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Compounds that inhibit 5-lipoxygenase (5-LO), the key enzyme in the biosynthesis of leukotrienes (LTs),
possess potential for the treatment of inflammatory and allergic diseases as well as of atherosclerosis and
cancer. Here we present the design and the synthesis of a series of novel 2-amino-5-hydroxyindoles that
potently inhibit isolated human recombinant 5-LO as well as 5-LO in polymorphonuclear leukocytes,
exemplified by ethyl 2-[(3-chlorophenyl)amino]-5-hydroxy#indole-3-carboxylate3n, ICso value= 300

nM). Introduction of an aryl/arylethylamino group or 4-arylpiperazin-1-yl residues into position 2 of the
5-hydroxyindoles was essential for biological activity. Whereas the 4-arylpiperazin-1-yl derivatives were
more potent in cell-free assays as compared to intact cell test systems, aryl/arylethylamino derivatives inhibited
5-LO activity in intact cells and cell-free assays almost equally well. On the basis of their 5-LO inhibitory
properties, these novel 2-amino-5-hydroxyindoles represent potential candidates for the pharmacological
intervention with LT-associated diseases.

Introduction teristics of classical 5-LO inhibitors such as iron ligand-type
inhibitors, redox-active inhibitors, or nonredox-type inhibitors
and have not been reported before to interfere with LT
formation. Our data suggest a therapeutic potential for these
novel 2-amino-5-hydroxyindoles in the treatment of diseases
related to LTs and other 5-LO-derived lipid mediators.

5-Lipoxygenase (5-LO) is the key enzyme in the conversion
of arachidonic acid (AA) to the bioactive leukotrienes (LTs)
(for review, see ref 1). LTs cause constriction and mucus
secretion in the lung, increase vascular permeability, and are
potent vasoconstrictors of coronary arteries, but also function
as proinflammatory mediators by acting as chemotactic and
chemokinetic agents toward granulocyt&3n the basis of these
properties, LTs are regarded as powerful mediators, playing Chemistry. For the synthesis of 5-hydroxyindoles with
crucial roles in asthma and inflammatory reactions, in vascular possible bioactivity, the Nenitzescu reactiois a suitable
diseases including atherosclerosimyocardial infarction, and  approach. We prepared the title compounds by reacting 1,4-
stroke? as well as in cell proliferation and survival particularly  benzoquinonel() with primary-secondary and primary-tertiary
of prostate and pancreatic cancer cells.search of pharma-  ketene aminala—m (Scheme 1). In all cases, stirring of the
cological strategies that intervene with LTs, a huge number of ketene aminal2 with 1.2 equiv of 1 in ethanol at room
different types of low molecular weight inhibitors that potently temperature gave the desired 2-amino-5-hydroxyindgdesn
suppress LT synthesis (i.e. redox-, iron ligand-, and nonredox- in moderate to good yields (282%). The primary 2-amino-
type 5-LO inhibitors) have been developed within the past 20 5-hydroxyindoledla—c (Table 1) were synthesized as previously
years! However, despite the large number of therapeutic reported® The preparation of the ketene aminals of ty@peas
indications and the strong need for efficient and safe drugs thatfirst described by Meyer et 8lAccordingly, ethyl 3-ethoxy-
target the 5-LO pathway, no 5-LO inhibitor is available on the 3-aminoacrylateR) was treated with an appropriate primary or
market for the therapy of human subjects tofldyence, the secondary aminé in ethanol under reflux. Following this or a
development of novel appropriate compounds lacking the slightly modified methodology, the preparation of the ketene
disadvantages of former 5-LO inhibitors is an important aminals 2a—k has been already described by different
challenge. Such compounds may provide substantial therapeuticauthorst®-16 We prepared these compounds as well as the
benefit for the pharmacological treatment of inflammatory and enediamine&l,m and13 according to the method of Meyer et
allergic disorders, cardiovascular diseases, and cancer. al® The hitherto unknown ketene aminafn,0o were not

Here we present the design and synthesis of novel 2-amino-available by refluxing the keten¢,O-acetals with the aromatic
5-hydroxyindoles that proved to be potent inhibitors of human amines 3-chloroanilinegf) and 3-aminopyridinego), respec-
5-LO in cell-free assays as well as in intact cells. These tively, in different solvents (e.g. ethanakpropanol, toluene),
compounds exhibit no typical structural properties or charac- presumably due to the insufficient nucleophilicity of the aromatic
amines in this reaction. Surprisingly, by adding 1.2 equiv of

Results and Discussion
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Scheme 1.Synthesis of 2-Amino-5-hydroxyindole8)(via the Nenitzescu Reactidn

COOEt b COOEt a COOEt
L - L — [
R NH, EtO NH, R NH,
2n-o 5 2a-m
/ / l )
COOEt COOEt COOEt

HO HO HO —
wR \©j\g—R wN N—Ph
N N N —/
H H H
3n-p 3a-m 3

R R

a: dimethylamino-
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b: pyrrolidin-1-yl- j: anilino-

c: piperidin-1-yl- k: p-toluidino COOEt

d: morpholin-4-yl- I: 1-phenylethylamino MeO

e: 4-methylpiperazin-1-yl- m:diallylamino- AN N/ \N—Ph
f : 4-phenylpiperazin-1-yl- n: 3-chloroanilino- \ /

g: 4-(4-fluorophenyl)piperazin-1-yl- o: 3-pyridylamino- "{

h: 4-(4-chlorophenyl)piperazin-1-yl- p: ethoxy- Me

7

a Reagents and conditions: (a) amiga{m), EtOH, reflux, 48 h; (b) amineth,0), toluene, reflux; (c) 1,4-benzoquinon® (EtOH, rt, 50 min; (e) NaH,

dimethyl sulfate, DMF, reflux, 1 h.

abolish the reducing properties of the typB-hydroxyindoles,
the bioactive compoun8f was doubly methylated by refluxing
with NaH and dimethyl sulfate resulting iAf that requires
oxidative demethylation in order to act as an antioxidant (for
all reactions, see Scheme 1). To avoid the formation of
quinoneimines by metabolic oxidation, we further synthesized
the 5-unsubstituted indole8a and 9b by a modification of
Bergmann’s methodolog§(Scheme 2). Next, the ester moiety
of 3l was replaced by a nitrile group. Although a direct
conversion of3l to 11 is laborious, this compound was easily
accessible by reaction oE) (RS 3-amino-3-[(1-phenylethyl)-
amino]acrylonitrile (0)1° with 1,4-benzoquinonelf at room
temperature in ethanol, givindR@ 5-hydroxy-2-[(1-phenyl)-
ethylamino]-H-indole-3-carbonitrile 1) in good yields (Scheme
3).

with 20uM AA. 22 BWAA4C, a highly potent and well-recognized
iron ligand-type 5-LO inhibito#?3 closely related to the most
far developed 5-LO inhibitor zileutof?*was used as reference
drug in both assays.

As shown in Table 1, as long as the substituent in position 2
is a primary amine4a—c), no inhibition of 5-LO was recorded
in Ca&™-ionophore A23187-challenged PMNL, regardless of the
substituent in position 3 (COOEt (not shown), CN, COMe,
COPh) of the indole. Also, increasing the lipophilicity of the
2-amino group by incorporation of the nitrogen into a pyrolidin-
1-yl, piperidin-1-yl, 4-methylpiperidin-1-yl, or morpholin-1-yl
moiety Ba—e), the compounds remained inactive at concentra-
tions up to 3uM. However, when the 4-methyl residue in the
piperazinyl ring of3ewas replaced by a phenyaf(g) or benzyl
(3i) moiety, the compounds slightly suppressed 5-LO product

To test the necessity of the ethyl ester moiety, we replaced synthesis in PMNL (15 to 22% inhibition at 2M). Notably,

the ethyl by a methyl group. The methyl este4 can be
synthesized by stirringp-benzoquinone 1) with the ketene
aminal13in methanol at room temperaturE3 is available by
treating methyl 3-amino-3-methoxyacrylat&2f?® with (RS-
1-phenylethylamine]) in boiling methanol (Scheme 4).
Evaluation of 5-LO Activity and Structure —Activity
Relationships.In an initial screening round, several 2-amino-
5-hydroxyindoles were tested at a concentration oftl/Dfor
their ability to inhibit 5-LO in human PMNL. The PMNL were
stimulated with 2.5uM Ca2" ionophore A23187 that evokes
most pronounced 5-LO product synthesis in these édlisder
these conditions, the €aionophore A23187 causes liberation
of AA as substrate for 5-LO from cellular phospholipids by
cPLA,?! due to an elevation of the intracellular Caoncentra-
tion. Hence, reduced levels of 5-LO products may result not
necessarily from inhibition of the 5-LO enzyme, but could also
be due to suppression of AA release via inhibition of cBLA

the 4-(4-chlorophenyl)piperazin-1-yl derivati@é (10 uM) (but

not the 4-(4-fluororophenyl)piperazin-1-yl derivatidg) was
quite potent and blocked 5-LO product synthesis by 84% (Table
1). In contrast, for inhibition of crude 5-LO activity in S100,
all 4-arylpiperazin-1-yl derivatives3f—i) were much more
efficient (61 to 81% inhibition). Although the reason for this is
not clear, low intracellular availability due to high polarity and
thus low cell-permeability (positive charge of the basic pipera-
zine ring) is conceivable.

In addition to the 2-[(4-aryl)piperazin-1-yl]-indole-3-carboxy-
lates, also introduction of secondary phenyl- or phenylethyl-
amine residues into position 2 led to potent 5-LO inhibitors
exemplified by3j, 3k, 3l, 3n, and14 that blocked 5-LO activity
at 10uM in intact PMNL as well as in cell-free assays in the
range of 65 to 97% (Table 1). BWA4C (dV) suppressed 5-LO
activity by 93%. The respective (basic) 2-(pyridin-3-ylamino)-
indole derivative 80) was significantly less potent. Of interest,

Thus, to exclude effects on AA supply from endogenous sources,the only bioactive nonaromatic compound was the 2-diallyl-

selected compounds were assayed iff@anophore A23187-
challenged PMNL supplemented with exogenous AA 4RO,
thereby circumventing cPLAactivity. Finally, to assess direct

amino substituted indol&m, which has similar lipophilic
properties as compared to the aromatic compounds. Together,
introduction of a neutral, lipophilic (aromatic) system into the

suppressive effects on 5-LO activity, the test compounds (10 2-amino group or into the 2-piperazin-1-yl moiety of 5-hydroxy-
uM, each) were screened for inhibition of crude enzymatic indole-3-carboxylates is required for inhibition of 5-LO activity.
activity of 5-LO in a cell-free assay using S100 of lysate& of One pharmacological strategy for inhibition of 5-LO activity
coli expressing human recombinant 5-LO that were incubated is the application of lipophilic reducing agents including
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Table 1. Inhibition of 5-LO Activity in Intact PMNL and in a Cell-Free Assady

A B C D A B C D
3a CoORt 0 n.d. 3l coomt 9443 |72+4
HO. A\ HO {_u
NMe, N
3b coomt 0 n.d. 9a COOMe 48+2 | 4249
u 750
M ve
¢ COOEt 0 n.d. 14 HO\@écf)re 7746 | 94+4
HO N\
\ N
3d 0 n.d. 9b 53+4 |[51+2
ookt COOEt
peste gy
N O
N N Me)—@
3e 0 n.d. 1 85+1 |62+4
COOEt CN
o e HO. : ,l\ "
N N=Me N
H H Me
3f 2212 [79:2 |3m oo 715 |65:2
COOEt o /
N N\_/N_Qi> N
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MeO \ H
Yo e -
N~ H ch
Me
39 22+7 |81+1 |30 COOEt 19+14 | 24+10
COOEt HO
HO /—\ \ n
D YN F
N — H 74 \N
3h 84+4 |69+14 |4a 0 nd.
COOEt
Ho /\ HO. &
A\
L OO b
N N
H
3i COOEt 1548 |61+1 |[4b ° 0 nd
HO /\ Me
) VAN Ho
N — N\ NH,
N
H
3j + + 4 0 n.d.
j o COOEt 6519 |80+7 C ° O
N Ho
N N
H @ u NH,
3k COOEt 765 |77+4 j\ 93+2 |86+4

BWA4C

aValues (percentage of inhibition of 5-LO activity by test compounds atMIQ) BWA4C was used at kM) are expressed as meanSE.,n = 3—4;
n.d. = not determined. A: compound; B: structure; C: % inhibition of 5-LO a0 (intact PMNL); D: % inhibition of 5-LO at 1quM (cell-free).

nordihydroguaretic acid, caffeic acid, flavonoids, or coumarins significantly inhibited 5-LO, although somewhat less potent as
that act by reducing the active-site iron of 5-E&?8 It was compared to the parental compounds (Table 1). Therefore, the
shown that 5-hydroxyindoles possess antioxidative prop&rtiés antioxidative potential may in part contribute, but is not fully
but on the other hand may also act as pro-oxidants, dependingresponsible for the 5-LO inhibitory effects of the 2-amino-5-
on the assay conditior#$.Interestingly, compounds that are hydroxyindoles.

essentially devoid of any antioxidative features, suchifathe To determine the exact potency of those compounds that
2-fold methylated analogue 8f as well as the deshydroxylated showed significant inhibition of 5-LO activity at 1M, selected
analogues of3] and 14, namely9b or 9a, respectively, still (potent) compounds3f, 3h, 3j, 3k, 3I, 3m, 3n, 11, and 9b)
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Scheme 2.Synthesis of R Methyl and RS Ethyl
2-[(1-Phenylethyl)amino]-#i-indole-3-carboxylate9a,b)2
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Oy e - O
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8b: R = Et 9a,b

a2 Reagents and conditions: (a) NO$N-dimethylpiperazine, CkCl,,
0 °C, 2 h, (b) trichloroacetic acidRS-phenylethylamineq]), rt, 2 h.

Scheme 3 Synthesis of RS
5-Hydroxy-2-[(1-phenylethyl)Amino]-#-indole-3-carbonitrile
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Scheme 4.Synthesis of R§ Methyl
5-Hydroxy-2-[(1-phenylethyl)amino]H-indole-3-carboxylate
(1432
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aReagents and conditions: (a) MeOH, reflux, 48 h; (b) 1,4-benzoquinone
(1), MeOH, rt, 20 min.

Table 2. Determination of I1Gy Values of Selected Compounds

5-lipoxygenase inhibition (163 values inuM)

compound intact PMNL cell-free assay

3f >207 3.1
3h 59/5.8 2.3
3j 7.3 2.3
3k 5.2 5

3l 1.2/4.6° 3

9b 9.7/ 5.9 9.8
3m 7.2 7.1
3n 2.4 0.3
11 2.8/4.10 10

Intact PMNL were stimulated with ionophdrer ionophore plus 2@M
AAD,

were further investigated in concentratioresponse studies.
First, the compounds were analyzed for inhibition of 5-LO
product synthesis in intact PMNL, challenged with2Ga
ionophore A23187. All compounds concentration-dependently
inhibited 5-LO product synthesis, and as shown in Table 2, the
ICs0 values were determined in the range of 1.2 to/&W. In
agreement with previous repof&3© the IG; value for the
reference drug BWA4C was 0.06Vl. As mentioned above,
inhibition of C&" ionophore A23187-induced cellular 5-LO

product synthesis could be related also to reduced supply of
endogenous AA. However, selected compounds out of the

4-aryl-piperazin-1-yl series3f) and the phenylethyl-amino
series 8l, 9b, and 11) still blocked 5-LO product synthesis
efficiently, when PMNL were stimulated with €&ionophore

Landwehr et al.

A23187 plus 2QuM exogenous AA, thus circumventing cPLA
activity (Table 2). Increasing the lipophilicity by introduction
of p-methyl (3k)- or m-chloro 3n) moieties into the phenyl of
3j, further enhanced the potency. Among all compounds, the
phenylethyl-2-amino substituted indole-3-carboxyl&h (as
most efficient. Replacement of the ethyl 3-carboxylat8ldiy

a methyl ester il4 did not markedly affect the efficacy. Also,
exchanging the ethyl 3-carboxylate substituerldfy a nitrile
leading tol1 was almost not detrimental, implying no absolute
requirement of a carboxylate moiety in position 3. Compounds
with a free 3-carboxylic moiety were synthetically not accessible
and thus not tested. Notably, most (potent) 5-LO inhibitors of
different classes virtually do not possess a carboxylic méiéty,
although for many NSAIDs and inhibitors of the 5-LO-activating
protein (FLAP) a free carboxylic group is essential for high
efficacy.

By conducting detailed inhibition studies of 5-LO activity in
cell-free assays, the kgvalues were determined in the range
of 0.3 to 10uM (Table 2). The IG, value for the reference
drug BWA4C was determined at 0.151. Compound3n (ICsq
= 0.3uM) is clearly the most potent representative, being about
8-fold more efficient in cell-free assays as compared to intact
cells. Similarly,3f hardly reduced 5-LO activity in intact cells
(ICs0 > 20uM, compare Table 1 and 2) but strongly suppressed
enzymatic activity under cell-free conditions, and aBjavas
about 3-fold more potent for crude 5-LO. Together, regardless
of these different efficacies between intact cells and cell-free
assays, the lggvalues are in a close range and structtaetivity
relationships are obvious.

With respect to their molecular mode of action, 5-LO
inhibitors can be categorized into redox-active compounds, iron-
chelators, and nonredox-type inhibitors. Comparison of the
2-amino-5-hydroxyindoles with the diverse structures of known
5-LO inhibitors does not indicate any relations, and analysis of
the overall structural features does not allow a defined clas-
sification into any of the established categories of 5-LO
inhibitors. For example, no iron-chelating properties or substrate
(AA)-competitive features of 2-amino-5-hydroxyindoles are
immediately apparent from the chemical structures. As stated
above, the reducing properties of the 5-hydroxyindole moiety
may be one possible explanation for 5-LO inhibition. However,
the O- and N-methylated derivativd as well as the deshy-
droxy-analogue®b and9a of the potent parental compounds
3l and 14, respectively that essentially lack reducing features,
still blocked the activity of the crude 5-LO enzyme in vitro,
though some potency was lost. Apparently, antioxidant proper-
ties or the free 5-hydroxy moiety as potential pharmacophoric
group is not an absolute prerequisite for efficacy, but neverthe-
less contributes to potent 5-LO inhibition. Besides the antioxi-
dant functionality, the 5-hydroxy group may also increase the
binding toward the 5-LO enzyme.

In summary, we designed and synthesized novel 2-amino-
5-hydroxyindoles that block the biosynthesis of the bioactive
LTs. The lead structure8n and 3l represent potent 5-LO
inhibitors with 1G5 values (0.3 to 2.4«M) being in the range
of the potency of the most successfully developed 5-LO inhibitor
zileuton (1G values 0.5 to uM in intact cell$43) that was
available on the market in the US since 2000 until recently for
the treatment of asthma.

Conclusions

Due to the frequently reported lack of benefit of 5-LO
inhibitors in the clinic, the value of such drugs and the role of
5-LO products as key players in inflammatory and allergic
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diseases have been doubted. However, experiments with 5-L03-amino-3-ethoxyacrylates] was dissolved in 40 mL of ethanol.

knock-out mice and successful therapy of humans with LT

After addition of 10 mmol of the aminén, 60, respectively, the

receptor antagonists (i.e. montelukast, pranlukast, and zafirlukastyesulting mixture was stirred at room temperature for 30 min. 1.30

clearly proof for the involvement of LTs in the respective
pathophysiology,giving rise to the pharmaceutical industry to
launch inhibitor screening programs in order to identify and
develop novel and potent 5-LO inhibitors. Here we have

presented the design and synthesis of novel 2-amino-5-hydroxy-

indoles that proved to be potent inhibitors of 5-LO in crude
5-LO enzyme assays as well as in intact cells. Importantly, no

g (12 mmol) of 1,4-benzoquinonéd)(was added over a period of
5 min. After additional 20 min of stirring, the solvent was
evaporated, resulting in a dark tarry resin, which was purified by
means of MPLC on silica gel and crystallized in the media.

Ethyl 5-Methoxy-1-methyl-2-(4-phenylpiperazin-1-yl)-1H-in-
dole-3-carboxylate (7f).A mixture of 500 mg (1.37 mmol) o3f,
~3 mmol of NaH, and 5 mL of DMF was stirred at room
temperature, until the hydrogen development stopped completely.

structurally related compounds have been reported thus far asAfter addition of 360 mg (2.85 mmol) dimethyl sulfate, the reaction

5-LO inhibitors and no clear classification of the 2-amino-5-
hydroxyindoles to any of the well recognized traditional
categories of 5-LO inhibitors can be made. Unfortunately, the
3D structure of 5-LO has not been resolved yet, and neither the
substrate-binding site nor any binding site of well-known 5-LO
inhibitor could be determined thus far. At the moment, the
precise molecular mode of action of the 2-amino-5-hydroxy-
indoles for 5-LO inhibition remains elusive. Nevertheless, there
are obvious structureactivity relationships for the 2-amino-5-
hydroxyindole derivatives. While the nature of the substituent
in position 3 could be varied, neutral, preferably aromatic, or
at least highly lipophilic substituents of the 2-amino group
appear to be essential for bioactivity. Of interest, for both the
4-aryl-piperazin-1-yl- and the phenylethyl-amino derivatives,
those containing chloro-substituted phenyl resid@&sad3n)
were the most potent representatives, respectively. Collectively,
on the basis of their potent 5-LO inhibitory properties, the
2-amino-5-hydroxyindoles may possess potential for the treat-
ment of inflammatory and allergic disorders, select cardiovas-

mixture was refluxed for 1 h. 20 mL of a saturated solution of
ammonia in ethanol was added, and after the reaction was stirred
at room temperature for additional 20 min, the solvent was
evaporated under reduced pressure. The residue was purified via

PLC.

Procedure for the Preparation of 9a,b.The appropriate indole-
3-carboxylateBab (1.19 mmol) was dissolved in GBI, (5 mL).
After cooling to 0°C, 75 mg ofN,N-dimethylpiperazine (0.66
mmol) and 175 mg ofN-chlorosuccinimide (1.31 mmol) were
added, and the reaction mixture was allowed to stand°&@ fbr
2 h, whereupon a solution of 50 mg of trichloroacetic acid (0.3
mmol) and 284 mg ofRS-1-phenylethylamine (2.34 mma)) in
CHXCl, (5 mL) was added. After standing ffa2 h at room
temperature, the reaction mixture was washed with 10% aqueous
NaHCG; solution, wih 1 M aqueous hydrochloric acid, and with
water. The resulting solution was dried over,8@), filtered, and
evaporated to give a residue, which was purified by flash chroma-
tography on silica gel (cyclohexane/ethyl acetate 7:3).

(E/Z) (RS Methyl 3-Amino-3-[(1-phenylethyl)amino]acrylate
(13).1.65 g (12.6 mmol) of methyl 3-amino-3-methoxyacryldta) (
was dissolved in 20 mL of methanol. After addition of 1.53 g (12.6

cular diseases, and various types of cancer. Future analysis usinghmol) of (RS-1-phenylethylamineq(), the resulting mixture was

inflammatory animal models remain to allow a judgment of (a)
possible benefit(s) of these compounds to treat LT-related
diseases in humans.

Experimental Section

General Methods.Chromatography was carried out with 230
400 mesh silica gel (Merck, Darmstadt, Germany). The MPLC-
apparatus consisted of the following segments: MPLC-pump,
BUCHI (type B688); fraction collector, LKB (type 2111 Multirac
and SuperFracTM); columns: "Bhi, 15 x 460, 26 x 460, 36 x
460, 49 x 460 mm. Melting points (mp): Bezhi melting point
apparatus, uncorrected. Mass spectra: Finnigan MAT TSQ 70
instrumentH NMR spectra: Bruker AM 360 spectrometer at 360
MHz. Spectra were measureddgDMSO using TMS as internal

heated at reflux for 48 h. Evaporation of the solvent resulted in a
syrupy residue, which was purified via flash chromatography.
Cells. Human PMNL were freshly isolated from leukocyte
concentrates obtained at St. Markus Hospital (Frankfurt, Germany).
In brief, venous blood was taken from healthy adult donors and
subjected to centrifugation at 409Gor 20 min at 20°C for
preparation of leukocyte concentrates. PMNL were promptly
isolated by dextran sedimentation, centrifugation on Nycoprep
cushions (PAA Laboratories, Linz, Austria), and hypotonic lysis
of erythrocytes as described previou¥\PMNL (7.5 x 1P cells/
mL; purity >96—97%) were finally resuspended in phosphate-
buffered saline pH 7.4 (PBS) plus 1 mg/mL glucose.
Determination of 5-Lipoxygenase Product Formation in
Intact Cells. For assays of intact cells, 1@reshly isolated PMNL

standard. Elemental analyses were performed by the Organicwere finally resuspended in 1 mL of PBS plus 1 mg/mL glucose

Chemistry Department of the Friedrich-Alexander University Er-
langen-Nuernberg; Apparatus: Carlo Erba (model 1108) and

and 1 mM CaGCl After preincubation with the indicated compounds
at 37°C, 5-LO product formation was started by addition of 2.5

Heraeus (CHN- Rapid). Infrared spectra were recorded on the uM ionophore A23187 together with or without 2M AA, as

FTIR spectrometers Perkin-Elmer (type1740) and Jasco (Type 410).

General Procedure for the Preparation of the New Ketene
Aminals 2j—m. 2.0 g (12.6 mmol) of ethyl 3-amino-3-ethoxyacry-
late 6) was dissolved in 20 mL ethanol. After addition of 12.6
mmol of amine6j—m, the resulting mixture was refluxed for 48
h. Evaporation of the solvent resulted in a syrupy residue, which
was purified via flash chromatography. If necessary, crystallization
of the compounds was performed in solvents.

General Procedure for the Preparation of the 2-Amino-5-
hydroxyindoles 3a—m, 11, and 14.1.30 g (12 mmol) of 1,4-
benzoquinonel) was added slowly to a solution of ketene aminal
2, 10, respectively (10 mmol), in 40 mL of ethanol. In case of ketene
aminal 13 we used methanol as solvent. After the reaction was
stirred at room temperature for 20 min, the solvent was removed
under reduced pressure to give a black residue, which was purified
by MPLC or flash chromatography on silica gel. If necessary,
crystallization of the compounds was performed in solvents.

General Procedure for the Preparation of the 2-Amino-5-
hydroxyindole-3-carboxylates 3n,01590 mg (10 mmol) of ethyl

indicated. After 10 min at 37C, the reaction was stopped with 1
mL of methanol, and 3@L of 1 N HCI, 200 ng prostaglandin B1,
and 500uL of PBS were added. Formed 5-LO metabolites were
extracted and analyzed by HPLC as descri¥es:LO product
formation is expressed as ng of 5-LO products pércHlis which
includes LTB, and its all-trans isomers, S\, 12(S)-dihydroxy-6,-
10-trans-8,14-cis-eicosatetraenoic acid §(2(9-DIHETE), and
5(9)-hydro(pero)xy-6trans-8,11,14-cis-eicosatetraenoic acid (5-
H(p)ETE). Cysteinyl LTs (LTG, D4, and E) were not detected
and oxidation products of LTBwere not determined. Kgvalues
are expressed as meanSE.,n = 3—4.

Expression and Determination of Enzymatic Activity of 5-LO
from E. coli. Expression of 5-LO was performed B. coli IM
109 cells, transfected with pFHLO, and purification of 5-LO was
performed as described previoudhin brief, cells were lysed by
incubation in 50 mM triethanolamine/HCI pH 8.0, 5 mM EDTA,
soybean trypsin inhibitor (68g/mL), 1 mM phenylmethylsulfonyl
fluoride (PMSF), and lysozyme (500g/mL), homogenized by
sonication (3x 15 s), and centrifuged at 190§Gor 15 min.
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Proteins including 5-LO were precipitated with 50% saturated
ammonium sulfate during stirring on ice for 60 min. The precipitate
was collected by centrifugation at 16@Pfor 25 min and the pellet
was resuspended in 20 mL of PBS containing 1 mM EDTA and 1
mM PMSF. After centrifugation at 100090or 70 min at 4°C,

Landwehr et al.

(13) Meyer, H. Heterocyclics from nitroalkenes. I. Pyrroles via cyclizing
Michael addition of enamines.iebigs Ann. Chenl981, 9, 1534
1544.

(14) Meyer, H,; Sitt, R.; Thomas, G.; Garthoff, B.; Towart, R.; Rosentreter,
U. Substituted 2-amino-3,4-dihydropyridine derivatives and their use
as medicaments. EP 30343 19810617, 1981; p 29.

the pellet was removed and the supernatant (S100) was used for (15) Meier, E.; Glockner, H.; Kueffner, K.; Boie, |. Ethy-anilino-

5-LO activity assays. ATP (1 mM) and the test compounds or
vehicle (DMS0,<0.3% vol/vol) were added to the S100, and after
5—10 min at 4°C, samples were prewarmed for 30 s at’87 To
start 5-LO product formation, 2 mM Cagand 20uM AA at the

indicated concentrations were added. The reaction was stopped after

10 min at 37°C by addition of 1 mL of ice-cold methanol, and the
formed metabolites were analyzed by HPLC as described for intact
cells.

Statistics. All values are reported as meah SE. Statistical
comparisons were determined using the Studertést for cor-
related samples (inhibitor versus control), and significance was
accepted ap < 0.05.

Acknowledgment. We thank Dr. Bernd Sorg for helpful
discussion and for critically reading of the manuscript. This
research was supported by the EU (Leuchron, QLRT-2000-

iminopropionates. DE 2304587 19740801, 1974; p 19.

(16) Danswan, G.; Kennewell, P. D.; Tully, W. R. Synthesis of (imidazo-
[1,2-c]pyrimidin-2-yl)phenylmethanones and 6-benzoylpyrrolo[2,3-
d]pyrimidinones.J. Heterocycl. Cheml989 26, 293-299.

(17) Beer, R. J. S.; Davenport, H. F.; Robertson, A. Extensions of the
synthesis of hydroxyindoles from p-benzoquinon&sChem. Soc.
Abstr. 1953 1262-1264.

(18) Bergman, J.; Engqvist, R.; Stahlhandske, C.; Wallberg, H. Studies
of the reaction between indole-2,3-diones (isatins) and 2-aminoben-
zylamine.Tetrahedron2003 59, 1033-1048.

(19) Troschuetz, R.; Dennstedt, T. Substituted 2-aminonicotinonitriles
Arch Pharm (Weinheim}994 327 85—-89.

(20) Korte, D. E.; Lee, L. F. Preparation of substituted pyridinecarboxylic
acid derivatives with herbicidal activity. US 5125956 A 19920630
EP, 1992, 53 pp.

(21) Gijon, M. A.; Leslie, C. C. Regulation of arachidonic acid release
and cytosolic phospholipase A2 activatidri.eukoc. Biol1999 65,
330-336.

01521) and the Deutsche Forschungsgemeinschaft (GRK 137/ (22) Fischer, L.; Steinhilber, D.; Werz, O. Molecular pharmacological

3).

Supporting Information Available: Experimental details. This
material is available free of charge via the Internet at http://
pubs.acs.org.

References

(1) Werz, O. 5-Lipoxygenase: Cellular biology and molecular pharma-
cology. Curr. Drug Targets Inflamm. Allerg2002 1, 23—44.

(2) Funk, C. D. Prostaglandins and leukotrienes: advances in eicosanoid
biology. Science2001, 294, 1871-1875.

(3) Spanbroek, R.; Habenicht, A. J. The potential role of antileukotriene
drugs in atherosclerosi®rug News Perspec2003 16, 485-489.

(4) Helgadottir, A.; Manolescu, A.; Thorleifsson, G.; Gretarsdottir, S.;

Jonsdottir, H.; Thorsteinsdottir, U.; Samani, N. J.; Gudmundsson,

G.; Grant, S. F.; Thorgeirsson, G.; Sveinbjornsdottir, S.; Valdima-

rsson, E. M.; Matthiasson, S. E.; Johannsson, H.; Gudmundsdottir,

O.; Gurney, M. E.; Sainz, J.; Thorhallsdottir, M.; Andresdottir, M.;

Frigge, M. L.; Topol, E. J.; Kong, A.; Gudnason, V.; Hakonarson,

H.; Gulcher, J. R.; Stefansson, K. The gene encoding 5-lipoxygenase

activating protein confers risk of myocardial infarction and stroke.

Nat. Genet2004 36, 233—239.

Romano, M.; Claria, J. Cyclooxygenase-2 and 5-lipoxygenase

converging functions on cell proliferation and tumor angiogenesis:

implications for cancer therapfFASEB J.2003 17, 1986-1995.

(6) Werz, O.; Steinhilber, D. Development of 5-lipoxygenase inhibitors-
lessons from cellular enzyme regulati®ochem. PharmacoR005
70, 327-333.

(7) Nenitzescu, C. A New Indole Synthes@hem. Zentralbl1929 II,
2331-2332.

(8) Landwehr, J.; Troschuetz, R. Synthesis of 3-EWG-substituted
2-Amino-5-hydroxyindoles via Nenitzescu Reacti8ynthesi2005
2414-2420.

(9) Meyer, H.; Bossert, F.; Vater, W.; Stoepel, K. Antihypertensive and
coronary dilating 2-amino-4,5-dihydro-3,5-pyridinedicarboxylates. DE
2239815, 1974; p 35.

(10) Cocco, M. T.; Congiu, C.; Maccioni, A.; Schivo, M. L.; De Logu,
A.; Palmieri, G. Synthesis and antimicrobial activity of some pyrrole
derivatives. lll. 2-(4-Arylpiperazino)-3-ethoxycarbonyl-5-arylpyrrole
derivatives.Farmaco, Ed. Sci1988 43 951-960.

(11) Cocco, M. T.; Congiu, C.; Maccioni, A.; Plumitallo, A.; Schivo, M.
L.; Palmieri, G. Synthesis and biological activity of some pyrrole
derivatives. |.Farmaco, Ed. Sci1988 43, 103-112.

(12) Cocco, M. T.; Congiu, C.; Maccioni, A.; Onnis, V.; Schivo, M. L;
De Logu, A. Synthesis and antimicrobial activity of new 3,5-
diaminoisothiazole derivative§armaco1994 49, 137-140.

G

~

profile of the nonredox-type 5-lipoxygenase inhibitor CJ-13,&0.
J. Pharmacol.2004 142 861—868.

(23) Tateson, J. E.; Randall, R. W.; Reynolds, C. H.; Jackson, W. P.;
Bhattacherjee, P.; Salmon, J. A.; Garland, L. G. Selective inhibition
of arachidonate 5-lipoxygenase by novel acetohydroxamic acids:
biochemical assessment in vitro and ex viBo. J. Pharmacol1988
94, 528-539.

(24) Carter, G. W.; Young, P. R.; Albert, D. H.; Bouska, J.; Dyer, R;
Bell, R. L.; Summers, J. B.; Brooks, D. W. 5-Lipoxygenase inhibitory
activity of zileuton.J. Pharmacol. Exp. Thed991, 256 929-937.

(25) Batt, D. G. 5-lipoxygenase inhibitors and their anti-inflammatory
activities.Prog. Med. Chem1992 29, 1-63.

(26) Ford-Hutchinson, A. W.; Gresser, M.; Young, R. N. 5-Lipoxygenase.
Annu. Re. Biochem.1994 63, 383-417.

(27) Ng, T. B,; Liu, F.; Zhao, L. Antioxidative and free radical scavenging
activities of pineal indolesJ. Neural Transm200Q 107, 1243—
1251.

(28) Ochi, M.; Kataoka, K.; Ariki, S.; Iwatsuki, C.; Kodama, M. et al.
Antioxidative bromoindole derivatives from the mid-intestinal gland
of the muricid gastropod Drupella fragum. Nat. Prod.1998 61,
1043-1045.

(29) Wang, H. X.; Liu, F.; Ng, T. B. Examination of pineal indoles and
6-methoxy-2-benzoxazolinone for antioxidant and antimicrobial
effects.Comp. Biochem. Physiol. C Toxicol. Pharma@f01, 130,
379-388.

(30) Werz, O.; Schneider, N.; Brungs, M.; Sailer, E. R.; Safayhi, H.;
Ammon, H. P. T.; Steinhilber, D. A test system for leukotriene
synthesis inhibitors based on the in-vitro differentiation of the human
leukemic cell lines HL-60 and Mono Mac Blaunyn Schmied. Arch.
Pharmacol.1997 356 441-445.

(31) Bell, R. L.; Lanni, C.; Malo, P. E.; Brooks, D. W.; Stewart, A. O.;

Hansen, R.; Rubin, P.; Carter, G. W. Preclinical and clinical activity

of zileuton and A-78773Ann. N.Y. Acad. Scl993 696 205-215.

Werz, O.; Burkert, E.; Samuelsson, B.; Radmark, O.; Steinhilber,

D. Activation of 5-lipoxygenase by cell stress is calcium independent

in human polymorphonuclear leukocyté3iood 2002 99, 1044

1052.

Werz, O.; Steinhilber, D. Selenium-dependent peroxidases suppress

5-lipoxygenase activity in B-lymphocytes and immature myeloid cells

— The presence of peroxidase-insensitive 5-lipoxygenase activity in

differentiated myeloid cellsEur. J. Biochem1996 242 90-97.

Fischer, L.; Szellas, D.; Radmark, O.; Steinhilber, D.; Werz, O.

Phosphorylation- and stimulus-dependent inhibition of cellular 5-li-

poxygenase activity by nonredox-type inhibitoFASEB J.2003

17, 949-951.

JMO050801lI

32)

(33)

34



