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A new series of arachidonic acid derivatives were synthesized and evaluated as inhibitors of
the endocannabinoid uptake. Most of them are able to inhibit anandamide uptake with IC50
values in the low micromolar range (IC50 ) 0.8-24 µM). In general, the compounds had only
weak effects upon CB1, CB2, and VR1 receptors (Ki > 1000-10000 nM). In addition, there was
no obvious relationship between the abilities of the compounds to affect anandamide uptake
and to inhibit anandamide metabolism by fatty acid amidohydrolase (FAAH; IC50 ) 30-113
µM). This indicates that the compounds do not exert their effects secondarily to FAAH inhibition.
It is hoped that these compounds, particularly the most potent in this series (compound 5,
UCM707, with IC50 values for anandamide uptake and FAAH of 0.8 and 30 µM, respectively),
will provide useful tools for the elucidation of the role of the anandamide transporter system
in vivo.

Introduction
The structural elucidation of ∆9-tetrahydrocannab-

inol, achieved in the mid-1960s,1 marked a milestone
for the understanding and rationalization of effects
attributed to Cannabis sativa. However, it has not been
until the past decade when cannabinoids have become
a topic of extensive research culminating with the
characterization of the endogenous cannabinoid system
(ECS).2 The ECS is primarily responsible for all the
effects mediated by cannabinoids, and it is constituted
of two G protein coupled receptors named CB1

3 and
CB2,4 its endogenous ligands such as anandamide
(AEA),5 2-arachidonoylglycerol,6 2-arachidonyl glyceryl
ether,7 and the recently reported virodhamine,8 and an
inactivation system that degrades these endocannab-
inoids. This termination system consists of the uptake
of anandamide followed by its intracellular metabolism
by fatty acid amidohydrolase (FAAH).9 The ECS is
involved in the regulation of a wide variety of physi-
ological functions10-17 such as antinociception, brain
development, memory, retrograde neuronal communica-
tion, control of movement, cardiovascular and immune
regulation, and cellular proliferation. In consequence,
the compounds affecting ECS function are potential
therapeutic agents for the treatment of diverse patholo-
gies18-21 including neurodegenerative disorders, noci-
ceptive alterations, and malignant tumors. In particu-
lar, compounds preventing the cellular removal of
anandamide are promising pharmacological objectives
in the search of new agents able to regulate the ECS

but have no undesirable side effects.22 In this respect,
preliminary results obtained for the potential use of
synthetic inhibitors for the treatment of pain23 and
neurodegenerative diseases such as multiple sclerosis24

and Huntington’s chorea25 are very promising. However,
the relative paucity of structure-affinity relationship
(SAFIR) studies reported so far, together with the lack
of molecular characterization of the anandamide uptake
process, has hampered the development of potent and
selective inhibitors of the endocannabinoid uptake and
only a few have been described to date.26-31

The nature of the transport system for AEA is rather
controversial. It is generally described as a system of
facilitated transport,26,32 termed the anandamide trans-
porter system (ANT), that can be inhibited by arachi-
donic acid derivatives such as N-(4-hydroxyphenyl)-
arachidonamide (AM404).26 However, it is clear that
FAAH, by removing the intracellularly accumulated
anandamide, contributes to the anandamide gradient
across the plasma membrane and hence its uptake.33,34

Indeed, it has been argued that at least some of the
available ANT inhibitors may in fact be acting primarily
on FAAH,33,35 although some cannabidiol derivatives,
with partial selectivity for the ANT vs FAAH and
cannabinoid receptors have also been reported.36 In
addition, compounds such as AM404 can affect other
cellular systems, such as the vanilloid receptor (VR1).37

There is thus a major need for (a) the identification of
potent and selective ANT inhibitors and (b) further
SAFIR data comparing effects of the compounds on ANT
and FAAH.

The above facts prompted us to address a study on
the structural requirements for the recognition ANT-
substrates. Consequently, within a program aimed at
discovering potent and selective inhibitors of endocan-
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nabinoid uptake, we have designed and synthesized a
new series of arachidonic acid derivatives of general
structure I (Figure 1), in which we have replaced the
ethanolamine moiety of anandamide with a fragment
containing a heterocyclic ring, that have been charac-
terized as highly potent and selective inhibitors of the
anandamide reuptake.38,39

In the present study, we have considered a series of
compounds of general structure I to gain insights on the
requirements of the heterocyclic moiety (HM) and its
position, the -X-Y- fragment, and the increase in the
distance and branching between the arachidonic acid
chain and the heterocyclic ring for affinity and selectiv-
ity for the ANT. In addition, we have compared the
effects of the compounds on the ANT and the FAAH to
determine whether the effects on these two target sys-
tems can be pharmacologically separated. The interac-
tion of the compounds with CB1 and CB2 cannabinoid
receptors and with VR1 vanilloid receptors has also been
determined. Our results have allowed us to carry out a
structure-affinity relationship study focused on the
molecular requirements involved in the uptake process,
thus providing a basis for the design of more potent and
selective ANT inhibitors with potential applications to
the treatment of a wide variety of diseases.

Chemistry

The synthesis of the amides and esters of general
structure I (1-6, 8-28) listed in Table 1 is detailed in
Scheme 1. These compounds were prepared from arachi-
donic acid by treatment of its acyl chloride with the
appropriate amine or alcohol (method A) or by direct
condensation between the arachidonic acid and the
corresponding amine, alcohol, or thiol in the presence
of dicyclohexylcarbodiimide (DCC) and catalytic amounts
of N,N-dimethyl-4-aminopyridine (DMAP) (method B).
Additionally, treatment of amide 5 with LiAlH4 provided
secondary amine 7.

The synthesis of the noncommercial amines was
carried out by direct reductive amination of the corre-
sponding heterocyclic aldehydes or by reduction of the
corresponding nitrovinyl derivatives using methods
previously described in the literature.39-44

Biochemical in Vitro Assays

All new compounds were assessed for their ability to
inhibit [3H]anandamide uptake in human lymphoma

U937 cells, for their affinity for CB1 and CB2 cannab-
inoid receptors in radioligand binding assays using [3H]-
WIN552122 in rat cerebellum membranes and [3H]-
CP55940 in HEK293EBNA human CB2 receptor trans-
fected cells, respectively, and for their affinity for the
vanilloid VR1 receptor in radioligand binding assays
using [3H]resiniferatoxin ([3H]RTX) in rat spinal cord
membranes (Table 1). Also, synthesized compounds I
were evaluated for their capacity to inhibit the FAAH-
catalyzed metabolism of anandamide by rat brain ho-
mogenates. For comparative purposes, we have also
included results obtained for AM404.

Results and Discussion

Most of the compounds with structure I display an
excellent ability to inhibit anandamide reuptake with
IC50 values in the low micromolar range as well as
selectivity for the transporter, as deduced from their
affinity constants for CB1, CB2, and VR1 receptors (Ki
> 1000-10000 nM), and for the enzyme FAAH, with
IC50 values 1 order of magnitude greater than those for
the ANT (Table 1). This contrasts with the data for
previously reported inhibitors that inhibit FAAH and
the ANT with similar potencies28 such as, for example,
AM404 (Table 1).

SAFIR of Inhibitors of Anandamide Uptake. As
an exploration of the SAFIR between compounds of
general structure I and ANT, we have examined the role
of the heterocyclic ring and its position, the -X-Y-
fragment, and the increase in the distance and branch-
ing between the arachidonic acid chain and the hetero-
cyclic moiety. The most important points can be ex-
pressed in the following terms:

(i) To evaluate the influence of the heterocyclic moiety,
we have considered compounds with five-membered
rings with one heteroatom (furan, thiophene, and pyr-
role). Regarding furan derivatives, amides exhibit a
higher potency as ANT inhibitors compared to their
corresponding isosteric esters, as shown from the IC50
values for analogues 2 vs 1 (5 vs 24 µM) and 5 vs 4 (0.8
vs 14 µM). Also, the presence of the arachidonic acid
chain at position 3 of the furan ring enhances the
affinity for the transporter (4 vs 1, with IC50 values of
14 vs 24 µM, respectively, and 5 vs 2, with IC50 values
of 0.8 vs 5 µM, respectively). However, within thienyl
derivatives, these structural factors are not so relevant,
since the IC50 values for compounds 16, 18, and 19 are
comparable (between 3 and 5 µM). The lack of activity
of compound 15 seems to indicate, however, an excep-
tion. Subsequently, we have compared the pyrrole ring
with its corresponding furan and thienyl analogues,
observing equipotent IC50 values for compounds 20, 2,
and 16, respectively.

With respect to the aromaticity of the heterocyclic
moiety, when the arachidonic chain is attached to
position C-2, the equipotent IC50 values observed for

Scheme 1. Synthesis of Compounds of General Structure Ia

a Reagents: (a) oxalyl chloride, DMF, CH2Cl2, rt; (b) DCC, DMAP, CH2Cl2, rt; (c) 5, LiAlH4, THF, ∆, Ar.

Figure 1. Compounds of general structure I.
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Table 1. Inhibition of ANT and FAAH and Binding Data of Compounds with Structure I (1-28)l

a Inhibition of anandamide transport was determined using human lymphoma U937 cells and [3H]anandamide. Maximum inhibition
values are expressed as the percentage of inhibition produced by the highest dose of the compounds tested (50 µM). b Inhibition of FAAH
enzymatic activity was determined using rat brain homogenates as the enzyme source and [3H]anandamide. Maximum inhibition values
were calculated by GraphPad Prism analyses53 of the inhibition curves over eight concentrations ranging from 0.5 to 100 µM. c Affinity
of compounds for the CB1 receptor was evaluated using rat cerebellum membranes and [3H]WIN552122. d Affinity of compounds for the
CB2 receptor was assayed using [3H]CP55940 in HEK293EBNA human CB2 receptor transfected cells. e Affinity of compounds for the
VR1 receptor was evaluated using rat spinal cord membranes and [3H]RTX. Maximum inhibition, IC50, and Ki values were obtained from
two to four independent experiments carried out in triplicate and are expressed as the mean ( standard error. f These compounds exhibited
a partial capacity to inhibit [3H]RTX binding (Ki < 5000 nM). g When the calculated IC50 value was well over the highest inhibitor
concentration tested (i.e., >120 µM) or alternatively no curve could be fitted for statistical reasons, the observed inhibition at 100 µM is
given. h Not determined. i These compounds presented hyperbolic inhibitory profiles instead of the sigmoid dose-response curves. j This
compound presented a strange profile that did not fit the sigmoid dose-response characteristic of the rest of the compounds. k Data from
ref 53. l IC50 (ANT) data and receptor affinity for compounds 1, 2, 4, 5, 8-10, 15, 16, 18, and 20 were previously reported.39
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compounds 1 vs 8 (24 vs 18 µM) and 2 vs 9 (5 vs 8 µM)
indicate that the presence of an aromatic fragment is
not essential for affinity. However, when the arachidonic
chain is attached to position C-3 (compound 4 vs 10),
aromaticity becomes an important factor in the inhibi-
tory trend observed, which does not fit the sigmoid
dose-response typical of the rest of compounds. This
unusual behavior of compound 10 may be caused by the
existence of different mechanisms of interaction or
recognition between the transporter and its substrates.

(ii) With respect to the nature of the -X-Y- frag-
ment, in general, secondary amides, esters, and thioesters
are all able to compete with anandamide for transport,
although the presence of the NH group seems to
enhance the affinity for the carrier. Some representative
examples include the higher potency of amide 2 vs its
corresponding isosters 1 and 3 (IC50 values of 5 vs 24
and 9 µM, respectively), the increase in affinity of nearly
20-fold between compounds 4 and 5 (14 and 0.8 µM),
and especially the recovery of inhibitory ability observed
between compounds 15 (inactive) and 16 (5.7 µM).
Tertiary amides critically diminish the affinity for the
ANT. This effect can be appreciated in the 3-fold loss
in affinity displayed by compound 17 vs 16 (16 vs 5.7
µM) as well as in the dramatic decrease in the inhibitory
ability of compound 6 vs 5 (IC50 values of 111 and 0.8
µM). However, these results do not seem to indicate the
involvement of the NH group in a hydrogen bond, since
simple tertiary amides with IC50 values ranging from
10 to 30 µM have been reported.27

Isosteric replacement of a carbonyl group for a me-
thylenic group (compound 5 vs 7) implies a change in
the inhibitory trend observed for derivative 7. Although
amine 7 is able to interact efficaciously with the ANT,
as deduced from its high maximum inhibition value
(90%), it does not display a sigmoid profile. These results
suggest a different mode of interaction with the ANT
for both substrates, probably due to the presence of the
carbonyl group, which could fix the bioactive conforma-
tion of compound 5.

(iii) Increase in the distance between the arachidonic
chain and the heterocyclic subunit (compounds with n
) 1) produces in all cases important decreases in the
inhibitory potency of the compounds. For instance, a
3-fold loss of affinity is observed for furan derivatives
21 vs 2 (12.8 vs 5 µM) and 22 vs 5 (3.3 vs 0.8 µM). A
similar effect was obtained for thienyl derivatives with
marked decreases in affinity (24 vs 16, with IC50 values
of 19 and 5.7 µM, respectively) or in maximum inhibi-
tion capacity (27 vs 19, with 60% and >85%) or both
(26 vs 18, with 75% and 26 µM vs >85% and 3 µM,
respectively). Compound 23 follows the general trend
observed for derivatives with n ) 1.

Branching (R1) in the fragment between the arachi-
donic chain and the heterocyclic ring implies, in all
analyzed cases (n ) 0, 1), a critical decrease in the
inhibitory potency, as reflected by the IC50 values of
compounds 14 and 2 (21 vs 5 µM) and 28 vs 27 (21 vs
1.3 µM) or by the maximum inhibitory capacity of
compounds 11 (70%), 12 (37%), and 13 (55%) vs 1
(>85%) and 25 (66%) vs 24 (>85%).

In general, the fact that these compounds show
maximum inhibition values clearly under the 85%

indicates an important decay in the efficacy of their
interaction with the transporter.

Additionally, compounds 12 and 13 allow us to
analyze the effect of stereochemistry in the capacity to
interact with the transporter. From their maximum
inhibition values, it is deduced that the capacity of the
S enantiomer to inhibit anandamide uptake is superior
to that shown for the R enantiomer (55% vs 37%,
respectively). This result is in accordance with previ-
ously reported data in the literature for other ananda-
mide analogues, which also describes the enantiomeric
preference of the ANT for the S isomer.27,45

Transporter Selectivity. (i) With respect to can-
nabinoid receptors, most of the compounds analyzed
here turned out to have little affinity for both CB1 and
CB2 (Ki > 1000-10000 nM). However, it should be
pointed out that the presence of the N-methylpyrrole
fragment dramatically increases the affinity for both
cannabinoid receptors as deduced from the Ki values
obtained for 20 (Ki(CB1) ) 124 nM; Ki(CB2) ) 70 nM).
Moreover, the presence of the fur-3-ylmethyl moiety
selectively enhances the affinity for CB2, as shown by
compounds 5 and 22 [Ki(CB2) values of 67 and 400 nM
and Ki(CB1) values of 4700 and >1000 nM, respectively].

(ii) Regarding the interaction of compounds with
vanilloid VR1 receptors, the data obtained here show
that most of the compounds synthesized are essentially
unable to bind to VR1 (Ki > 5000 nM), especially when
these data are compared with the Ki values of high-
affinity VR1 ligands such as RTX (Kd ) 25 pM,46 which
is in accordance with the value determined in our
experiment; see methods section).

(iii) With respect to the capacity of compounds of
general structure I to inhibit the catalytic activity of
FAAH, the majority of them have been characterized
as weak FAAH inhibitors. In contrast to the equipotent
effects of AM404 on ANT and FAAH, many of the
compounds in the present series were better inhibitors
of ANT than of FAAH. The most pronounced difference
was for compound 5, with a ∼40-fold selectivity between
effects on ANT and FAAH. With respect to effects on
FAAH, the compounds either showed a low potency or
alternatively were not able to produce a complete
inhibition of anandamide metabolism. Examples of the
former are compounds 5, 16, and 18, with IC50 values
for the FAAH of 30, 112, and 84 µM, respectively.
Examples of the latter are compounds 3, 9, and 21, with
maximum inhibition values in the FAAH ranging from
36% to 47%.

Conclusions

From all the above considerations, it is clear that
small structural variations in compounds of structure
I have allowed us to obtain different selectivities and
affinities in the four systems that constitute the ECS.
Perhaps the most important finding from the present
study is that there is no obvious correlation between
the effects of the compounds on FAAH and on the ANT.
Thus, for example, compound 15 is more potent than
compound 5 as an inhibitor of FAAH; indeed, compound
15 is inactive in the ANT. Similarly, compounds 2, 5,
14, and 26 have essentially identical potencies for
inhibition of anandamide metabolism but vary consider-
ably in their abilities to inhibit the uptake of ananda-
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mide (IC50 values range from 0.8 to 26 µM). This would
suggest that the ANT and FAAH can be pharmacologi-
cally separated and that the potencies of the present
compounds on the ANT system investigated do not
simply reflect their abilities to prevent the metabolism
of the intracellularly accumulated anandamide. Of the
compounds tested, compound 5 (UCM707) remains as
the most potent ANT inhibitor so far described in the
literature. The excellent IC50 value of 0.8 µM exhibited
by this compound and its selectivity for the ANT vs CB1
receptors (Ki ) 4700 nM), VR1 (Ki > 5000 nM), and
FAAH (IC50 ) 30 µM) make it a valuable candidate for
future and deeper pharmacological studies. In addition,
the fact that this compound, the most potent derivative
in the transporter reported to date, displays a moderate
affinity only to CB2 (Ki ) 67 nM) raises the possibility
of selectively affecting the activity of this receptor and
simultaneously inhibiting the metabolism of endocan-
nabinoids, with all the interesting and attractive thera-
peutic applications that this implies.

Indeed, the compound is active in vivo and is able to
enhance the hypokinetic and/or antinociceptive actions
of a subeffective dose of anandamide,47 so more detailed
in vivo studies are in progress. Further syntheses aimed
at developing new furan derivatives bearing different
substituents are currently under investigation in our
laboratory and will be reported in due course.

Experimental Section
Chemistry. Infrared (IR) spectra were determined on a

Perkin-Elmer 781 or Shimadzu-8300 infrared spectrophotom-
eter. Optical rotation [R] was measured using a Perkin-Elmer
781 polarimeter. 1H and 13C NMR spectra were recorded on a
Varian VXR-300S, Bruker Avance 300-AM or Bruker 200-AC
instrument at room temperature (rt) unless stated otherwise.
Chemical shifts (δ) are expressed in parts per million relative
to internal tetramethylsilane; coupling constants (J) are in
hertz. Satisfactory elemental analyses were obtained for all
the newly synthesized analogues and are within (0.4% of the
theoretical values. Thin-layer chromatography (TLC) was run
on Merck silica gel 60 F-254 plates. For normal pressure
chromatography, Merck silica gel type 60 (size 70-230) was
used. Unless stated otherwise, starting materials used were
high-grade commercial products from Aldrich, Acros, Fluka,
Merck, or Panreac except arachidonic acid (90% pure), which
was purchased from Sigma. Anhydrous dimethylformamide
(DMF) was obtained by stirring over CaH2, filtering, and
vacuum distillation. Methylene chloride was used freshly
distilled over CaH2. Anhydrous tetrahydrofuran (THF) was
used freshly distilled under argon over sodium and in the
presence of benzophenone as indicator.

Synthesis of Noncommercial Amines. The synthesis of
noncommercial amines (n ) 0) was carried out by catalytic
hydrogenation (Raney nickel) of the corresponding aldehydes
or oximes in the presence of NH4OH or CH3NH2 using methods
previously reported.39-41,44

The synthesis of ethylamino derivatives (n ) 1) was
performed by reduction (LiAlH4 or BH3) of the corresponding
nitrovinyl compounds obtained from the corresponding alde-
hydes and nitromethane or nitroethane using routes described
in the literature.42,43 Representative spectroscopic data of these
amines are gathered below.

(Fur-3-ylmethyl)amine. Rf ) 0.35 (diethyl ether/methanol/
ammonium hydroxide, 1:1:0.02). IR (CHCl3, cm-1): 3377, 3134,
3113, 2866, 1500, 1387, 1161, 1020, 874. 1H NMR (200 MHz,
CDCl3, δ): 1.72 (br s, 2H, NH2), 3.68 (s, 2H, CH2), 6.34 (m,
1H, H-4), 7.28-7.30 (m, 2H, H-2, H-5). 13C NMR (50 MHz,
CDCl3, δ): 36.8, 109.6, 126.8, 138.7, 143.0.

(1-Methyl-1H-pyrrol-2-ylmethyl)amine. Rf ) 0.18 (chlo-
roform/methanol, 95:5). IR (CHCl3, cm-1): 3018, 2854, 1159,

930. 1H NMR (200 MHz, CDCl3, δ): 1.66 (br s, 2H, NH2), 3.63
(s, 3H, CH3), 3.80 (s, 2H, CH2), 6.01-6.10 (m, 2H, H-3, H-4),
6.59-6.64 (m, 1H, H-5). 13C NMR (50 MHz, CDCl3, δ): 35.1,
36.9, 106.3, 112.8, 126.7, 128.2.

(()-1-(Fur-2-yl)ethylamine. Rf ) 0.17 (chloroform/metha-
nol, 9:1). IR (CH2Cl2, cm-1): 3369, 3298, 3051, 2972, 2930,
2874, 1678, 1601, 1572, 1470, 1150, 1009, 928, 883, 872, 806,
702. 1H NMR (200 MHz, CDCl3, δ): 1.21 (d, 3H, J ) 6.6 Hz,
CH3), 1.59 (br s, 2H, NH2), 3.86 (q, 1H, J ) 6.6 Hz, CH-NH2),
5.90 (dt, 1H, J ) 3.2, 0.7 Hz, H-3), 6.09 (dd, 1H, J ) 3.2, 2.0
Hz, H-4), 7.13 (dd, 1H, J ) 1.9, 0.7 Hz, H-5). 13C NMR (50
MHz, CDCl3, δ): 21.9, 45.0, 103.1, 109.9, 141.0, 160.2.

N-(Fur-3-ylmethyl)-N-methylamine. Rf ) 0.13 (chloroform/
methanol, 8:2). IR (CDCl3, cm-1): 3325, 3132, 2941, 1638, 1500,
1377, 1163, 874. 1H NMR (200 MHz, CDCl3, δ): 1.98 (br s,
1H, NH), 2.36 (s, 3H, CH3), 3.52 (s, 2H, CH2), 6.28-6.31 (m,
1H, H-4), 7.28-7.31 (m, 2H, H-2, H-5). 13C NMR (50 MHz,
CDCl3, δ): 36.7, 46.3, 110.5, 123.8, 140.6, 143.1.

(Thien-3-ylmethyl)amine. Rf ) 0.11 (chloroform). IR (CH2-
Cl2, cm-1): 3366, 3296, 3049, 2924, 2854, 1638, 1558, 1456,
1244, 779. 1H NMR (200 MHz, CDCl3, δ): 1.70 (br s, 2H, NH2),
3.88 (s, 2H, CH2), 7.03 (dd, 1H, J ) 4.9, 1.0 Hz, H-4), 7.10 (m,
1H, H-2), 7.28 (dd, 1H, J ) 4.9, 2.9 Hz, H-5). 13C NMR (50
MHz, CDCl3, δ): 41.7, 120.3, 126.0, 126.9, 144.6.

N,N-Bis(thien-2-ylmethyl)amine. Rf ) 0.22 (chloroform:
methanol, 95:5). 1H NMR (200 MHz, CDCl3, δ): 4.01 (s, 4H,
2CH2), 4.44 (br s, 1H, NH), 6.90-7.01 (m, 4H, 2H-3, 2H-4),
7.20-7.22 (m, 2H, 2H-5). 13C NMR (50 MHz, CDCl3, δ): 46.0
(2C), 125.5 (2C), 126.2 (2C), 126.7 (2C), 127.1 (2C).

2-(Fur-2-yl)ethylamine. Rf ) 0.06 (chloroform/methanol,
9:1). IR (CDCl3, cm-1): 3310, 3155, 2926, 1597, 1560, 1466,
1429, 1148, 1011, 845. 1H NMR (200 MHz, CDCl3, δ): 1.89
(br s, 2H, NH2), 2.79 (t, 2H, J ) 6.6 Hz, CH2-C), 2.94 (t, 2H,
J ) 6.6 Hz, CH2-NH2), 6.06 (dd, 1H, J ) 3.2, 0.7 Hz, H-3),
6.30 (dd, 1H, J ) 3.2, 1.5 Hz, H-4), 7.33 (dd, 1H, J ) 1.7, 0.7
Hz, H-5). 13C NMR (50 MHz, CDCl3, δ): 31.8, 40.4, 105.9,
110.0, 141.1, 153.6.

2-(Fur-3-yl)ethylamine. Rf ) 0.55 (chloroform/methanol/
ammonium hydroxide, 7:3:0.1). IR (CH2Cl2, cm-1): 3132, 3111,
2928, 1638, 1578, 1466, 1439, 1383, 1159, 1067, 874. 1H NMR
(200 MHz, CDCl3, δ): 1.56 (br s, 2H, NH2), 2.56 (t, 2H, J )
6.8 Hz, CH2-C), 2.89 (t, 2H, J ) 6.6 Hz, CH2-NH2), 6.28-
6.29 (m, 1H, H-4), 7.27 (dd, 1H, J ) 1.5, 1.0 Hz, H-2), 7.38 (t,
1H, J ) 1.7 Hz, H-5). 13C NMR (50 MHz, CDCl3, δ): 29.0, 42.2,
110.9, 122.4, 139.6, 143.0.

2-(Thien-3-yl)ethylamine. Rf ) 0.15 (chloroform/methanol,
9:1). Yield ) 60%. IR (CH2Cl2, cm-1): 3360, 3277, 3099, 2961,
2855, 1458, 1080, 704. 1H NMR (200 MHz, CDCl3, δ): 2.06
(br s, 2H, NH2), 2.79 (t, 2H, J ) 6.7 Hz, CH2-C), 2.96 (t, 2H,
J ) 6.8 Hz, CH2-NH2), 6.96 (dd, 1H, J ) 4.9, 1.5 Hz, H-4),
7.00 (dd, 1H, J ) 2.9, 1.2 Hz, H-2), 7.28 (dd, 1H, J ) 4.9, 3.2
Hz, H-5). 13C NMR (50 MHz, CDCl3, δ): 34.1, 42.6, 121.0,
125.6, 128.1, 139.9.

(()-1-(Methyl-2-thien-2-yl)ethylamine. Rf ) 0.11 (chlo-
roform). Yield ) 48%. IR (CDCl3, cm-1): 3368, 2962, 2928,
1583, 1456, 1437, 1381, 1148, 1059. 1H NMR (200 MHz, CDCl3,
δ): 1.12 (d, 3H, J ) 6.1 Hz, CH3), 1.91 (br s, 2H, NH2), 2.70
(ddd, 1H, J ) 14.3, 8.1, 0.5 Hz, 1H-CH2), 2.89 (ddd, 1H, J )
14.4, 4.9, 0.7 Hz, 1H-CH2), 3.06-3.22 (m, 1H, CH), 6.79-6.82
(m, 1H, H-3), 6.92 (dd, 1H, J ) 5.1, 3.4 Hz, H-4), 7.13 (dd, 1H,
J ) 5.1, 1.2 Hz, H-5). 13C NMR (50 MHz, CDCl3, δ): 23.1, 40.4,
48.6, 123.7, 125.6, 126.8, 141.8.

(()-1-(Methyl-2-thien-3-yl)ethylamine. Rf ) 0.10 (chlo-
roform). Yield ) 51%. IR (CH2Cl2, cm-1): 3360, 3286, 3099,
3047, 2960, 1583, 1454, 1379, 1344, 1080, 833, 773. 1H NMR
(200 MHz, CDCl3, δ): 1.04 (d, 3H, J ) 6.3 Hz, CH3), 2.53 (dd,
1H, J ) 13.7, 8.0 Hz, 1H-CH2), 2.70 (ddd, 1H, J ) 13.7, 5.1,
0.5 Hz, 1H-CH2), 3.14 (sext, 1H, J ) 6.3 Hz, CH), 4.72 (br s,
2H, NH2), 6.92 (dd, 1H, J ) 4.9, 1.2 Hz, H-4), 6.96 (ddd, 1H,
J ) 2.9, 1.0, 0.5 Hz, H-2), 7.24 (dd, 1H, J ) 4.9, 2.9 Hz, H-5).
13C NMR (50 MHz, CDCl3, δ): 23.8, 40.6, 47.6, 121.4, 125.3,
128.4, 139.8.

General Procedure for the Synthesis of Derivatives
1-6 and 8-28. Method A. Arachidonyl chloride was synthe-
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sized by reaction of arachidonic acid (111.1 mg, 0.33 mmol) in
methylene chloride (5 mL/mmol) with 2 equiv of oxalyl chloride
in the presence of 1 equiv of DMF under argon atmosphere.
After 1 h at room temperature, the solvent was removed under
vacuum, arachidonyl chloride was dissolved in methylene
chloride (5 mL/mmol), and the appropiate alcohol or amine (3.3
mmol approx) in a methylene chloride solution (1.5 mL/mmol)
was added. The mixture was stirred (3-6 h) until no further
evolution was observed by TLC (chloroform/methanol, 95:5)
and then was washed with water and brine and dried over
Na2SO4 or MgSO4. Then, the solvent was evaporated under
reduced pressure and the crude product was purified by
column chromatography on silica gel using the appropriate
eluent.

Method B. To a stirred solution of 1 equiv (0.33 mmol) of
arachidonic acid in dry methylene chloride (1 mL/mmol) and
the appropriate alcohol, thiol, or amine (1.5 equivalents) in
dry methylene chloride (1 mL/mmol) at -20 °C in a salt/ice
bath and under argon, a solution of DCC (1 equiv) and DMAP
(0.068 equiv) in dry methylene chloride (3 mL/mmol DCC) was
added dropwise. The mixture was stirred for 5 min at this
temperature and then removed from the cooling bath and
stirred at room temperature (3-6 h) until no further evolution
was observed by TLC (chloroform/methanol, 95:5). The dicy-
clohexylurea was filtered off, the filtrate was evaporated under
reduced pressure, and the obtained residue was taken up in
methylene chloride (20 mL/mmol of fatty acid). This resulting
organic phase was washed with a cooled 0.5 M hydrochloric
acid solution and brine, and the organic extracts were dried
over Na2SO4 or MgSO4. Then the solvent was evaporated
under reduced pressure and the product purified by column
chromatography on silica gel using the appropriate eluent.

The synthesis of compounds 1, 2, 4, 5, 8-10, 15, 16, 18,
and 20 was carried out as previously reported.39

Fur-2-ylmethyl (5Z,8Z,11Z,14Z)-Icosa-5,8,11,14-tetraen-
oate, 1. Method A. Rf ) 0.18 (hexane/methylene chloride, 2:1).
Yield ) 57%. IR (CHCl3, cm-1): 3013, 2957, 2928, 2856, 1736,
1456, 1377, 1229, 1153, 910, 734. 1H NMR (200 MHz, CDCl3,
δ): 0.78 (t, 3H, J ) 6.8 Hz, 3H-20), 1.15-1.36 (m, 6H, 2H-17,
2H-18, 2H-19), 1.60 (quint, 2H, J ) 7.5 Hz, 2H-3), 1.93-2.08
(m, 4H, 2H-4, 2H-16), 2.28 (t, 2H, J ) 7.4 Hz, 2H-2), 2.68-
2.79 (m, 6H, 2H-7, 2H-10, 2H-13), 4.99 (s, 2H, 2H-1′′), 5.30-
5.40 (m, 8H, vinylic-H), 6.35 (dd, 1H, J ) 3.2, 1.8 Hz, H-4′),
6.39 (d, 1H, J ) 3.1 Hz, H-3′), 7.41 (dd, 1H, J ) 1.8, 0.8 Hz,
H-5′). 13C NMR (50 MHz, CDCl3, δ): 14.1, 22.4, 24.6, 25.6 (3C),
26.6, 27.4, 29.5, 31.5, 33.6, 58.0, 110.7 (2C), 127.5, 127.9, 128.1,
128.2, 128.6, 128.8, 128.9, 130.5, 143.2, 149.8, 173.3.

(5Z,8Z,11Z,14Z)-N-(Fur-2-ylmethyl)icosa-5,8,11,14-tet-
raenamide, 2. Method A. Rf ) 0.80 (chloroform/methanol,
95:5). Yield ) 57%. IR (CHCl3, cm-1): 3450, 2927, 1676, 1512,
1425, 1149, 1014, 927. 1H NMR (200 MHz, CDCl3, δ): 0.87 (t,
3H, J ) 6.8 Hz, 3H-20), 1.24-1.28 (m, 6H, 2H-17, 2H-18, 2H-
19), 1.75 (quint, 2H, J ) 7.1 Hz, 2H-3), 1.97-2.22 (m, 6H, 2H-
4, 2H-16, 2H-2), 2.78-2.83 (m, 6H, 2H-7, 2H-10, 2H-13), 4.41
(d, 2H, J ) 5.4 Hz, 2H-1′′), 5.35-5.38 (m, 8H, vinylic-H), 5.83
(br s, 1H, NH), 6.20 (d, 1H, J ) 7.4 Hz, H-3′), 6.29-6.31 (m,
1H, H-4′), 7.32-7.34 (m, 1H, H-5′). 13C NMR (50 MHz, CDCl3,
δ): 14.0, 22.5, 25.3, 25.6 (3C), 26.6, 27.2, 29.3, 31.5, 35.9, 36.4,
107.4, 110.4, 127.5, 127.8, 128.1, 128.2, 128.6, 128.8, 129.1,
130.5, 142.1, 151.4, 172.5.

S-(Fur-3-ylmethyl) (5Z,8Z,11Z,14Z)-Icosa-5,8,11,14-tet-
raenethioate, 3. Method B. Rf ) 0.17 (hexane/ethyl ether,
100:1). Yield ) 59%. IR (CH2Cl2, cm-1): 3013, 2957, 2928,
2856, 1693, 1502, 1456, 1248, 1151, 1072, 1011, 910. 1H NMR
(200 MHz, CDCl3, δ): 0.89 (t, 3H, J ) 6.6 Hz, 3H-20), 1.25-
1.40 (m, 6H, 2H-17, 2H-18, 2H-19), 1.75 (quint, 2H, J ) 7.3
Hz, 2H-3), 2.01-2.16 (m, 4H, 2H-4, 2H-16), 2.58 (t, 2H, J )
7.8 Hz, 2H-2), 2.76-2.86 (m, 6H, 2H-7, 2H-10, 2H-13), 4.15
(s, 2H, 2H-1′′), 5.27-5.47 (m, 8H, vinylic-H), 6.21 (dq, 1H, J
) 3.2, 0.7 Hz, H-4′), 6.28 (dd, 1H, J ) 3.2, 1.7 Hz, H-3′), 7.32
(dd, 1H, J ) 1.7, 0.7 Hz, H-5′). 13C NMR (50 MHz, CDCl3, δ):
13.9, 22.6, 25.3, 25.6 (4C), 26.3, 27.2, 29.3, 31.5, 43.7, 107.7,

110.4, 127.5, 127.8, 128.1, 128.2, 128.5, 128.6, 129.1, 130.5,
142.0, 150.4, 197.9.

Fur-3-ylmethyl (5Z,8Z,11Z,14Z)-Icosa-5,8,11,14-tetraen-
oate, 4. Method A. Rf ) 0.15 (hexane/methylene chloride, 2:1).
Yield ) 55%. IR (CHCl3, cm-1): 3013, 2957, 2928, 2856, 1734,
1458, 1379, 1217, 1151, 1024, 874. 1H NMR (300 MHz, CDCl3,
δ): 0.88 (t, 3H, J ) 6.6 Hz, 3H-20), 1.22-1.37 (m, 6H, 2H-17,
2H-18, 2H-19), 1.70 (quint, 2H, J ) 7.5 Hz, 2H-3), 2.01-2.13
(m, 4H, 2H-4, 2H-16), 2.32 (t, 2H, J ) 7.5 Hz, 2H-2), 2.80 (m,
6H, 2H-7, 2H-10, 2H-13), 4.97 (s, 2H, 2H-1′′), 5.28-5.41 (m,
8H, vinylic-H), 6.41 (m, 1H, H-4′), 7.38 (m, 1H, H-2′), 7.45-
7.46 (m, 1H, H-5′). 13C NMR (50 MHz, CDCl3, δ): 14.0, 22.5,
24.7, 25.6 (2C), 25.7, 26.5, 27.2, 29.3, 31.5, 33.6, 57.5, 110.5,
120.5, 127.5, 127.8, 128.1, 128.2, 128.6, 128.9, 129.0, 130.5,
141.5, 143.4, 173.4.

(5Z,8Z,11Z,14Z)-N-(Fur-3-ylmethyl)icosa-5,8,11,14-tet-
raenamide, 5 (UCM707). Yield ) 45% for method A. Yield
) 65% for method B. Rf ) 0.43 (hexane/ethyl acetate, 1:1). IR
(CHCl3, cm-1): 3369, 3018, 2930, 2856, 1709, 1655, 1522, 1458,
1420, 1022. 1H NMR (200 MHz, CDCl3, δ): 0.88 (t, 3H, J )
6.0 Hz, 3H-20), 1.22-1.35 (m, 6H, 2H-17, 2H-18, 2H-19), 1.73
(quint, 2H, J ) 7.4 Hz, 2H-3), 2.00-2.23 (m, 6H, 2H-4, 2H-
16, 2H-2), 2.76-2.85 (m, 6H, 2H-7, 2H-10, 2H-13), 4.28 (d, 2H,
J ) 5.6 Hz, 2H-1′′), 5.32-5.47 (m, 8H, vinylic-H), 5.58 (br s,
1H, NH), 6.35-6.36 (m, 1H, H-4′), 7.37-7.38 (m, 2H, H-2′,
H-5′). 13C NMR (50 MHz, CDCl3, δ): 14.0, 22.5, 25.4, 25.6 (3C),
26.6, 27.2, 29.3, 31.5, 34.4, 36.0, 110.3, 122.0, 127,5, 127.8,
128.1, 128.2, 128.6, 128.8, 129.0, 130.5, 140.1, 143.5, 172.6.

(5Z,8Z,11Z,14Z)-N-(Fur-3-ylmethyl)-N-methylicosa-5,8,-
11,14-tetraenamide, 6. Method B. Rf ) 0.16 (hexane/diethyl
ether, 1:1). Yield ) 52%. IR (CDCl3, cm-1): 3011, 2928, 2856,
1628, 1460, 1408, 1273, 1161, 1068, 874, 733. 1H NMR (300
MHz, CD3CN, 70 °C, δ): 0.92 (t, 3H, J ) 7.0 Hz, 3H-20), 1.33-
1.43 (m, 6H, 2H-17, 2H-18, 2H-19), 1.69 (quint, 2H, J ) 7.4
Hz, 2H-3), 2.07-2.26 (m, 4H, 2H-4, 2H-16), 2.35-2.37 (m, 2H,
2H-2), 2.84-2.92 (m, 9H, 2H-7, 2H-10, 2H-13, 3H-NCH3), 4.38
(s, 2H, 2H-1′′), 5.34-5.64 (m, 8H, vinylic-H), 6.37 (s, 1H, H-4′),
7.42-7.45 (m, 2H, H-2′, H-5′). 13C NMR (75 MHz, CD3CN, 70
°C, δ): 14.6, 23.6 (2C), 26.8 (3C), 28.0 (2C), 28.4 (2C), 30.5
(2C), 32.7, 123.7, 129.1, 129.2, 129.4, 129.5, 129.7, 129.8, 129.9,
131.0, 131.7, 142.0, 145.0, 173.8.

(()-2-Tetrahydrofur-2-ylmethyl (5Z,8Z,11Z,14Z)-Icosa-
5,8,11,14-tetraenoate, 8. Method A. Rf ) 0.11 (hexane/
methylene chloride, 1:5). Yield ) 48%. IR (CHCl3, cm-1): 3016,
2957, 2930, 2858, 1732, 1086, 1024, 926. 1H NMR (300 MHz,
CDCl3, δ): 0.86 (t, 3H, J ) 6.9 Hz, 3H-20), 1.22-1.38 (m, 6H,
2H-17, 2H-18, 2H-19), 1.53-1.63 (m, 2H, 2H-3′ or 2H-4′), 1.70
(quint, 2H, J ) 7.5 Hz, 2H-3), 1.83-1.95 (m, 2H, 2H-3′ or 2H-
4′), 1.98-2.12 (m, 4H, 2H-4, 2H-16), 2.33 (t, 2H, J ) 7.6 Hz,
2H-2), 2.76-2.82 (m, 6H, 2H-7, 2H-10, 2H-13), 3.71-3.78 (m,
1H, H-5′), 3.81-3.89 (m, 1H, H5′), 3.91-3.99 (m, 1H, H-2′),
4.05-4.20 (m, 2H, 2H-1′′), 5.32-5.35 (m, 8H, vinylic-H). 13C
NMR (50 MHz, CDCl3, δ): 14.0, 22.6, 24.8, 25.6 (3C), 26.5,
27.2 (2C), 28.0, 29.3, 31.5, 33.6, 66.4, 68.4, 76.4, 127.5, 127.9,
128.2 (2C), 128.6, 128.8, 128.9, 130.5, 173.5.

(()-(5Z,8Z,11Z,14Z)-N-(Tetrahydrofur-2-ylmethyl)icosa-
5,8,11,14-tetraenamide, 9. Method A. Rf ) 0.18 (chloroform/
ethyl acetate, 5:1). Yield ) 83%. IR (CHCl3, cm-1): 3443, 3329,
3016, 2930, 2858, 1655, 1522, 1078. 1H NMR (300 MHz, CDCl3,
δ): 0.85 (t, 3H, J ) 6.0 Hz, 3H-20), 1.22-1.35 (m, 6H, 2H-17,
2H-18, 2H-19), 1.46-1.55 (m, 1H, H-3′ or H-4′), 1.71 (quint,
2H, J ) 7.8 Hz, 2H-3), 1.81-1.91 (m, 4H, 2H-4, 2H-16), 1.97-
2.11 (m, 3H, H-3′ or H-4′), 2.16 (t, 2H, J ) 7.2 Hz, 2H-2), 2.76-
2.82 (m, 6H, 2H-7, 2H-10, 2H-13), 3.07 (ddd, 1H, J ) 13.5,
7.5, 4.5 Hz, H-1′′), 3.57 (ddd, 1H, J ) 13.8, 6.6, 3.3 Hz, H-1′′),
3.70 (q, 1H, J ) 6.9 Hz, H-5′), 3.81 (q, 1H, J ) 6.6 Hz, H-5′),
3.91 (qd, 1H, J ) 7.5, 3.3 Hz, H-2′), 5.26-5.39 (m, 8H, vinylic-
H), 5.81 (br s, 1H, NH). 13C NMR (50 MHz, CDCl3, δ): 14.0,
22.5, 25.5, 25.6 (3C), 25.8, 26.7, 27.2, 28.6, 29.3, 31.5, 36.0,
43.1, 67.9, 77.7, 127.5, 127.8, 128.2 (2C), 128.5, 128.7, 129.1,
130.4, 172.7.

(()-Tetrahydrofur-3-ylmethyl (5Z,8Z,11Z,14Z)-Icosa-
5,8,11,14-tetraenoate, 10. Method A. Rf ) 0.17 (chloroform).
Yield ) 38%. IR (CHCl3, cm-1): 3013, 2928, 2856, 1738, 1456,
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1153, 1078, 916, 712. 1H NMR (200 MHz, CDCl3, δ): 0.88 (t,
3H, J ) 6.8 Hz, 3H-20), 1.19-1.32 (m, 6H, 2H-17, 2H-18, 2H-
19), 1.54-1.77 (m, 3H, 2H-4, 1H-4′), 1.95-2.16 (m, 5H, 1H-4′,
2H-3, 2H-16), 2.32 (t, 2H, J ) 7.8 Hz, 2H-2), 2.50-2.64 (m,
1H, H-3′), 2.78-2.86 (m, 6H, 2H-7, 2H-10, 2H-13), 3.56 (dd,
1H, J ) 8.8, 5.6 Hz, H-C-O), 3.69-4.13 (m, 5H, H-C-O),
5.26-5.41 (m, 8H, vinylic-H). 13C NMR (50 MHz, CDCl3, δ):
14.0, 22.5, 24.7, 25.6 (3C), 26.5, 27.2, 29.0, 29.3, 31.5, 33.6,
38.3, 65.7, 67.7, 70.5, 127.5, 127.8, 128.1, 128.2, 128.6, 128.8,
128.9, 130.5, 173.4.

(()-(Fur-2-yl)ethyl (5Z,8Z,11Z,14Z)-Icosa-5,8,11,14-tet-
raenoate, 11. Yield ) 30% for method A. Yield ) 68% for
method B. Rf ) 0.16 (hexane/chloroform, 3:2). IR (CH2Cl2,
cm-1): 3013, 2957, 2930, 2856, 1736, 1456, 1375, 1244, 1153,
1055, 1011. 1H NMR (300 MHz, CDCl3, δ): 0.87 (t, 3H, J )
6.8 Hz, 3H-20), 1.24-1.36 (m, 6H, 2H-17, 2H-18, 2H-19), 1.56
(d, 3H, J ) 6.9 Hz, CH3-CH), 1.68 (quint, 2H, J ) 7.5 Hz,
2H-3), 2.00-2.11 (m, 4H, 2H-4, 2H-16), 2.30 (t, 2H, J ) 7.5
Hz, 2H-2), 2.74-2.83 (m, 6H, 2H-7, 2H-10, 2H-13), 5.28-5.42
(m, 8H, vinylic-H), 5.96 (q, 1H, J ) 6.6 Hz, H-1′′), 6.28-6.32
(m, 2H, H-3′, H-4′), 7.35-7.36 (m, 1H, H-5′). 13C NMR (50 MHz,
CDCl3, δ): 14.0, 18.2, 22.6, 24.8, 25.6 (3C), 26.5, 27.2, 29.3,
31.5, 33.8, 64.8, 107.6, 110.2, 127.5, 127.9, 128.2 (2C), 128.6,
128.8, 128.9, 130.4, 142.4, 153.6, 172.7.

Data of (+)-12 and (-)-13 were identical to those recorded
for the racemic material (11) except for the optical rotation.
(+)-12: [R]20

D +29.6 (c 3.0, ethanol). (-)-13: [R]20
D -31.7 (c 2.9,

ethanol).
(()-(5Z,8Z,11Z,14Z)-N-[1-(Fur-2-yl)ethyl]icosa-5,8,11,-

14-tetraenamide, 14. Method B. Rf ) 0.22 (chloroform).
Yield ) 72%. IR (CDCl3, cm-1): 3327, 3013, 2959, 2930, 2856,
1662, 1506, 1452, 1375, 1227, 1151, 1096, 1072, 1013. 1H NMR
(300 MHz, CDCl3, δ): 0.90 (t, 3H, J ) 6.8 Hz, 3H-20), 1.24-
1.39 (m, 6H, 2H-17, 2H-18, 2H-19), 1.48 (d, 3H, J ) 6.9 Hz,
CH-CH3), 1.68-1.79 (m, 2H, 2H-3), 2.03-2.22 (m, 6H, 2H-4,
2H-16, 2H-2), 2.78-2.86 (m, 6H, 2H-7, 2H-10, 2H-13), 5.23 (q,
1H, J ) 7.3 Hz, CH-CH3), 5.32-5.42 (m, 8H, vinylic-H), 5.68
(br d, 1H, J ) 7.8 Hz, NH), 6.18 (dt, 1H, J ) 3.3, 0.8 Hz, H-3′),
6.32 (dd, 1H, J ) 3.3, 1.9 Hz, H-4′), 7.35 (dd, 1H, J ) 1.8, 0.7
Hz, H-5′). 13C NMR (75 MHz, CDCl3, δ): 13.9, 19.5, 22.4, 25.2,
25.4 (2C), 25.5, 26.4, 27.0, 29.1, 31.3, 35.9, 42.6, 105.4, 110.0,
127.3, 127.7, 128.0 (2C), 128.4, 128.6, 128.9, 130.3, 141.7,
155.2, 171.6.

Thien-2-ylmethyl (5Z,8Z,11Z,14Z)-Icosa-5,8,11,14-tet-
raenoate, 15. Method A. Rf ) 0.66 (chloroform). Yield ) 49%.
IR (CHCl3, cm-1): 3013, 2926, 2858, 2856, 1736, 1439, 1230,
1146, 702. 1H NMR (300 MHz, CDCl3, δ): 0.88 (t, 3H, J ) 6.9
Hz, 3H-20), 1.25-1.37 (m, 6H, 2H-17, 2H-18, 2H-19), 1.70
(quint, 2H, J ) 7.5 Hz, 2H-3), 2.01-2.13 (m, 4H, 2H-4, 2H-
16), 2.33 (t, 2H, J ) 7.8 Hz, 2H-2), 2.75-2.84 (m, 6H, 2H-7,
2H-10, 2H-13), 5.26 (s, 2H, 2H-1′′), 5.28-5.42 (m, 8H, vinylic-
H), 6.97 (dd, 1H, J ) 5.1, 3.6 Hz, H-4′), 7.08 (d, 1H, J ) 3.3
Hz, H-3′), 7.30 (d, 1H, J ) 5.4 Hz, H-5′). 13C NMR (50 MHz,
CDCl3, δ): 14.0, 22.6, 24.7, 25.6 (3C), 26.5, 27.2, 29.3, 31.5, 33.6,
60.4, 126.7, 126.8, 127.5, 127.9, 128.0, 128.1, 128.2, 128.6,
128.8, 128.9, 130.5, 138.1, 173.2.

(5Z,8Z,11Z,14Z)-N-(Thien-2-ylmethyl)icosa-5,8,11,14-
tetraenamide, 16. Method A. Rf ) 0.39 (methylene chloride/
diethyl ether, 95:5). Yield ) 72%. IR (CH2Cl2, cm-1): 3319,
2930, 2858, 1713, 1651, 1545, 1529, 1458, 1431, 1367, 1223,
1159, 1043, 852, 702. 1H NMR (300 MHz, CDCl3, δ): 0.92 (t,
3H, J ) 6.6 Hz, 3H-20), 1.22-1.33 (m, 6H, 2H-17, 2H-18, 2H-
19), 1.75 (quint, 2H, J ) 7.4 Hz, 2H-3), 2.05-2.17 (m, 4H, 2H-
4, 2H-16), 2.22 (t, 2H, J ) 7.5 Hz, 2H-2), 2.82-2.85 (m, 6H,
2H-7, 2H-10, 2H-13), 4.61 (d, 2H, J ) 5.4 Hz, 2H-1′′), 5.32-
5.39 (m, 8H, vinylic-H), 6.08 (br s, 1H, NH), 6.96 (m, 2H, H-3′,
H-4′), 7.22-7.24 (m, 1H, H-5′). 13C NMR (50 MHz, CDCl3, δ):
14.0, 22.6, 25.4, 25.6 (3C), 26.6, 27.2, 29.3, 31.5, 35.9, 38.3,
125.2, 126.0, 126.9 (2C), 127.5, 127.8, 128.1, 128.2, 128.6,
129.0, 130.5, 141.0, 176.0.

(5Z,8Z,11Z,14Z)-N,N-Bis(thien-2-ylmethyl)icosa-5,8,11,-
14-tetraenamide, 17. Method A. Rf ) 0.21 (chloroform/
hexane, 4:1). Yield ) 27%. IR (CH2Cl2, cm-1): 3055, 2961,
2930, 2856, 1713, 1636, 1420, 1364, 1094. 1H NMR (200 MHz,

CDCl3, δ): 0.88 (t, 3H, J ) 6.8 Hz, 3H-20), 1.25-1.29 (m, 6H,
2H-17, 2H-18, 2H-19), 1.76-1.89 (m, 2H, 2H-3), 2.02-2.16 (m,
4H, 2H-4, 2H-16), 2.46 (t, 2H, J ) 7.6 Hz, 2H-2), 2.79-2.82
(m, 6H, 2H-7, 2H-10, 2H-13), 4.61 (s, 2H, CH2-N), 4.74 (s,
2H, CH2-N), 5.30-5.46 (m, 8H, vinylic-H), 6.93-6.99 (m, 4H,
2H-3′, 2H-4′), 7.25-7.27 (m, 2H, 2H-5′). 13C NMR (50 MHz,
CDCl3, δ): 14.0, 22.6 (2C), 25.1, 25.6 (3C), 26.6, 27.2, 29.3, 31.5,
32.4, 33.6, 127.5, 127.9 (2C), 128.1 (2C), 128.2, 128.3, 128.4,
128.6, 128.7, 129.3 (2C), 130.5 (2C), 139.8 (2C), 176.1.

Thien-3-ylmethyl (5Z,8Z,11Z,14Z)-Icosa-5,8,11,14-tet-
raenoate, 18. Method A. Rf ) 0.22 (hexane/ethyl acetate, 25:
1). Yield ) 89%. IR (CHCl3, cm-1): 3016, 2957, 2930, 2856,
1730, 1439, 1251, 1157. 1H NMR (300 MHz, CDCl3, δ): 0.88
(t, 3H, J ) 7.2 Hz, 3H-20), 1.25-1.37 (m, 6H, 2H-17, 2H-18,
2H-19), 1.71 (quint, 2H, J ) 7.5 Hz, 2H-3), 2.01-2.13 (m, 4H,
2H-4, 2H-16), 2.34 (t, 2H, J ) 7.5 Hz, 2H-2), 2.75-2.84 (m,
6H, 2H-7, 2H-10, 2H-13), 5.11 (s, 2H, 2H-1′′), 5.30-5.41 (m,
8H, vinylic-H), 7.07 (dd, 1H, J ) 4.8, 1.2 Hz, H-4′), 7.28-7.31
(m, 2H, H-2,′ H-5′). 13C NMR (50 MHz, CDCl3, δ): 14.0, 22.6,
24.7, 25.6 (3C), 26.5, 27.2, 29.3, 31.5, 33.6, 61.0, 124.2, 126.2,
127.5, 127.6, 127.9, 128.1, 128.2, 128.6, 128.9 (2C), 130.5,
136.9, 173.3.

(5Z,8Z,11Z,14Z)-N-(Thien-3-ylmethyl)icosa-5,8,11,14-
tetraenamide, 19. Method B. Yield ) 40%. Rf ) 0.48
(chloroform/diethyl ether, 9:1). IR (CHCl3, cm-1): 3352, 3018,
2930, 2858, 1718, 1655, 1522, 1458, 1420, 1049, 908. 1H NMR
(200 MHz, CDCl3, δ): 0.88 (t, 3H, J ) 6.6 Hz, 3H-20), 1.25-
1.39 (m, 6H, 2H-17, 2H-18, 2H-19), 1.74 (quint, 2H, J ) 7.1
Hz, 2H-3), 2.00-2.24 (m, 6H, 2H-4, 2H-16, 2H-2), 2.76-2.86
(m, 6H, 2H-7, 2H-10, 2H-13), 4.44 (d, 2H, J ) 5.6 Hz, 2H-1′′),
5.26-5.46 (m, 8H, vinylic-H), 5.68 (br s, 1H, NH), 7.02 (dd,
1H, J ) 4.9, 1.2 Hz, H-4′), 7.12-7.15 (m, 1H, H-2′), 7.29 (dd,
1H, J ) 4.9, 2.9 Hz, H-5′). 13C NMR (50 MHz, CDCl3, δ): 14.0,
22.5, 25.5, 25.6 (3C), 26.7, 27.2, 29.3, 31.5, 36.0, 38.7, 122.3,
126.4, 127.3, 127.5, 127.8, 128.1, 128.2, 128.6, 128.8, 129.1,
130.5, 139.1, 172.5.

(5Z,8Z,11Z,14Z)-N-[(1-Methyl-1H-pyrrol-2-yl)methyl]i-
cosa-5,8,11,14-tetraenamide, 20. Method A. Rf ) 0.34
(hexane/ethyl acetate, 3:2). Yield ) 48%. IR (CHCl3, cm-1):
3018, 2926, 2854, 1655, 1508, 1425, 930. 1H NMR (200 MHz,
CDCl3, δ): 0.88 (t, 3H, J ) 6.0 Hz, 3H-20), 1.25-1.39 (m, 6H,
2H-17, 2H-18, 2H-19), 1.72 (quint, 2H, J ) 7.3 Hz, 2H-3),
2.00-2.24 (m, 6H, 2H-4, 2H-16, 2H-2), 2.79-2.86 (m, 6H, 2H-
7, 2H-10, 2H-13), 3.57 (s, 3H, N-CH3), 4.43 (d, 2H, J ) 5.1
Hz, 2H-1′′), 5.30-5.41 (m, 8H, vinylic-H), 5.43 (br s, 1H, NH),
6.06 (d, 2H, J ) 2.4 Hz, H-3′, H-4′), 6.61 (t, 1H, J ) 2.2 Hz,
H-5′). 13C NMR (50 MHz, CDCl3, δ): 14.0, 22.5, 25.5, 25.6 (3C),
26.7, 27.2, 29.3, 31.5, 33.7, 35.1, 36.0, 107.0, 108.7, 123.1, 127,5,
127.8, 128.1, 128.2, 128.6 (2C), 128.8, 129.0, 130.5, 172.0.

(5Z,8Z,11Z,14Z)-N-[2-(Fur-2-yl)ethyl]icosa-5,8,11,14-tet-
raenamide, 21. Method B. Rf ) 0.60 (methylene chloride/
ethyl acetate, 9:1). Yield ) 29%. IR (CH2Cl2, cm-1): 3350, 2924,
2854, 2361, 2343, 1641, 1545, 1439, 1377, 1068, 1026. 1H NMR
(200 MHz, CDCl3, δ): 0.82 (t, 3H, J ) 6.7 Hz, 3H-20), 1.18-
1.36 (m, 6H, 2H-17, 2H-18, 2H-19), 1.62 (quint, 2H, J ) 7.3
Hz, 2H-3), 1.93-2.12 (m, 6H, 2H-4, 2H-16, 2H-2), 2.71-2.80
(m, 8H, 2H-7, 2H-10, 2H-13, NH-CH2-CH2), 3.47 (q, 2H, J
) 6.3 Hz, NH-CH2), 5.20-5.37 (m, 8H, vinylic-H), 5.54 (br s,
1H, NH), 6.00 (dd, 1H, J ) 3.0, 0.7 Hz, H-3′), 6.24 (dd, 1H, J
) 3.0, 1.9 Hz, H-4′), 7.27 (dd, 1H, J ) 1.5, 0.7 Hz, H-5′). 13C
NMR (50 MHz, CDCl3, δ): 14.1, 22.6, 25.5, 25.6 (3C), 26.6,
27.2, 28.2, 29.3, 31.5, 36.1, 38.0, 106.4, 110.3, 127.5, 127.8,
128.1, 128.2, 128.6, 128.7, 129.1, 130.5, 141.6, 153.0, 174.0.

(5Z,8Z,11Z,14Z)-N-[2-(Fur-3-yl)ethyl]icosa-5,8,11,14-tet-
raenamide, 22. Method B. Rf ) 0.38 (chloroform/diethyl
ether, 9:1). Yield ) 42%. IR (CH2Cl2, cm-1): 3296, 3011, 2955,
2928, 2856, 1643, 1553, 1502, 1454, 1439, 1161, 1066, 1026,
874. 1H NMR (200 MHz, CDCl3, δ): 0.89 (t, 3H, J ) 6.8 Hz,
3H-20), 1.25-1.39 (m, 6H, 2H-17, 2H-18, 2H-19), 1.62 (m, 2H,
2H-3), 2.00-2.18 (m, 6H, 2H-4, 2H-16, 2H-2), 2.63 (t, 2H, J )
6.8 Hz, NH-CH2-CH2), 2.78-2.86 (m, 6H, 2H-7, 2H-10, 2H-
13), 3.46 (q, 2H, J ) 6.8 Hz, NH-CH2), 5.33-5.41 (m, 9H,
vinylic-H, NH), 6.28-6.29 (m, 1H, H-4′), 7.26-7.27 (m, 1H,
H-2′), 7.38 (t, 1H, J ) 1.7 Hz, H-5′). 13C NMR (50 MHz, CDCl3,
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δ): 14.1, 22.6, 25.0, 25.5, 25.6 (3C), 26.6, 27.2, 29.3, 31.5, 36.2,
39.4, 110.8, 121.8, 127.6, 127.9, 128.2, 128.3, 128.6, 128.8,
129.1, 130.6, 139.6, 143.3, 172.8.

2-Thien-2-ylethyl (5Z,8Z,11Z,14Z)-Icosa-5,8,11,14-tet-
raenoate, 23. Method A. Rf ) 0.18 (hexane/ethyl acetate, 20:
1). Yield ) 40%. IR (CH2Cl2, cm-1): 3055, 2957, 2932, 2860,
1732, 1421, 1173, 897. 1H NMR (200 MHz, CDCl3, δ): 0.89 (t,
3H, J ) 6.6 Hz, 3H-20), 1.22-1.40 (m, 6H, 2H-17, 2H-18, 2H-
19), 1.70 (quint, 2H, J ) 7.4 Hz, 2H-3), 2.01-2.16 (m, 4H, 2H-
4, 2H-16), 2.34 (t, 2H, J ) 7.6 Hz, 2H-2), 2.78-2.86 (m, 6H,
2H-7, 2H-10, 2H-13), 3.15 (td, 2H, J ) 6.7, 0.7 Hz, O-CH2-
CH2), 4.30 (t, 2H, J ) 6.7 Hz, O-CH2), 5.27-5.47 (m, 8H,
vinylic-H), 6.84-6.87 (d, 1H, J ) 3.4 Hz, H-4′), 6.92-6.96 (dd,
1H, J ) 5.1, 3.4 Hz, H-3′), 7.16 (dd, 1H, J ) 5.1, 1.2 Hz, H-5′).
13C NMR (50 MHz, CDCl3, δ): 14.0, 22.6, 24.7, 25.6 (2C), 26.5,
27.2, 29.3 (2C), 30.9, 31.5, 33.6, 64.6, 124.0, 125.5, 126.8, 127.5,
127.8, 128.1, 128.2, 128.6, 128.8, 128.9, 130.5, 140.0, 173,5.

(5Z,8Z,11Z,14Z)-N-(2-Thien-2-ylethyl)icosa-5,8,11,14-
tetraenamide, 24. Method A. Rf ) 0.26 (chloroform/diethyl
ether, 95:5). Yield ) 42%. IR (CH2Cl2, cm-1): 3292, 3011, 2955,
2928, 2856, 1645, 1553, 1435, 1032, 850, 822, 694. 1H NMR
(200 MHz, CDCl3, δ): 0.82 (t, 3H, J ) 6.6 Hz, 3H-20), 1.21-
1.42 (m, 6H, 2H-17, 2H-18, 2H-19), 1.71 (quint, 2H, J ) 7.4
Hz, 2H-3), 2.05-2.19 (m, 6H, 2H-4, 2H-16, 2H-2), 2.80-2.86
(m, 6H, 2H-7, 2H-10, 2H-13), 3.04 (t, 2H, J ) 6.6 Hz, NH-
CH2-CH2), 3.54 (q, 2H, J ) 6.3 Hz, NH-CH2), 5.25-5.47 (m,
8H, vinylic-H), 5.49 (br s, 1H, NH), 6.82-6.84 (m, 1H, H-3′),
6.95 (dd, 1H, J ) 5.1, 3.4 Hz, H-4′), 7.17 (dd, 1H, J ) 5.1, 1.2
Hz, H-5′). 13C NMR (50 MHz, CDCl3, δ): 14.0, 22.6, 25.5, 25.6
(3C), 26.7, 27.2, 29.3, 30.0, 31.5, 36.1, 40.7, 123.9, 125.3, 127.0,
127.5, 127.8, 128.2 (3C), 128.6, 128.8, 129.1, 130.5, 173.0.

(()-(5Z,8Z,11Z,14Z)-N-[(1-Methyl-2-thien-2-yl)ethyl]i-
cosa-5,8,11,14-tetraenamide, 25. Method B. Rf ) 0.30
(chloroform). Yield ) 40%. IR (CDCl3, cm-1): 3300, 3013, 2957,
2928, 2856, 1645, 1545, 1514, 1454, 1377, 1258, 1159, 1034,
976. 1H NMR (200 MHz, CDCl3, δ): 0.88 (t, 3H, J ) 6.6 Hz,
3H-20), 1.14 (d, 3H, J ) 6.8 Hz, CH-CH3), 1.25-1.39 (m, 6H,
2H-17, 2H-18, 2H-19), 1.62 (m, 2H, 2H-3), 2.00-2.18 (m, 6H,
2H-4, 2H-16, 2H-2), 2.78-2.86 (m, 6H, 2H-7, 2H-10, 2H-13),
2.90-3.10 (m, 2H, NH-CH-CH2), 4.21-4.34 (m, 1H, NH-
CH), 5.23-5.38 (m, 9H, vinylic-H, NH), 6.81 (dd, 1H, J ) 3.4,
1.0 Hz, H-3′), 6.94 (dd, 1H, J ) 5.1, 3.4 Hz, 1H, H-4′), 7.15
(dd, 1H, J ) 5.1, 1.0 Hz, H-5′). 13C NMR (50 MHz, CDCl3, δ):
14.0, 19.8, 22.5, 25.5, 25.6 (3C), 26.7, 27.2, 29.3, 31.5, 36.1,
36.3, 45.5, 124.1, 126.3, 126.9, 127.5, 127.8, 128.2 (2C), 128.6,
128.7, 129.1, 130.5, 139.4, 171.9.

2-Thien-3-ylethyl (5Z,8Z,11Z,14Z)-Icosa-5,8,11,14-tet-
raenoate, 26. Method A. Rf ) 0.18 (hexane/chloroform, 3:2).
Yield ) 73%. IR (CHCl3, cm-1): 3018, 2957, 2932, 2860, 1728,
1458, 1414, 1381, 1175. 1H NMR (300 MHz, CDCl3, δ): 0.86
(t, 3H, J ) 6.8 Hz, 3H-20), 1.23-1.37 (m, 6H, 2H-17, 2H-18,
2H-19), 1.65 (quint, 2H, J ) 7.4 Hz, 2H-3), 1.99-2.10 (m, 4H,
2H-4, 2H-16), 2.28 (t, 2H, J ) 7.6 Hz, 2H-2), 2.75-2.82 (m,
6H, 2H-7, 2H-10, 2H-13), 2.93 (t, 2H, J ) 6.9 Hz, O-CH2-
CH2), 4.25 (t, 2H, J ) 6.9 Hz, O-CH2), 5.26-5.41 (m, 8H,
vinylic-H), 6.93 (dd, 1H, J ) 4.8, 1.2 Hz, H-4′), 6.98 (d, 1H, J
) 2.7 Hz, H-2′), 7.23 (dd, 1H, J ) 4.6, 3.0 Hz, H-5′). 13C NMR
(50 MHz, CDCl3, δ): 14.2, 22.6, 24.8, 25.6 (2C), 26.5, 27.2, 29.3,
29.6, 31.5, 33.7, 34.5, 64.3, 121.5, 125.6, 127.6, 127.9, 128.1,
128.2 (2C), 128.6, 128.8, 128.9, 130.5, 138.2, 173.6.

(5Z,8Z,11Z,14Z)-N-(2-Thien-3-ylethyl)icosa-5,8,11,14-
tetraenamide, 27. Method A. Rf ) 0.24 (diethyl ether/
hexane, 7:3). Yield ) 60%. IR (CH2Cl2, cm-1): 3327, 3053,
3013, 2957, 2930, 2858, 1713, 1668, 1518, 1439, 895. 1H NMR
(300 MHz, CDCl3, δ): 0.86 (t, 3H, J ) 6.7 Hz, 3H-20), 1.23-
1.36 (m, 6H, 2H-17, 2H-18, 2H-19), 1.66 (quint, 2H, J ) 7.4
Hz, 2H-3), 1.99-2.14 (m, 6H, 2H-4, 2H-16, 2H-2), 2.75-2.84
(m, 8H, 2H-7, 2H-10, 2H-13, NH-CH2-CH2), 3.49 (q, 2H, J
) 6.5 Hz, NH-CH2), 5.26-5.40 (m, 8H, vinylic-H), 5.47 (br s,
1H, NH), 6.92 (dd, 1H, J ) 4.9, 1.3 Hz, 1H, H-4′), 6.97-6.98
(m, 1H, H-2′), 7.26 (dd, 1H, J ) 4.8, 3.0 Hz, H-5′). 13C NMR
(50 MHz, CDCl3, δ): 14.0, 22.6, 25.5, 25.6 (3C), 26.6, 27.2, 29.3,
30.2, 31.5, 36.1, 39.8, 121.3, 126.0, 127.5, 127.8, 128.0, 128.1,
128.2, 128.6, 128.8, 129.1, 130.5, 139.3, 173.0.

(()-(5Z,8Z,11Z,14Z)-N-[(1-Methyl-2-thien-3-yl)ethyl]i-
cosa-5,8,11,14-tetraenamide, 28. Method B. Rf ) 0.15
(chloroform). Yield ) 55%. IR (CDCl3, cm-1): 3327, 3013, 2960,
2928, 1653, 1508, 1456, 1097, 1020. 1H NMR (200 MHz, CDCl3,
δ): 0.88 (t, 3H, J ) 6.8 Hz, 3H-20), 1.12 (d, 3H, J ) 6.6 Hz,
CH-CH3), 1.26-1.39 (m, 6H, 2H-17, 2H-18, 2H-19), 1.66
(quint, 2H, J ) 7.3 Hz, 2H-3), 2.00-2.16 (m, 6H, 2H-4, 2H-
16, 2H-2), 2.79-2.86 (m, 8H, 2H-7, 2H-10, 2H-13, NH-CH-
CH2), 4.20-4.34 (m, 1H, NH-CH), 5.25-5.46 (m, 8H, vinylic-
H), 6.93 (dd, 1H, J ) 4.9, 1.2 Hz, H-4′), 6.96-6.98 (m, 1H,
H-2′), 7.26 (dd, 1H, J ) 4.9, 2.9 Hz, H-5′). 13C NMR (50 MHz,
CDCl3, δ): 14.0, 20.3, 22.6, 25.5, 25.6 (3C), 26.6, 27.2, 29.3,
31.5, 36.2, 36.8, 45.2, 121.9, 125.5, 127.5, 127.8, 128.2 (2C),
128.6, 128.7 (2C), 129.1, 130.5, 138.1, 172.0.

Synthesis of N-(Fur-3-ylmethyl)-N-[(5Z,8Z,11Z,14Z)-
icosa-5,8,11,14-tetraenyl]amine, 7. To a suspension of lithium
aluminum hydride (0.54 mmol) in THF (1.0 mL), a solution of
amide 5 (0.18 mmol) in THF (1.0 mL) was added dropwise
under argon atmosphere. The mixture was stirred for 10 min,
refluxed for 3 h, and stirred for 6 additional hours at room
temperature. Then the mixture was cooled in an ice/water (0.1
mL) bath, and 15% sodium hydroxide solution (0.05 mL) and
water (0.25 mL) were added sequentially, dropwise, to destroy
the excess of hydride reagent. After the mixture was stirred
for 45 min at room temperature, salts were removed by
filtration and washed with diethyl ether and the organic
extracts were dried over Na2SO4. Finally, the drying agent was
removed, the solvent was evaporated under reduced pressure,
and the amine was purified by column cromatography to afford
45 mg (68% yield) of pure 7 as an oil. Rf ) 0.31 (chloroform/
methanol, 9:1). IR (CDCl3, cm-1): 3352, 3013, 2928, 2856, 1458,
1161, 1024. 1H NMR (200 MHz, CDCl3, δ): 0.89 (t, 3H, J )
6.8 Hz, 3H-20), 1.22-1.36 (m, 6H, 2H-17, 2H-18, 2H-19), 1.40-
1.59 (m, 4H, 2H-2, 2H-3), 1.92 (br s, 1H, NH), 2.00-2.13 (m,
4H, 2H-4, 2H-16), 2.64 (t, 2H, J ) 7.3 Hz, 2H-1), 2.78-2.84
(m, 6H, 2H-7, 2H-10, 2H-13), 3.66 (s, 2H, 2H-1′′), 5.30-5.44
(m, 8H, vinylic-H), 6.39-6.41 (m, 1H, H-4′), 7.37-7.38 (m, 2H,
H-2′, H-5′). 13C NMR (50 MHz, CDCl3, δ): 14.1, 22.6, 25.7 (4C),
27.2, 27.4, 27.5, 29.3, 31.5, 44.2, 49.2, 110.6, 123.5, 127.5, 127.9,
128.0, 128.1, 128.3, 128.5, 130.0, 130.5, 140.0, 143.2.

Biochemistry. Radioligand Binding Assays. CB1 Re-
ceptor. Receptor binding studies were performed according
to the procedure of Houston et al.48 with slight modifications.
Briefly, rat cerebellum membranes were homogenized in 5 mL
of ice-cold Tris buffer (50 mM Tris-HCl, pH 7.4, at 4 °C) and
centrifuged at 48000g and 4 °C for 10 min. The membrane
pellet was washed twice by resuspension and centrifugation.
The final pellet was resuspended in 20 volumes of incubation
buffer (50 mM Tris-HCl, 1 mM EDTA, 3 mM MgCl2, and 5
mg/mL BSA fatty acid free, pH 7.4). Fractions of the final
membrane suspension (about 2 mg/mL of protein) were
incubated at 30 °C for 90 min with 0.5 nM [3H]-WIN552122
(180 Ci/mmol), in the presence or absence of several concentra-
tions of the competing drug, in a final volume of 0.5 mL of
assay buffer (50 mM Tris-HCl, 1 mM EDTA, 3 mM MgCl2,
and 5 mg/mL BSA fatty acid free, pH 7.4). Nonspecific binding
was determined in the presence of 10 µM SR141716A. Si-
lanized tubes were used throughout the procedure to minimize
receptor binding loss due to tube adsorption. The reaction was
terminated by rapid vacuum filtration with a Brandel har-
vester apparatus through Whatman GF/C filters presoaked
in Tris buffer (50 mM Tris-HCl, 1 mg/mL BSA, pH 7.4). The
filters were washed three times with 5 mL of ice-cold buffer
(50 mM Tris-HCl, 1 mg/mL BSA, pH 7.4, 4 °C), and bound
radioactivity was measured by placing filters in 4 mL of Ecolite
scintillation cocktail followed by liquid scintillation spectro-
scopy. The binding assay showed the appropriate sensitivity
to CB1 ligands. Thus, WIN552122, CP55940, and anandamide
(in the absence of an FAAH inhibitor) inhibited the binding
with Ki values of 4.5 ( 0.4, 1.3 ( 0.4, and 285 ( 14 nM,
respectively.39
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CB2 Receptor. The receptor binding studies were per-
formed according to the procedure of Griffin et al.49 using
membrane fractions of human CB2 receptor transfected cells
purchased from Receptor Biology, Inc. (Beltsville, MD).

HEK293EBNA membranes were resuspended in Tris buffer
(50 mM Tris-HCl, 2.5 mM EGTA, 5 mM MgCl2, 1 mg/mL BSA
fatty acid free, pH 7.5). Fractions of the final membrane
suspension (about 1.44 mg/mL of protein) were incubated at
30 °C for 90 min with 0.3 nM [3H]-CP55940 (180 Ci/mmol), in
the presence or absence of several concentrations of the
competing drug, in a final volume of 0.2 mL of assay buffer
(50 mM Tris-HCl, 2.5 mM EGTA, 5 mM MgCl2, 1 mg/mL BSA
fatty acid free, pH 7.5). Nonspecific binding was determined
in the presence of 5 µM CP55940. Silanized tubes were used
throughout the experiment to minimize receptor binding loss
due to tube adsorption. The reaction was terminated by rapid
vacuum filtration with a Brandel harvester apparatus through
Whatman GF/C filters presoaked in 0.05% polyethylenimine
(PEI). The filters were washed three times with 5 mL of ice-
cold buffer (50 mM Tris-HCl, 1 mg/mL BSA, pH 7.4, 4 °C),
and bound radioactivity was measured by placing filters in 4
mL of Ecolite scintillation cocktail followed by liquid scintil-
lation spectroscopy. The binding assay showed the appropriate
sensitivity to CB2 ligands. Thus, WIN552122, CP55940, and
anandamide (in the absence of an FAAH inhibitor) inhibited
the binding with Ki values of 3.8 ( 0.8, 0.15 ( 0.05, and >1000
nM, respectively.39

VR1 Receptor. The receptor binding studies were per-
formed according to the procedure of Szallasi et al.46 Briefly,
rat spinal cord membranes were homogenized in HEPES
buffer (10 mM HEPES, 5 mM KCl, 5.8 mM NaCl, 0.75 mM
CaCl2, 2 mM MgCl2, 320 mM sucrose, pH 7.4) and centrifuged
at 1000g at 4 °C for 10 min. The supernatant was removed,
and samples were centrifuged again at 35000g at 4 °C for 30
min. Finally, the membrane pellet was resuspended in 10
volumes of HEPES buffer (10 mM HEPES, 5 mM KCl, 5.8 mM
NaCl, 0.75 mM CaCl2, 2 mM MgCl2, 320 mM sucrose, pH 7.4).
Fractions of the final membrane suspension (about 1 mg/mL
of protein) were incubated at 37 °C for 60 min with 25 pM
[3H]-RTX (48 Ci/mmol), in the presence or absence of several
concentrations of the competing drug, in a final volume of 0.5
mL of assay buffer (10 mM HEPES, 5 mM KCl, 5.8 mM NaCl,
0.75 mM CaCl2, 2 mM MgCl2, 320 mM sucrose, 0.25 mg/mL
BSA fatty acid free, pH 7.4). Nonspecific binding was deter-
mined in the presence of 1 µM RTX. The reaction was stopped
by chilling the assay mixture on an ice-cold water bath, and
then 100 µg of bovine R1-acid glycoprotein in 50 µL of buffer
was added to reduce nonspecific binding. Bound and free [3H]-
RTX samples were separated by pelleting the membranes in
a Beckman TJ-6 centrifuge. After the supernatant was re-
moved by aspiration and the pellet carefully dried, the tip of
the Eppendorf tube containing the pelleted membranes was
cut off with a razor blade. Then an amount of 4 mL of Ecolite
scintillation cocktail was added and bound radioactivity was
determined by liquid scintillation spectroscopy. The binding
assay showed the appropriate sensitivity to inhibition by
nonradioactive RTX (Ki ) 40 ( 1 pM).39

For all binding experiments, competition binding curves
were analyzed by using an iterative curve-fitting procedure
GraphPad (Prism), which provided IC50 values for test com-
pounds. Ki values were determined by the method of Cheng
and Prusoff.50

Endocannabinoid Transporter Assay. Human lym-
phoma U937 cells, maintained at 37 °C and 5% CO2 wet
atmosphere, were grown in RPMI 1640 culture medium
containing 10% FBS previously heat-inactivated, 100 U/mL
penicillin, 100 µg/mL streptomycin, and 2.5 mM sodium
piruvate. For standard competition assays, an amount of 1 mL
of U937 cells in RPMI 1640 culture medium (106 cells/mL) was
preincubated at 37 °C for 10 min in the presence or absence
of several concentrations of the tested inhibitors. Then a
mixture of [3H]-anandamide (0.45 nM) and cold anandamide
at a final concentration of 100 nM was added and cells were
incubated for 7 min. The reaction was stopped by rapid

filtration over Whatman GF/C filters presoaked in 0.25% BSA.
Filters were washed three times with 5 mL of ice-cold Krebs-
HEPES buffer (118 mM NaCl, 4.7 mM KCl, 1.3 mM CaCl2,
2.4 mM MgSO4, 1 mM NaH2PO4, 20 mM NaHCO3, 11.1 mM
glucose, 3.98 µM Na2EDTA, 110 mM ascorbic acid, 10 mM Na-
HEPES, and 1% BSA fatty acid free, pH 7.4), and bound
radioactivity was measured by placing filters in 4 mL of Ecolite
scintillation cocktail followed by liquid scintillation spectro-
scopy.

Nonspecific reuptake was determined under the same
experimental conditions at 4 °C. Silanized tubes were used
throughout to minimize the influence of effects of compound
adsorption. Competition curves were analyzed by using an
iterative curve-fitting procedure GraphPad (Prism), which
provided IC50 values for test compounds.

FAAH Inhibition Assay. FAAH activity was assayed in
rat brain homogenates as described by Omeir et al.51 and as
adapted to the tritiated substrate by Fowler et al.52 Briefly,
test compounds or the ethanol carrier (10 µL) was incubated
at 37 °C for 10 min with diluted homogenates (165 µL) of rat
brain (minus cerebellum, in 10 mM Tris-HCl + 1 mM EDTA,
pH 7.6) and 25 µL of a mixture of 16 µM (i.e., 2 µM final assay
concentration) nonradioactive anandamide containing trace
amounts of [3H]anandamide with the label in the ethanolamine
side chain (30-60 Ci/mmol) and 1% w/v fatty acid free BSA.
The reaction was terminated by putting the samples on an
ice bath followed by the addition of 0.4 mL of chloroform/
methanol (1:1 v/v). After vigorous vortexing, aqueous and
organic phases were separated by centrifugation, and the
radioactivity (corresponding to the [3H]ethanolamine produced
as a result of the FAAH-catalyzed breakdown of [3H]ananda-
mide) found in aliquots (200 µL) of the aqueous phase was
determined by liquid scintillation counting with quench cor-
rection. All compounds were tested in at least three experi-
ments over a concentration range of 0.5-100 µM (eight
concentrations were used). pI50, and hence IC50 values, were
determined as described previously.53
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(39) López-Rodrı́guez, M. L.; Viso, A.; Ortega-Gutiérrez, S.; Lastres-
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