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chromatography (hexane/EtOAc, 1/1) gave a white solid (95, R 
= H, 2.36 g, 30.7%): mp 175-177 °C; *H NMR (DMSO-d6, 200 
MHz) S 3.64 (s, 3 H, C02CH3), 5.08 (s, 2 H, -NCH2-), 7.02 (t, J 
= 7.2 Hz, 1 H, ArH), 7.37 (t, J = 7.4 Hz, 1 H, ArH), 7.44 (d, J 
= 8.0 Hz, 1 H, ArH), 7.66 (d, J = 7.6 Hz, 1 H, ArH), 10.75 (br 
s, 1 H, -NH-); IR (KBr, cm"1) 3000 (NH); 1765 (C=0), 1625 
(C=0); MS (m/e) 206 (30, M+). Anal. (C10H10N2O3) C, H, N. 

2-[(4-Bromo-2-fluorophenyl)methyl]-2,3-dihydro-3-oxo-
lH-indazole-1-acetic Acid Methyl Ester (96, R = H, R1 = 
4-Br,2-FC6H3CH2). To a solution of 2,3-dihydro-3-oxo-lH-
indazole-1-acetic acid methyl ester (95, R = H, 0.8 g, 3.88 mmol) 
in DMF (30 mL) was added NaH (80%, 140 mg, 4.65 mmol) and 
the mixture was stirred for 2 h. 4-Bromo-2-fluorobenzyl bromide 
(1.55 g, 5.82 mmol) was added, and the mixture was stirred for 
1 h, poured into H20, extracted with EtOAc, and dried over 
MgS04. Evaporation and purification by flash chromatography 
(hexane/EtOAc, 4/1) gave a white solid (1.35 g, 88.8%): mp 
109-111 °C; >H NMR (DMSO-d6, 200 MHz) « 3.66 (s, 3 H, 
C02CH3), 5.21 (s, 2 H, NCH2C02Me), 5.39 (s, 2 H, -NCH2-), 7.09 
(t, J = 7.0 Hz, 1 H, ArH), 7.4-7.65 (m, 6 H, ArH); IR (KBr, cm"1) 
1745 (C=0), 1625 (C=0); MS (m/e) 392 (7, M+). Anal. (C17-
H14BrFN203) C, H, N. 

2-[(4-Bromo-2-fluorophenyl)methyl]-2,3-dihydro-3-oxo-
lH-indazole-1-acetic Acid (64). To a solution of 2-[(4-
bromo-2-fluorophenyl)methyl]-2,3-dihydro-3-oxo-lH-indazole-l-
acetic acid methyl ester (96, R = H, R1 = 4-Br,2-FC6H3CH2,1.2 
g, 3.05 mmol), THF (30 mL), and MeOH (30 mL) was added 
aqueous NaOH (2.5 N, 5 mL). After stirring for 30 min the 
mixture was neutralized with HC1 (2 N), and most of the volatiles 
were removed in vacuo. The precipitated solid was filtered, 
washed with H20, and dried to give a white solid (64, 0.79 g, 
69.3%): mp 134-136 °C; lH NMR (DMSO-d6, 400 MHz) d 5.05 
(s, 2 H, NCH2C02H), 5.37 (s, 2 H, -NCH2-), 7.0 (t, J = 7.42 Hz, 
1 H, ArH), 7.36 (t, J = 7.82 Hz, 1 H, ArH), 7.45 (dd, J = 8.2 Hz, 
1.86 Hz, 1 H, ArH), 7.5 (d, J = 8.51 Hz, 1 H, ArH), 7.58-7.63 (m, 
3 H, ArH), 12.15 (br s, 1 H, COjH); IR (KBr, cm"1) 3450 (OH), 
3200-2700 (C02H), 1720 (C=0), 1620 (C=0); MS (CI) (m/e) 379 
(78, M+ + H). Anal. (C10H12BrFN2O3) C, H, N. 

Preparation of 16. Compound 16 was synthesized according 
to the following procedures. 

l-[(3,4-Dichlorophenyl)methyl]-lH-perimidin-2(3H)-one 
(102). To a suspension of 1,8-diaminonaphthalene (4.8 g, 30.38 
mmol) in DMF (100 mL) were added a,3,4-trichlorotoluene (4.21 
mL, 30.38 mmol) and EtgN (4.23 mL, 30.38 mmol). After stirring 
at 65 °C for 15 h the mixture was poured into H20 and extracted 
with EtOAc, and the organic extracts were dried over MgS04. 
Evaporation gave a brown solid (6.2 g), which was dissolved in 
dioxane (100 mL) and treated with phosgene (20% w/w in toluene, 

Novel Caffeic Acid Derivatives: Extremely Potent 
Inhibitors of 12-Lipoxygenase 

12-Hydroxy-5,8,14-a's-10-trans-eicosatetraenoic acid 
(12-HETE) is known to be produced from arachidonic acid 
by 12-lipoxygenase present in platelets,1 leukocytes,2 ma­
crophages,3 etc. 12-HETE has been reported to cause 
increase in leukocyte chemotaxis,4 platelet aggregation,6 
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14.05 g) at 100 °C for 2.5 h. The mixture was poured into H20, 
extracted with EtOAc, and dried over MgS04. Crystallization 
from acetone/hexane/El^O (after cooling to -20 °C) gave a brown 
solid (102,4.5 g, 43.2%): mp 263-265 °C; 'H NMR (DMSO-d6, 
200 MHz) 5 5.14 (s, 2 H, -NCH2-), 6.5 (t, J = 7.2 Hz, 1 H, ArH) 
6.65 (d, J = 7.4 Hz, 1 H, ArH), 7.28 (m, 5 H, ArH), 7.57 (d, J = 
8.2 Hz, 1 H, ArH), 7.67 (d, 1.8 Hz, 1 H, ArH), 10.64 (s, 1 H, 
-NHCO-); IR (KBr, cm"1) 3200 (NH), 1690 (C=0); MS (m/e) 
(29, M+). Anal. (C18H12C12N20) C, H, N. 

3-[(3,4-Dichlorophenyl)methyl]-2,3-dihydro-2-oxo-lH-
perimidine-1-acetic Acid Methyl Ester (103). To a mixture 
of l-[(3,4-dichlorophenyl)methyl]-lH-perimidin-2(3H)-one (102, 
3.2 g, 9.33 mmol), K2C03 (1.54 g, 11.19 mmol), and DMF (50 mL) 
was added methyl bromoacetate (1.06 mL), 11.19 mmol). After 
stirring at 75 °C for 36 h, the mixture was poured into H20 and 
extracted with EtOAc. The organic extracts were dried over 
MgS04. Evaporation and purification by flash chromatography 
(hexane/EtOAc, 3/1) gave a brown solid (103, 2.19, 54.2%): mp 
129-131 °C; >H NMR (DMSO-d6, 200 MHz) 6 3.73 (s, 3 H, 
C02CH3), 4.88 (s, 2 H, NCH2C02Me), 5.23 (s, 2 H, -NCH2-), 6.7 
(m, 2 H, ArH), 7.37 (m, 5 H, ArH), 7.63 (m, 2 H, ArH); IR (KBr, 
cm"1) 1750 (C=0), 1665 (C=0); MS (m/e) 414 (27, M+). Anal. 
(C21H16C12N203) C, H, N. 

3-[(3,4-Dichlorophenyl)methyl]-2,3-dihydro-2-oxo-lH-
perimidine-1-acetic Acid (16). To a solution of 3-[(3,4-di-
chlorophenyl)methyl]-2,3-dihydro-2-oxo-lH-perimidine-l-acetic 
acid methyl ester (103, 2.0 g, 4.82 mmol) in MeOH (30 mL) and 
THF (30 mL) was added aqueous NaOH (2.5 N, 10 mL). After 
stirring for 30 min the mixture was neutralized with HC1 (2 N), 
and the volatiles were removed in vacuo. The residue was acidified 
with HC1 (2 N) and extracted with EtOAc. The organic extracts 
were dried over MgS04. Evaporation and purification by flash 
chromatography on acid-washed (5% H3P04 in MeOH) siiica gel 
(hexane/EtOAc, 1/1) gave a white solid (16,1.3 g, 67.3%): mp 
230-231 °C; JH NMR (DMSO-d6, 400 MHz) S 4.75 (s, 2 H, 
NCH2C02H), 5.22 (s, 2 H, -NCH2-), 6.6 (dd, J = 7.1 Hz, 1.44 Hz, 
1 H, ArH), 6.7 (d, J = 7.1 Hz, 1 H, ArH), 7.28-7.41 (m, 5 H, ArH), 
7.62 (d, J = 8.33 Hz, 1 H, ArH), 7.63 (d, J = 1.83 Hz, 1 H, ArH). 
11.99 (br s, 1 H, COjjH); IR (KBr, cm"1) 3200-2700 (C02H), 1710 
(C=0), 1680 (C=0); MS (m/e) 400 (14, M+). Anal. ( C ^ u -
C12N203) C, H, N. 
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vascular smooth muscle cell migration, etc.6,7 Especially, 
the specific activity of 12-HETE to elicit vascular smooth 
muscle cell migration is extremely high (ED - 10"14-10"n 

M).6 Together with the fact that 12-HETE is the most 
abundant metabolite of arachidonic acid produced by 
platelets in aggregation,8 an important role of 12-HETE 
in the process of intima thickness in atherogenesis is 
suggested.4 Therefore, it is urgent to search for some 
inhibitors of 12-lipoxygenase for the prevention against the 
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Scheme I. Biosynthesis of 12-HETE from Arachidonic Acid 
12-lipoxygenase 
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development of atheroscrelosis. On the other hand, caffeic 
acid has been reported to inhibit 5-lipoxygenase.9 Thus, 
TMK-68810 (one of the caffeic acid derivatives) has been 
developed as an orally active antiallergic agent. However, 
none of these caffeic acid derivatives so far reported in­
hibits 12-lipoxygenase (Chart I, Scheme I). 

During the course of investigation, we found that a series 
of novel caffeic acid derivatives, which were synthesized 
by the condensation of benzaldehyde derivatives and 
cyanoacetate derivatives, exhibited extremely potent in­
hibitory activities on 12-lipoxygenase (IC50 = 0.013-0.47 
nM, R1 = H, R2 = alkyl, aralkyl, and aryl).11 Moreover, 
they had more selective inhibition to 12-lipoxygenase than 
to 5- and 15-lipoxygenase (Scheme II). 

Thus, Knoevenagel condensation reactions of the al­
dehydes with ethyl cyanoacetate, cyanoacetic acid, diethyl 
malonate, malononitrile, 2-cyanoacetamide, methyl (phe-
nylsulfonyl)acetate, and diethyl cyano methylphosphonate 
(0.1 equiv of piperidine, benzene-DMF, reflux 2-3 h) af-
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Table I. Caffeic Acid Derivatives by Knoevenagel Condensation 
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forded a series of compounds 1-12 in good yields, re­
spectively.12,13 In order to determine the role of a double 
bond, reduction of 1 with NaBH4 in EtOH was carried out 
to give compound 13 (Table I). 

The inhibitory effects of these caffeic acid derivatives 
on 12-lipoxygenase, cyclooxygenase, and thromboxane 
synthetase (with rat platelet-rich plasma)14 and on 5- and 
15-lipoxygenase (with rat polymorphonuclear leukocytes)15 

(12) All new compounds reported herein exhibit 'H, l8C NMR, IR, 
and mass spectra and elemental analysis in agreement with the 
assigned structures. Compound 24: mp 168-170 °C (EtOH-
H20); yellow crystals; IR (Nujol) 1680, 2220 cm"1; »H NMR 
(CD3OD) S 3.27 (2 H, t, J = 7 Hz), 4.45 (2 H, t, J = 7 Hz), 6.83 
(1 H, d, J = 9 Hz), 6.88-6.99 (2 H, m), 7.18-7.27 (1 H, m), 7.35 
(1 H, dd, J = 8, 2 Hz), 7.65 (1 H, d, J = 2 Hz), 8.08 (1 H, s). 

(13) The stereochemistry (E and Z) of the Knoevenagel condensa­
tion was determined as shown in the figure by X-ray crystal-
lographic analysis and NMR data. The details will be pub­
lished in a separate paper. 

(14) Assay method for the inhibitory activity of 12-lipoxygenase, 
cyclooxygenase, thromboxane synthetase using rat platelet 
homogenate: Citrated blood was collected from the rat ab­
dominal vein and platelet-rich plasma was prepared in the 
usual way. The plasma was washed twice with isotonic buffer 
solution A [134 mM NaCl, 5 mM D-glucose, 1 mM EDTA, 1 
mM EGTA, 15 mM Tris-HCl (pH = 7.4)] stored at -80 °C 
until use. The washed plasma was thawed and sonicated in ice 
water and used as the enzyme solution. To the isotonic buffer 
solution A were added 1 mM GSH, the sample compound, and 
the enzyme solution (300-50011% of protein). The mixture was 
preincubated for 5 min at 37 °C, then [14C]arachidonic acid 
(0.05 pCi) was further added to the solution and reacted for 5 
min. After the reaction had been quenched, the reaction 
mixture was developed on a silica gel thin-layer plate and 
12-HETE, TXB2, and HHT were identified by autoradiogra­
phy.16 The reduction in each arachidonic acid metabolite 
production was used as the index of inhibitory activity of 
compounds. 

(15) Assay method for the inhibitory activity of 5- and 15-lip­
oxygenase using rat polymorphonuclear leukocytes (PMNLs): 
Heparinized blood was withdrawn from a rat, and PMNLs 
were obtained with Ficoll/Hypaque gradient centrifugation 
and hypotonic hemolysis. PMNLs were washed three times in 
Hanks' balanced salt solution and finally resuspended into a 
concentration of 2 X 107 cells/mL in V15 M phosphate buffer 
(pH = 8.2). The final cell suspension contained more than 
94% neutrophils (vs total cells) and the platelet contamination 
was below 1%. Isolated PMNLs were sonicated at 4 °C and 
incubated with [14C]arachidonic acid (0.2 ̂ Ci) for 20 min at 37 
°C after the addition of 1 mM CaCl2. The reaction was stop­
ped by the acidification with HC1 to pH 3. Arachidonic acid 
metabolites were extracted with ethyl acetate and developed 
on a silica gel thin-layer plate. 5- and 15-HETEs were detected 
and quantified by autoradiography.16 
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Table II. Caffeic Acid Derivatives by Knoevenagel 
Condensation 
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Table III. 12-, 15-, and 5-Lipoxygenase Inhibitory Effects of 
Caffeic Acids Derivatives 

no. 
1 

17 

18 

19 
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mol formula 
mol weight 

C„H„NO« 
233.23 
C18H16N04 
309.32 
C18H17N04 
323.35 
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339.35 
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315.35 
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321.33 
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"n = 3. No inhibition was observed on cyclooxygenase and 
thromboxane synthetase in all compounds tested at the concen­
tration below 10"8 M. 

were investigated. These assay tests revealed that com­
pound 1 had very potent 12- and 15-lipoxygenase inhibi­
tory activities (12-lipoxygenase, ICso = 0.033 vM; 15-lip­
oxygenase, ICW = 0.33 nM), but did not inhibit cyclo­
oxygenase and thromboxane synthetase in the concen­
tration below 10"6 M. However, 12-lipoxygenase inhibitory 
effects of compound 13 (with single bond) and compounds 
12, 10, 3, 2 (with mono- or tri-OH group and mono- or 
di-OMe group on the benzene ring) were weak or inactive 

(16) Honda, A.; Morita, I.; Murota, S.; Mori, Y. Biochim. Biophys. 
Acta 1986, 877, 423. 

in the concentration of 10"6 M. 
Therefore, it was demonstrated that a 3,4-dihydroxy-

cinnamoyl group was essential for the inhibition of 12-
lipoxygenase. Furthermore, a cyano group was crucial 
since caffeic acid and compound 8 with an ethyl ester 
group instead of a cyano group did not show 12-lip­
oxygenase inhibition. 

Thus, compounds 14-27 (R = alkyl, aralkyl) were syn­
thesized to find more potent compounds (Table II). In­
terestingly, the pharmacological tests described above 
revealed that the compounds exhibited the very potent 
inhibitory activity of 12-lipoxygenase and were more se­
lective to 12-lipoxygenase than to 5- and 15-lipoxygenase, 
namely, all compounds except 19 showed a lower value of 
IC50 with 12-lipoxygenase than with 5- and 15-lipoxygenase. 
Especially, compound 24 was the most potent 12-lip­
oxygenase inhibitor in the synthetic compounds reported 
so far and was comparable to baicalein (most potent 12-
lipoxygenase inhibitor in natural products). 
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Quinazolinone Cholecystokinin-B Receptor 
Ligands 

Cholecystokinin (CCK) exerts a variety of actions on 
peripheral target tissues such as gall bladder contraction 
and pancreatic exocrine secretion and may function as a 
neutrotransmitter or neuromodulator in the central 
nervous system.1,2 These effects are mediated by at least 

(1) Wang, R. Y. Cholecystokinin, Dopamine, and 
Schizophrenia—Recent Progress and Current Problems. Ann. 
N.Y. Acad. Sci. 1988, 537, 362-379. 
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