzyme
(110 pug protein) and a test compound in a total volume of 0.2 ml. The mixture was incubated for 15min at 37 °C with
shaking and the reaction was terminated by the addition of 2.5 ml ethyl acetate and 25 ul of 1 N formic acid.

For the 5-lipoxygenase assay, the cytosol fraction (protein, 600 pg/0.2 ml/tube) was preincubated with a test
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compound in the presence of 1 mm CaCl, and 1 mM GSH for 5min at 30 °C, and then the mixture was incubated with
20 um [1-**Clarachidonic acid (0.1 ¢Ci) for Smin at 30 °C with shaking. The reaction was terminated by the addition
of 2.5ml of chloroform-methanol (2:1) and 0.3 ml of 40 mM citric acid.

In both cases, the metabolites in the extract (solvent layer) were separated by TLC with ethyl acetate-2,2,4-
trimethylpentane-acetic acid—water (11:5:2: 10 solvent layer). Radioactive zones were located by radioautography,
scraped off and counted in a liquid scintillation counter. Microsomal prostaglandin synthetase activity was measured
in terms of both PGE, and PGF,, production, and cytosol 5-lipoxygenase was measured in terms of 5-
hydroxyeicosatetraenoic acid (S-HETE) production.
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