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The central role of the intracellular enzyme hormone-sensitive lipase (HSL) in regulating fatty
acid metabolism makes it an interesting pharmacological target for the treatment of insulin
resistant and dyslipidemic disorders where a decrease in delivery of fatty acids to the circulation
is desirable, e.g., in individuals with type 2 diabetes, metabolic syndrome, or impaired glucose
tolerance. On the basis of a lead structure from high throughput screening, we have identified
a very potent type of carbamoyl-triazole inhibitors of HSL. As part of the lead optimization
program, four new classes of carbamoyl-triazoles were synthesized and tested with respect to
potency, efficacy and selectivity. Methyl-phenyl-carbamoyl-triazoles were identified as potent
and efficacious HSL inhibitors. These compounds do not inhibit other hydrolases such as hepatic
lipase, lipoprotein lipase, pancreatic lipase, and butyrylcholine esterase. However, the inhibitors
4b and 4g with IC50 values for HSL of 0.17 and 0.25 µM, respectively, were the only inhibitors
selective against acetylcholine esterase. A reversible pseudosubstrate inhibition mechanism
is proposed for this class of inhibitors.

Introduction
Type 2 diabetes, including the metabolic syndrome,

is a chronic multifactorial metabolic disease typically
characterized by hyperinsulinemia, dyslipidemia, insu-
lin resistance, and hyperglycemia. The disease is often
associated with obesity, hypertension, and increased
risk of cardiovascular disease.1,2 Due to the forecasted
epidemic in type 2 diabetes,3 new therapies with few
side effects and a robust effect and which address both
the insulin resistance and dyslipidemic components of
the disease are needed.3,4

The elevated level of plasma fatty acids (FA) seen in
type 2 diabetic patients is believed to be a major
pathogenetic factor of the disease.5-7 The prevailing
concept is that increased levels of FA as a result of
increased net mobilization from adipose tissue in par-
ticular postprandially lead to peripheral insulin resis-
tance,8 primarily via an inhibitory effect on muscle
glucose uptake and usage.9 As a consequence, the blood
glucose level will increase.10 Increased FA flux to the
liver will also result in increased hepatic glucose output
and an increased secretion of very low density lipopro-
tein elevating serum triglycerides (TG).11 These events
will contribute to the increased risk of cardiovascular
disease seen in patients with type 2 diabetes and the
metabolic syndrome.

The enzyme hormone-sensitive lipase (HSL), prima-
rily expressed in adipose tissue, hydrolyses stored TG
into monoglycerides and FA.11 The enzyme is thought
to be the rate-limiting enzyme in adipocyte lipolysis and
net FA mobilization.12 The monoglycerides are rapidly
hydrolyzed by adipocyte monoacylglycerol lipase and
thus do not accumulate.13

The activity of HSL is acutely regulated via a cAMP-
protein kinase A mediated phosphorylation-dephos-

phorylation reaction.14 Adrenalin/noradrenalin and in-
sulin indirectly stimulate or inhibit HSL, respectively.15

HSL is also regulated by alterations in the transcription
of HSL.16,17

In the fasted state, the levels of FA and glycerol in
the circulation are primarily controlled by the lipolytic
action of HSL on stored TG. Insulin resistance in
adipocytes also enhances the net mobilization of FA by
relieving the antilipolytic effect of insulin on HSL. The
described central function of HSL in fat mobilization
makes the enzyme a potential interesting pharmaco-
logical target for the treatment of disorders where a
decrease in the level of FA in the circulation is desirable,
such as in individuals with the metabolic syndrome and
type 2 diabetes.

In this paper, a lead optimization program for a
potent HSL inhibitor found in high throughput screen-
ing is presented together with counterscreening data for
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Figure 1. Chemical structure of related serine hydrolase
inhibitors.
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a selection of lipases and esterases. The selectivity and
activity profiles for the most potent and selective HSL
inhibitors identified are compared with three HSL
inhibitors described by Aventis18,19 and Bayer.20 In
addition, a mechanism of inhibition for this novel type
of HSL inhibitors will be proposed and compared with
the expected inhibition mechanism for the HSL inhibi-
tors described by Aventis and Bayer.

Chemistry

Different 3-phenyl- or 3-alkyl-5-alkylsulfanyl-4H-
[1,2,4]triazoles (1a-p) were carbamoylated with differ-
ent carbamoyl chlorides in DMF applying 1,4-diazabicy-
clo[2.2.2]octane (DABCO) as a base to give the respec-
tive carbamoylated-triazoles (2-4) (Figure 2, Tables
2-4, and general procedure 1). Since potentially three
different isomeric N-carbamoylated triazoles can be
formed, the position of carbamoylation was established
by X-ray diffraction of crystals of compound 2h. It was
found that it is the N(1) isomer (Figure 2, corresponding
to N(2), Figure 3) which is formed by the carbamoylation

protocol. Since compounds 2-4 are close analogues of
2h, it is expected that all intermediates (1a-p) are
carbamoylated at the same position.

Results and Discussion
Despite a lack of amino acid sequence homology the

84-kDa HSL protein exhibits a remarkable secondary
structure homology with a superfamily of esterases and
lipases including acetylcholineesterase (AChE) and
several fungal lipases.21 HSL belongs to a class of lipases
and esterases that adopts the so-called R/â-hydrolase
fold, and the active site is comprised of a catalytic triad
and an oxyanion hole.

Table 1. Physical-Chemical Properties of Dimethyl Carbamoyl Triazoles

a Carbamol chloride: dimethylcarbamoyl chloride. b C, H, N within (0.4%. c MIK: methyl isopropyl ketone. d TfMe: 1,1,1-trifluoroethyl.
e Trifluoromethoxy. f Trifluoromethyl.

Figure 2. Synthetic route to carbamoyl triazoles 2-4.
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HSL has a broad substrate specificity as it catalyses
the hydrolysis of acylglyceroles, cholesterol esters, lipoi-
dal esters of steroid hormones, and retinyl esters while
it has no or weak activity against phospholipids.22-25

Recently, interest in finding HSL inhibitors has in-
creased, Aventis has filed patent applications on a class
of potent oxadiazolones (5, 6),18,19 and Bayer has pub-
lished work on the potent HSL inhibitor 4-isopropyl-3-
methyl-2-[1-(3-(S)-methylpiperidine-1-yl)-methanoyl]-
2H-isoxazol-5-one (BAY) (7).20

Optimization of HSL Inhibitors. A high through-
put screening was performed to identify potent HSL
inhibitors. Compound 8 was identified as a new and
potent HSL inhibitor with an IC50 value of 7 nM. The
lead compound did not inhibit hepatic, lipoprotein, and
pancreatic lipase using a triacylglycerol substrate. In
contrast, potent inhibition of both butyrylcholine (BChE)
and acetylcholine (AChE) esterase with IC50 values
<100 nM was seen (Table 4). This was expected since
the close analogue triazamate 926 is a commercially
available AChE-inhibiting insecticide.

A medicinal chemistry optimization program based
on the lead structure 8 was initiated to find potent and
more selective HSL inhibitors. Different R2 groups were
combined with different R1 groups (Table 4). However,
none of these compounds (2a-2e) showed any increased
selectivity. Different R1 groups were also introduced for
R2 being a methyl group (Table 4), but it was not
possible to find a more potent or selective combination
than the one seen for the lead compound 8. The three
analogues 2c, 2f, and 2h were nevertheless potent HSL
inhibitors with IC50 values of 0.03, 0.1, and 0.1 µM,
respectively. In general, a range of different substituents
are tolerated at the R1 and R2 positions. None of the
compounds shown in Table 4 were inhibitors of hepatic

Table 2. Physical-Chemical Properties of Piperidine and Morpholine Triazole Carbamates

compd no. R1 R2 X mp/°C recryst solvent molecular formulaa yield/%

3ab Cl Me Oc 128.8 MeOH C14H15ClN4O2S 84
3bb Cl TfEtd Oc 123.9 MeOH C15H14ClF3N4OS 78
3ce Cl Hex Oc 64.7 MeOH C19H25ClN4OS 81
3d Me Me Oc 110.3 EtOH C13H16N4O2S 63
3e OMe Et Oc 98.1 MeOH-H2O C16H20N4O3S 68
3f Cl Me CH2

f 101.7 MeOH C15H17ClN4OS 97
3gb Cl TfEtc CH2

f 115.3 MeOH C16H16ClF3N4OS 84
3h Cl MeCyg CH2

f 114.5 MeOH C18H21ClN4OS 56
3ie Cl Hex CH2

f 54.8 -h C20H27ClN4OS 82
a C, H, N within (0.4%. b Silica gel column chromatography, ethyl acetate/heptane 1:6 f 1:5). c Carbamol chloride: 4-morpholinylcarbonyl

chloride. d TfEt: 1,1,1-triflouroethyl. e Silica gel column chromatography, ethyl acetate/heptane 1:10 f 1:5). f Carbamol chloride:
1-piperidinecarbonyl chloride. g MeCy: methylcyclopropyl. h Colorless oil.

Table 3. Physical-Chemical Properties of Methyl Phenyl Carbamates

compd no.a R1 R2 mp/°C recryst solvent molecular formulab yield/%

4a Cl Me 99.8 MeOH C17H15ClN4OS 97
4bc Cl TfEtd 101.9 MeOH C18H14ClF3N4OS 80
4c Cl MeCye 102.4 MeOH C20H19ClN4OS 76
4df Cl Hex 55.5 MeOH C22H25ClN4OS 89
4e Me Me 74.1 MeOH-H2O C18H18N4OS 37
4f Me Hex 62.9 EtOH-H2O C23H28N4OSg 50
4gh OTfMe Me 97.1 MeOH-H2O C18H15F3N4O2S 63
4h OMe Et 79.2 MeOH-H2O C19H20N4O2S 61

a Carbamol chloride: N-methyl-N-phenylcarbonyl chloride. b C, H, N within (0.4%. c Silica gel column chromatography, ethyl acetate/
heptane 1:6 f 1:5). d TfEt: 1,1,1 triflouroethyl. e MeCy: methylcyclopropyl. f Silica gel column chromatography, ethyl acetate/heptane
1:10 f 1:5). g H, N within (0.4%, C: calcd, 67.62; found, 68.22. h Silica gel column chromatography, ethyl acetate/heptane (1:8).

Figure 3. ORTEP43 drawing of 2h with thermal ellipsoids
shown at the 50% probability level.
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lipase (HL), lipoprotein lipase (LPL), and pancreatic
lipase (PL) when tested in doses up to 50 µM.

As it appeared to be difficult to find selective N,N-
dimethyl carbamoyl-triazole based-HSL inhibitors, we
decided to focus on other classes of carbamoyl-triazoles.
Different morpholine and piperidine analogues were
synthesized and tested. The morpholine analogues 3a-
3e (Table 5) were weak HSL inhibitors with IC50 in the
µM range. While none of the morpholine analogues were
inhibitors of BChE, HL, LPL, and PL, inhibition of
AChE in the µM range was seen making the compounds
unselective. In contrast to this, the piperidine analogues
(3f, 3g, and 3h, Table 5) were potent HSL inhibitors,
e.g., 3f was found to inhibit HSL with an IC50 value of
0.1 µM. Unfortunately, the piperidine analogues were
not selective as they were also potent inhibitors of BChE

(0.026-0.3 µM range) and weak inhibitors of AChE.
None of the piperidine analogues were inhibitors of HL,
LPL, and PL.

To examine whether increased sterically hindrance
close to the carbonyl group could be important for the
selectivity profile, a range of N-methyl, N-phenyl car-
bamoyl-triazoles were synthesized. These compounds
were potent HSL inhibitors with IC50 values in the nM
range (0.062-0.7 µM) (Table 6). None of the HSL
inhibitors showed any BChE, HL, LPL, or PL inhibition,
but some were AChE inhibitors (4a, 4c, 4e, and 4h).

The two compounds 4b and 4g did not inhibit any of
the counterscreened enzymes and they were therefore
identified as potent and selective inhibitors of HSL with
IC50 values of 0.17 and 0.25 µM, respectively.

Table 4. Activity and Selectivity of Dimethyl Carbamoyl Triazoles

a TFEt: 1,1,1-trifluoroethyl. b OTfMe: trifluoromethoxy. c TfMe: trifluoromethyl. d Results are expressed as mean ( SEM, n ) 2.
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The most potent and selective triazole based HSL
inhibitors identified were compared with the three HSL
inhibitors 5, 6, and 7. Compounds 5 and 6 are among
the most potent compounds described in each of two
patent applications from Aventis,18,19 and 7 has been
described by Bayer.20 We have synthesized and analyzed
these compounds for inhibition of HSL (Table 7) and
found that compounds 6 and 7 inhibited HSL with IC50
values of 0.023 and 0.17 µM, respectively, while com-
pound 5 inhibited HSL with an IC50 value of 1.1 µM.
Compound 6 also inhibited HL (IC50 ) 1.8 µM) and LPL

(IC50 ) 0.20 µM), compromising its selectivity, while
compound 7 was very selective with only weak inhibi-
tion of BChE (IC50 ) 17 µM). Compound 5 inhibits
AChE and BChE with the same potency as inhibiting
HSL and HL (IC50 ) 15 µM), making it unselective. In
comparison 7 and the new carbamoyl-triazole based
compounds 4b and 4g were all selective and potent
inhibitors of HSL.

3D Model of HSL Active Site Based on Homology
Modeling. Despite a low sequence homology to brefel-
din A esterase27 as well as to a thermophilic carboxyl-
esterase,28 which both have been solved by X-ray
crystallography, the fold of the catalytic domain of HSL
was nevertheless closely related to these structures. As
mentioned above, this finding was first reported by
Contreras et al.21 who constructed a three-dimensional
model for the catalytic domain of HSL. On the basis of
the sequence homology outlined,21,27 models of HSL have
been built using the homology modeling program Mod-
eller.29 The large C-terminal portion and the major part
of the regulatory domain of HSL are not included in the
model. However, the active site (the catalytic triad
(Ser424, His723 and Asp693)) and the oxy-anion hole
(comprised of Gly353 and Ala425) and large parts of the
substrate binding region are expected to be quite
reliably modeled.21,30 As shown in Figure 4, the model
is used to visualize the mechanism of action for the HSL
inhibitor 4g. Further, the model gave hints as to the
presence of the regulatory domain which in the present
model formed part of the substrate binding pocket. The
modeled binding region has been used to describe the
interaction to inhibitors, particularly in tetrahedral
complex to the active site serine (Figure 4a). However,
due to the low sequence homology and the lack of
structural information about the regulatory domain, the
predictive value of the model has been limited.

Proposed Mechanism of Inhibition. On the basis
of the chemical structure, it is expected that all the HSL
inhibitors 4b, 4g, 5, 6, and 7 are pseudosubstrates31 or
pseudoirreversible inhibitors.32 It is believed that the
inhibitors are capable of acylating the active site serine
in a time-dependent manner as described for carbam-
ates such as physostigmine33 and postulated for oxa-
diazol-2-ones34 (both AChE inhibitors). We postulate
that the carbamoyl-triazole reacts with the HSL active
site serine as described in Figures 4 and 5. The binding
mode of 4g over two steps along with the proposed
reaction path is shown in Figure 4. Figure 4A depicts
the tetrahedral complex covalently attached to the
active site serine with the resulting oxy-anion stabilized
by hydrogen bond interactions to the main chain nitro-
gens of Gly353 and Ala425. In Figure 4B the acyl
complex is shown attached to the active site serine after

Table 5. Activity and Selectivity of Morpholine and Piperidine
Carbamoyl Triazoles

counterscreen

compd
no. R1 R2 X

HSL
IC50 (µM)

AChE
IC50 (µM)

BChE
IC50 (µM)

3a Cl Me O 2 14 ( 9.2c >50
3b Cl TfEta O 9 >50 >50
3c Cl Hex O >50 >50 >50
3d Me Me O 4 2 >50
3e OMe Et O 9 4 >50
3f Cl Me CH2 0.1 0.9 0.026 ( 0.007c

3g Cl TfEta CH2 0.4 1 0.3
3h Cl MeCyb CH2 0.2 0.9 0.1
3i Cl Hex CH2 >50 >50 <0.01

a TfEt: 1,1,1-triflouroethyl. b MeCy: methylcyclopropyl. c Re-
sults are expressed as mean ( SEM, n ) 2.

Table 6. Activity and Selectivity of N-Methyl-Phenyl
Carbamoyl Triazoles

compd
no. R1 R2

HSL
IC50 (µM)

AChE
IC50 (µM)

4a Cl Me 0.16 ( 0.031e 1.4 ( 0.01e

4b Cl TfEta 0.17 ( 0.11e >50
4c Cl MeCyb 0.062 ( 0.013e n.c.c
4d Cl Hex 0.4 >50
4e Me Me 0.1 2.4 ( 1.4e

4f Me Hex 0.7 >50
4g OTfMed Me 0.25 ( 0.005e >50
4h OMe Et 0.3 1.1 ( 0.18e

a TfEt: 1,1,1 triflouroethyl. b MeCy: methylcyclopropyl. c n.c.:
nonclassical inhibitor, with maximum HSL inhibition of 50%, n

) 4. d OTfMe: trifluoromethoxy. e Results are expressed as mean
( SEM, n ) 2.

Table 7. Comparison of the Activity and Selectivity of Selected HSL Inhibitors

compd
no.

HSL
IC50 (µM)

AChE
IC50 (µM)

BChE
IC50 (µM)

PL
IC50 (µM)

LPL
IC50 (µM)

HL
IC50 (µM)

5 1.1 ( 0.073a 0.92 ( 0.32a 0.75 >10 >10 15 ( 7.2a

6 0.023 ( 0.017a >50 >50 >10 0.20 ( 0.016a 1.8 ( 0.42a

7 0.17 ( 0.098a >50 17 >50 >50 >50
4b 0.17 ( 0.11a >50 >50 >50 >50 >50
4g 0.25 ( 0.005a >50 >50 >50 >50 >50

a Results are expressed as mean ( SEM, n ) 2.
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cleavage of the triazole-carbonyl bond. In analogy with
a phenol being the leaving group of carbamates, the
triazole is expected to be the leaving group for the
carbamoyl-triazoles.

The proposed inhibition mechanism for the carbam-
oyl-triazoles, 5, 6, and 7, is shown in Figure 5. For both
the carbamoyl-triazoles and compound 7 an analogous
acylated HSL-serine intermediate is formed despite
that different tetrahedral complexes are formed as the
two types of compounds contain different leaving groups.
Since the reactive groups of 5 and 6 are an isoxazole-
5-one, the intermediate formed for this class of com-
pounds is believed to be a ring open form as also
suggested by Huang.34

Preliminary studies of the reactivation rate of HSL
for 4b and 4g, performed in accordance with the
chromatographic method described by Perola et al.,35

indicate that the reactivation half-life (t1/2) is in the
order of hours. This is in line with data for carbamate
inhibitors of AChE. 33,35,36 The reactivation rate of AChE
is dependent on the size of the N-carbamate substituent
as it is decreasing with increasing size,36 indicating that
N-methyl, N-phenyl carbamoyl-triazole (4a-h) inhib-
ited HSL probably are reactivated with a slower rate
than HSL inhibited with the smaller N,N-dimethyl
carbamoyl-triazole analogues (2a-k). Further studies
are needed to address the reactivation rate in vitro and
in vivo, which is outside the scope of this paper.

Figure 4. Models for the proposed reaction path for the inhibition of HSL by 4g. In (A) the tetrahedral complex is shown while
(B) shows the acylated active site HSL-serine.

Figure 5. Hypothetical pseudosubstrate inhibition mechanism for HSL inhibitors.
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Conclusion

We have identified a novel type of potent carbamoyl-
triazole based inhibitors of hormone-sensitive lipase
(HSL). It is expected that the compounds are reversible
pseudosubstrate inhibitors. Four classes of carbamoyl-
triazoles were synthesized and tested with respect to
potency, efficacy, and selectivity. The compounds inhi-
biting HSL have all full efficacy, and none of the
compounds were inhibitors of LPL, HL, and PL. The
N,N-dimethyl- and piperidine-carbamoyl-triazoles was,
in general, potent HSL inhibitors (nM range) but not
selective due to inhibition of BChE and AChE (nM
range). The morpholine carbamoyl-triazoles were weak
HSL inhibitors (µM range) and not selective as the
compounds also inhibited AChE. In contrast, the N-
methyl, N-phenyl carbamoyl-triazoles were selective
with respect to BChE. Within this series compounds 4b
and 4g were found to be potent HSL inhibitors with IC50
values of 0.17 and 0.25 µM, respectively, and the only
compounds which did not inhibit AChE. In conclusion,
two selective and potent HSL inhibitors were identified.

Further studies will be conducted to evaluate the
biological importance and therapeutical significance of
HSL inhibition in vitro and in vivo. On the basis of the
expected importance of targeting a reduced FA mobili-
zation from adipose tissue, HSL inhibitors might have
a future for the treatment of type 2 diabetes, the
metabolic syndrome, and impaired glucose tolerance.

Experimental Section

Materials and Methods. Melting points were determined
on a differential scanning calorimetry instrument. NMR data
were recorded on a 300 MHz and on a 400 MHz spectrometer.
Assignments: Quint: quintet; sext: sextet. Elemental analy-
ses were within 0.4% of the calculated values. Phosphatidyl-
cholin (P-3556) and phosphatidyl-inositol (P-5954), PL (L0382),
and colipase (C3028) were from Sigma. Human recombinant
HSL was prepared as described by Holm et al.37 Human
hepatic lipase and bovine lipoprotein lipase38 were kindly
provided by Professor Gunilla Olivecrona, Umeå University,
Sweden. Apo CII was prepared as described by Holm et al.39

Different 3-phenyl or 3-alkyl-5-alkylsulfanyl-4H-[1,2,4]triaz-
oles (1a-p) were prepared according to literature procedures.40

The 1H and 13C NMR data are given in the Experimental
Section. Octadec-9-enoic acid 2-[12-(7-nitro-benzo[1,2,5]oxadi-
azol-4-ylamino)-dodecanoyloxy]-1-octadec-9-enoyloxymethyl-
ethyl ester was synthesized using methods described for
analogous compounds.41

General Procedure. The appropriate NH-triazole (2.26
mmol) was dissolved in DMF (2 mL) in a flame-dried reaction
flask in an atmosphere of nitrogen. 1,4-Diazabicyclo[2.2.2]-
octane (6.77 mmol, 0.78 g) and the appropriate carbamoyl
chloride (4.50 mmol) were dissolved in DMF (3 mL) in a flame-
dried reaction flask under nitrogen. The dissolved NH-triazole
was added, and the reaction mixture was stirred at room
temperature for 16 h. The reaction mixture was evaporated
to dryness, extracted with dichloromethane (3 × 30 mL) from
an aqueous solution of citric acid (3%, 20 mL), dried, and
evaporated to give the crude products. The crude products were
recrystallized from the respective solvents given in Tables 1-3.

3-(4-Chloro-phenyl)-5-ethylsulfanyl-4H-[1,2,4]triaz-
ole, 1a. 1H NMR 300 MHz (DMSO-d6): δ 1.35 (t, J ) 7.3 Hz,
3H), 3.18 (q, J ) 7.3 Hz, 2H), 7.57 (d, J ) 8.3 Hz, 2H), 7.88 (d,
J ) 8.3, 2H), 14.32 (bs, 1H). 13C NMR 100 MHz (DMSO-d6):
δ 15.01, 25.97 (bs), 127.51, 128.92, 134.15 (bs).

3-(4-Chloro-phenyl)-5-propylsulfanyl-4H-[1,2,4]triaz-
ole, 1b. 1H NMR 300 MHz (DMSO-d6): δ 0.99 (t, J ) 7.3 Hz,
3H), 1.71 (sext, J ) 7.2 Hz, 2H), 3.15 (t, J ) 7.1 Hz, 2H), 7.57
(d, J ) 8.7 Hz, 2H), 7.99 (d, J ) 8.7 Hz, 2H), 14.31 (bs, 1H).

13C NMR 100 MHz (DMSO-d6): δ 12.93, 22.61, 33.51, 127.52,
128.93, 134.16.

5-Methylsulfanyl-3-p-tolyl-1H-[1,2,4]triazole, 1c. 1H NMR
400 MHz (DMSO-d6): δ 2.36 (s, 3H, major), 2.38 (s, 3H, minor),
2.58 (s, 3H, major), 2.68 (s, 3H, minor), 7.22-7.39 (m, 2H),
7.86 (d, J ) 7.0 Hz, 2H), 13.97 (bs, 1H, minor) 14.34 (bs, 1H,
major). 13C NMR 100 MHz (DMSO-d6): δ 13.97, 20.87, 125.79,
127.40, 128.93, 129.41, 129.73, 139.68 (bs), 141.73, 165.66.

3-Biphenyl-4-yl-5-methylsulfanyl-4H-[1,2,4]triazole, 1d.
1H NMR 400 MHz (DMSO-d6): δ 2.64 (s, 3H), 7.40 (dt, J ) 7
Hz, 1H), 7.50 (t, J ) 7 Hz, 2H), 7.74 (d, J ) 7 Hz, 2H), 7.83 (d,
J ) 8.7 Hz, 2H), 8.08 (d, J ) 8.7 Hz, 2H), 14.31 (bs, 1H). 13C
NMR 100 MHz (DMSO-d6): δ 13.81 (major), 14.37 (minor),
125.68, 126.21, 126.53, 126.66, 126.84, 127.21, 127.59, 127.94,
128.91, 128.96, 129.97, 139.00, 139.46, 140.48, 141.70, 153.18,
154.87, 160.58, 161.19.

3-Hexylsulfanyl-5-p-tolyl-4H-[1,2,4]triazole, 1e. 1H NMR
400 MHz (DMSO-d6): δ 0.86 (t, J ) 6.8 Hz, 3H), 1.22-1.33
(m, 4H), 1.39 (quint, J ) 7 Hz, 2H), 1.68 (quint, J ) 7 Hz,
2H), 2.34 (s, 3H), minor), 2.36 (s, 3H, major), 3.10 (t, J ) 7.2
Hz, 2H, major), 3.19 (t, J ) 7.2 Hz, 2H, minor), 7.26 (d, J )
7.9 Hz, 2H, minor), 7.34 (d, J ) 7.9 Hz, 2H, major), 7.84 (d, J
) 7.9 Hz, 2H, major), 7.87 (d, J ) 7.9 Hz, 2H, minor), 13.98
(bs, minor), 14.30 (bs, major). 13C NMR 100 MHz (DMSO-d6):
δ 13.80, 20.88, 21.91, 27.60, 29.18, 30.62, 31.30 (bs), 125.76,
127.40, 128.93, 129.40 (bs), 129.75, 141.72, 165.65.

3-Methylsulfanyl-5-naphthalen-2-yl-4H-[1,2,4]triaz-
ole, 1f. 1H NMR 400 MHz (DMSO-d6): δ 2.66 (s, 3H), 7.55-
7.63 (m, J ) 3 Hz, 2H), 7.92-8.01 (m, J ) 3 Hz, 1H), 8.02-
8.13 (m, 3H), 8.55 (bs, 1H), 14.38 (bs, 1H). 13C NMR 100 MHz
(DMSO-d6): δ 13.84 (major), 14.40 (minor), 123.09, 123.50,
124.13, 124.68, 125.67, 126.46, 126.98, 127.30, 127.59, 127.72,
128.18, 128.29, 128.36, 128.42, 128.74, 132.58, 132.83, 133.10,
133.45, 153.32, 155.22, 160.67, 161,50.

5-Methylsulfanyl-3-(4-trifluoromethoxy-phenyl)-1H-
[1,2,4]triazole, 1g. 1H NMR 400 MHz (DMSO-d6): δ 2.66 (s,
3H), 7.51 (d, J ) 8.6, 2H), 8.11 (d, J ) 8.6, 2H), 14.35 (bs). 13C
NMR 100 MHz (DMSO-d6): δ 14.17, 116.24, 118.79, 121.04,
121.34, 121.41, 123.89, 127.89, 149.10.

3-(4-Methoxy-phenyl)-5-methylsulfanyl-4H-[1,2,4]tria-
zole, 1h. 1H NMR 400 MHz (DMSO-d6): δ 2.61 (s, 3H), 3.83
(s, 3H), 7.08 (d, J ) 8.5, 2H), 7.93 (d, J ) 8.5, 2H), 14.17 (bs,
1H). 13C NMR 100 MHz (DMSO-d6): δ 14.38, 55.06, 114.05,
114.67, 127.88, 129.70, 160.86.

3-Ethylsulfanyl-5-(4-methoxy-phenyl)-4H-[1,2,4]tria-
zole, 1i. 1H NMR 400 MHz (DMSO-d6): δ 1.35 (t, J ) 7.3,
2H), 3.15 (q, J ) 7.3, 2H), 3.83 (s, 3H), 7.08 (d, J ) 9.1, 2H),
7.93 (d, J ) 9.1, 2H), 14.17 (bs, 1H). 13C NMR 100 MHz
(DMSO-d6): δ 15.07, 25.73 (bs), 55.21, 113.65, 114.27, 120.22,
127.45, 129.30, 160.45.

3-p-Tolyl-5-(2,2,2-trifluoro-ethylsulfanyl)-1H-[1,2,4]tri-
azole, 1j. 1H NMR 400 MHz (DMSO-d6): δ 2.37 (s, 3H), 4.20
(q, J ) 10.3, 2H), 7.35 (d, J ) 8.1, 2H), 7.87 (d, J ) 8.1, 2H),
14.52 (bs, 1H). 13C NMR 100 MHz (DMSO-d6): δ 20.91, 32.76
(q, J ) 32.9), 125.67 (q, J ) 275.9), 125.97, 129.57, 140.17 (bs).

5-Methylsulfanyl-3-(4-trifluoromethyl-phenyl)-1H-[1,2,4]-
triazole, 1k. 1H NMR 400 MHz (DMSO-d6): δ 2.67 (s, 3H),
7.87 (d, J ) 8.1, 2H), 8.19 (d, J ) 8.1, 2H), 14.28 (bs, 1H). 13C
NMR 100 MHz (DMSO-d6): δ 14.15, 124.06 (q, J ) 272.3),
125.83 (q, J ) 3.7), 126.42, 128.37, 129.44 (q, J ) 31.4), 164.67.

5-Methylsulfanyl-3-styryl-1H-[1,2,4]triazole, 1l. 1H NMR
400 MHz (DMSO-d6): δ 2.61 (s, 3H), 7.07 (d, J ) 16.2, 1H),
7.32-7.46 (m, 3H), 7.49 (d, J ) 16.2, 1H), 7.65 (dd, J ) 7,9
and 1.6, 2H), 14.03 (bs, 1H). 13C NMR 100 MHz (DMSO-d6):
δ 13.94, 144.48 (bs), 126.97, 128.79, 134.06 (bs), 135.50.

3-(4-Chloro-phenyl)-5-(2,2,2-trifluoro-ethylsulfanyl)-
1H-[1,2,4]triazole, 1m. 1H NMR 400 MHz (CDCl3): δ 3.91
(q, J ) 9.4, 2H), 7.45 (d, J ) 8.7, 2H), 7.90 (d, J ) 8.7, 2H),
10.79 (bs, 1H). 13C NMR 100 MHz (DMSO-d6): δ 32.90 (q, J
) 32.90), 125.61 (q, J ) 276.0), 127.75 128.67, 129.14, 131.09,
134.86 (bs).

3-(4-Chloro-phenyl)-5-methylsulfanyl-1H-[1,2,4]triaz-
ole, 1n. 1H NMR 300 MHz (DMSO-d6): δ 2.66 (s, 3H), 7.35
(d, J ) 8.7, 2H), 7.87 (d, J ) 8.7, 2H), 11.55 (bs, 1H). 13C NMR
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75 MHz (DMSO-d6): δ 15.48, 127.44, 128.10, 129.48, 136.53,
158.57, 159.74.

3-(4-Chloro-phenyl)-5-hexylsulfanyl-1H-[1,2,4]triaz-
ole, 1o. 1H NMR 300 MHz (DMSO-d6): δ 0.85 (t, J ) 7, 3H),
1.19-1.33 (m, 4H), 1.39 (quint, J ) 7, 2H), 1.68 (quint, J ) 7,
2H), 3.16 (t, J ) 7, 2H), 7.57 (d, J ) 8.5, 2H), 7.99 (d, J ) 8.5,
2H), 14.31 (bs, 1H). 13C NMR 75 MHz (DMSO-d6): δ 14.18,
22.30, 27.95, 29.54, 31.00, 31.92 (bs), 127.89, 129.31, 134.60
(bs).

3-(4-Chloro-phenyl)-5-cyclopropylmethylsulfanyl-1H-
[1,2,4]triazole, 1p. 1H NMR 300 MHz (CDCl3): δ 0.29-0.36
(m, 2H), 0.58-0.67 (m, 2H), 1.12-1.26 (m, 1H), 3.17 (d, J )
7.5, 2H), 7.42 (d, J ) 6.6, 2H), 7.99 (J ) 6.6, 2H). 13C NMR 75
MHz (DMSO-d6): δ 5.92, 11.45, 127.93 (bs), 128.30 (bs), 130,
24 (bs).

3-(4-Chloro-phenyl)-5-ethylsulfanyl-[1,2,4]triazole-1-
carboxylic Acid Dimethylamide, 2a. 1H NMR 400 MHz
(CDCl3): δ 1.39 (t, J ) 7.4 Hz, 3H), 3.13 (bs, 6H), 3.27 (q, J )
7.4 Hz, 2H), 7.59 (d, J ) 8.6 Hz, 2H), 8.03 (d, J ) 8.6 Hz, 2H).
13C NMR (CDCl3) 100 MHz: δ 14.35, 26.49, 127.89, 128.36,
128.95, 134.65, 149.82, 158.24, 159.22. Anal. (C13H15ClN4OS)
C, H, N.

3-(4-Chloro-phenyl)-5-propylsulfanyl-[1,2,4]triazole-1-
carboxylic Acid Dimethylamide, 2b. 1H NMR 400 MHz
(CDCl3): δ 1.08 (t, J ) 7.5) Hz, 3H), 1.83 (sext, J ) 7.5 Hz,
2H), 3.23 (bs, 6H), 3.29 (t, J ) 7.5 Hz, 2H), 7.41 (d, J ) 8.6
Hz, 2H), 8.04 (d, J ) 8.6 Hz, 2H). 13C NMR (CDCl3) 100 MHz:
δ 13.46, 22.42, 34.73, 38.37, 127.99, 128.70, 128.81, 135.78,
150.97, 159.98, 160.12. Anal. (C14H17ClN4OS) C, H, N.

5-Methylsulfanyl-3-p-tolyl-[1,2,4]triazole-1-carboxyl-
ic Acid Dimethylamide, 2c. 1H NMR 400 MHz (CDCl3): δ
2.40 (s, 3H), 2.72 (s, 3H), 3.25 (bs, 6H), 7.25 (d, J ) 8.3 Hz,
2H), 8.00 (d, J ) 8.3, 2H). 13C NMR (CDCl3) 100 MHz: δ 15.59,
21.49, 126.62, 127.31, 129.29, 139.97, 151.17, 160.37, 161.07.
Anal. (C13H16N4OS) C, H, N.

3-p-Tolyl-5-(2,2,2-trifluoro-ethylsulfanyl)-[1,2,4]triaz-
ole-1-carboxylic Acid Dimethylamide, 2d. 1H NMR 400
MHz (CDCl3): δ 2.40 (s, 3H), 3.28 (bs, 6H), 4.12 (q, J ) 9.8
Hz, 2H), 7.25 (d, J ) 7.8 Hz, 2H), 7.98 (d, J ) 7.8 Hz, 2H). 13C
NMR (CDCl3) 100 MHz: δ 21.50, 34.43 (q, J ) 33.7), 39.00
(bs), 124.98 (q, J ) 276), 126.67, 126.87, 129.35, 140.35, 150.76,
157.26, 161.03. Anal. (C14H15F3N4OS) C, H, N.

5-Hexylsulfanyl-3-p-tolyl-[1,2,4]triazole-1-carboxylic
Acid Dimethylamide, 2e. 1H NMR 400 MHz (CDCl3): δ 0.90
(t, J ) 7.1 Hz, 3H), 1.30-1.38 (m, 4H) 1.48 (quint, J ) 7.5,
2H), 1.80 (quint, J ) 7.5, 2H), 2.40 (s, 3H), 3.23 (bs, 6H), 3.31
(t, J ) 7.5 Hz, 2H), 7.25 (d, J ) 8.1 Hz, 2H), 7.99 (d, J ) 8.1
Hz, 2H). 13C NMR (CDCl3) 100 MHz: δ 14.05, 21.49, 22.53,
28.49, 28.91, 31.31, 32.74, 38.85, 126.61, 127.40, 129.27,
139.91, 151.19, 159.63, 161.08. Anal. (C18H26N4OS) C, H, N.

5-Methylsulfanyl-3-(4-trifluoromethoxy-phenyl)-[1,2,4]-
triazole-1-carboxylic Acid Dimethylamide, 2f. 1H NMR
400 MHz (CDCl3): δ 2.72 (s, 3H), 3.25 (bs, 6H), 7.28 (d, J )
9.1 Hz, 2H), 8.15 (d, J ) 9.1 Hz, 2H). 13C NMR (CDCl3) 100
MHz: δ 15.61, 38.96 (bs), 120.45 (q, J ) 257.6 Hz),120.96,
128.31, 128.83, 150.36, 150.98, 159.90, 160.88. Anal. (C13H13F3-
N4O2S) C, H, N.

3-(4-Methoxy-phenyl)-5-methylsulfanyl-[1,2,4]triazole-
1-carboxylic Acid Dimethylamide, 2g. 1H NMR 400 MHz
(CDCl3): δ 2.72 (s, 3H), 3.24 (bs, 6H), 3.85 (s, 3H), 6.96 (d, J
) 9.1 Hz, 2H), 7.98 (d, J ) 9.1, 2H). 13C NMR (CDCl3) 100
MHz: δ 15.59, 39.00 (bs), 55.34, 113.96, 122.77, 128.20, 151.20,
160.35, 160.85, 161.01. Anal. (C13H16N4O2S) C, H, N.

5-Methylsulfanyl-3-(4-trifluoromethyl-phenyl)-[1,2,4]-
triazole-1-carboxylic Acid Dimethylamide, 2h. 1H NMR
300 MHz (CDCl3): δ 2.73 (s, 3H), 3.26 (bs, 6H), 7.70 (d, J )
8.1, 2H), 8.23 (d, J ) 8.1, 2H). 13C NMR (CDCl3) 100 MHz: δ
15.62, 38.95 (bs), 124.04 (q, J ) 272), 125.57 (q, J ) 4), 126.97,
131.57 (q, J ) 32), 133.52, 150.88, 159.79, 161.03. Anal.
(C13H13F3N4OS) C, H, N.

3-Biphenyl-4-yl-5-methylsulfanyl-[1,2,4]triazole-1-car-
boxylic Acid Dimethylamide, 2i. 1H NMR 400 MHz
(CDCl3): δ 2.74 (s, 3H), 3.26 (bs, 6H), 7.37 (t, J ) 7 Hz, 1H),
7.46 (t, J ) 7 Hz, 2H), 7.64 (d, J ) 7 Hz, 2H), 7.68 (d, J ) 8.2

Hz, 2H), 8.18 (d, J ) 8.2 Hz, 2H). 13C NMR (CDCl3) 100 MHz:
δ 15.61, 38.92, 127.08, 127.13, 127.28, 127.65, 128.85, 129.03,
140.51, 142.59, 151.10, 160.57, 160.76. Anal. (C18H18N4OS) C,
H, N.

5-Methylsulfanyl-3-naphthalen-2-yl-[1,2,4]triazole-1-
carboxylic Acid Dimethylamide, 2j. 1H NMR 400 MHz
(CDCl3): δ 2.78 (s, 3H), 3.28 (bs, 6H), 7.52 (m, J ) 3 Hz, 2H),
7.85 (m, J ) 3 Hz, 1H), 7.90 (d, J ) 8.6 Hz, 1H), 7.95 (m, J )
3 Hz, 1H), 8.18 (dd, J ) 8.6 and J ) 1.5 Hz, 1H), 8.64 (d, J )
1.5 Hz, 1H).13C NMR (CDCl3) 100 MHz: δ 15.66, 38.87 (bs),
123.83, 126.43, 126.53, 126.78, 127.44, 127.80, 128.33, 128.63,
133.21, 134.10, 151.11, 160.67, 161.05. Anal. (C16H16N4OS) C,
H, N.

5-Methylsulfanyl-3-styryl-[1,2,4]triazole-1-carboxylic
Acid Dimethylamide, 2k. 1H NMR 400 MHz (CDCl3): δ 2.63
(s, 3H), 3.14 (s, 3H), 3.17 (s, 3H), 7.30 (d, J ) 16.1, 1H), 7.33-
7.41 (m, 3H), 7.57 (d, J ) 7, 2H), 7.83 (d, J ) 16.1, 1H). 13C
NMR (CDCl3) 100 MHz: δ 14.27, 37.67, 39.41, 112.26, 127.74,
128.80, 129.57, 135.37, 139.19, 150.80, 156.91, 161.81. Anal.
(C14H16N4O2S) C, H, N.

[3-(4-Chloro-phenyl)-5-methylsulfanyl-[1,2,4]triazol-1-
yl]-morpholin-4-yl-methanone, 3a. 1H NMR 400 MHz
(CDCl3): δ 2.72 (s, 3H), 3.77-3.86 (m, 4H), 3.88 (bs, 4H), 7.42
(d, J ) 8.7 Hz, 2H), 8.03 (d, J ) 8.7 Hz, 2H). 13C NMR (CDCl3)
100 MHz: δ 15.99, 47.26 (bs), 67.03, 128.43, 128.76, 129.26,
136.43, 150.19, 160.7, 161.80). Anal. (C14H15ClN4O2S) C, H,
N.

(5-Methylsulfanyl-3-p-tolyl-[1,2,4]triazol-1-yl)-morpho-
lin-4-yl-methanone, 3b. 1H NMR 400 MHz (CDCl3): δ 2.40
(s, 3H), 2.73 (s, 3H), 3.78-3.85 (m, 4H), 3.90 (bs, 4H), 7.25 (d,
J ) 8.3 Hz, 2H), 7.98 (d, J ) 8.3, 2H). 13C NMR (CDCl3) 100
MHz: δ 15.60, 21.51, 46.96 (bs), 66.68, 126.66, 127.06, 129.33,
140.20, 150.00, 161.02, 161.25. Anal. (C15H18N4O2S) C, H, N.

[3-(4-Chloro-phenyl)-5-hexylsulfanyl-4H-[1,2,4]triazol-
1-yl]-morpholin-4-yl-methanone, 3c. 1H NMR 400 MHz
(CDCl3): δ 0.90 (t, J ) 7.1 Hz, 3H), 1.27-1.40 (m, 4H), 1.48
(t, J ) 7.5 Hz, 2H), 1.81 (quint, J ) 7.5 Hz, 2H), 3.31 (t, J )
7.5 Hz, 2H), 3.70-3.86 (m, 4H), 3.87 (bs, 4H), 7.41 (d, J ) 8.6,
2H), 8.02 (d, J ) 8.6, 2H). 13C NMR (CDCl3) 100 MHz: δ 14.04,
22.52, 28.48, 28.84, 31.29, 32.80, 46.80 (bs), 66.65, 128.03,
128.45, 128.86, 136.00, 149.83, 160.30, 160.74. Anal. (C19H25-
ClN4O2S) C, H, N.

[3-(4-Chloro-phenyl)-5-(2,2,2-trifluoro-ethylsulfanyl)-
4H-[1,2,4]triazol-1-yl]-morpholin-4-yl-methanone, 3b. 1H
NMR 300 MHz (CDCl3): δ 3.78-3.87 (m, 4H), 3.94 (bs, 4H),
4.12 (q, J ) 9.7 Hz, 2H), 7.43 (d, J ) 8.5 Hz, 2H), 8.01 (d, J )
8.5 Hz, 2H). 13C NMR (CDCl3) 75 MHz: δ 34.80 (q, J ) 33.7
Hz), 47.53 (bs), 66.98, 127.07 (t, J ) 274.5 Hz) 128.25, 128.47,
129.34, 136.78, 149.76, 158.66, 160.64. Anal. (C15H14ClF3N4-
OS) C, H, N.

[5-Ethylsulfanyl-3-(4-methoxy-phenyl)-[1,2,4]triazol-1-
yl]-morpholin-4-yl-methanone, 3e. 1H NMR 400 MHz
(CDCl3): δ 1.47 (t, J ) 7.6 Hz, 3H) 3.32 (q, J ) 7.6 Hz, 2H),
3.76-3.96 (m, 8H), 3.86 (s, 3H), 6.96 (d, J ) 9.1 Hz, 2H), 8.03
(d, J ) 9.1 Hz, 2H). 13C NMR (CDCl3) 100 MHz: δ 14.24, 27.10,
46.92 (bs), 55.35, 66.67, 113.98, 122.55, 128.24, 150.02, 160.05,
161.09, 161.11. Anal. (C16H20N4O2S) C, H, N.

[3-(4-Chloro-phenyl)-5-methylsulfanyl-[1,2,4]triazol-1-
yl]-piperidin-1-yl-methanone, 3f. 1H NMR 300 MHz (CD-
Cl3): δ 1.72 (bs, 6H), 2.72 (s, 3H), 3.73, (bs, 4H), 7.41 (d, J )
8.4 Hz, 2H), 8.40 (d, J ) 8.4 Hz, 2H). 13C NMR (CDCl3) 100
MHz: δ 15.93, 24.68, 26.24, 48.12 (bs), 128.38, 129.06, 129.19,
136.16, 150.13, 160.44, 160.91. Anal. (C15H17ClN4OS) C, H, N.

[3-(4-Chloro-phenyl)-5-(2,2,2-trifluoro-ethylsulfanyl)-
4H-[1,2,4]triazol-1-yl]-piperidin-1-yl-methanone, 3g. 1H
NMR 400 MHz (CDCl3): δ 1.67-1.75 (m, 6H), 3.78 (bs, 4H),
4.10 (q, J ) 9.8 Hz, 2H), 7.42 (d, J ) 8.7 Hz, 2H), 8.02 (d, J )
8.7 Hz, 2H). 13C NMR (CDCl3) 100 MHz: δ 24.60, 26.21, 34.80
(q, J ) 34.2 Hz), 48.11 (bs), 127.12 (q, J ) 275 Hz), 128.40,
128.57, 129.26, 136.49, 149.69, 157.89, 160.38. Anal. (C16H16-
ClF3N4OS) C, H, N.

[3-(4-Chloro-phenyl)-5-cyclopropylmethylsulfanyl-4H-
[1,2,4]triazol-1-yl]-piperidin-1-yl-methanone, 3h. 1H NMR
300 MHz (CDCl3): δ 0.38 (q, J ) 5 Hz, 2H), 0.64 (q, J ) 5 Hz,
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2H), 1.18-1.31 (m, 1H), 1.72 (bs, 6H), 3.26 (d, J ) 7.3 Hz,
2H), 3.72 (bs, 4H), 7.40 (d, J ) 8.6 Hz, 2H), 8.03 (d, J ) 8.6
Hz, 2H). 13C NMR (CDCl3) 100 MHz: δ 5.60, 10.28, 24.31,
25.85, 38.80, 47.71 (bs), 127.98, 128.73, 128.81, 135.74, 149.75,
159.71, 160.07. Anal. (C18H21ClN4OS) C, H, N.

[3-(4-Chloro-phenyl)-5-hexylsulfanyl-4H-[1,2,4]triazol-
1-yl]-piperidin-1-yl-methanone, 3i. 1H NMR 400 MHz
(CDCl3): δ 0.90 (t, J ) 6.8 Hz, 3H), 1.25-1.40 (m, 4H), 1.48
(t, J ) 7.4 Hz, 2H), 1.72 (bs, 6H), 1.80 (quint, J ) 7.4 Hz, 2H),
3.30 (t, J ) 7.6 Hz, 2H), 3.71 (bs, 4H), 7.41 (d, J ) 8.4, 2H),
8.04 (d, J ) 8.4, 2H). 13C NMR (CDCl3) 100 MHz: δ 14.04,
22.52, 24.31, 25.85, 28.46, 28.92, 31.30, 32.79, 47.84, 127.98,
128.76, 128.80, 135.73, 149.76, 159.75, 160.11. Anal. (C20H27-
ClN4OS) C, H, N.

3-(4-Chloro-phenyl)-5-methylsulfanyl-[1,2,4]triazole-1-
carboxylic Acid Methyl-phenyl-amide, 4a. 1H NMR 300
MHz (CDCl3): δ 2.70 (s, 3H), 3.53 (s, 3H), 7.15 (d, J ) 7 Hz,
2H), 7.22-7.30 (m, 1H), 7.28 (d, J ) 8.3 Hz, 2H), 7.35 (t, J )
7 Hz, 2H), 7.60 (d, J ) 8.3 Hz, 2H). 13C NMR (CDCl3) 100
MHz: δ 15.98, 40.71, 126.45, 127.57, 128.20, 128.85, 129.03,
129.61, 136.03, 144.33, 150,51, 159.95, 160.90. Anal. (C17H15-
ClN4OS) C, H, N.

3-(4-Chloro-phenyl)-5-(2,2,2-trifluoro-ethylsulfanyl)-
4H-[1,2,4]triazole-1-carboxylic Acid Methyl-phenyl-amide,
4b. 1H NMR 400 MHz (CDCl3): δ 3.55 (s, 3H), 4.11 (q, J ) 9.6
Hz, 2H), 7.17 (d, J ) 7 Hz, 2H), 7.24-7.33 (m, 1H), 7.29 (d, J
) 8.3 Hz, 2H), 7.38 (t, J ) 7 Hz, 2H), 7.58 (d, J ) 8.3 Hz, 2H).
13C NMR (CDCl3) 100 MHz: δ 134.48 (q, J ) 34 Hz), 40.53,
124.88 (q, J ) 276 Hz), 126.15, 127.49, 127.83, 127.99, 128.71,
129.34, 135.96, 143.62, 149.73, 157.25, 159.53. Anal. (C18H14-
ClF3N4OS) C, H, N.

3-(4-Chloro-phenyl)-5-cyclopropylmethylsulfanyl-4H-
[1,2,4]triazole-1-carboxylic Acid Methyl-phenyl-amide,
4c. 1H NMR 300 MHz (CDCl3): δ 0.38 (q, J ) 5 Hz, 2H), 0.64
(q, J ) 5 Hz, 2H), 1.17-1.30 (m, 1H), 3.24 (d, J ) 7.4 Hz, 2H),
3.54 (s, 3H), 7.16 (d, J ) 7 Hz, 2H), 7.22-7.29 (m, 1H), 7.27
(d, J ) 8.5 Hz, 2H), 7.34 (t, J ) 7 Hz, 2H), 7.59 (d, J ) 8.5 Hz,
2H). 13C NMR (CDCl3) 100 MHz: δ 5.99, 10.20, 38.79, 40.23,
126.02, 127.15, 127.78, 128.50, 128.61, 129.19, 135.58, 143.87,
150.11, 159.56, 159.69. Anal. (C20H19ClN4OS) C, H, N.

3-(4-Chloro-phenyl)-5-hexylsulfanyl-4H-[1,2,4]triazole-
1-carboxylic Acid Methyl-phenyl-amide, 4d. 1H NMR 400
MHz (CDCl3): δ 0.83 (t, J ) 7.1 Hz, 3H), 1.21-1.32 (m, 4H),
1.40 t, J ) 7.6 Hz, 2H), 1.72 (quint, J ) 7.6 Hz, 2H), 3.21 (t,
J ) 7.6 Hz, 2H), 3.46 (s, 3H), 7.08 (d, J ) 7, 2H), 7.17 (t, J )
7, 2H), 7.20 (d, J ) 8.6, 2H), 7.26 (t, J ) 7, 2H), 7.53 (d, J )
8.6, 2H). 13C NMR (CDCl3) 100 MHz: δ 14.04, 22.51, 28.46,
28.83, 31.29, 32.78, 40.22, 126.00, 127.14, 127.78, 128.53,
128.61, 129.91, 135.57, 143.87, 150.13, 159.60, 159.75. Anal.
(C22H25ClN4OS) C, H, N.

5-Methylsulfanyl-3-p-tolyl-[1,2,4]triazole-1-carboxyl-
ic Acid Methyl-phenyl-amide, 4e. 1H NMR 400 MHz
(CDCl3): δ 2.33 (s, 3H), 2.71 (s, 3H), 3.53 (s, 3H), 7.11 (d, J )
8.3 Hz, 2H), 7.16 (d, J ) 7 Hz, 2H), 7.25 (t, J ) 7 Hz, 1H),
7.34 (t, J ) 7 Hz, 2H), 7.57 (d, J ) 8.3 Hz, 2H). 13C NMR
(CDCl3) 100 MHz: δ 15.57, 21.42, 40.29, 126.01, 126.45,
127.07, 127.15, 129.08, 129.18, 139.72, 144.03, 150.33, 160.08,
160.56. Anal. (C18H18N4OS) C, H, N.

5-Hexylsulfanyl-3-p-tolyl-[1,2,4]triazole-1-carboxylic
Acid Methyl-phenyl-amide, 4f. 1H NMR 400 MHz (CDCl3):
δ 0.90 (t, J ) 6.9 Hz), 1.28-1.38 (m, 4H), 1.48 (quint, J ) 7.5
Hz, 2H), 1.80 (quint, J ) 7.5 Hz, 2H), 2.33 (s, 3H), 3.29 (t, J
) 7.5 Hz, 2H), 3.53 (s, 3H), 7.11 (d, J ) 8.1 Hz, 2H), 7.16 (d,
J ) 7 Hz, 2H), 7.21-7.27 (m, 1H), 7.33 (t, J ) 7 Hz, 2H), 7.57
(d, J ) 8.1 Hz, 2H). 13C NMR (CDCl3) 100 MHz: δ 14.05, 21.42,
22.53, 22.70, 28.47, 28.88, 29.70, 31.31, 32.76, 40.20, 50.87,
125.97, 126.45, 127.04, 127.24, 129.06, 129.16, 139.67, 143.98,
150.36, 159.30, 160.61. Anal. (C23H28N4OS) H, N; C: calcd,
67.62; found, 68.22.

5-Methylsulfanyl-3-(4-trifluoromethoxy-phenyl)-[1,2,4]-
triazole-1-carboxylic Acid Methyl-phenyl-amide, 4g. 1H
NMR 400 MHz (CDCl3): δ 2.71 (s, 3H), 3.54 (s, 3H), 7.15 (d,
J ) 8.9, 2H), 7.17 (d, J ) 7, 2H), 7.28 (t, J ) 7, 1H), 7.36, (t,
J ) 7, 2H), 7.69 (d, J ) 8.9, 2H). 13C NMR (CDCl3) 100 MHz:

δ 15.61, 40.35, 120.39 (q, J ) 257.6 Hz), 120.75, 126.09, 127.24,
128.10, 128.66, 129.25, 143.95, 150.11, 150.19, 159.37, 160.62.
Anal. (C18H15F3N4O2S) C, H, N.

5-Ethylsulfanyl-3-(4-methoxy-phenyl)-[1,2,4]triazole-1-
carboxylic Acid Methyl-phenyl-amide, 4h. 1H NMR 400
MHz (CDCl3): δ 1.46 (t, J ) 7.4 Hz, 3H), 3.30 (q, J ) 7.4 Hz,
2H), 3.54 (s, 3H), 3.80 (s, 3H), 6.83 (d, J ) 8.6 Hz, 2H), 7.17
(d, J ) 7 Hz, 2H), 7.23-7.28 (m, 1H), 7.35 (t, J ) 7 Hz, 2H),
7.62 (d, J ) 8.4 Hz, 2H). 13C NMR (CDCl3) 100 MHz: δ 14.25,
27.12, 40.21, 55.26, 113.75, 122.70, 125.98, 127.03, 128.02,
129.16, 144.02, 150.35, 159.05, 160.45, 160.81. Anal. (C19H20N4-
O2S) C, H, N.

Crystal Structure of 2h. Compound 2h was crystallized
from a mixture of methanol and water. The crystal structure
was determined by direct methods and refined to convergence
with agreement factor R(F) ) 7.00% for 196 parameters
against 2004 observed reflections.42 The molecular geometry
determined is outlined in Figure 3. As can be seen, it is the
N(1) isomer (Figure 2) which is formed by the carbamoylation
protocol (N(2), Figure 4).

The reactive site of the inhibitor is at the C(11) atom. The
geometry of this site is distorted from the expected ideal sp2-
hybridization. This carbon, C(11), has a very short bond to N(4)
of 1.330(6) Å, and a longer bond to N(2) of 1.433(6) Å. The
carbonyl bond is 1.220(6) Å, which is in agreement with the
range commonly observed. The bonding angles support this
evidence, since O-C(11)-N(2) is small, 115.9(4)°, while
O-C(11)-N(4) is wide, 123.9(5)°. The N(2)-C(11)-N(4) angle
conforms to the expected value, 120.3(5)°. The remaining bond
lengths and angles are in good agreement with values com-
monly observed in organic crystal structures.43 The atoms O,
C(11), N(4), C(12), and C(13) can be fitted to a plane (1) with
a root-mean-square deviation (rmsd) of 0.043 Å. The triazole
ring atoms fit into a plane (2) with an rmsd of 0.0014 Å, while
the benzene ring atoms fit into a plane (3) with an rmsd of
0.0061 Å. The angles between plane 1 and 2 and between plane
2 and 3 are 5.5(2)° and 5.1(2)°, respectively, which makes the
whole molecule close to being planar. The two torsion angles
between the rings are N(1)-C(2)-C(3)-C(8) ) 4.3(7)°, and
N(3)-C(2)-C(3)-C(4) ) 5.6(7)°. No hydrogen bonds have been
located in the structure, which is not surprising, as there are
no strong or medium strength hydrogen bond donors present
in the molecule. The coordinates have been deposited with the
CCDC.44

Lipase Assays. The inhibition of the different lipases (HSL,
HL, LPL, PL) were determined in phosphorlipid stabilized
emulsion assays inspired by the HSL assay described by
Mueller et al.41 and the different classical assays published
for the respective enzymes. The assays were based on a new
fluorochrome-labeled triacylglyceride octadec-9-enoic acid 2-[12-
(7-nitro-benzo[1,2,5]oxadiazol-4-ylamino)-dodecanoyloxy]-1-oc-
tadec-9-enoyloxymethyl-ethyl ester. The transfer of the fluo-
rochrome labeled fatty acid from the micelles to the aqueous
phase induced a change in fluorescence that was monitored
with an excitation wavelength of 450 nm and an emission
wavelength of 545 nm. The assays were performed in black
96-well fluoroploates (DFA A/S, Copenhagen).

Maximum concentration of inhibitors for determination of
IC50 values was 100 µM with 5-fold dilution steps in six
concentrations. Each data point was determined as the average
of two measurements. IC50 values were calculated using Prism
ver. 4.0 by fitting the data to a sigmoidal dose-response
(variable slope) nonlinear regression analyses.

Substrate Preparation. The fluorochrome-labeled tri-
acylglyceride (5 mg/mL in chloroform, 135 µl) and a solution
of phosphorlipids (phosphatidylcholin and phosphatidylinositol
3:1 in chloroform) (20 mg/mL, 8 µl) were flushed with nitrogen
for 10 min. KPI-buffer (100 mM potassium phosphate-HCl, pH
7.0, 2 mL) was added and the mixture sonicated for 2 × 1 min,
further KPI-buffer (1 mL) was added and sonicated for 4 × 30
s. BSA (20% (w/v) in KPI-buffer, 1 mL) was added and mixed
carefully by inversion. PED-BSA buffer (20 mM potassium
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phosphate-HCl,pH 7.0; 1 mM EDTA; 1 mM dithioerythritol
(DTE); 0.02% (w/v) fatty acid free BSA) (8 mL) was added and
mixed.

This substrate solution (6.6 µg/mL) was used for all lipase
assays except for PL. For PL the PED-BSA buffer was
substituted with the following TRIS buffer (10 mM TRIS-HCl,
pH 8.0; 8 mM taurodeoxycholic acid sodium salt (NaTDC); 0.3
M sodium chloride; 2 mM calcium chloride).

Hormone Sensitive Lipase Assay. A 12 µg/mL portion
of HSL (10 µL) was mixed with the respective inhibitor (20
µL) in PED-BSA buffer (pH 7.0, 70 µL) directly in the
fluoroplates and preincubated for 30 min at 25 °C while
shaking. Before addition of 5 mM substrate solution (100 µL),
the basal fluorescence level was measured at t ) 0 min and
the fluorescence level was measured again at t ) 120 min.

Hepatic Lipase Assay. A 1 µg/mL mixture of HL (50 µL)
and the inhibitor (2.5 µL) both diluted in DOC buffer (10 mM
TRIS-HCl, pH 8.5, and 5 mM sodium deoxycholate) was
preincubated in Micronic tubes for 70 min at 25 °C while
shaking. Sodium chloride (5 M, (45 µL), 0.1 M TRIS-HCl (pH
8.5, 45 µL), and the preincubation mixture (10 µL) were added
to the fluoroplates. The fluorescence level was measured at t
) 0 min before addition of the lipase substrate (6.6 µg/mL,
100 µL). The fluoroplates were then incubated at 37 °C while
shaking and the level of fluorescence was measured at t ) 120
min.

Lipoprotein Lipase Assay. A 1 µg/mL mixture of LPL
(400 µL) and the inhibitor (2.0 µL) both diluted with DOC
buffer were preincubated in Micronic tubes for 60 min at 25
°C while shaking. A TRIS buffer (0.3 M TRIS-HCl; 0.2 M
sodium chloride; 0.2 mg/mL heparin, and 120 mg/mL BSA, pH
8.5) (90 µL), rat or human APO CII (5 µL), and the preincu-
bation mixture (5 µL) and substrate (100 µL) were mixed in
the fluoroplates and incubated at 37 °C. The fluorescence level
at t ) 0 min and the level of fluorescence at t ) 120 min were
measured.

Pancreatic Lipase Assay. A mixture of PL (1 µg/mL) and
colipase (5 µg/mL) (95 µL) and inhibitor (5 µL) was preincu-
bated for 40 min at 25 °C with shaking in Micronic tubes. A
TRIS buffer (0.15 M sodium chloride; 10 mM TRIS-HCl, pH
8.0; and 1 mM NaTDC) (90 µL), the preincubation mixture
(10 µL), and substrate (100 µL) were mixed in the fluoroplates
and incubated at 37 °C. The fluorescence levels at t ) 0 min
and at t ) 60 min were measured.

Esterase Assays. The AChE substrate acetylthiocholin and
BChE substrate butyrylthiocholin were cleaved by the respec-
tive enzyme to give thiocholin and acetate or butyrate. By
addition of DTNB (dithiobisnitrobenzoic acid, Ellmans reagent)
a yellow color was developed, which was proportional to the
product formed and hence with the enzyme activity. The color
intensity was measured at 405 nm on a spectrophotometer.
Results are given as percent activity relative to an uninhibited
sample (no compound). Dilutions of inhibitors as well as curve
fitting of data and IC50 estimations were done as described
for the lipase assays.

AChE and BChE Assays. The method of Ellman45 was
applied. A solution of the inhibitor (50 µL) was added to a 100
U/mL solution of AChE/BChE (50 µL) and preincubated for
30 min at 25 °C. A phosphate buffer (0.1 M potassium
phosphate-HCl, pH 8.0) (100 µL), 0.075 M acetylthiocholin or
butyrylthiocholin (10 µL), and 0.01 M DTNB in aqueous
sodium hydrogen carbonate (1 mg/mL, 10 µL) were mixed with
the preincubation mixture (10 µL) in microtiterplates. The
absorption at 405 nm was measured at a spectrophotometer
at t ) 0 and after incubation for 15 min at 37 °C with shaking.
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