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Derivatives of 3-(1,3,5-trimethyl-4-octadecanoylpyrrol-2-yl)propionic acid (1) and (1,3,5-tri-
methyl-4-octadecanoylpyrrol-2-yl)acetic acid (4) were prepared and evaluated for their ability
to inhibit the cytosolic phospholipase A2 of intact bovine platelets. While replacement of one
of the methyl groups in position 1, 3, or 5 of the acetic acid 4 by a benzyl residue did not
influence the inhibitory potency significantly, the introduction of a dodecyl chain led to
compounds which even enhanced the enzymatic activity. Stepwise elongation of the alkyl
substituent in position 1 showed that the ability to inhibit the enzyme was lost when the alkyl
chain exceeded a length of five carbons in case of compound 1 or six carbons in case of compound
4. Introduction of a polar functional group at the end of the 1-alkyl chain of these inactive
pyrroles, however, restored or even elevated inhibitory potency. The most preferable of the
polar terminal functions investigated was the carboxylic acid moiety. 6-[2-(2-Carboxyethyl)-
4-dodecanoyl-3,5-dimethylpyrrol-1-yl]hexanoic acid (65c) and 6-[2-(carboxymethyl)-4-dode-
canoyl-3,5-dimethylpyrrol-1-yl]nonanoic acid (66f) were the synthesized inhibitors with the
greatest potency. With IC50 values of 3.4 and 3.3 µM, respectively, they were about 3-fold more
active than the standard cPLA2 inhibitor arachidonyl trifluoromethyl ketone (IC50: 11 µM).

Introduction

The cytosolic phospholipase A2 plays the key role in
the generation of several bioactive lipid mediators by
cleaving the sn-2 acyl ester bond of membrane phos-
pholipids and thus releasing arachidonic acid and
lysophospholipids.1,2 Further metabolism of arachidonic
acid leads to the generation of proinflammatory pros-
taglandins3 and proasthmatic leukotrienes.4 Lysophos-
pholipids, which are cell damaging compounds,5 can
serve as precursor for the platelet-activating factor
(PAF), another potent mediator of inflammation.6 There-
fore, inhibitors of cPLA2 might become useful drugs for
inflammatory diseases and asthma. Probably their
therapeutical effect is better than that of the nonste-
roidal antiinflammatory drugs (NSAID) used today (e.g.
indomethacin), since cPLA2 inhibitors not only block the
prostaglandin biosynthesis like the applied NSAIDs but
moreover also inhibit the formation of the cytotoxic
lysophospholipids and the PAF. The results of first in
vivo experiments with such agents support this pre-
sumption.7

Recently we found that 3-(1,3,5-trimethyl-4-octade-
canoylpyrrol-2-yl)propionic acid (1) is an inhibitor of
cPLA2.8 It reduced the arachidonic acid release from
bovine platelets after stimulation with calcium iono-
phore A23187 to about the same extent (IC50: 13 µM)
as the known cPLA2 inhibitors (S)-N-hexadecylpyr-
rolidine-2-carboxamide9-11 (Wy-48,489) (2) and arachi-
donyl trifluoromethyl ketone12 (AACOCF3) (3) (IC50: 13
and 11 µM, respectively). Variation of the alkanoic acid
group and the acyl residue of the lead compound 1
showed that inhibition of cPLA2 was best by compounds
which contain an acetic acid or propionic acid group and
an acyl chain of 12 or more carbons.13 We now inves-
tigated the relationships between the inhibitory activity

against cPLA2 and the chemical structure of the sub-
stituents in positions 1, 3, and 5 of the lead 1 and of its
acetic acid derivative 4 (IC50: 10 µM), respectively.

Chemistry
The synthesis of the 3-(1-methyl-4-octadecanoylpyr-

rol-2-yl)propionic acid (6a) started from ethyl 3-(1-
methylpyrrol-2-yl)acrylate (5)14 (Scheme 1). This was
hydrogenated catalytically and than acylated withN,N-
dimethyloctadecanamide-POCl3 to yield a mixture of
the 4-octadecanoyl and the 5-octadecanoyl derivatives
of ethyl 3-(1-methylpyrrol-2-yl)propionate. Separation
of the isomers was achieved by silica gel chromatogra-
phy. KOH hydrolysis of the esters afforded the two
propionic acid derivatives 6a and 6b. The configuration
of the compounds was confirmed by comparing their 1H-
NMR spectra. The proton at C-5 of 6a showed the
greatest chemical shift (δ ) 7.20) of all aromatic protons
of 6a and 6b because of its close proximity to the pyrrole
nitrogen and to the 4-acyl residue. The signals of the
vicinal protons at C-3 and C-4 of the pyrrole 6b
appeared as doublets (J ) 4 Hz), while the isolated
protons at the pyrrole cycle of 6a gave singlets in the
1H-NMR spectrum.
The analogous acetic acids 8a and 8b were prepared

from ethyl (1-methylpyrrol-2-yl)acetate15 in a similar
manner (Scheme 1).X Abstract published in Advance ACS Abstracts, September 1, 1997.
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The three derivatives of 4 obtained by replacing one
of the methyl groups in position 1, 3, or 5 of the pyrrole
by a benzyl substituent were prepared as illustrated in
Scheme 2. The synthesis of the 1-benzyl isomer 11
started from 2,4-dimethyl-3-octadecanoylpyrrole (9).8
This was benzylated in position 1 by phase transfer
reaction with benzyl bromide to give 10. Subsequently,
the acetic acid side chain was introduced by copper-
assisted coupling with ethyl diazoacetate,15 followed by
KOH hydrolysis of the resulting ester intermediate. In
order to prepare the isomeric acetic acid with a benzyl
residue in position 3 (14), 4-benzoyl-1-methylpyrrole-
2-carbaldehyde (12)16 was reduced by the Wolff-Kish-
ner reaction. The obtained 4-benzyl-1,2-dimethylpyrrole
(13) was treated with ethyl diazoacetate-copper powder
followed by acylation with N,N-dimethyloctadecan-
amide-POCl3 and saponification to provide the desired
product 14. The 5-benzyl isomer 18 was synthesized
starting from 2-benzoyl-1-methylpyrrole (15).17 Formyl-
ation with dichloromethoxymethane and AlCl318 led to
5-benzoyl-1-methylpyrrole-3-carbaldehyde (16). From
this the target 18 was afforded using the same reaction
sequence as described above for the synthesis of 14.
The derivatives of 4 in which one of the three pyrrole-

fixed methyl groups was substituted by a dodecyl chain
(20, 23, 26) were synthesized analogously to the benzyl
compounds 11, 14, and 18 using the corresponding
starting materials (Scheme 3). 4-Dodecanoyl-1-meth-
ylpyrrole-2-carbaldehyde (22), which was required for
the synthesis of 23, was obtained by acylating the
Vilsmeier-Haack intermediate, formed from 1-meth-
ylpyrrole, DMF, and oxalyl chloride, under normal
Friedel-Crafts conditions with dodecanoyl chloride as
described for the preparation of the 4-acetyl derivative
of 22.19 2-Dodecanoyl-1-methylpyrrole (24), necessary
for the synthesis of 26, was afforded from 1-methylpyr-
role by reaction with N,N-dimethyldodecanamide and
POCl3.
The dibenzyl compound 29 was prepared starting

from 4-benzoylpyrrole-2-carbaldehyde (27)19 (Scheme 4).
This was benzylated in position 1 in a phase transfer
reaction with benzyl bromide, and the obtained inter-
mediate was reduced to 1,4-dibenzyl-2-methylpyrrole

(28) by the Wolff-Kishner reaction. Friedel-Crafts
acylation of 28 with octadecanoyl chloride gave a
mixture of the two possible acylation products, which
could be separated chromatographically. The structure
of the two isomers was assigned by comparing their 1H-
NMR spectra. Because of the closer proximity to the
electron-withdrawing carbonyl group, the signal for the
methylene protons of the N-benzyl group of the com-
pound with an acyl residue in the R-position of the
pyrrole nitrogen should appear at lower field (δ ) 5.59
ppm) than that of the corresponding compound with an
acyl residue in the â-position (δ ) 4.98 ppm). This
suggestion was strengthened by the fact that the
chemical shift of the N-methyl group of 2-acetyl-1-
methylpyrrole (δ ) 3.93 ppm)20 is greater than that of
the 3-acetyl-1-methylpyrrole (δ ) 3.62 ppm).21

The dibenzyl isomer with the acyl residue in the
â-position was converted to the acetic acid derivative
29, utilizing reaction conditions described for the syn-
thesis of 11.
(3,5-Dimethyl-4-octadecanoylpyrrol-2-yl)acetic acids

with different 1-alkyl chains (32a,b,d,e) or a 1-(4-
methylbenzyl) residue (33) were synthesized from 9
similarly to 11, employing the appropriate 1-bromoal-
kanes or 4-methylbenzyl bromide (Scheme 5). The
homologous propionic acids 34a-d, 35, and 36 were
afforded by reaction of the 1-substituted intermediates
30a-d, 10, and 31 with methyl acrylate in the presence
of BF3‚Et2O22 followed by KOH hydrolysis of the result-
ing ester intermediates.
Acylpyrrolylpropionic acids with various terminal

functional groups at the 1-alkyl residue (39,41,45-47)
were prepared by the routes shown in Scheme 5. The
synthesis of the derivative with a 6-hydroxyhexyl resi-
due in position 1 (39) started from compound 9. Phase
transfer reaction with an excess of 1,6-dibromohexane
yielded 37. The methyl propionate side chain was
introduced in position 2 by reaction with methyl acryl-
ate-BF3‚Et2O.22 Substitution of the terminal bromine
with an acetate residue by reaction with silver acetate
followed by ester hydrolysis led to the test compound
39. The corresponding pyrrolylpropionic acid containing
a 6-(dimethylamino)hexyl moiety in position 1 (41) was
afforded using a similar reaction sequence.
The pyrrole derivatives with a terminal nitrile or a

carboxylic acid functionality at the 1-alkyl residue (45,
46) were obtained by t-BuOK-DMSO alkylation of 9
with 6-bromohexanenitrile and ethyl 6-bromohexanoate,
respectively, and subsequent introduction of the propi-
onic acid side chain using the method described above.
In order to synthesize the target with a 1-(N,N-dimeth-
ylcarbamoyl)pentyl residue (47) (Scheme 5), prior to this
last reaction the ethyl ester group of the intermediate
43 was converted to a N,N-dimethylamide moiety (44)
by KOH hydrolysis and by coupling of the resulting
carboxylic acid with dimethylamine using carbonyldi-
imidazole as the coupling agent.
The propionic acid derivatives with various 4-substi-

tuted benzyl residues in position 1 of the pyrrole were
prepared by applying procedures similar to those de-
scribed above (Scheme 5). From the intermediate 52,
both the 4-cyanobenzyl-(57) and the 4-carbamoylbenzyl-
(58) substituted compounds could be obtained in depen-
dence on the duration of the final KOH hydrolysis. The
propionic acid with a 4-hydroxybenzyl residue (59) was

Scheme 1a

a (i) H2, Pd/C, THF, EtOH; (ii) N,N-dimethyloctadecanamide,
POCl3, benzene; (iii) aqueous KOH, EtOH.
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afforded from the corresponding 4-methoxybenzyl de-
rivative 55 by ether cleavage with BBr3. The 4-(N,N-
dimethylcarbamoyl)benzyl derivative 60 was synthe-
sized from 51 in a manner similar to the preparation of
47.
The acetic acid derivative 63 and the dicarboxylic

acids 65a-e and 66c-fwere synthesized using reaction
sequences already mentioned above (Scheme 6).

Biological Evaluation

The cPLA2 inhibitory potency of the test compounds
was evaluated by measuring the calcium ionophore
A23187-induced arachidonic acid release from bovine

platelets with HPLC/UV detection.23 In our opinion,
such a cellular assay better correlates with the condi-
tions prevailing in vivo than a test system using the
isolated enzyme. However, when using A23187 as
stimulant it has to be considered that the decrease of
arachidonic acid release caused by a test compound may
not only be the result of an affection of cPLA2, but can
also depend on an interference with the A23187-induced
activation mechanism.

For the acylpyrrolylalkanoic acids the latter possibil-
ity of action could be ruled out, because the lead
compound 1 also inhibited arachidonic acid liberation
after stimulation the platelets with 12-O-tetrade-

Scheme 2a

a (i) Benzyl bromide, (C4H9)4N+Br-, 50% aqueous NaOH, Et2O, CH2Cl2; (ii) ethyl diazoacetate, Cu0, toluene; (iii) aqueous KOH, EtOH;
(iv) hydrazine hydrate, triethylene glycol, KOH; (v) N,N-dimethyloctadecanamide, POCl3, benzene; (vi) CHCl2(OCH3), AlCl3, CH2Cl2.

Scheme 3a

a (i) 1-Bromododecane, (C4H9)4N+Br-, 50% aqueous NaOH, Et2O; (ii) ethyl diazoacetate, Cu0, toluene; (iii) aqueous KOH, EtOH; (iv)
oxalyl chloride, DMF, CH2Cl2, AlCl3, dodecanoyl chloride; (v) hydrazine hydrate, triethylene glycol, KOH; (vi) N,N-dimethyloctadecanamide,
POCl3, benzene; (vii) N,N-dimethyldodecanamide, POCl3, benzene; (viii) CHCl2(OCH3), AlCl3, CH2Cl2.
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canoylphorbol 13-acetate (TPA),8,24 which activates the
cPLA2 in a different way than does A23187.25-27

Since cPLA2 inhibition is faked when a substance
leads to lysis of the platelets,28 the cell lytic potency of
each test compound was determined besides by turbi-
dimetry.
Platelets also contain type II sPLA2.29 However, this

PLA2 is not involved in the release of arachidonic
acid.2,24,30-32 Therefore, in combination with the deter-
mination of the cell lytic potency and the evaluation of
the inhibition of the TPA-induced arachidonic acid
liberation, the cellular test system applying A23187 as
stimulant is specific for the evaluation of cPLA2 inhibi-
tors.

Results and Discussion
Recently we have found that aN-demethylation of the

leads 1 and 4 led to a slight decrease of activity.13 We
then explored the effect of a simultaneous removal of
the methyl groups in positions 3 and 5 of the pyrroles
(6a, 8a) on inhibitory potency. Since this modification
did not significantly affect activity (Table 1), it could
be assumed that the methyl groups in positions 3 and
5 of 1 and 4 were not necessary for enzyme inhibition.
Next the consequence of the replacement of one of the

methyl groups in position 1, 3, or 5 of the acetic acid 4
by a benzyl residue was investigated. The three
monobenzyl derivatives 11, 14, and 18 showed about
the same activity as the lead 4 (Table 1), so in general
a benzyl residue was well tolerated in all three positions.
However, the benzyl derivatives differ in their cell lytic
potencies. While 18 did not destroy the cells at 33 µM,
compound 14 caused 22% and compound 11 even 32%
cell lysis at this concentration.
On the other hand, the introduction of a dodecyl

substituent in position 1, 3, or 5 of the lead 4 resulted
in a total loss of cPLA2 inhibition. The compounds 20,
23, and 26 even enhanced arachidonic acid liberation
from the platelets after A23187 stimulation at 33 µM
(Table 1). Likewise, the dibenzylpyrrole 29 led to an
increase of the enzyme rate at a concentration of 10 µM.
The effect of this compound on cPLA2 could not be
determined at 33 µM because of the occurrence of cell
lysis.
In order to evaluate the bulk of the 1-alkyl chain

which leads to the loss of inhibitory activity, the length
of the alkyl residue of the leads 1 and 4 was elongated

stepwise. While the pyrrolylacetic acids with an ethyl
(32a), propyl (32b), and hexyl (32d) substituent in
position 1 inhibited the enzyme to about 50% at 10 µM
(Table 2), the compound with a heptyl chain (32e) was
inactive at 10 µM. In case of the pyrrolylpropionic acids,
the introduction of a hexyl residue resulted in inactivity.
Compound 34d showed no enzyme inhibition at 20 µM
opposed to the propionic acids with a shorter 1-alkyl
residue (34a-c), which had an IC50 of about 10 µM. The
result that for the pyrrolylacetic acids a slightly bulkier
lipophilic substituent is tolerated in position 1 compared
to the pyrrolylpropionic acids was confirmed by the
following findings. While replacement of the 1-methyl
group of the acetic acid 4 and the propionic acid 1 by a
benzyl substituent (11, 35) did not significantly change
activity, the introduction of a 4-methylbenzyl residue
retained activity only in case of the acetic acid (33). On
the contrary, the 1-(4-methylbenzyl)-substituted pyr-
rolylpropionic acid 36 proved to be inactive (Tables 1
and 2).
Two explanations can be found for these results:

First, the 1-alkyl residue of the pyrroles may be bound
in a hydrophobic pocket of the enzyme which can
accommodate carbon chains with up to five atoms in
propionic acids or six atoms in acetic acids; elongation
of the 1-alkyl substituents by one more carbon results
in a loss of activity because of sterical interference. On
the other hand, it could be possible that lipophilic
1-alkyl residues with more than five and six carbons,
respectively, come into close proximity with a hydro-
philic part of the enzyme, resulting in inactivity because
of electronic incompatibility. To obtain evidence for one
of these two assumptions, the terminal methyl group
of the 1-hexyl residue of the pyrrolylpropionic acid 34d
was replaced with different polar functionalities. As
shown in Table 3, inhibitory potency could be restored
by these transformations. The compounds with a
terminal nitrile, carboxylic acid, orN,N-dimethylamide
moiety (45-47) were significantly more active than even
the pyrroles with a C1-C5 alkyl substituent (4, 34a-
c). The most potent compound of this series was the
derivative with a hexanoic acid residue in position 1
(46). With an IC50 of 3.2 µM it was about 3-4-fold more
active compared with the lead 1.
Similar results were obtained when replacing the

lipophilic methyl group of the 4-methylbenzyl residue
of the inactive compound 36 by other substituents
(Table 3). The derivatives with a lipophilic trifluoro-
methyl (53) or chloro (54) substituent were also not
active at 3.3 and 10 µM. On the contrary, the introduc-
tion of polar functionalities such as methoxy, hydroxy,
carbamoyl, or carboxy led to compounds which inhibited
the enzyme at 3.3 µM. Also in this series the carboxylic
acid group was the substituent which caused the highest
increase of activity (IC50 of 56: 3.5 µM).
Unfortunately, the most active dicarboxylic acid 46

exhibited a high cytotoxicity (54% cell lysis at 33 µM).
However, this cell lytic potency disappeared when
reducing the chain length of the 4-acyl residue of 46
from 18 to 12 carbons. Since the afforded compound
65c (IC50: 3.4 µM) (Table 4) was about as active as 46
(IC50: 3.2 µM), it can be assumed that perturbation of
the physicochemical properties of the cell membrane,
which may lead to cell lysis, and the evaluated inhibi-
tion of A23187-induced arachidonic acid release are two

Scheme 4a

a (i) Benzyl bromide, (C4H9)4N+Br-, powdered NaOH, Et2O,
CHCl3, H2O; (ii) hydrazine hydrate, triethylene glycol, KOH; (iii)
octadecanoyl chloride, AlCl3, CH2Cl2; (iv) ethyl diazoacetate, Cu0,
toluene; (v) aqueous KOH, EtOH.
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distinct properties of the compounds. So these findings
indicate that the pyrroles affect the activity of cPLA2
more likely by a specific interaction with the enzyme
than by an unspecific perturbation or disintegration of
the cell membrane.
Finally, we varied the bulk of the 1-alkanoic acid

substituent of 3-(4-dodecanoyl-3,5-dimethylpyrrol-2-yl)-
propionic acid (62)13 and (4-dodecanoyl-3,5-dimethylpyr-
rol-2-yl)acetic acid (63) (Table 4). When the carboxylate

chain exceeded a certain length, in both cases com-
pounds were obtained which were about 3-4-fold more
active (IC50: 3-4 µM) than the corresponding 1-meth-
ylated derivatives 62 (IC50: 13 µM)13 and 63 (IC50: 11
µM), respectively. However, also some differences
between the propionic acid derivatives (65a-e) and the
acetic acid derivatives (66c-f) were noticeable. The
propionic acid 1 lost its inhibitory potency when the
1-methyl group was replaced by a C6-residue (34d)

Scheme 5a

a (i) 1-Bromoalkane or benzyl bromide or 4-substituted benzyl bromide/chloride, (C4H9)4N+Br-, 50% aqueous NaOH or powdered NaOH,
Et2O, or Et2O-CH2Cl2; in case of 42-43: 6-bromohexanenitrile or ethyl 6-bromohexanoate, t-BuOK, DMSO; (ii) ethyl diazoacetate, Cu0,
toluene; (iii) aqueous KOH, EtOH; (iv) methyl acrylate, BF3‚Et2O, nitrobenzene; (v) 1,6-dibromohexane, (C4H9)4N+Br-, 50% aqueous
NaOH, Et2O; (vi) silver acetate, DMSO; (vii) benzyl acrylate, BF3‚Et2O, nitrobenzene; (viii) aqueous dimethylamine, DMSO; (ix) H2,
Pd/C, THF, EtOH.

Scheme 6a

a (i) Methyl p-toluenesulfonate, (C4H9)4N+Br-, 50% aqueous NaOH, Et2O, CH2Cl2; (ii) ethyl diazoacetate, Cu0, toluene; (iii) aqueous
KOH, EtOH; (iv) ethyl ω-bromoalkanoate, t-BuOK, DMSO; (v) methyl acrylate, BF3‚Et2O, CH2Cl2.
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(Table 2). A maximal active dicarboxylic acid was
already obtained with an 1-alkanoic acid substituent
having one carbon less (65b) (Table 4). On the contrary,
to attain a compound with an IC50 of 3-4 µM, in case
of the acetic acids 66c-f the length of the carboxylic
acid residue in position 1 had to exceed the length of
the 1-heptyl chain, whose introduction had led to the
loss of activity (32e), by one carbon (66e). The reasons
for these differences remain to be elucidated.
Although several inhibitors of cPLA2 have been

described in the literature,9-12 little is known about the
way these substances affect the enzyme activity. For
AACOCF3 (3) a direct interaction with the active site
of the enzyme was demonstrated by NMR experiments
and a crude model for the structure of an enzyme-
inhibitor complex was postulated.12 On basis of this,
of a model for the catalytic mechanism of the cPLA2

1

and of the inhibition data for several indole-2-carboxylic
acids,33 we have proposed a hypothesis in which manner
our cPLA2 inhibitor 1-(7-carboxyheptyl)-3-dodecanoylin-

dole-2-carboxylic acid33,34 (IC50: 1.6 µM) might be bound
to the active site of the enzyme (Figure 1).
It may be possible that the pyrroles bind to the

enzyme in a similar way as the indoles, since structure-
activity relationship investigations of acylindoles and
acylpyrroles showed several parallels. Therefore:
1. In both substance classes enzyme inhibition reached

a maximum when the acyl residue had a length of 12
or more carbons.13,33

2. Esterification of the carboxylic acid in position 2
of the indole or of the alkanoic acid in position 2 of the
pyrrole led to a loss of activity.13,33

3. Reduction of the carbonyl function of the acyl
chains of indole or pyrrole to a methylene resulted in
inactive compounds.13,33

4. The inhibitory potency was lost when a longer
alkyl chain was introduced in position 1 of the indole
or pyrrole (hexyl in case of the pyrrolylpropionic acids,
heptyl in case of the pyrrolylacetic acids, and octyl in

Table 1. In Vitro Inhibition of Platelet cPLA2

compd R1 R2 R3 n
cell lysis at
33 µM (%)

IC50
(µM)a

1 CH3 CH3 CH3 2 0 13
4 CH3 CH3 CH3 1 0 10
6a CH3 H H 2 0 14
8a CH3 H H 1 0 15
11 benzyl CH3 CH3 1 32 7
14 CH3 benzyl CH3 1 22 10
18 CH3 CH3 benzyl 1 0 12
20 C12H25 CH3 CH3 1 0 Actb
23 CH3 C12H25 CH3 1 0 Actb
26 CH3 CH3 C12H25 1 0 Actb
29 benzyl benzyl CH3 1 24 Actc

Wy-48,489 (2) 0 13
AACOCF3 (3) 31 11

a IC50 values are the means of at least two independent
determinations. Errors are within (20%. b Act: 1.5-fold activation
of arachidonic acid release at 33 µM. c Act: 1.3-fold activation of
arachidonic acid release at 10 µM.

Table 2. In Vitro Inhibition of Platelet cPLA2

compd R n
cell lysis at
33 µM (%)

IC50
(µM)a

32a C2H5 1 10 9
32b C3H7 1 34 8
32d C6H13 1 37 >10b
32e C7H15 1 19 NAc

33 CH2C6H4(4-CH3) 1 29 9
34a C2H5 2 0 11
34b C3H7 2 0 11
34c C5H11 2 13 10
34d C6H13 2 10 NAd

35 CH2C6H5 2 19 12
36 CH2C6H4(4-CH3) 2 14 NAd

a IC50 values are the means of at least two independent
determinations. Errors are within (20%. b 45% inhibition at 10µM.
c NA: not active at 10 µM. d NA: not active at 20 µM.

Table 3. In Vitro Inhibition of Platelet cPLA

compd R
cell lysis at
33 µM (%)

cPLA2 inhibition
at 3.3 µM (%)

34c C5H11 13 23
34d C6H13 10 NAa

35 CH2C6H5 19 20
36 CH2C6H4(4-CH3) 14 NAa

39 (CH2)6OH 0 20
41 (CH2)6N(CH3)2 0 33
45 (CH2)5CN 39 40
46 (CH2)5COOH 54 52b
47 (CH2)5CON(CH3)2 67 38
53 CH2C6H4(4-CF3) 13 NAa

54 CH2C6H4(4-Cl) 13 NAa

55 CH2C6H4(4-OCH3) 12 31
56 CH2C6H4(4-COOH) 57 47c
57 CH2C6H4(4-CN) 26 15
58 CH2C6H4(4-CONH2) 0 44
59 CH2C6H4(4-OH) 0 30
60 CH2C6H4[4-CON(CH3)2] 42 34
a NA: 0% inhibition at 3.3 and 10 µM. bIC50: 3.2 µM. c IC50:

3.5 µM.

Table 4. In Vitro Inhibition of Platelet cPLA2

compd R n
cell lysis at
33 µM (%)

IC50
(µM)a

62 CH3 2 0 13
63 CH3 1 0 11
65a (CH2)2COOH 2 0 8
65b (CH2)4COOH 2 0 3.9
65c (CH2)5COOH 2 0 3.4
65d (CH2)6COOH 2 0 3.8
65e (CH2)7COOH 2 0 3.6
66c (CH2)5COOH 1 0 11
66d (CH2)6COOH 1 0 5.6
66e (CH2)7COOH 1 0 3.7
66f (CH2)8COOH 1 21 3.3
a IC50 values are the means of at least two independent

determinations. Errors are within (20%.

3386 Journal of Medicinal Chemistry, 1997, Vol. 40, No. 21 Lehr



case of the indole-2-carboxylic acids33), so enzyme
inhibition was lost in each case when the sum of the
carbons of the alkyl chain, of the carboxylic acid residue,
and of the two atoms of the heterocycle to which these
were affixed exceeded the value of 10. Introduction of
a carboxylic acid functionality at the end of the 1-alkyl
chain, however, restored or even elevated inhibitory
potency.
However, there is one striking difference in the

structure of the indoles and the pyrroles which does not
allow that the pyrroles reach all the proposed binding
sites of the enzyme when they are arranged as shown
in Figure 1: The distance between the carbonyl of the
acyl group and the carboxylic acid moiety in position 2
is much greater in case of the pyrroles than in case of
the indoles. Nevertheless, in our opinion the model for
the indoles (Figure 1) can be expanded to the pyrroles
(e.g. 66e) when making the following assumption. The
enzyme has at least one flexible part, which can shift
away from the rest of the enzyme bound to the mem-
brane interface. The binding sites for the two carboxylic
acid functionalities could lie on this flexible region. For
binding of the pyrroledicarboxylic acids it tilts about 70°
away from the position it occupies when interacting with
the indoledicarboxylic acids (Figure 2).
As indicated in the model by the waved line, nothing

can be said about the distance between the binding sites
for the two carboxylic acid functions. In order to get
informations about this, some more derivatives with
conformationally constrained carboxylic acid side chains
in position 1 of the pyrrole shall be synthesized.

Experimental Section
Chemistry. All organic extracts were dried over Na2SO4.

Melting points were determined in open capillary tubes with
a Büchi melting point apparatus and are uncorrected. 1H
nuclear magnetic resonance spectra were recorded on a JEOL
JNM-GX 400 spectrometer (400 MHz); chemical shifts (δ) are
expressed in ppm, relative to internal tetramethylsilane. Mass
spectra were obtained on a Varian CH7 apparatus; electron
beam ionization at 70 eV (EI) was applied. Elemental analyses
were determined on a Heraeus CHN Rapid instrument and
were within (0.4%. Column chromatography was performed
with Kieselgel 60 (70-230 mesh) silica gel (Merck, Darmstadt).

The starting materials were obtained from commercial
suppliers (Aldrich, Steinheim; Lancaster Synthesis, Mühlheim)
and used without further purification or they were synthesized
in the same or a similar manner as described in the literature
cited. Reference compounds for the biological assays: arachi-
donyl trifluoromethyl ketone was purchased from Biomol
(Hamburg); (S)-N-hexadecylpyrrolidine-2-carboxamide was
synthesized by known procedures.9
3-(1-Methyl-4-octadecanoylpyrrol-2-yl)propionic Acid

(6a). A solution of ethyl 3-(1-methylpyrrol-2-yl)acrylate14 (5)
(448 mg, 2.5 mmol) in a mixture of THF (5 mL) and EtOH (5
mL) was treated with a catalytic amount of 10% Pd/C, and
the mixture was hydrogenated at atmospheric pressure for 1
h. After addition of kieselguhr, the mixture was filtered and
the solvent evaporated. The residue was dissolved in dry
benzene (6 mL) and added to the refluxing solution of N,N-
dimethyloctadecanamide (779 mg, 2.5 mmol) and POCl3 (368
mg, 2.4 mmol) in dry benzene (10 mL). The resulting solution
was refluxed for 2 h. After addition of the solution of sodium
acetate (2 g) in water (8 mL), the mixture was heated to reflux
for a further 15 min with vigorous stirring. The reaction
mixture was cooled, diluted with water, and extracted twice
with CH2Cl2. The organic phases were dried and evaporated.
The residue was chromatographed on silica gel. Elution with
petroleum ether-ethyl acetate (9 + 1) first gave ethyl 3-(1-
methyl-5-octadecanoylpyrrol-2-yl)propionate (yield 47%) and
then ethyl 3-(1-methyl-4-octadecanoylpyrrol-2-yl)propionate
(yield 33%). To the latter compound were added EtOH (15
mL) and 10% aqueous KOH (5 mL), and the resulting mixture
was refluxed for 15 min, cooled, diluted with water, acidified
with dilute HCl, and extracted with Et2O. The organic phase
was washed with dilute HCl and dried, and most of the solvent
was removed in vacuo. After addition of petroleum ether, 6a
precipitated: yield 24%; mp 101-102 °C; 1H-NMR (CDCl3) δ
0.88 (t, 3H), 1.15-1.41 (m, 28H), 1.67 (quint, 2H), 2.66 (t, 2H),
2.74 (t, 2H), 2.86 (t, 2H), 3.59 (s, 3H), 6.35 (s, 1H), 7.20 (s,
1H). Anal. (C26H45NO3) C, H, N.
3-(1-Methyl-5-octadecanoylpyrrol-2-yl)propionic Acid

(6b). Ethyl 3-(1-methyl-5-octadecanoylpyrrol-2-yl)propionate
(270 mg, 0.60 mmol) was saponified with KOH using a method
similar to that for the synthesis of 6a: yield 75%; mp 108-
110 °C; 1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.15-1.41 (m, 28H),
1.68 (quint, 2H), 2.70-2.76 (m, 4H), 2.92 (t, 2H), 3.89 (s, 3H),
5.96 (d, 1H, J ) 4 Hz), 6.92 (d, 1H, J ) 4 Hz).
(1-Methyl-4-octadecanoylpyrrol-2-yl)acetic Acid (8a).

Ethyl (1-methylpyrrol-2-yl)acetate15 (7) (167 mg, 1 mmol) was
acylated with N,N-dimethyloctadecanamide-POCl3 analo-
gously to the procedure described for 6a. Chromatography on
silica gel first gave ethyl (1-methyl-5-octadecanoylpyrrol-2-

Figure 1. Model for the interaction of 1-(7-carboxyheptyl)-
3-dodecanoylindole-2-carboxylic acid with the cPLA2.33

Figure 2. Model for the interaction of 6-[2-(carboxymethyl)-
4-dodecanoyl-3,5-dimethylpyrrol-1-yl]octanoic acid (66e) with
the cPLA2.
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yl)acetate (yield 23%) and then ethyl 3-(1-methyl-4-octade-
canoylpyrrol-2-yl)acetate (yield 18%). The latter intermediate
was saponified with KOH using the same method as for the
synthesis of 6a: yield 29%; mp 91-93 °C; 1H-NMR (CDCl3) δ
0.88 (t, 3H), 1.15-1.41 (m, 28H), 1.67 (quint, 2H), 2.67 (t, 2H),
3.62 (s, 3H), 3.66 (s, 2H), 6.52 (s, 1H), 7.24 (s, 1H). Anal.
(C25H43NO3) C, H, N.
(1-Methyl-5-octadecanoylpyrrol-2-yl)acetic Acid (8b).

Ethyl (1-methyl-5-octadecanoylpyrrol-2-yl)acetate (100 mg,
0.23 mmol) was saponified with KOH using the same method
as for the synthesis of 6a: yield 65%; mp 103-104 °C; 1H-NMR
(CDCl3) δ 0.88 (t, 3H), 1.15-1.40 (m, 28H), 1.68 (quint, 2H),
2.74 (t, 2H), 3.71 (s, 2H), 3.89 (s, 3H), 6.11 (d, 1H, J ) 4 Hz),
6.94 (d, 1H, J ) 4 Hz).
1-Benzyl-2,4-dimethyl-3-octadecanoylpyrrole (10). The

mixture of 2,4-dimethyl-3-octadecanoylpyrrole (9)8 (362 mg, 1
mmol), benzyl bromide (188 mg, 1.1 mmol), tetrabutylammo-
nium bromide (161 mg, 0.5 mmol), Et2O (10 mL), CH2Cl2 (5
mL), and 50% aqueous NaOH (5 mL) was refluxed for 1.5 h
with vigorous stirring. The reaction mixture was cooled and
the organic phase separated. The aqueous layer was extracted
with Et2O-CH2Cl2 (3 + 1), and the combined organic phases
were dried and evaporated to dryness. The residue was
chromatographed on silica gel with petroleum ether-ethyl
acetate (14 + 1) and the obtained 10 precipitated from
MeOH: yield 54%; mp 61-63 °C; EI-MS m/e 451 (M+); 1H-
NMR (CDCl3) δ 0.88 (t, 3H), 1.16-1.39 (m, 28H), 1.69 (quint,
2H), 2.27 (s, 3H), 2.41 (s, 3H), 2.72 (t, 2H), 4.98 (s, 2H), 6.34
(s, 1H), 7.01 (d, 2H), 7.26-7.34 (m, 3H).
(1-Benzyl-3,5-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic Acid (11). The solution of 10 (226 mg, 0.5 mmol) in dry
toluene was treated with the solution of ethyl diazoacetate (86
mg, 0.75 mmol) in dry toluene (3 mL) and with powdered
copper (about 0.4 g) in an oil bath at 115-120 °C until
development of nitrogen ceased (about 15 min). The cooled
reaction mixture was chromatographed on silica gel with
petroleum ether-ethyl acetate, (1) 19 + 1 and (2) 9 + 1. The
obtained ethyl ester of 11 was saponified with KOH using the
same method as described for 6a: yield 17%; mp 115-117 °C;
1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.16-1.40 (m, 28H), 1.69
(quint, 2H), 2.23 (s, 3H), 2.42 (s, 3H), 2.74 (t, 2H), 3.48 (s, 2H),
5.13 (s, 2H), 6.86 (d, 2H), 7.19-7.31 (m, 3H). Anal. (C33H51NO3)
C, H, N.
4-Benzyl-1,2-dimethylpyrrole (13). The mixture of 4-ben-

zoyl-1-methylpyrrole-2-carbaldehyde16 (12) (4.26 g, 20 mmol),
triethylene glycol (35 mL), and hydrazine hydrate 80% (7 mL)
was refluxed for 1 h. The reaction mixture was allowed to
cool to room temperature. Then KOH pellets (8.5 g) were
added, the reflux condensor was replaced by a distilling link,
and the mixture was heated in an oil bath at 210-220 °C until
the development of nitrogen ceased (about 45 min). After
cooling to room temperature, the reaction mixture and the
distillate were combined, diluted with water, and extracted
with Et2O. The organic layer was washed with dilute HCl and
dried. Evaporation of the solvent gave 13 as oil: yield 81%;
1H-NMR (CDCl3) δ 2.16 (s, 3H), 3.44 (s, 3H), 3.76 (s, 2H), 5.72
(s, 1H), 6.26 (s, 1H), 7.15-7.29 (m, 5H).
(3-Benzyl-1,5-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic Acid (14). 13 (0.93 g, 5 mmol) was reacted with ethyl
diazoacetate in a similar way as described for the synthesis
of 11. The obtained intermediate was acylated with N,N-
dimethyloctadecanamide-POCl3 and then saponified with
KOH analogously as described for 6a: yield 2%; mp 90-92
°C; 1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.05-1.34 (m, 28H), 1.50
(quint, 2H), 2.49 (s, 3H), 2.54 (t, 2H), 3.48 (s, 3H), 3.61 (s, 2H),
4.09 (s, 2H), 7.09 (d, 2H), 7.11 (t, 1H), 7.21 (t, 2H). Anal.
(C33H51NO3) C, H, N.
5-Benzoyl-1-methylpyrrole-3-carbaldehyde (16). The

stirred mixture of 2-benzoyl-1-methylpyrrole17 (15) (2.04 g, 11
mmol), AlCl3 (4.40 g, 33 mmol), and dry CH2Cl2 (20 mL) was
treated in an ice bath with dichloromethoxymethane (1.49 g,
13 mmol) as fast as the exothermic reaction allowed. The
resulting mixture was stirred for 15 min, poured onto ice/
water, and extracted twice with CH2Cl2. The organic phases
were dried, the solvent was evaporated, the residue was
chromatographed on silica gel with petroleum ether-ethyl

acetate, (1) 8 + 2 and (2) 7 + 3, and the product 16 precipitated
from petroleum ether: yield 26%; mp 110-112 °C; EI-MSm/e
213 (M+); 1H-NMR (CDCl3) δ 4.09 (s, 3H), 7.17 (d, 1H), 7.49
(t, 2H), 7.52 (d, 1H), 7.59 (t, 1H), 7.82 (d, 2H), 9.79 (s, 1H).
2-Benzyl-1,4-dimethylpyrrole (17). The synthesis started

from 16 (0.60 g, 2.8 mmol) using an analogous method as for
the preparation of 13. The product was afforded as an oil:
yield 93%; 1H-NMR (CDCl3) δ 2.06 (s, 3H), 3.37 (s, 3H), 3.89
(s, 2H), 5.71 (s, 1H), 6.34 (s, 1H), 7.16 (d, 2H), 7.20 (t, 1H),
7.29 (t, 2H).
(5-Benzyl-1,3-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic Acid (18). The synthesis started from 17 (278 mg, 1.5
mmol) using a method analogous to that for the preparation
of 14: yield 10%; mp 93-95 °C; 1H-NMR (CDCl3) δ 0.88 (t,
3H), 1.13-1.34 (m, 28H), 1.64 (quint, 2H), 2.27 (s, 3H), 2.71
(t, 2H), 3.33 (s, 3H), 3.63 (s, 2H), 4.37 (s, 2H), 7.07 (d, 2H),
7.16 (t, 1H), 7.24 (t, 2H). Anal. (C33H51NO3) C, H, N.
1-Dodecyl-2,4-dimethyl-3-octadecanoylpyrrole (19). The

mixture of 2,4-dimethyl-3-octadecanoylpyrrole (9)8 (323 mg, 2
mmol), 1-bromododecane (548 mg, 2.2 mmol), tetrabutylam-
monium bromide (322 mg, 1 mmol), Et2O (30 mL), and 50%
aqueous NaOH was refluxed for 7 h with vigorous stirring.
The reaction mixture was cooled and the organic phase
separated. The aqueous layer was extracted with Et2O, and
the combined organic phases were dried and evaporated to
dryness. The residue was chromatographed on silica gel with
petroleum ether-ethyl acetate (14 + 1), and the obtained 19
was precipitated from MeOH: yield 61%; mp 45-46 °C; EI-
MS m/e 530 (M+); 1H-NMR (CDCl3) δ 0.88 (t, 6H), 1.18-1.42
(m, 46H), 1.63-1.71 (m, 4H), 2.25 (s, 3H), 2.46 (s, 3H), 2.69 (t,
2H), 3.72 (t, 2H), 6.28 (s, 1H).
(1-Dodecyl-3,5-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic Acid (20). The synthesis started from 19 using the same
method as for the preparation of 11 (deviation: for chroma-
tography of the ester intermediate petroleum ether-ethyl
acetate, 17 + 1, was used as eluent): yield 24%; mp 65-67
°C; 1H-NMR (CDCl3) δ 0.88 (t, 6H), 1.18-1.42 (m, 46H), 1.52-
1.63 (m, 2H), 1.67 (quint, 2H), 2.22 (s, 3H), 2.47 (s, 3H), 2.70
(t, 2H), 3.61 (s, 2H), 3.79 (t, 2H). Anal. (C38H69NO3) C, H, N.
4-Dodecanoyl-1-methylpyrrole-2-carbaldehyde (22).

The solution of oxalyl chloride (10.5 g, 82.5 mmol) in dry
CH2Cl2 (20 mL) was added dropwise to a stirred solution of
DMF (6.0 g, 82.5 mmol) in dry CH2Cl2 (25 mL) at 0 °C during
20 min. Then the mixture was stirred at room temperature
for 15 min, cooled again (ice bath), and treated with the
solution of 1-methylpyrrole (21) (5.1 g, 63 mmol) in dry CH2Cl2
(15 mL) during 15 min. After the mixture was stirred at room
temperature for another 15 min, AlCl3 (9.7 g, mmol) and
dodecanoyl chloride (16.0 g, 73 mmol) were added and stirring
was continued for 21 h at room temperature. To the cooled
mixture (5 °C) was added carefully the solution of 39 g of
sodium acetate in 120 mL of water, and the mixture was
stirred for 15 min. Then water, dilute NaOH, and Et2O were
added, and stirring was continued for a further 15 min. After
NaCl was added, the organic phase was separated, filtered,
and dried and the solvent evaporated. Chromatography of the
residue on silica gel with petroleum ether-ethyl acetate (9 +
1) gave the product as solid: yield 5%; mp 37-38 °C; 1H-NMR
(CDCl3) δ 0.88 (t, 3H), 1.16-1.39 (m, 16H), 1.70 (quint, 2H),
2.74 (t, 2H), 3.99 (s, 3H), 7.31 (s, 1H), 7.45 (s, 1H), 9.61 (s,
1H).
(3-Dodecyl-1,5-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic Acid (23). 22 (0.87 g, 3 mmol) was reduced to 4-dodecyl-
1,2-dimethylpyrrole, applying a method similar to the synthe-
sis of 13. The obtained intermediate was reacted with ethyl
diazoacetate in a similar way as described for the synthesis
of 11 followed by acylation with N,N-dimethyloctadecan-
amide-POCl3 and saponification with KOH analogously as
described for the synthesis of 6a: yield 0.6%; mp 100-102 °C;
1H-NMR (CDCl3) δ 0.88 (t, 6H), 1.11-1.71 (m, 50H), 2.44 (s,
3H), 2.60 (t, 2H), 2.70 (t, 2H), 3.44 (s, 3H), 3.63 (s, 2H). Anal.
(C38H69NO3) C, H, N.
2-Dodecanoyl-1-methylpyrrole (24). 1-Methylpyrrole

(21) (2.43 g, 30 mmol) was acylated with N,N-dimethyldode-
canamide-POCl3 in an analogous way as described for the
synthesis of 6a. The crude product was chromatographed on
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silica gel with petroleum ether-ethyl acetate, (1) 9 + 1 and
(2) 6 + 4, to give 24 as oil: yield 46%; EI-MS m/e 263 (M+);
1H-NMR (DMSO-d6) δ 0.86 (t, 3H), 1.10-1.35 (s, 16H), 1.56
(quint, 2H), 2.71 (t, 2H), 3.84 (s, 3H), 6.08 (t, 1H), 7.03 (d, 1H),
7.08 (1H).
5-Dodecanoyl-1-methylpyrrole-3-carbaldehyde (25). 24

(2.1 g, 8 mmol) was reacted with dichloromethoxymethane-
AlCl3 in a similar way as described for the preparation of 16
to give 25 as solid: yield 32%; mp 53-54 °C; EI-MS m/e 291
(M+); 1H-NMR (DMSO-d6) 0.85 (t, 3H), 1.14-1.36 (m, 16H),
1.57 (quint, 2H), 2.81 (t, 2H), 3.90 (s, 3H), 7.50 (s, 1H), 7.90
(s, 1H), 9.72 (s, 1H).
(5-Dodecyl-1,3-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic Acid (26). The synthesis started from 25 (0.58 g, 2 mmol)
using the same methods as for the synthesis of 23. The
product was precipitated from MeOH: yield 5%; mp 95-97
°C; 1H-NMR (CDCl3) δ 0.88 (t, 6H), 1.13-1.43 (m, 46H), 1.51
(m, 2H), 1.67 (quint, 2H), 2.23 (s, 3H), 2.70 (t, 2H), 2.85 (t,
2H), 3.46 (s, 3H), 3.63 (s, 2H). Anal. (C38H69NO3) C, H, N.
1,4-Dibenzyl-2-methylpyrrole (28). The mixture of 2719

(1.6 g, 8 mmol), benzyl bromide (1.5 g, 8.8 mmol), tetrabut-
ylammonium bromide (258 mg, 0.8 mmol), Et2O (40 mL),
CHCl3 (60 mL), and powdered NaOH (800 mg, 20 mmol) was
stirred at room temperature. After 3 h water (5 drops) was
added and the mixture was stirred for a further 2 h. Then it
was filtered, the filter cake was washed with CHCl3, and the
filtrates were dried and concentrated. The residue was
chromatographed on silica gel with petroleum ether-ethyl
acetate (9 + 1). An aliquot (0.49 g, 1.7 mmol) of the obtained
1-benzyl-4-benzoylpyrrole-2-carbaldehyde (yield: 1.25 g) was
treated with hydrazine hydrate in an analogous way as
described for the preparation of 13 to yield 28 as oil: yield
66%; 1H-NMR (CDCl3) δ 2.08 (s, 3H), 3.78 (s, 2H), 4.94 (s, 2H),
5.77 (s, 1H), 6.37 (s, 1H), 6.99 (d, 2H), 7.11-7.32 (m, 8H).
(1,3-Dibenzyl-5-methyl-4-octadecanoylpyrrol-2-yl)ace-

tic Acid (29). The solution of 28 (260 mg, 1 mmol) and
octadecanoyl chloride (364 mg, 1.2 mmol) in dry CH2Cl2 (10
mL) was treated under stirring at room temperature with
AlCl3 (173 mg, 1.3 mmol). After 15 min water was added and
the mixture was extracted with Et2O. The organic phase was
washed with dilute NaOH, dried, and concentrated. The
residue was chromatographed on silica gel with petroleum
ether-ethyl acetate (19 + 1), first yielding 1,3-dibenzyl-5-
methyl-2-octadecanoylpyrrole (25%) and then 1,4-dibenzyl-2-
methyl-3-octadecanoylpyrrole (19%). The latter compound was
dissolved in dry toluene (3 mL) and treated with the solution
of ethyl diazoacetate (40 mg, 0.35 mmol) in dry toluene (1 mL)
and with powdered copper (about 0.4 g) in an oil bath at 115-
120 °C until development of nitrogen ceased (about 10 min).
The addition of ethyl diazoacetate and copper powder was
repeated in the same way. After 30 min the reaction mixture
was cooled and chromatographed on silica gel with petroleum
ether-ethyl acetate (9 + 1). The ester intermediate was
saponified with KOH similarly as described for the synthesis
of 6a (deviation: reaction time 30 min). The product was
precipitated from MeOH-water: yield 3%; mp 104-105 °C;
1H-NMR (CDCl3) δ 0.88 (t, 6H), 1.08-1.34 (m, 28H), 1.52
(quint, 2H), 2.44 (s, 3H), 2.57 (t, 2H), 3.47 (s, 2H), 4.13 (s, 2H),
5.17 (s, 2H), 6.99 (d, 2H), 7.09-7.34 (m, 8H). Anal. (C39H55NO3)
C, H, N.
Compounds 30a-e were synthesized from 98 using the

appropriate 1-bromoalkanes, utilizing the synthetic procedure
described for the synthesis of 19.
1-Ethyl-2,4-dimethyl-3-octadecanoylpyrrole (30a): yield

33%; mp 49-50 °C.
2,4-Dimethyl-3-octadecanoyl-1-propylpyrrole (30b):

yield 30%; mp 54-55 °C.
2,4-Dimethyl-3-octadecanoyl-1-pentylpyrrole (30c): yield

25%; mp 49-50 °C.
1-Hexyl-2,4-dimethyl-3-octadecanoylpyrrole (30d): yield

30%; mp 40-42 °C.
1-Heptyl-2,4-dimethyl-3-octadecanoylpyrrole (30e):

yield 54%; mp 47-48 °C.
2,4-Dimethyl-1-(4-methylbenzyl)-3-octadecanoylpyr-

role (31). Compound 31 was synthesized analogously to 10:
yield 39%; mp 50-51 °C.

The acetic acid derivatives 32a,b,d,e and 33 were prepared
from the appropriately substituted pyrroles by using a method
similar to that described for 11.
(1-Ethyl-3,5-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic acid (32a): yield 29%; mp 79-81 °C. Anal. (C28H49NO3)
C, H, N.
(3,5-Dimethyl-4-octadecanoyl-1-propylpyrrol-2-yl)ace-

tic acid (32b): yield 22%; mp 95-97 °C. Anal. (C29H51NO3)
C, H, N.
(1-Hexyl-3,5-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic acid (32d): yield 22%; mp 83-84 °C. Anal. (C32H57NO3)
C, H, N.
(1-Heptyl-3,5-dimethyl-4-octadecanoylpyrrol-2-yl)ace-

tic acid (32e): yield 8%; mp 75-76 °C. Anal. (C33H59NO3)
C, H, N.
[3,5-Dimethyl-1-(4-methylbenzyl)-4-octadecanoylpyr-

rol-2-yl]acetic acid (33): yield 28%; mp 90-91 °C. Anal.
(C34H53NO3) C, H, N.
General Procedure for the Synthesis of 1-Substituted

3-(3,5-Dimethyl-4-octadecanoylpyrrol-2-yl)propionic Ac-
ids (34a-d, 35, 36). The solution of the appropriate 1-sub-
stituted 2,4-dimethyl-3-octadecanoylpyrrole (30a-d,10,31) (0.25
mmol) and methyl acrylate (0.12 mL) in dry nitrobenzene (3
mL) was treated with BF3‚Et2O (0.05 mL). After 3 days water
was added and the mixture was extracted twice with Et2O.
The organic phases were dried and evaporated. The residue
was chromatographed on silica gel with petroleum ether-ethyl
acetate, (1) 19 + 1 and (2) 8 + 2, and the resulting methyl
ester intermediate hydrolyzed with KOH as described for 6a.
3-(1-Ethyl-3,5-dimethyl-4-octadecanoylpyrrol-2-yl)pro-

pionic acid (34a): yield 33%; mp 96-97 °C. Anal.
(C29H51NO3) C, H, N.
3-(3,5-Dimethyl-4-octadecanoyl-1-propylpyrrol-2-yl)-

propionic acid (34b): yield 38%; mp 69-70 °C. Anal.
(C30H53NO3) C, H, N.
3-(3,5-Dimethyl-4-octadecanoyl-1-pentylpyrrol-2-yl)-

propionic acid (34c): yield 36%; mp 61-62 °C; 1H-NMR
(CDCl3) δ 0.88 (t, 3H), 0.97 (t, 3H), 1.16-1.42 (m, 32H), 1.54-
1.70 (m, 4H), 2.21 (s, 3H), 2.46 (s, 3H), 2.48-2.52 (m, 2H), 2.69
(t, 2H), 2.88-2.92 (m, 2H), 3.77 (t, 2H). Anal. (C32H57NO3)
C, H, N.
3-(1-Hexyl-3,5-dimethyl-4-octadecanoylpyrrol-2-yl)pro-

pionic acid (34d): yield 27%; mp 59-61 °C. Anal.
(C33H59NO3) C, H, N.
3-(1-Benzyl-3,5-dimethyl-4-octadecanoylpyrrol-2-yl)-

propionic acid (35): yield 27%; mp 97-99 °C. Anal.
(C34H53NO3) C, H, N.
3-[3,5-Dimethyl-1-(4-methylbenzyl)-4-octadecanoylpyr-

rol-2-yl]propionic acid (36): yield 30%; mp 99-100 °C; 1H-
NMR (CDCl3) δ 0.88 (t, 3H), 1.14-1.39 (m, 28H), 1.69 (quint,
2H), 2.24 (s, 3H), 2.30-2.34 (m, 2H), 2.31 (s, 3H, CH3), 2.39
(s, 3H), 2.73 (t, 2H), 2.80-2.84 (m, 2H), 5.03 (s, 2H), 6.75 (d,
2H), 7.10 (d, 2H). Anal. (C35H55NO3) C, H, N.
1-(6-Bromohexyl)-2,4-dimethyl-3-octadecanoylpyr-

role (37). The mixture of 98 (542 mg, 1.5 mmol), 1,6-
dibromohexane (2.93 g, 12 mmol), tetrabutylammonium bro-
mide (192 mg, 0.6 mmol), Et2O (30 mL), and 50% aqueous
NaOH (15 mL) was refluxed for 1.5 h with vigorous stirring.
The reaction mixture was cooled and the organic phase
separated. The aqueous layer was extracted with Et2O, and
the combined organic phases were dried and evaporated to
dryness. Chromatography on silica gel with petroleum ether-
ethyl acetate (19 + 1) gave 37 as solid: yield 69%; mp 47-48
°C; 1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.13-1.38 (m, 30H), 1.43-
1.50 (m, 2H), 1.63-1.72 (m, 4H), 1.85 (quint, 2H), 2.25 (s, 3H),
2.46 (s, 3H), 2.69 (t, 2H), 3.40 (t, 2H), 3.74 (t, 2H), 6.28 (s,
1H).
Methyl 3-[1-(6-Bromohexyl)-3,5-dimethyl-4-octadecan-

oylpyrrol-2-yl]propionate (38). The solution of 37 (262 mg,
0.5 mmol) and methyl acrylate (0.26 mL) in dry nitrobenzene
(4 mL) was treated with BF3‚Et2O (0.11 mL). After 24 h water
was added, and the mixture was extracted with Et2O. The
organic phases were dried and evaporated. The residue was
chromatographed on silica gel with petroleum ether-ethyl
acetate, (1) 19 + 1 and (2) 9 + 1, to give 38: yield 68%; mp
47-48 °C; 1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.16-1.42 (m, 30H),
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1.48 (quint, 2H), 1.57-1.72 (m, 4H), 1.87 (quint, 2H), 2.19 (s,
3H), 2.43-2.46 (m, 2H), 2.46 (s, 3H), 2.69 (t, 2H), 2.85-2.89
(m, 2H), 3.41 (t, 2H), 3.70 (s, 3H), 3.77 (t, 2H).
3-[1-(6-Hydroxyhexyl)-3,5-dimethyl-4-octadecanoylpyr-

rol-2-yl]propionic Acid (39). The mixture of 38 (92 mg, 0.15
mmol), silver acetate (28 mg, 0.17 mmol), and dry DMSO (3
mL) was stirred at 150 °C for 15 min. The mixture was cooled,
diluted with water and dilute HCl, and extracted with Et2O.
The organic phase was dried, and the solvent was evaporated.
The residue was chromatographed on silica gel with petroleum
ether-ethyl acetate, (1) 9 + 1 and (2) 17 + 3. An aliquot (24
mg, 0.04 mmol) of the obtained methyl 3-[1-(6-acetoxyhexyl)-
3,5-dimethyl-4-octadecanoylpyrrol-2-yl]propionate (yield 34%,
mp 48-50 °C) was hydrolyzed with KOH by using a procedure
similar to that described for 6a (reaction time: 2 h) to give 39
as solid: yield 75%; mp 69-70 °C; 1H-NMR (CDCl3) δ 0.88 (t,
3H), 1.12-1.47 (m, 32H), 1.55-1.70 (m, 6H), 2.20 (s, 3H), 2.46
(s, 3H), 2.50 (m, 2H), 2.69 (t, 2H), 2.90 (t, 2H), 3.66 (t, 2H),
3.77 (t, 2H). Anal. (C33H59NO4) C, H, N.
Benzyl 3-[1-(6-Bromohexyl)-3,5-dimethyl-4-octadecan-

oylpyrrol-2-yl]propionate (40). The solution of 37 (525 mg,
1 mmol) and benzyl acrylate (0.90 mL) in dry nitrobenzene (8
mL) was treated with BF3‚Et2O (0.22 mL). After 48 h water
was added, and the mixture was extracted with Et2O. The
organic phases were dried and evaporated. The residue was
chromatographed on silica gel with petroleum ether-ethyl
acetate, (1) 19 + 1 and (2) 9 + 1, to give 40 as oil: yield 26%;
1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.17-1.38 (m, 32H), 1.45
(quint, 2H), 1.57-1.73 (m, 4H), 2.18 (s, 3H), 2.44 (s, 3H), 2.48-
2.52 (m, 2H), 2.68 (t, 2H), 2.87-2.91 (m, 2H), 3.39 (t, 2H), 3.74
(m, 2H), 5.12 (s, 2H), 7.28-7.38 (m, 5H).
3-[1-[6-(Dimethylamino)hexyl]-3,5-dimethyl-4-octade-

canoylpyrrol-2-yl]propionic Acid (41). The mixture of 40
(82 mg, 0.12 mmol), DMSO (4 mL), and 40% aqueous di-
methylamine (1 mL) was refluxed for 15 min. The mixture
was cooled, diluted with water and dilute NaOH, and extracted
with Et2O. The organic phase was dried and the solvent
evaporated. The residue was chromatographed on silica gel
(eluents: (1) petroleum ether-ethyl acetate, 7 + 3, and (2)
MeOH). An aliquot (24 mg, 0.04 mmol) of the obtained oily
benzyl 3-[1-[6-(dimethylamino)hexyl]-3,5-dimethyl-4-octade-
canoylpyrrol-2-yl]propionate (yield 40%) was dissolved in THF
(2 mL) and EtOH (2 mL) and treated with a catalytic amount
of 10% Pd/C. The mixture was hydrogenated at atmospheric
pressure for 1 h. After addition of kieselguhr the mixture was
filtered and the solvent evaporated. The residue was dissolved
in a small amount of CH2Cl2. After addition of petroleum
ether, 41 precipitated: yield 58%; mp 45-48 °C; 1H-NMR
(CDCl3) δ 0.88 (t, 3Η), 1.16-1.38 (m, 28H), 1.39-1.54 (m, 4H),
1.55-1.71 (m, 4H), 1.79-1.91 (m, 2H), 2.19 (s, 3H), 2.45 (s,
3H), 2.50-2.59 (m, 2H), 2.69 (t, 2H), 2.83 (s, 6H), 2.87-2.95
(m, 2H), 3.03 (t, 2H), 3.78 (t, 2H). Anal. (C35H64N2O3) C, H,
N.
6-(2,4-Dimethyl-3-octadecanoylpyrrol-1-yl)hexaneni-

trile (42). The mixture of 98 (362 mg, 1 mmol), t-BuOK (135
mg, 1.2 mmol), and dry DMSO (3 mL) was heated at 110-120
°C for 10 min. After addition of 6-bromohexanenitrile (211
mg, 1.2 mmol), the mixture was heated for an additional 10
min at the same temperature. After cooling, water and NaCl
were added, and the mixture was extracted with Et2O. The
organic phase was dried and the solvent evaporated. The
residue was chromatographed on silica gel with petroleum
ether-ethyl acetate (17 + 3) to give 42 as solid: yield 67%;
mp 60-61 °C; 1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.18-1.39 (m,
28H), 1.34-1.50 (m, 2H), 1.64-1.75 (m, 6H), 2.25 (s, 3H), 2.35
(t, 2H), 2.46 (s, 3H), 2.70 (t, 2H), 3.77 (t, 2H), 6.28 (s, 1H).
Ethyl 6-(2,4-Dimethyl-3-octadecanoylpyrrol-1-yl)hex-

anoate (43). 98 was alkylated with ethyl 6-bromohexanoate
in a similar way as described for the synthesis of 42. The
product was precipitated from MeOH: yield 46%; mp 46-48
°C; 1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.10-1.38 (m, 33H), 1.61-
1.73 (m, 6H), 2.25 (s, 3H), 2.30 (t, 2H), 2.46 (s, 3H), 2.69 (t,
2H), 3.74 (t, 2H), 4.12 (q, 2H), 6.28 (s, 1H).
6-(2,4-Dimethyl-3-octadecanoylpyrrol-1-yl)-N,N-di-

methylhexanamide (44). 43 (200 mg, 0.40 mmol) was
hydrolyzed with KOH in a similar way as described for 6a

(reaction time: 1.5 h). An aliquot (119 mg, 0.25 mmol) of the
obtained 6-(2,4-dimethyl-3-octadecanoylpyrrol-1-yl)hexanoic
acid (yield 68%, mp 72-73 °C) was dissolved in dry CH2Cl2 (5
mL) and treated with N,N′-carbonyldiimidazole (227 mg, 1.4
mmol). After being stirred at room temperature for 1 h, the
mixture was cooled (5 °C). Then 40% aqueos dimethylamine
(2 mL) was added, and the resulting mixture was vigorously
stirred for 1 h. The mixture was diluted with water and
extracted with Et2O. The organic phase was dried and the
solvent evaporated. The residue was chromatographed on
silica gel with petroleum ether-ethyl acetate (1 + 1) to give
44 as solid: yield 88%; mp 49-50 °C; 1H-NMR (CDCl3) δ 0.88
(t, 3H), 1.18-1.38 (m, 30H), 1.61-1.74 (m, 6H), 2.25 (s, 3H),
2.30 (t, 2H), 2.45 (s, 3H), 2.69 (t, 2H), 2.94 (s, 3H), 2.99 (s,
3H), 3.75 (t, 2H), 6.28 (s, 1H).
The compounds 45, 46, and 47 were synthesized from 42,

43, and 44 by using a procedure similar to that described for
34a-d (reaction times: treatment with methyl acrylate, 24-
48 h; hydrolysis with KOH, 5 min in case of 45, 1 h in case of
46). Compound 45 was purified by silica gel chromatography
with Et2O-acetic acid (100 + 1).
3-[1-(5-Cyanopentyl)-3,5-dimethyl-4-octadecanoylpyr-

rol-2-yl]propionic acid (45): yield 49%; mp 89-90 °C; 1H-
NMR (CDCl3) δ 0.88 (t, 3H), 1.18-1.39 (m, 28H), 1.48-1.55
(m, 2H), 1.61-1.74 (m, 6H,), 2.20 (s, 3H), 2.37 (t, 2H), 2.46 (s,
3H), 2.50 (t, 2H), 2.69 (t, 2H), 2.89 (t, 2H), 3.88 (t, 2H). Anal.
(C33H56N2O3) C, H, N.
6-[2-(2-Carboxyethyl)-3,5-dimethyl-4-octadecanoylpyr-

rol-1-yl]hexanoic acid (46): yield 18%; mp 105-106 °C; 1H-
NMR (CDCl3) δ 0.88 (t, 3H), 1.14-1.38 (m, 28H), 1.45 (quint,
2H), 1.59-1.76 (m, 6H), 2.21 (s, 3H), 2.41 (t, 2H), 2.46 (s, 3H),
2.48-2.51 (m, 2H), 2.69 (t, 2H), 2.88-2.92 (m, 2H), 3.77 (t,
2H). Anal. (C33H57NO5) C, H, N.
3-[1-[5-(Dimethylcarbamoyl)pentyl]-3,5-dimethyl-4-oc-

tadecanoylpyrrol-2-yl]propionic acid (47): yield 29%; mp
74-75 °C; 1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.13-1.44 (m, 30H),
1.58-1.72 (m, 6H), 2.20 (s, 3H), 2.37 (t, 2H), 2.45 (s, 3H), 2.52
(t,2H), 2.69 (t, 2H), 2.92 (t, 2H), 2.96 (s, 3H), 3.02 (s, 3H), 3.77
(t, 2H). Anal. (C35H62N2O4) C, H, N.
Compounds 48-50 were synthesized by treating 98 with the

appropriately substituted (bromomethyl)benzene or (chloro-
methyl)benzene using a procedure similar to that described
for 10.
2,4-Dimethyl-3-octadecanoyl-1-[4-(trifluoromethyl)ben-

zyl]pyrrole (48): yield 62%; mp 61-63 °C.
1-(4-Chlorobenzyl)-2,4-dimethyl-3-octadecanoylpyr-

role (49): yield 61%; mp 62-63 °C.
1-(4-Methoxybenzyl)-2,4-dimethyl-3-octadecanoylpyr-

role (50): yield 42%; mp 66-67 °C.
Methyl 4-[(2,4-Dimethyl-3-octadecanoylpyrrol-1-yl)-

methyl]benzoate (51):
The mixture of 98 (723 mg, 2 mmol), methyl 4-(bromometh-

yl)benzoate (473 mg, 2.2 mmol), tetrabutylammonium bromide
(64 mg, 0.2 mmol), Et2O (20 mL), CH2Cl2 (10 mL), and
powdered NaOH (320 mg, 8 mmol) was refluxed for 4 h with
vigorous stirring. The reaction mixture was filtered, the filter
cake was washed with CH2Cl2, and the filtrates were concen-
trated. The residue was chromatographed on silica gel with
petroleum ether-ethyl acetate (9 + 1) and the product
precipitated from petroleum ether: yield 42%; mp 66-67 °C;
1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.15-1.40 (m, 28H), 1.69
(quint, 2H), 2.28 (s, 3H), 2.38 (s, 3H), 2.72 (t, 2H), 3.91 (s, 3H),
5.03 (s, 2H), 6.35 (s, 1H), 7.05 (d, 2H), 7.99 (d, 2H).
4-[(2,4-Dimethyl-3-octadecanoylpyrrol-1-yl)methyl]ben-

zonitrile (52). Compound 52 was prepared from 98 and
4-(bromomethyl)benzonitrile by using a method similar to that
described for 51 (reaction time: 1.5 h): yield 68%; mp 89-90
°C.
Compounds 53-58 were synthesized from 48-52 by using

a procedure similar to that described for 34a-d (reaction
times: treatment with methyl acrylate, 24-36 h; hydrolysis
with KOH, 1 h in case of 56, 5 min in case of 57, 2 h in case
of 58). Compound 57 was purified by silica gel chromatogra-
phy with Et2O-acetic acid (100 + 1).
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3-[3,5-Dimethyl-4-octadecanoyl-1-[4-(trifluorometh-
yl)benzyl]pyrrol-2-yl]propionic acid (53): yield 28%; mp
99-100 °C. Anal. (C35H52F3NO3) C, H, N.
3-[1-(4-Chlorobenzyl)-3,5-dimethyl-4-octadecanoylpyr-

rol-2-yl]propionic acid (54): yield 27%; mp 85-87 °C. Anal.
(C34H52ClNO3) C, H, N.
3-[1-(4-Methoxybenzyl)-3,5-dimethyl-4-octadecanoylpyr-

rol-2-yl]propionic acid (55): yield 42%; mp 102-103 °C.
Anal. (C35H55NO4) C, H, N.
3-[1-(4-Carboxybenzyl)-3,5-dimethyl-4-octadecanoylpyr-

rol-2-yl]propionic acid (56): yield 46%; mp 152-154 °C.
Anal. (C35H53NO5) C, H, N.
3-[1-(4-Cyanobenzyl)-3,5-dimethyl-4-octadecanoylpyr-

rol-2-yl]propionic acid (57): yield 26%; mp 102-103 °C; 1H-
NMR (CDCl3) δ 0.88 (t, 3H), 1.16-1.39 (m, 28H), 1.68 (quint,
2H), 2.24 (s, 3H), 2.35 (s, 3H), 2.36 (t, 2H), 2.73 (t, 2H), 2.78
(t, 2H), 5.15 (s, 2H), 6.95 (d, 2H), 7.60 (d, 2H). Anal.
(C35H52N2O3) C, H, N.
3-[1-(4-Carbamoylbenzyl)-3,5-dimethyl-4-octadecan-

oylpyrrol-2-yl]propionic Acid (58). Synthesis started from
52: yield 27%; mp 143-145 °C; 1H-NMR (CDCl3) δ 0.88 (t,
3H), 1.16-1.39 (m, 28H), 1.69 (quint, 2H), 2.25 (s, 3H), 2.35
(s, 3H), 2.36 (t, 2H), 2.74 (t, 2H), 2.83 (t, 2H), 5.16 (s, 2H),
6.08 (br, 1H), 6.21 (br, 1H), 6.94 (d, 2H), 7.72 (d, 2H). Anal.
(C35H54N2O4) C, H, N.
3-[1-(4-Hydroxybenzyl)-3,5-dimethyl-4-octadecanoylpyr-

rol-2-yl]propionic Acid (59). The solution of 55 (0.05 mmol)
in dry CH2Cl2 (3 mL) was treated at -20 °C with the solution
of BBr3 (0.025 mL) in dry CH2Cl2 (1 mL). The mixture was
allowed to warm up to room temperature during 2 h, poured
into dilute HCl, and extracted twice with Et2O. The organic
layers were dried and concentrated to some milliliters. Then
petroleum ether was added and the product precipitated when
evaporating a part of the solvent: yield 89%; mp 128-129 °C.
Anal. (C34H53NO4) C, H, N.
3-[1-[4-(Dimethylcarbamoyl)benzyl]-3,5-dimethyl-4-oc-

tadecanoylpyrrol-2-yl]propionic Acid (60). Compound 60
was synthesized starting from 51 using similar procedures as
described for the preparation of 44 and 47 (reaction time for
treatment with methyl acrylate, 7 days): yield 23%; mp 52-
53 °C; 1H-NMR (CDCl3) δ 0.88 (t, 3H), 1.16-1.37 (m, 28H),
1.69 (quint, 2H), 2.24 (s, 3H), 2.30 (t, 2H), 2.39 (s, 3H), 2.73 (t,
2H), 2.81 (t, 2H), 2.96 (s, 3H), 3.10 (s, 3H), 5.10 (s, 2H), 6.89
(d, 2H), 7.36 (d, 2H). Anal. (C37H58N2O4) C, H, N.
3-Dodecanoyl-2,4-dimethylpyrrole (61). Starting from

ethyl 3,5-dimethylpyrrole-2-carboxylate the synthesis was
performed in an analogous way as the preparation of 2,4-
dimethyl-3-octadecanoylpyrrole (9):8 yield 31%; mp 59-60 °C;
EI-MS m/e 277 (M+).
(1,3,5-Trimethyl-4-octadecanoylpyrrol-2-yl)acetic Acid

(63). Compound 61 (139 mg, 0.5 mmol) was N-methylated
with methyl p-toluenesulfonate using a similar method as
described for the synthesis of 10. The acetic acid group was
then introduced, applying the procedure described for the
preparation of 66: yield 10%; mp 99-100 °C. Anal.
(C21H35NO3) C, H, N.
Compounds 64a-fwere synthesized by treating 61with the

appropriately substituted methyl or ethyl ω-bromoalkanoate
using a procedure similar to that described for 42. Compound
64a could not be separated from the remaining starting
compound 61 and was used in the reaction with methyl
acrylate without further purification.
Ethyl 5-(3-dodecanoyl-2,4-dimethylpyrrol-1-yl)pen-

tanoate (64b): yield 63%; wax like substance.
Ethyl 6-(3-dodecanoyl-2,4-dimethylpyrrol-1-yl)hex-

anoate (64c): yield 65%; wax like substance; 1H-NMR (CDCl3)
δ 0.88 (t, 3H), 1.18-1.39 (m, 21H), 1.61-1.72 (m, 6H), 2.25 (s,
3H), 2.30 (t, 2H), 2.45 (s, 3H), 2.69 (t, 2H), 3.74 (t, 2H), 4.12
(q, 2H), 6.28 (s, 1H).
Ethyl 7-(3-dodecanoyl-2,4-dimethylpyrrol-1-yl)hep-

tanoate (64d): yield 59%; wax like substance.
Ethyl 8-(3-dodecanoyl-2,4-dimethylpyrrol-1-yl)octan-

oate (64e): yield 68%; mp 37-38 °C.
Ethyl 9-(3-dodecanoyl-2,4-dimethylpyrrol-1-yl)nona-

noate (64f): yield 48%; mp 39-40 °C.

Compounds 65a-e were synthesized from 64a-e by using
a procedure similar to that described for 34a-d (reaction
times: treatment with methyl acrylate, 5 days using dry
CH2Cl2 as solvent instead of nitrobenzene; hydrolysis with
KOH, 1 h). Compound 65a was purified by silica gel chroma-
tography (eluents: (1) Et2O and (2) Et2O-acetic acid, 100 +
1). The products were precipitated from Et2O-petroleum
ether.
3-[2-(2-Carboxyethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]propionic acid (65a): yield 9%; mp 117-119 °C.
Anal. (C24H39NO5) C, H, N.
5-[2-(2-Carboxyethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]pentanoic acid (65b): yield 23%; mp 111-112 °C.
Anal. (C26H43NO5) C, H, N.
6-[2-(2-Carboxyethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]hexanoic acid (65c): yield 20%; mp 101-102 °C.
Anal. (C27H45NO5) C, H, N.
7-[2-(2-Carboxyethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]heptanoic acid (65d): yield 12%; mp 91-93 °C.
Anal. (C28H47NO5) C, H, N.
8-[2-(2-Carboxyethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]octanoic acid (65e): yield 27%; mp 103-104 °C; 1H-
NMR (CDCl3) δ 0.88 (t, 3H), 1.16-1.45 (m, 22H), 1.51-1.72
(m, 6H), 2.20 (s, 3H), 2.37 (t, 2H), 2.46 (s, 3H), 2.46-2.51 (m,
2H), 2.69 (t, 2H), 2.87-2.91 (m, 2H), 3.72 (t, 2H). Anal.
(C29H49NO5) C, H, N.
General Procedure for the Synthesis of [2-(Carboxy-

methyl)-4-dodecanoyl-3,5-dimethylpyrrol-1-yl]alkano-
ic Acids (66c-f). The solution of 64c-f (0.5 mmol) in dry
toluene (3 mL) was treated with the solution of ethyl diazoac-
etate (0.08 mL) in dry toluene (1 mL) and with powdered
copper (about 0.4 g) in an oil bath at 115-120 °C until
development of nitrogen ceased. The addition of ethyl di-
azoacetate and copper powder was repeated twice in the same
way. The cooled reaction mixture was chromatographed on
silica gel with petroleum ether-ethyl acetate (9 + 1). The
obtained intermediate was hydrolyzed with KOH as described
for 6a (reaction time: 1 h). The product was precipitated from
Et2O-petroleum ether.
6-[2-(Carboxymethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]hexanoic acid (66c): yield 20%; mp 144-145 °C.
Anal. (C26H43NO5) C, H, N.
7-[2-(Carboxymethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]heptanoic acid (66d): yield 13%; mp 113-114 °C.
Anal. (C27H45NO5) C, H, N.
8-[2-(Carboxymethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]octanoic acid (66e): yield 10%; mp 122-123 °C; 1H-
NMR (CDCl3) δ 0.88 (t, 3H), 1.19-1.43 (m, 22H), 1.52-1.70
(m, 6H), 2.23 (s, 3H), 2.35 (t, 2H), 2.47 (s, 3H), 2.70 (t, 2H),
3.62 (s, 2H), 3.77 (t, 2H). Anal. (C28H47NO5) C, H, N.
9-[2-(Carboxymethyl)-4-dodecanoyl-3,5-dimethylpyr-

rol-1-yl]nonanoic acid (66f): yield 9%; mp 110-111 °C.
Anal. (C29H49NO5) C, H, N.
Biochemistry. cPLA2 Inhibition. Inhibition of cPLA2

was determined by measuring calcium ionophore A23187-
induced arachidonic acid release from bovine platelets with
HPLC/UVdetection as previously described.23 Briefly, to a
solution of 5,8,11,14-eicosatetraynoic acid (ETYA), which
inhibits formation of arachidonic acid metabolites in platelets,
was added the test compound solution or the solvent (in case
of the control tests) followed by the platelet suspension and a
solution of calcium chloride at 37 °C. Then cPLA2 was
activated by calcium ionophore A23187. After termination of
the enzyme reaction the produced arachidonic acid was cleaned
up by solid-phase extraction and quantified with HPLC/UV
detection at 200 nm. Compounds 20, 23, and 26 were
dissolved in DMSO-0.05 M ethanolic NaOH (1 + 1), and all
other test compounds were dissolved in DMSO, if necessary
with heating. When DMSO-0.05 M NaOH in EtOH was used
as solvent, the solution of the test compound (deviating from23

10 µL) was added after the platelet suspension to avoid
degradation of ETYA. Each value is the average of at least
two runs, and experimental error is within (20%. The enzyme
reactions were performed within 36 h after isolation of the
platelets. The platelets were stored at 4 °C.
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Cell lysis. Cell lysis was measured by turbidimetry as
previously described.28 Briefly, to a solution of ETYA was
added the test compound solution or the solvent (in case of
the control tests) followed by the platelet suspension and a
solution of calcium chloride at 37 °C. After dilution with
phosphate-buffered saline, the absorbance of the cell suspen-
sions was measured at 800 nm. Cell lysis led to a decrease of
absorbance. Compounds 20, 23, and 26 were dissolved in
DMSO-0.05 M ethanolic NaOH (1 +1); all other test com-
pounds were dissolved in DMSO, if necessary with heating.
When DMSO-0.05 M ethanolic NaOH was used as solvent,
the solution of the test compound (deviating from28 5 µL) was
added after the platelet suspension to avoid degradation of
ETYA. As reference substance, (1-benzyl-3,5-dimethyl-4-oc-
tadecanoylpyrrol-2-yl)acetic acid (11) was used. This com-
pound caused a cell lysis of 32 ( 6% (mean ( sd; n ) 5,
different cell preparations were used). The cell lysis was
determined within 36 h after isolation of the platelets. The
platelets were stored at 4 °C.
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