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A series of 19 N-alkyl-diarylpyrrolyl-acetic and -propionic acid derivatives
was synthesized and tested. Using bovine blood as enzyme source the inhi-
bition of cyclooxygenase and 5-lipoxygenase, respectively, was applied to
determine the antiinflammatory activity. In general all compounds tested
inhibit 5-lipoxygenase more effectively than cyclooxygenase. A structure-
activity relationship is discussed.

Nichtsteroidale Antiphlogistica, 17. Mitt.: Inhibierung von Rinder-
Cyclooxygenase und 5-Lipoxygenase durch N-Alkyldiphenylpyrrolyl-
Essigsdure- und Propionsidure-Derivate

Die Synthese und inhibitorische Aktivitit von 19 N-Alkylphenyl-substitu-
ierten Pyrrolyl-essigsdure- bzw. -propionsdure-Derivaten wird beschrie-
ben. Als Testsysteme dienen die aus Rinderblut gewonnenen Enzyme
Cyclooxygenase und 5-Lipoxygenase. Die Hemmung beider Enzyme, mit
einer stirkeren Beeinflussung der 5-Lipoxygenase, wird unter Einbezie-
hung struktureller Variationen diskutiert.

Introduction

Nonsteroidal antiinflammatory drugs (NSAID) are widely used agents
but the current therapy for chronic inflammatory diseases is still unsatis-
factory. The aryl and heteroaryl acetic and propionic acids - for e.g. tolme-
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tin (1-methyl-5-p-toluoyl-pyrrol-2-yl)acetic acid) is introduced in the
therapy of rheumatoid diseases - are highly developed and investigated
over the past decades?. Previous experimental and pharmacological stu-
dies in the field of diaryl dihydropyrrolizinyl acids® have indicated an
antiinflammatory activity, making the corresponding monocyclic pyrrolyl
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*) Respectfully and with best regards dedicated to Prof. Dr. W. Wiegrebe, Regensburg, on the occasion of his 60th birthday.
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Table 1. Inhibition of bovine cyclooxygenase and 5-lipoxygenase by pyrrole derivatives

4and 8
% inhibition, conc. 10,.M (3,3.M)
Compound (60 5-LO
4 16 0
4b 40 35
4 * 48
4d 72 78
4e 84 94 27)
af * 9 (56)
4g 84 99 (60)
4h 71 85
4i 69 97 (47)_
Indomethacin (100) -
NDGA - (100
8a 19 23
8b * 28
8¢ 18 20
8d * 31
8e 17 48
8f * 72
8g 32 82
8h 0 48
8i 0 55
8 48 90

" Superimposed peaks of 12-HHT and compound. The values represent the average of

two determinations (range < 10%).

Table 2. N-Alkyl pyrroles 2 and 6

Compound yield (%) mp (°C) formula (my)
2b 53 92-937 C1gH}7N (247,3)
2 61 oil C19H 9N (261,4)
! 65 80 GagHy N (275,4)
Pl 66 oil Cp1H23N (289,4)
2f * * CoyHpsN (303,4)
% * * Ca3Ha7N (317,5)
2h 26 116 Cp1Hy3N (289,4)
2i 51 132 C9oHpsN (303,4)
6b 52 149 CigH7N (247,3)
6¢ 71 68-69 CioHgN (261,4)
(] 57 oil CyoHy N (275,4)
[ 55 oil Cp1HpsN (289,4)
6f 59 oil CayHgsN (303,4)
62 40 oil Cy3Hp7N (317,5)
6h > * Cp1Hp3N (289,4)
6i 16 107 Ca2HjsN (303,4)
6j 34 99 Ca3Hp9N (317,5)

* These compounds were used without further purification

systems part of our interest. In the present study the in vitro cyclooxygen-
ase and S-lipoxygenase inhibitory potencies of various N-alkyl diphenyl
pyrrolyl acetic and propionic acids were investigated.

Chemistry

The pyrrolyl propionic and acetic acid derivatives 4 and 8,
resp., were prepared as outlined in Scheme 1, by phase
transfer (PTC) catalyzed N-alkylation®, reaction with methyl

acrylate or ethyl diazoacetate, followed by alkaline hydro-
lysis of the esters 3 and 7. 2-Methyl-3,4-diphenylpyrrole (1)
and 5-methyl-2,3-diphenylpyrrole (§) were synthesized
according to”. Instead of a p-toluene sulfonic ester or an
alkyl bromide and PTC neopentyl bromide in DMSO at
130-140°C was used to obtain 2i and 6i, respectively. The
structures of all compounds 2-8 were verified by their ana-
lytical and spectral data. The substitution at the N-atom and

Arch. Pharm. (Weinheim) 326, 157-162 (1993)



Inhibition of Bovine Cyclooxygenase and 3-Lipoxygenase

the pyrrole nucleus, resp., was proved on the basis of the

NMR-spectra of 1 and S.

Results and discussion

Inhibition of 5-lipoxygenase was determined by monitor-
ing the formation of leucotriene B4 (1.TB4) in bovine poly-

159

Table 3. Methyl pyrrolyl propionate derivatives 3 and ethyl pyrrolyl acetate derivatives 7

Compound

yield (%) formula (my)

44

C21H21NO; (319,4)

2

3b 60 Co2H23NOy (333,4)
i 49 Cp3Ha5NO, (347,5)
K} 64 Co4Ha7NO3 (361,5)
3 56 CasHagNO, (375,5)
3 67 C,6H3 N0, (389,5)
3 43 Co7H33NO, (403,6)
3h 53 CpsHogNOy (375,5)
kN 46 Co6H31NO, (389.5)
T2 33 C71H31NO, (319,9)
i) 42 Cy2H23NO; (333,4)
¢ 51 C23Ha5NO; (347,5)
d 33 Co4Hy7NO, (361,5)
I¢ 38 Ca5HagNO3 (375,5)
7€ 27 Cy6H3 NO; (389,5)
i 45 Cy7H33N09 (403,6)
7h 2 Cy5H29NO; (375,5)
i 43 Ca6H31NO7 (389,5)
il 30 C9H37NO, (431,6)

* Except 3i, mp. 104°C, all the products are colorless oils purified by column chromato-

graphy (see Exp. Part).

Table 4. Pyrrolyl propionic acid derivatives 4 and pyrrolyl acetic acid derivatives 8

Compound yield (%) mp (°C) formula (my)
4 40 60 CooH19NO2(305,4)
4b 59 108 C71Hp1NO,(319,4)
< 56 157 Ca7H23N0»(333,4)
4d 68 128 C3H5NO,(347,5)
4e 49 49-51 C74Hp7NOy(361,5)
4f 56 il Ca5HgNO(375,5)
4g m oil CogH31NO»(389,5)
4h 79 50-51 C4HyINOL(361,5)
4i 62 48-49 Co5HogNO,(375,5)
8 26 110 C19H]7NO»(251,3)
8b 60 161 CooH19NO»(305,4)
8¢ 63 177 C21H21NO5(319,4)
& 65 172 CoHp3NO2(333,4)
8 58 129 C3H25N0,(347,5)
8f 69 121 Co4H27N0OZ(361,5)
8g 1! 127 C25H29NO»(375,5)
8h 2 168 C3Ha5NO(347,5)
8i 74 163 C24Ha7NO,(361,5)
8 58 45 Cy7H33N0(403,6)
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morphonuclear leucocytes (PMNLs), 12-hydroxyheptade-
catrienoic acid (12-HHT) formed in bovine platelets was
used as an indicator of the cyclooxygenase activity. For
details concerning the testsystem, e.g. cell preparations,
incubation procedures, sample preparations, reverse-phase
HPLC on analysis statistics and validity of results, see
Experimental protocols and reference®. Indomethacin and
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nordihydroguaiaretic acid (NDGA) were applied as referen-
ce drugs.

All the pyrrolyl propionic and acetic acid derivatives 4
and 8, respectively, were tested for their ability to inhibit
bovine cyclooxygenase and 5-lipoxygenase. As shown in
Tab. 1 some of the compounds tested revealed significant
inhibitory activity at the given doses. In particular, the hi-
ghest inhibition was exhibited by the propionic acid deriva-
tive 4g which prevented the formation of LTB4 by 99% and
of 12-HHT by 84% at 10 uM, the approximate IC 50 (5-
LO) was 2.5 uM. In the same experimental conditions the
reference NDGA (3.3 uM) inhibited LTB4 production by
100%, indomethacin (3.3 uM) showed an inhibition of the
cyclooxygenase by 100%, too. A C4-Cg-side chain (4e-4g)
at the N-atom seems to be favorable for optimal activity
whereas branched alkyl substituents decreased the potency
as shown by comparison of 4e/4h and 4f/4i. On account of
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higher lipophilicity the inhibition of the 5-lipoxygenase
increased linearly from 4b to 4g. Concerning both enzymes
compounds with a NH function (4a, 8a) have low inhibi-
tory potencies or were completely inactive.

In general, pyrrolyl acetic acid derivatives 8 are less
potent inhibitors of the bovine cyclooxygenase and lipoxy-
genase, respectively. For a better understanding of structure
activity phenomena the regioisomeric 2-(2-methyl-3,4-
diphenyl-pyrrol-5-yl) acetic acids would be optimal but due
to rapid decarboxylation these experiments were not perform-
ed. 8j with R = CgH 7 is the most active compound in this
series. All derivatives are better 5-lipoxygenase than
cyclooxygenase inhibitors.

Summarizing, most of the tested compounds showed sig-
nificant inhibitory activity, except those with a NH-function
or R = CH;, C,H;, and a selectivity for inhibiting the 5-
lipoxygenase of bovine PMNLs. The highest degree of

Table 5. IR and 'H-NMR data of pyrrolyl propionic acid derivatives 4 and pyrrolyl acetic acid

derivatives 8

Compound

IR (cm™! ;KBr)

'H-NMR (90 MHz, CDCl3/TMS, 5 (ppmy)

4a

3650-2300 (OH) 3400 (NH),
10 (C=0)

2.29(s, 3H, Pyr-CHy), 2.54-2.81 (m, 2H, CHy(0O), 2.81-3.07
(m, 2H, Pyr-CHp), 6.88-7.36 (m, 10H, Arom.), 8.32 (s, 1H,
>NH)

3400-2400 (OH), 1700 (C=0)

2.27 (s, 3H, Pyr-CHy), 2.40-2.67 (m, 2H, -CHp(0), 2.903.13
(m, 2H, Pyr-CHp), 3.56 (s, 3H, >N-CHy), 6.93-7.37 (m,
10H, Arom.)

33002400 (OH), 1715 (C=0)

1.38 ¢, 3H, J=7 Hz, -CHy), 229 (s, 3H, Pyr-CHy), 2.37-2.63
(m, 2H, -CHy00), 2.89-3.14 (m, 2H, Pyr-CHy), 3.804.14 (,
2H,J=7Hz, >N-CHp), 691-7.32 (m, 10H, Arom.)

3300-2400 (OH), 1705 (C=0)

1.02 ¢, 3H, J=7 Hz, -CH3), 1.53-1.96 (m, 2H, -CHp) 2.27 (s,
3H, Pyr-CHy), 2.4-2.62 (m, 2H, CH)00), 2.863.15 (m,
2H, Pyr-CHy), 3.663.98 (m, 2H, >N-CHp), 6977.34 (m,
10H, Arom,)

3400-2400(OH), 1715 (C=0)

1.00 ¢, 3H, =7 Hz, -CHy), 1.18-1.88 (m, 4H, CHp) 2.27 (s,
3H, PyrCHy), 2.362.63 (m, 2H, -CHyCO), 2.85-3.14 (m,
H, Pyr-CHyp), 3.704.00 (m, 2H, >N-CHp), 690733 (m,
10H, Arom.)

3400-2400 (OH), 1715 (C=0)
(flm)

0.80-1.00 (m, 3H, -CHg), 1.2-1.58 (m, 4H, -CHp) 1.58-1.97
(m, 2H, >N-CHy), 2.27 (s, 3H, Pyr-CHg), 2.37-2.67 (m, 2H,
CHY00), 2.863.17 (m, 2H, Pyr-CHy), 3248 (m, 2H,
>N-CHy), 6.93-7.37 (m, 10H, Arom,)

3600-2300 (OH), 1715 (C=0)
(film)

0.78-1.10 (m, 3H, -CHy), L.17-155 (m, 6, -CHyp) 1.56:2.00
(m, 2H, >N-CHyCHy), 226 s, 3H, PyrCHy), 2352.68
(m, 2H, CHoC0), 2.80:3.16 {m, 2H, Pyr-CHy), 3.704.00 (m,
2H, >N-CHy), 6.93-7.32 (m, 10H, Arom.)

32002400 (OH), 1715 (C=0)

0.98 (d, 6H, J=7 Hz, CHy), 1.832.23 (m, 1H, -CH<), 2.25
(s, 3H, Pyr-CHy), 2.30-2.58 (m, 2H, -CHy00)), 2.843.15 (m,
M, Pyr-CHp), 3.68 (d, 2H, J=7 Hz, >NCHy), 693737
(m, 10H, Arom.)

3400-2400 (OH), 1710(C=0)

1.04 s, 9H, -CH3), 2.26 (5, 3H, Pyr-CHg), 2.21-2.49 (m,
2H, -CHyCOY), 2.93-3.20 (m, 2H, Pyr-CHy), 3.76 (s, 2H,
>N-CHy), 6.92-7.33 (m, 10H, Arom.)

36002400 (OH) 3400 (NH),
1710 (C=0)

2.30 5, 3H, Pyr-CHy), 3.39 (5, 2H, -CHyC0), 7.00-7.37 (m,
10H, Arom.), 8.01 5, 1H, <NH)

3300-2400 (OH) 1705 (C=0)

230 (s, 3H, Pyr-CHy), 3.4 (s, 3H, >N-CH3), 349 (s, 2H,
CHY(0), 6.93-7.38 (m, 10H, Arom.)
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120 ¢, 3H, J=7 Hz, -CHy), 2.30 (s, 3H, Pyr-CHy), 3.49 (s,
2H, CHO0), 383 (g, 2H, J=7 Hz, >N-CHy), 6967.34
(m, 10H, Arom.)

0.76 (, 3H, J=7 Hz, CHy, 1.35-1.85 (m, 2H, >N-CHy
CHy), 230 (s, 3H, PyrCHy), 3.49 (s, 2H, -CH(0), 361-
3.89 (m, 2H, >N-CHy), 6927.33 (m, 108, Arom.)

0.65 0.93 (m, 3H, -CHy), 0.93-1.35 (m, 2H, -CHy), 1.35-
178 (m, 2H, >N-CHyCHy), 2.30 (s, 3H, Pyr-CHy), 3.50
(s, 2H, -CHyC0), 3.63-3.93 (m, 2H, >N-CHp), 6.94-7.34
(m, 10H, Arom.)

0.67-0.97 (m, 3H, -CHy), 0.97-1.35 (m, 4H, -CHp), 1.35-
1.83 (m, 2H, >N-CHyCHy"), 2.30 (s, 3H, Pyr-CHz), 3.49
(s, 2H, -CHC0), 3.613.91 (m, 2H, >N-CHy), 6.96-7.36
(m, 10, Arom.)

0.71-0.99 (m, 3H, -CHz), 0.99-1.40 (m, 6H, -CHy"), 1.40-
1.81 (m, 2H, >N-CHy-CHp), 2.30 (s, 3H, Pyr-CHy), 3.50
(s, 2H, -CHy00), 3.62-3.91 (m, 2H, >N-CHy), 6.987.36
(m, 10H, Arom.)

0.63 (d, 6H, I=7 Hz, -CH3), 1.47-1.89 (m, 1H, -CH<),
2.29 (s, 3H, Pyr-CHy), 3.50 (s, 2H, -CHCO"), 3.71 (, 2H,
J=8Hz, >N-CHp), 6.987.33 (m, 10H, Arom.)

0.64 (s, 9H, -CH3), 2.30 (s, 3H, Pyr-CH3), 3.47 (s,
2H, -CH,CO-), 3.90 (m, 2H, >N-CHj-), 6.93-7.31
(m, 10H, Arom.)

Table 5 cont.
8¢ 3300-2400 (OH) 1705 (C=0) |
R
8d 3240-2300 (OH) 1700 (C=0)
™ 3240-2300 (OH) 1705 (C=0)
8f 3240-2300 (OH) 1710(C=0)
[ 32402300 (OH) 1710 (C=0)
8h 3260-2300 (OH) 1710 (C=0)
|
{ 8i 3300-2300 (OH) 1710 (C=0)
: 8 3300-2400 (OH) 1715 (C=0)
\

0.74 -1.00 (m, 3H, -CHy), 1.00-1.36 (m, 10H, -CHy), 1.36-
L7 (m, 2H, >N-CHy-CHy), 2.30 (s, 3H, Pyr-CH3), 3.50
(s, 2H, -CHyCO), 3.62-3.95 (m, 2H, >N-CHy-), 6.99-7.35
(m, 10H, Arom.)
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activity was found in acid 4g, however, it was less potent
than comparable dihydropyrrolizinyl derivatives® and the
reference compounds NDGA and indomethacin, respective-
ly. Further investigations to optimize the inhibitory profile
are under work.

Financial support by the Fonds der Chemischen Industrie, Frank-
furt/Main is gratefully acknowledged.

Experimental Part

Chemistry

Melting points: Biichi 510 apparatus, uncorrected.- IR spectra: Beckman
Acculab III, KBr disks (unless otherwise stated).- 'H-NMR spectra: Varian
EM 390 (90 MHz) instrument in CDCl; (unless otherwise stated) using
TMS as the internal standard.- Analyses indicated by the elemental sym-
bols were within & 0.4% of the theoretical values.- All reagents used were
of analytical grade and obtained as follows: salts for buffer solutions, sol-
vents: Merck, Darmstadt (Germany); calcium ionophore A 23187, NDGA,
indomethacin: Sigma, Miinchen (Germany). HPLC reference substances
LTB,, 12-HHT, HPLC internal standards PGB, and 15-keto-PGE,: Paesel,
Frankfurt/M. (Germany). Bovine blood was obtained from the local
slaughterhouse.

The pyrroles 1 and 5 were synthesized according t0”.

General procedure for the synthesis of 2 and 6

To a solution of 2 mmol pyrrole 1 and 5, resp., 2.2 mmol methy] p-tolu-
enesulfonate (2b, 6b) or the corresponding alkyl bromide (except 2i, 6i)
and | mmol of tetrabutylammonium bromide in 10 ml ether, 5 ml of 50%
aqueous NaOH were added. The mixture was refluxed and stirred for 8 h.

Arch. Pharm. (Weinheim) 326, 157-162 (1993)

After addition of 100 ml water the solution was extracted twice with ether.
The combined ether layers were washed with 1% H3;PO, and water. The
solvent was removed and the crude products purified by column chromato-
graphy on AL Os neutral, activity grade II, with n-hexane/ether 9/1 (v/v).
Reaction of the appropiate pyrrole with 3 mmol neopentyl bromide and 2.6
mmol Na-t-butoxide in 6 ml absol. DMSO at 130-140°C for 45 min led to
2i and 6i, resp. (Table 2).

General procedure for the synthesis of methyl 3-(5-methyl-3 4-diphenyl-
pyrrol-2-yl)propionates 3

A mixture of 1 mmol 2a-i, 1.5 mmol methyl acrylate and 0.06 ml
BF;/ether complex in 4 ml absol. CH,Cl, was stirred for 1 h at room temp.
The reaction was quenched with 50 m} H,O and the solution extracted
twice with ether. The products obtained from the org. layer were purified
by column chromatography on neutral Al,O,, activity grade II with n-
hexane/ether 1/4 (v/v) (Table 3).

General procedure for the synthesis of ethyl (2-methyl-4,5-diphenylpyrrol-
3-ylacetates 7

At 110°C to a solution of 2.5 mmol 6a-j in 2.5 mmol absol. toluene 3.75
mmol ethyl diazoacetate in 2 ml absol. toluene were added together with
small portions of copper powder. After 1 h copper was filtered off and the
solvent was evaporated. The residue was purified by column chromatogra-
phy on SiO, with n-hexane/ether 1/1 (v/v) (Table 3).

General procedure for the preparation of the acids 4 and 8

Each of the esters (0.4 mmol} 3 and 7, resp., in 3 ml EtOH and 2 mi of
10% aqueous KOH were refluxed for 1 h. After cooling the solution was
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poured into 100 ml 5% aqueous NaCl and extracted twice with 50 ml
Et,0. The aqueous layer was acidified with diluted H;PQ, and extracted
with ether. From the combined ether layers the products precipitated after
addition of n-hexane or were purified by column chromatography on SiO,
with n-hexane/ether 1/1 (v/v) (tables 4 and 5).

Enzyme assays

Cell preparations and apparatus see®

5-LO assay: A sample of dimethyt sulphoxide (DMSQ) solution of drug,
2.5 pl, and 0.8 ml of the bovine PMNL suspension were preincubated in
ground glass borosilicate tubes for 10 min at 37°C, and after 5 min, 0.2 ml
CaCly-solution (10 mM in 0.8% w/v saline) was added. The cells were sti-
mulated by adding 2.5 pl of a DMSO solution of calcium ionophore A
23187 (4.2 mg/ml = final concentration of 20 uM) and the incubation was
continued for S min at 37°C. Arachidonic acid (AA) metabolism was ter-
minated by the addition of 1 ml of a mixture of acetonitrile and methanol
(1:1 v/v) containing 0.2 pg PGB, as internal standard and 6 ug NDGA as
oxygen scavenger. The glass tubes were cooled for 20 min in an ice bath
and then centrifuged at 4000 g for 15 min at 0°C. The supernatants were
stored at -20°C.

Cyclooxygenase assay was performed using 12-HHT as indicator of
enzyme activity. The test was carried out under the conditions described
for the 5-LO assay (see above) except for the application of 0.8 ml bovine
platelet suspension instead of PMNL suspension and the use of 3-(2,2-
dimethyl-5,6-diphenyl-2,3-dihydro- 1 H-pyrrolizin-7-y1)-butyric acid" (0.47
pg per ml acetonitrile/methanol solution) as internal standard instead of
PGB, and incubation for | min instead of 5 min after calcium ionophore A
23187 stimulation. Using exogenous AA, 50 Wl of a sodium arachidonate
solution (0.14 mg/ml phosphate buffered saline = final concentration 20
uM) was added instead of calcium ionophore A 23187 solution.

Dannhardt und Lehr

Sample preparation

5-LO assay: The supernatants were diluted with 10 ml of water and the
AA metabolites isolated with octadecyl reverse-phase extraction columns
following the procedure of Verhagen®. The eluant (3 mi) was diluted with
3 ml of water and then subjected to HPLC.

CO assay using 12-HHT as indicator of enzyme activity: Sample prepara-
tion was carried out as described for the 5-LO assay.

Reverse-phase HPLC analysis: 2 ml samples were injected on a Nucleo-
sit 7 C 3 column (500 mg, 6 ml, Baker, Gro Gerau, Germany). After each
run the column was washed twice with 2 ml of methanol. The AA metabo-
lites were quantified by their peak area ratio. The absolute amount of the
enzyme products was calculated using the molar absorption coefficients.
For further details see ©.
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