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1,3,4-Thiadiazole and urea group were hybridized to form new molecular skeleton and 11 compounds 
were synthesized and evaluated as acetylcholinesterase (AChE) inhibitors. Most of them showed comparable 
effects in inhibition of AChE, especially compound 6b which exhibited activity with IC50 value 1.17 µM, as 
strong as galanthamine. This information offered by our research would be valuable for further investigation 
of structure–activity relationship (SAR) and useful in future research of AChE inhibitors.
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Neurodegenerative diseases like Alzheimer’s (AD) and Par-
kinson’s (PD) are the most enigmatic and problematic issues 
in biomedicine.1) AD, the most common form of dementia, 
is an age-related neurodegenerative disorder characterized 
by a progressive memory loss, a decline in language skills, 
and other cognitive impairments.2) Scientists have proposed 
several hypotheses for AD development.3–6) One of the oldest 
AD hypotheses,7) the cholinergic hypothesis, has led to the 
development of acetylcholinesterase inhibitors (AChEIs) that 
increase levels of acetylcholine (ACh) through inhibition of 
acetylcholinesterase (AChE).8)

Several antiacetylcholinesterase agents such as donepezil,9) 
tacrine,10) galantamine,11) and ensaculin12) have shown to in-
duce modest improvement in memory and cognitive functions. 
Unfortunately, the potential effectiveness offered by these 
inhibitors is often limited by the appearance of central and pe-
ripheral side effects. For example, clinical studies have shown 
that tacrine has hepatotoxic liability.13,14) Recent research aims 
at new types of compounds as potential AChE inhibitors. 
Carbamates, which are the most widely studied class of an-
ticholinesterase agents, have attracted a great deal of interest 
among medicinal chemists and considerable research on them 
in relation to AD has been accomplished. Rivastigmine, which 
is the dual AChE and butyrylcholinesterase (BuChE) inhibi-
tor, is one of the most widely used anticholinesterase agents 
bearing carbamate group.15–18)

To discover more potent and metabolically stable cholino-
mimetic ligands, it points out to the possibility of replacing 
the ester group with five-membered rings like thiadiazoles, tri-
azoles, tetrazoles as well as oxadiazoles. Some scientists have 
studied widely 1,3,4-thiadiazole derivatives as potential drugs 
to treat AD.19,20) The thiadiazole ring can act as the “hydrogen 
binding domain,” “two-electron donor system” as well as it 
enables to create π–π stacking interactions. At the same time, 
urea group has widely used as bioisosteric replacement of car-
bamate, and it is more stable in metabolism.21,22) Furthermore, 
Jean-Louis et al. have successfully introduced urea group in 
novel design of AChE inhibitor in 1994.23) In their study, se-
ries of aroylurea and aroylthiourea derivatives were prepared 

and evaluated as AChE in vitro, and most compounds has 
strong activity (IC50=2–700 nM). So it is reasonable to choose 
urea group for the novel design of AChE inhibitor.

Based on the limited option of drugs available for the treat-
ment of AD, discovery of more potent anticholinesterase is 
one of significant interests in the medicinal chemistry field. 
Considering promising biologic activity and extensive use, 
1,3,4-thiadiazole and urea group were hybridized to form new 
skeleton in design of AChE inhibitor. In this paper, rational 
design, synthesis and biological evaluation of a new series of 
1,3,4-thiadiazol-2-yl urea derivatives 6a–k as the AChE in-
hibitors were reported.

Results and Discussion
Chemistry  Previously, preparation of the 1,3,4-thiadiazol-

2-yl urea derivatives has been reported. The synthesis was ac-
complished by the reaction of heterocyclic amino compounds 
with heterocyclic isocyanato compounds in the presence of 
anhydrous solvent.24,25) In our study, we found that the hetero-
cyclic isocyanato compounds must be freshly made because 
these compounds were unstable and the reaction was very sen-
sitive to water. To get the 1,3,4-thiadiazol-2-yl urea derivatives 
in a convenient way, we used a facile one-pot reaction without 
separation. The synthetic route to the target compounds 6a–k 
starting from commercially available substituted benzoic acid 
and thiosemicarbazide was shown in Fig. 1. 5-Substituted-
1,3,4-thiadiazol-2-amine 3 was prepared in good yield by stir-
ring mixture of substituted benzoic acid 1, thiosemicarbazide 
(2) and POCl3 under 80°C for 2 h. Target compounds 6a–k 
were obtained via a facile one-pot reaction of substituted ben-
zoic acid 4 with diphenylphosphoryl azide (DPPA) under pres-
ence of triethylamine to give aromatic isocyanate 5, followed 
by addition of 5-substituted-1,3,4-thiadiazol-2-amine 3. All 
the new compounds were fully characterized by spectroscopic 
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techniques (high-resolution mass spectrometry, H-NMR).
Biological Activity  All considered compounds have been 

assessed as the AChE inhibitors. Their inhibitory potency was 
described as the half of maximal inhibitory concentration, 
IC50. The modified Ellman’s method has been used in the eval-
uation, using the Amplite™ Fluorimetric Acetylcholinesterase 
Assay Kit.26) The fluorescence intensity of Thiolite™ Green 
was used to measure AChE activity. For comparative pur-
poses, galanthamine was used as reference compound Table 1. 
The results were summarized in Table 1.

The data of AChE inhibition assay clearly showed that most 
of the designed compounds exhibited high to moderate inhibi-
tory activities. The IC50 values for AChE ranged from 293 to 
1.17 µM. In all test compounds, compound 6b (IC50=1.17 µM) 
had the strongest inhibitory activity of anticholinesterase and 
was equivalent to reference drug galanthamine (IC50=1.07 µM). 
The result of biological assay indicated that 1,3,4-thiadiazol-
2-yl urea may be a practical and promising skeleton for AChE 
inhibitors, and would be employed broadly in the design of 
AChE inhibitor in future.

A simple structure–activity relationship (SAR) analysis 
showed that AChE inhibition potency was closely related to 
the substitution of the 5-position of the 1,3,4-thiadiazole core 
(left aromatic ring) and the substitution of the 1-position of 

the urea group (right aromatic ring). Comparing four groups 
of synthesized compounds (bioactivity sequence: 6a>6h>6f, 
6b>6i>6e, 6c>6g>6d, 6k>6j>6f), it seemed that com-
pounds in which left aromatic ring was electron-deficient, such 
as pyridine, or was substituted by electron-withdrawing group, 
such as fluorine, in general gave better AChE inhibition activ-
ity. Substitution with methoxy goup was an exception, which 
was an electron-donating group, but also promoted AChE in-
hibition activity. Furthermore, it could be found that methoxy 
group substitution had more contribution than pyridine and 
fluorine substitution in the left hand. SAR analysis concerning 
of right aromatic ring could also help us to discover the simi-
lar conclusion. The effect of electron-deficiency of the aromat-
ic rings could be further confirmed by comparison of AChE 
inhibitory actives of 6k, 6j and 6f. Substitution with fluorine 
(IC50 value of 6k was 9.87 µM) was obviously beneficial to 
AChE inhibitory activity. Concerning methoxy group in right 
and left hand, although it acted as an electron-donating group 
by its mesomeric effect, it also enhanced the AChE inhibitory 
activity, for instance, compound 6c. The oxygen of methoxy 
group, which was a hydrogen acceptor, may play an important 
role in AChE inhibition, but understanding the exact reason 
for the difference of inhibitory activities need further study. In 
our lab, we are trying to prepare co-crystal of AchE and com-
pound 6b, which is most potential in our compounds. X-Ray 
crystallographic analysis and further pharmacological study, 
such as in vivo evaluation, will be reported in future.

Conclusion
In effort to discover more potent and safe AChE inhibi-

tors, 1,3,4-thiadiazole and urea group were hybridized to form 
1,3,4-thiadiazol-2-yl urea scaffold and 11 compounds were 
synthesized and evaluated. Most of them showed comparable 
effects in inhibition of AChE, especially compound 6b which 
was as strong as galanthamine. This information offered by 
our research would be valuable for further investigation of 
SAR and useful in later research of AChE inhibitors.

Experimental
All reagents were purchased from Shanghai Chemical Re-

agent Company. Column chromatography (CC): silica gel 60 
(200–300 mesh). Thin-layer chromatography (TLC): silica gel 
60 F254 plates (250 mm; Qingdao Ocean Chemical Company, 
China). mp: capillary tube; uncorrected. 1H-NMR spectra: 
Bruker ACF-300Q apparatus at 300 MHz, in DMSO-d6 unless 

Fig. 2. Synthesis of Target Compounds 6a–k
Reagents and conditions: a) POCl3, 80°C, 60–72%; b) Et3N, DPPA, toluene, 40°C; c) 3a–k, reflux, 36–86%.

Table 1. AChE Inhibitory Activity of Target Compounds 6a–k

Compound X R1 Y R2 IC50 (µM)

6a C 4-OMe C 3,4-Dimethyl 124.42±7.11
6b C 4-OMe N H 1.17±0.06
6c C 4-OMe C 4-OMe 3.00±0.23
6d C 3,4-Dimethyl C 4-OMe 206.15±12.57
6e C 3,4-Dimethyl N H 111.09±6.34
6f C 3,4-Dimethyl C 3,4-Dimethyl 293.89±14.78
6g N H C 4-OMe 131.31±9.27
6h N H C 3,4-Dimethyl 152.76±11.59
6i N H N H 2.05±0.17
6j C H C H 169.97±1.89
6k C 4-F C 4-F 9.87±0.11

Galanthamine — — — — 1.07±0.08
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otherwise indicated δ; δ in ppm rel. to Me4Si, J in Hz. High 
resolution-time-of-flight (HR-TOF)-MS were measured on a 
BioTOFTM-Q mass spectrometer (Bruker); in m/z.

General Procedure for Preparing Compounds 3a–k  A 
mixture of substituted benzoic acid (40.61 mmol) and thios-
emicarbazide (48.73 mmol) in POCl3 (45 mL) was stirring for 
2 h at 80°C. After cooling to room temperature, water (60 mL) 
was added in 30 min. Ice-water was added, and the pH was 
adjusted to 8 with 1 M sodium hydroxide solution. The mixture 
was filtered. The obtained solid was crystallized from DMF–
H2O to give 3a–k.

General Procedure for Preparing Compounds 6a–k  A 
mixture of substituted benzoic acid (3 mmol) and triethyl-
amine (3.3 mmol) in anhydrous toluene 40 mL was stirring for 
45 min at room temperature. To the above reaction mixture 
DPPA (3.6 mmol) was added and heated to 40°C for 1 h. Then 
the reaction mixture was refluxed for 3 h. After cooling to 
room temperature, intermediate 3a–k (3 mmol) was added and 
refluxed for 10 h. Cooled to room temperature and concentrat-
ed to give the crude product. The crude product was refluxed 
in 50 mL methanol for 0.5 h. After cooling, the mixture was 
filtered and the solid was collected as target product.

1-(3,4-Dimethylphenyl)-3-(5-(4-methoxyphenyl)-1,3,4-
thiadiazol-2-yl) urea (6a): Yield 75.3%; mp 317.1–319.4°C. 
1H-NMR (300 MHz, DMSO-d6) δ: 2.17–2.20 (d, 6H), 3.82 (s, 
3H), 7.06–7.84 (m, 7H), 8.81 (s, 1H), 10.88 (s, 1H). HR-TOF-
MS m/z 355.1227 ([M+ H]+, C18H19N4O2S+; Calcd 355.1223).

1-(5-(4-Methoxyphenyl)-1,3,4-thiadiazol-2-yl)-3-(pyridine-3-
yl) urea (6b): Yield 53.0%; mp 317.6–320.1°C. 1H-NMR 
(300 MHz, DMSO-d6) δ: 3.72 (s, 3H), 7.07–7.10 (d, J=9 Hz, 
2H), 7.83–7.86 (d, J=9 Hz, 2H), 7.34–7.38 (m, 1H), 7.97–8.00 
(d, J=9 Hz, 1H), 8.26–8.27 (d, J=3 Hz, 1H), 8.69 (s, 1H), 9.291 
(s, 1H). HR-TOF-MS m/z 328.0866 ([M+ H]+, C15H14N2O2S+; 
Calcd 328.0863).

1-(5-(4-Methoxyphenyl)-1,3,4-thiadiazol-2-yl) -3-(4-
methoxyphenyl) urea (6c): Yield 85.7%; mp 314.0–316.9°C. 
1H-NMR (300 MHz, DMSO-d6) δ: 3.03 (s, 3H), 3.82 (s, 
3H), 6.89–6.92 (d, J=9 Hz, 2H), 7.06–7.09 (d, J=9 Hz, 2H), 
7.39–7.42 (d, J=9 Hz, 2H), 7.82–7.85 (d, J=9 Hz, 2H), 8.86 
(s, 1H), 10.9 (s, 1H). HR-TOF-MS m/z 357.1020 ([M+ H]+, 
C17H17N4O3S+; Calcd 357.1016).

1-(3,4-Dimethylphenyl)-3-(5-(4-methoxyphenyl)-1,3,4-
thiadiazol-2-yl) urea (6d): Yield 76.4%; mp 329.4–331.7°C. 
1H-NMR (300 MHz, DMSO-d6) δ: 2.28–2.31 (d, 6H), 3.74 (s, 
3H), 6.89–6.93 (d, J=9 Hz, 2H), 7.39–7.42 (d, J=9 Hz, 2H), 
7.27–7.29 (d, J=6 Hz, 1H), 7.60–7.62 (d, J=6 Hz, 1H), 7.68 
(s, 1H), 8.86 (s, 1H), 10.90 (s, 1H). HR-TOF-MS m/z 355.1230 
([M+ H]+, C18H19N4O2S+; Calcd 355.1223).

1- (5- (3,4 -Dimethylphenyl) -1,3,4 -th iadiazol-2-yl) -3-
(pyridine-3-yl) urea (6e): Yield 60.7%; mp 327.4–330.6°C. 
1H-NMR (300 MHz, DMSO-d6) δ: 2.28 (s, 3H), 2.30 (s, 3H), 
7.27–7.29 (d, J=6 Hz, 1H), 7.61–7.63 (d, J=6 Hz, 1H), 7.68 (s, 
1H), 7.34–7.38 (m, 1H), 7.97–8.00 (d, J=9 Hz, 1H), 8.26–8.27 
(d, J=3 Hz, 1H), 8.70 (s, 1H), 9.30 (s, 1H), 11.28 (s, 1H). 
HR-TOF-MS m/z 326.1074 ([M+ H]+, C16H16N5OS+; Calcd 
326.1070).

1-(3,4-Dimethylphenyl)-3-(5-(3,4-dimethylphenyl)-1,3,4-
thiadiazol-2-yl) urea (6f): Yield 81.9%; mp 341.2–344.6°C. 
1H-NMR (300 MHz, DMSO-d6) δ: 2.17–2.20 (d, 6H), 
2.27–2.29 (d, 6H), 7.06–7.08 (d, J=6 Hz, 1H), 7.20–7.29 
(m, 3H), 7.60–7.62 (d, J=6 Hz, 1H), 7.68 (s, 1H), 8.86 (s, 

1H), 10.92 (s, 1H). HR-TOF-MS m/z 353.1436 ([M+ H]+, 
C19H21N4OS+; Calcd 353.1431).

1-(4-Methoxyphenyl)-3-(5-(pyridine-3-yl)-1,3,4-thiadiazol-2-
yl) urea (6g): Yield 50.8%; mp 321.6–324.4°C. 1H-NMR 
(300 MHz, DMSO-d6) δ: 3.75 (s, 3H), 6.92–7.94 (d, J=6 Hz, 
2H), 7.42–7.44 (d, J=6 Hz, 2H), 7.56–7.59 (m, 1H), 8.29–8.31 
(d, J=6 Hz, 1H), 8.70–8.71 (d, J=3 Hz, 1H), 8.92 (s, 1H), 9.11 
(s, 1H), 11.13 (s, 1H). HR-TOF-MS m/z 328.0868 ([M+ H]+, 
C15H14N5O2S+; Calcd 328.0863).

1- (3,4 -Dimethylphenyl) -3- (5- (py r id ine-3-yl) -1,3,4 -
thiadiazol-2-yl) urea (6h): Yield 58.9%; mp 318.2–321.6°C. 
1H-NMR (300 MHz, DMSO-d6) δ: 2.05–2.31 (m, 6H), 
7.08–7.29 (m, 3H), 7.56 (s, 1H), 8.29–8.30 (m, 1H), 8.70 (s, 
1H), 8.90 (s, 1H), 9.10 (s, 1H), 11.16 (s, 1H). HR-TOF-MS m/z 
326.1076 ([M+ H]+, C16H16N5OS+; Calcd 326.1070).

1-(Pyridine-3-yl)-3-(5-(pyridine-3-yl)-1,3,4-thiadiazol-2-
yl) urea (6i): Yield 36.0%; mp 319.4–322.4°C. 1H-NMR 
(300 MHz, DMSO-d6) δ: 7.34 (m, 1H), 7.57–7.58 (m, 1H), 
7.99–8.00 (d, J=3 Hz, 1H), 8.29–8.31 (d, J=6 Hz, 2H), 8.70 (s, 
2H), 9.10 (s, 1H), 9.34 (s, 1H), 11.78 (s, 1H). HR-TOF-MS m/z 
299.0714 ([M+ H]+, C13H11N6OS+; Calcd 299.0710).

1-(5-Phenyl-1,3,4-thiadiazol-2-yl)-3-phenyl Urea (6j): Yield 
75.8%; mp 309.5–311.9°C. 1H-NMR (300 MHz, DMSO-d6) 
δ: 7.04–7.09 (m, 1H), 7.31–7.36 (m, 2H), 7.89–7.91 (m, 2H), 
7.50–7.52 (m, 5H), 9.05 (s, 1H), 11.04 (s, 1H). HR-TOF-MS 
m/z 295.0660 ([M−H]−, C15H11N4OS−; Calcd 295.0654).

1-(5-(4-Fluorophenyl)-1,3,4-thiadiazol-2-yl)-3-(4-f luoro-
phenyl) urea (6k): Yield 81.2%; mp 335.7–336.9°C. 1H-NMR 
(300 MHz, DMSO-d6) δ: 7.14–7.20 (t, J=8.7 Hz, 2H), 7.34–7.40 
(t, J=8.7 Hz, 2H), 7.51–7.55 (t, J=8.1 Hz, 2H), 7.94–7.99 (t, 
J=8.4 Hz, 2H), 9.13 (s, 1H), 11.14 (s, 1H). HR-TOF-MS m/z 
331.0472 ([M−H]−, C15H9N4OSF2

−; Calcd 331.0465).
In Vitro AChE Inhibition Assay  AChE inhibitory activ-

ity was detected by a microtitre plate assay based on Ellman’s 
method26) (Rhee et al., 2001), using the Amplite™ Fluorimet-
ric Acetylcholinesterase Assay Kit. In 96-well plates, 25 µL 
Acetylcholine, 2 µL Thiolite™ Green, 62.2 µL of buffer and 
10 µL of the test compound at concentration of 0.01, 0.1, 1, 10, 
100, 1000 µM, 10 mM were added and the fluorescence intensity 
was measured at 485/528 nm every 13 s for five times. After 
adding 25 µL of 0.125 U/mL AChE, the fluorescence intensity 
was read again every 13 s for five times. The fluorescence 
intensity was measured using a Multi-Plate Reader (Synergy 
HT, BioTek Ltd.). Percentage of inhibition was calculated by 
comparing the rates for the sample to the blank (DMSO), 
control contained all components except the tested extract. 
Galanthamine was used as positive control. The mean of four 
measurements for each concentration was determined (n=4). 
The 50% inhibitory concentration (IC50) was calculated from a 
doseeresponse curve obtained by plotting the percentage of in-
hibition versus the log concentration with the use of GraphPad 
Prism 5.0 software.

Acknowledgments The work was supported by the 
Natural Science Foundation for Colleges and Universities in 
Jiangsu Province (No. 11KJB350002), the Natural Science 
Foundation of Jiangsu Province (No. BK2012422) and the 
National Natural Science Foundation of China (No. 81202393).

References
 1) Hass C., Selkoe D. J., Nat. Rev. Mol. Cell Biol., 8, 101–112 (2007).

http://dx.doi.org/10.1038/nrm2101


June 2014� 527

 2) Goedert M., Spillantini M. G., Science, 314, 777–781 (2006).
 3) Mao Y., Shang Z., Imai Y., Hoshino T., Tero R., Tanaka M., Yama-

moto N., Yanagisawa K., Urisu T., Biochim. Biophys. Acta, 1798, 
1090–1099 (2010).

 4) Hauptmann S., Scherping I., Dröse S., Brandt U., Schulz K., Jen-
drach M., Leuner K., Eckert A., Müller W., Neurobiol. Aging, 30, 
1574–1586 (2009).

 5) Park S.-K., Pegan S. D., Mesecar A. D., Jungbauer L. M., LaDu M. 
J., Liebman S. W., Dis. Model. Mech., 4, 822–831 (2011).

 6) Stains C. I., Ghosh I., ACS Chem. Biol., 2, 525–528 (2007).
 7) Alipour M., Khoobi M., Foroumadi A., Nadri H., Moradi A., 

Sakhteman A., Ghandi M., Shafiee A., Bioorg. Med. Chem., 20, 
7214–7222 (2012).

 8) Asadipour A., Alipour M., Jafari M., Khoobi M., Emami S., Nadri 
H., Sakhteman A., Moradi A., Sheibani V., Homayouni Moghadam 
F., Shafiee A., Foroumadi A., Eur. J. Med. Chem., 70, 623–630 
(2013).

 9) Sugimoto H., Yamanishi Y., Iimura Y., Kawakami Y., Curr. Med. 
Chem., 7, 303–339 (2000).

10) Camps P., Formosa X., Galdeano C., Gómez T., Muñoz-Torrero D., 
Ramírez L., Viayna E., Gómez E., Isambert N., Lavilla R., Badia 
A., Clos M. V., Bartolini M., Mancini F., Andrisano V., Bidon-
Chanal A., Huertas O., Dafni T., Luque F. J., Chem. Biol. Interact., 
187, 411–415 (2010).

11) Kavanagh S., Gaudig M., Van Baelen B., Adami M., Delgado A., 
Guzman C., Jedenius E., Schäuble B., Acta Neurol. Scand., 124, 
302–308 (2011).

12) Hoerr R., Noeldner M., CNS Drug Rev., 8, 143–158 (2002).

13) Sugimoto H., Chem. Biol. Interact., 175, 204–208 (2008).
14) Smith C. P., Bores G. M., Petko W., Li M., Selk D. E., Rush D. K., 

Camacho F., Winslow J. T., Fishkin R., Cunningham D. M., Brooks 
K. M., Roehr J., Hartman H. B., Davis L., Vargas H. M., J. Phar-
macol. Exp. Ther., 280, 710–720 (1997).

15) Martinez A., Castro A., Expert Opin. Inv. Drug., 15, 1–12 (2006).
16) Pepeu G., Giovannini M. G., Curr. Alzheimer Res., 6, 86–96 (2009).
17) Johannsen P., CNS Drugs, 18, 757–768 (2004).
18) Shen Z.-X., Med. Hypotheses, 63, 298–307 (2004).
19) Altintop M. D., Kaplancikli Z. A., Ozdemir A., Turan-Zitouni G., 

Temel H. E., Akalın G., Arch. Pharm. Chem. Life Sci., 345, 112–116 
(2012).

20) Skrzypek A., Matysiak J., Niewiadomy A., Bajda M., Szymański P., 
Eur. J. Med. Chem., 62, 311–319 (2013).

21) Patani G. A., LaVoie E. J., Chem. Rev., 96, 3147–3176 (1996).
22) Pacchiano F., Carta F., McDonald P. C., Lou Y., Vullo D., Scoz-

zafava A., Dedhar S., Supuran C. T., J. Med. Chem., 54, 1896–1902 
(2011).

23) Vidaluc J. L., Calmel F., Bigg D., Carilla E., Stenger A., Chopin P., 
Briley M., J. Med. Chem., 37, 689–695 (1994).

24) White A. D., Creswell M. W., Chucholowski A. W., Blankley C. J., 
Wilson M. W., Bousley R. F., Essenburg A. D., Hamelehle K. L., 
Krause B. R., Stanfield R. L., Dominick M. A., Neub M., J. Med. 
Chem., 39, 4382–4395 (1996).

25) Walchshofer N., Tinland B., Minjat M., Petavy A.-F., Paris J., Eur. 
J. Med. Chem., 22, 467–471 (1987).

26) Ellman G. L., Courtney K. D., Andres V. Jr., Featherstone R. M., 
Biochem. Pharmacol., 7, 88–95 (1961).

http://dx.doi.org/10.1126/science.1132814
http://dx.doi.org/10.1016/j.bbamem.2010.03.003
http://dx.doi.org/10.1016/j.bbamem.2010.03.003
http://dx.doi.org/10.1016/j.bbamem.2010.03.003
http://dx.doi.org/10.1016/j.neurobiolaging.2007.12.005
http://dx.doi.org/10.1016/j.neurobiolaging.2007.12.005
http://dx.doi.org/10.1016/j.neurobiolaging.2007.12.005
http://dx.doi.org/10.1242/dmm.007963
http://dx.doi.org/10.1242/dmm.007963
http://dx.doi.org/10.1021/cb700165v
http://dx.doi.org/10.1016/j.bmc.2012.08.052
http://dx.doi.org/10.1016/j.bmc.2012.08.052
http://dx.doi.org/10.1016/j.bmc.2012.08.052
http://dx.doi.org/10.1016/j.ejmech.2013.10.024
http://dx.doi.org/10.1016/j.ejmech.2013.10.024
http://dx.doi.org/10.1016/j.ejmech.2013.10.024
http://dx.doi.org/10.1016/j.ejmech.2013.10.024
http://dx.doi.org/10.2174/0929867003375191
http://dx.doi.org/10.2174/0929867003375191
http://dx.doi.org/10.1016/j.cbi.2010.02.013
http://dx.doi.org/10.1016/j.cbi.2010.02.013
http://dx.doi.org/10.1016/j.cbi.2010.02.013
http://dx.doi.org/10.1016/j.cbi.2010.02.013
http://dx.doi.org/10.1016/j.cbi.2010.02.013
http://dx.doi.org/10.1111/j.1600-0404.2011.01525.x
http://dx.doi.org/10.1111/j.1600-0404.2011.01525.x
http://dx.doi.org/10.1111/j.1600-0404.2011.01525.x
http://dx.doi.org/10.1111/j.1527-3458.2002.tb00220.x
http://dx.doi.org/10.1016/j.cbi.2008.05.031
http://dx.doi.org/10.1517/13543784.15.1.1
http://dx.doi.org/10.2174/156720509787602861
http://dx.doi.org/10.2165/00023210-200418120-00001
http://dx.doi.org/10.1016/j.mehy.2004.03.001
http://dx.doi.org/10.1002/ardp.201100124
http://dx.doi.org/10.1002/ardp.201100124
http://dx.doi.org/10.1002/ardp.201100124
http://dx.doi.org/10.1016/j.ejmech.2012.12.060
http://dx.doi.org/10.1016/j.ejmech.2012.12.060
http://dx.doi.org/10.1021/cr950066q
http://dx.doi.org/10.1021/jm101541x
http://dx.doi.org/10.1021/jm101541x
http://dx.doi.org/10.1021/jm101541x
http://dx.doi.org/10.1021/jm00031a019
http://dx.doi.org/10.1021/jm00031a019
http://dx.doi.org/10.1021/jm960404v
http://dx.doi.org/10.1021/jm960404v
http://dx.doi.org/10.1021/jm960404v
http://dx.doi.org/10.1021/jm960404v
http://dx.doi.org/10.1016/0223-5234(87)90038-9
http://dx.doi.org/10.1016/0223-5234(87)90038-9
http://dx.doi.org/10.1016/0006-2952(61)90145-9
http://dx.doi.org/10.1016/0006-2952(61)90145-9

