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Abstract: The synthesis of a series of new N-OMe fluoro-indoles with melatoninergic activity in the Xenopus melano-

phore assay is described. All of the 4-F substituted compounds, 22a-e and 25a,b, were antagonists on the clonal Xenopus 

melanophore line. Conversely, the 5-F substituted analogs (15a-e) did not share the same pharmacological profile, as two 

of them, compounds 15d (R=c-C3H5) and 15e (R=c-C4H7), exhibited a weak agonistic and partial agonistic activity, re-

spectively, whilst the other three (15a-c) were all agonists. It seems that in this case the nature of the response (agonist or 

antagonist activity) is solely dependent on the shape of the R group.  
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INTRODUCTION 

 The synthesis and secretion of the pineal gland hormone, 
melatonin (N-acetyl 5-methoxytryptamine, 1) is dramatically 
increased at night [1]. Production is under the control of the 
suprachiasmatic nucleus of the hypothalamus (SCN), the 
body’s endogenous circadian clock. The SCN receives neu-
ral signals from the retina which reset or entrain the endoge-
nous clock to the prevailing light:darknesss (L:D) cycle. Cir-
culating melatonin is regarded as a hormonal output of the 
SCN clock able to convey time-of-day information to tissues 
expressing melatonin receptors. Melatonin has an important 
physiological role in photoperiodic species, like sheep. In 
these species, seasonal changes in night-length are encoded 
as changes in the duration of nocturnal melatonin secretion, 
which are responsible for synchronizing various changes in 
physiology, such as the reproductive cycle to the appropriate 
season [2]. In non-seasonal mammals such as humans, the 
rhythm of melatonin secretion is thought to contribute to 
other functions of the circadian clock, such as consolidation 
of sleep [3] and regulation of the circadian rhythm of core 
body temperature [4]. In addition, melatonin may play a pro-
tective role in cancer by lengthening cell cycle times or de-
creasing the transcription of the estrogen receptor gene [5] or
acting as a terminal (or suicidal) antioxidant [6]. The 
antioxidant activity of melatonin may also reduce neuronal 
damage in Parkinson's disease, play a role in preventing 
cardiac arrhythmia and may increase longevity; it has been 
shown to increase the average life span of mice by 20% in 
some studies [7].  

 Melatonin exerts some of its effects by activating spe-
cific, high affinity, G-protein-coupled membrane receptors 
[8]. Three distinct melatonin receptor subtypes have been 
cloned – MT

1
, MT

2
, and Mel

1c
[9]. MT

1
and MT

2
receptor 

mRNA has been identified in several mammalian tissues, but 
the Mel

1c
mRNA has not been found in mammals. Melatonin 
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receptors have been subjected to a number of modelling 
studies based on both the amino acid sequence [10] and 
pharmacophore models [11,12] and a number of active con-
formations have been proposed. These models have been 
compared and assessed in a recent review [13]. 

 Considerable interest has recently focused on the use of 
exogenous melatonin in treating disordered circadian rhythms. 
Disturbed rhythms commonly occur in shift-workers, who 
make up about 15% of the UK workforce [14], following air-
travel across multiple time-zones (jet-lag) and in some eld-
erly subjects. When given exogenously, melatonin can re-set 
the circadian clock [15] and this ability has been suggested 
to be the basis of its often-reported ability to facilitate sleep 
[16]. A melatonin agonist, Ramelteon (S)-N-[2-(1,6,7,8-tetra-
hydro-2H-indeno-[5,4-b]furan-8-yl)ethyl]propionamide (TAK-
375)], an indenofuran derivative (Fig. 1), with a high affinity 
for MT1 and MT2 receptor subtypes, was recently approved 
in the USA for the treatment of insomnia characterised by 
difficulty with sleep onset [17]. Ramelteon was shown to be 
effective at promoting and maintaining sleep in animal mod-
els and clinical studies have shown it to be effective in the 
treatment of both transient [18] and chronic insomnia [19]. 
Other melatonin ligands and a controlled release melatonin 
formulation are in clinical development for treatment of 
sleep disorders [20]. 

 During the last decade we have sought to understand how 
melatonin interacts with its receptors. A number of structure-
affinity relationships have been identified [21,22] and re-
cently we and other researchers proposed molecular models 
of the melatonin binding site: the key elements for high bind-
ing affinity are the presence and the relative spatial position 
of the methoxyl group and the N-alkanamido chain linked to 
an appropriate spacer [23,24]. The proton donor NH indole is 
not essential, whereas the presence of N1-alkyl substituents 
leads to an almost 45-fold decrease in agonist potency and in 
some cases even to antagonism. This has been attributed to 
unfavourable steric interactions at the lower part of the in-
dole nucleus and specifically in the area between N1 and C-2 
[24]. However, as we have recently shown by the synthesis 
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of various potent agonists, e.g. the MT
2

selective agonist 2

[21] and its congener 3 [25], the role of the lower part of the 
indole moiety in binding merits further research.  

 In our ongoing effort to probe the stereoelectronic re-
quirements for optimal melatoninergic activity we have re-
cently reported the synthesis of two N1-substituted indoles, 
compounds 4 and 5 (Fig. 1), which showed up to 5-fold po-
tency of that of melatonin in the Xenopus laevis melano-
phore model. This enhancement in melatoninergic activity 
was ascribed to the presence of the second methoxyl at N1, 
which acts synergistically to the 5-methoxyl group as a result 

of the non-classical –I, +R effect it exerts to the aromatic 
indole nucleus via the N1 heteroatom [26]. 

 As an extension of this work we report herein the synthe-
sis and melatoninergic activity of three series of fluoro-
substituted N-OMe indoles (compounds 15, 22 and 25,
Schemes (1-3)). In these ligands, the pharmacophoric N-
OMe moiety, present in 4 and 5, has been retained, but the 
benzene methoxyl has been replaced by 5-F (compounds 
15a-e, Scheme (1)) and 4-F (compounds 22a-e Scheme (2)). 
The choice of fluorine as a C-4 and C-5 substituent of the 
indole nucleus of 22, 25 and 15 was based on its unique 

Fig (1). Structures of melatonin (1), ramelteon (6), luzindole (7) and melatoninergics 2-5.

Scheme (1). Synthesis of the 5-F melatoninergic compounds 15a-e: (i) (CH3)2NCH(OCH3)2, DMF, 110 
o
C; (ii) H2, Pd/C (10%)-50 psi, THF, 

25
o
C; (iii) POCl3/DMF, 45 

o
C, 1,2-dichloroethane, CaCO3, AcONa/H2O, -10 - 5 

o
C; (iv) CH3NO2, AcONH4, 100 

o
C; (v) LiAlH4/THF, r.t.; 

(vi) (RCO)2O or RCOCl, Et3N, THF, r.t.; (vii) Et3SiH, TFA, 60 
o
C; (viii) (a) aq. H2O2 (30%), Na2WO4.2H2O, MeOH/H2O, r.t.; (b) MeI, 

NaOH (10%)/Et2O, Aliquat®336, r.t., 18 h. 
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properties due to which the biological half life of synthetic 
compounds is extended and the formation of toxic metabo-
lites is nearly eliminated. These effects of fluorine are as-
cribed to its ability to decrease the rate of reaction of the -
system of aromatic rings with activated cytochrome P450

(FeO)
3+

 [27]. Moreover, in our case, fluorine might serve as 
an electron acceptor for the formation of a hydrogen bond 
between melatonin and its receptor [28].  

 Last, in order to explore a possible synergistic influence 
on potency upon introducing a-methyl substituents on the 
ethyl chain of 22, we also prepared the -acyl-a-methyl-2-
(4-fluoro-1-methoxy-1 -3-indolyl)ethanamines 25a,b (Sch-
eme (3)). 

CHEMISTRY 

A) Synthetic Methodology for the Preparation of -Acyl 

2-(5-fluoro-1-methoxy-1 -3-indolyl)ethanamines 15a-e 

After considerable experimentation with the known 
methods for the preparation of 1-methoxyindoles, we in-
ferred that the most viable strategy for the synthesis of the 
title compounds is the one outlined in Scheme (1). Thus, 
commercially available 5-fluoro-2-nitrotoluene (7) was 
treated with hot dimethylformamide dimethyl acetal 
(DMFDMA) in DMF to give the corresponding enamine 8

[29]. Catalytic hydrogenation of the latter over Pd/C led to 
the formation of 5-fluoroindole (9) [29], which was formy-
lated under modified Vilsmeier-Haack conditions to the al-
dehyde 10 [24,29]. This, by the sequence of the Henry reac-
tion [24], reduction with lithium aluminum hydride [24] and 
subsequent acylation with the appropriate reagent gave the 

corresponding amides 13. C2-C3 regioselective reduction of 
the latter by the Somei method [30,31] (triethylsilane/TFA) 
led to indolines 14, which by the one-pot two step synthesis 
of Somei (hydrogen peroxide – sodium tungstate dihydrate 
and then phase transfer methylation) [30b] were converted to 
the desired -acyl 2-(5-fluoro-1-methoxy-1 -3-indolyl)ethan-
amines 15a-e.

Scheme (2). Synthesis of the 4-F melatoninergic compounds 22a-e: (i) (CH3)2NCH(OCH3)2, pyrrolidine, DMF, 110 
o
C; (ii) (a) Zn 1.5 

(equiv.), NH4Cl/H2O, Et2O, r.t.; (b) MeI, NaOH (10%)/Et2O, Aliquat®336, r.t., 24 h; (iii) POCl3/DMF, NaOH (4%), 45 
o
C; (iv) CH3NO2,

AcONH4, 100 
o
C; (v) LiAlH4/THF, r.t.; (vi) (RCO)2O or RCOCl, Et3N, CH2Cl2, r.t. 

Scheme (3). Synthesis of the 4-F a-methyl substituted melatoniner-

gic compounds 25a,b: (i) CH3CH2NO2, AcONH4, 110 
o
C; (ii) 

LiAlH4/THF, r.t.; (iii) (RCO)2O or RCOCl, Et3N, CH2Cl2, r.t. 
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B) Synthetic Methodology for the Preparation of -Acyl 

2-(4-fluoro-1-methoxy-1 -3-indolyl)ethanamines 22a-e 

 In contrast to -acyl 2-(5-fluoro-1-methoxy-1 -3-indo-
lyl)ethanamines 15a-e, for the preparation of which route A
was the only choice available, the construction of their 4-
fluoro congeners 22a-e was proved to be less laborious. 
Thus, after some experimentation with Leimgruber-Batcho’s 
indole synthesis [32] we found that condensation of 2-fluoro-
6-nitrotoluene (16) with hot dimethylformamide dimethyl 
acetal (DMFDMA) in pyrrolidine, the presence of the latter 
being absolutely necessary, led to enamine 17 [33] (Scheme 
(2)); subsequent reduction of the nitro group with zinc pow-
der (1.5 equiv.) in the presence of ammonium chloride [34] 
gave the N-OMe analog 18 after methylation of the in situ
formed 4-fluoro-1-hydroxyindole. Formylation of 18 under 
Vilsmeier-Haack conditions gave aldehyde 19 [35], which 
by the sequence of the Henry reaction, reduction with lith-
ium aluminum hydride and subsequent acylation with the 
appropriate agent led to the desired -acyl 2-(4-fluoro-1-
methoxy-1 -3-indolyl)ethanamines 22a-e.

C) Synthetic Methodology for the Preparation of -Acyl-
a-methyl-2-(4-fluoro-1-methoxy-1 -3-indolyl)ethanamines 

25a,b 

Route B proved also successful in attempts to prepare the 
a-methyl side chain substituted racemates 25a,b (Scheme 
(3)). Thus, 2-fluoro-6-nitrotoluene (16) was used once again 
as starting material and by the sequence of the aforemen-
tioned reactions gave aldehyde 19. This was refluxed with 
nitroethane in the presence of ammonium acetate to afford 
the 2-nitropropenyl indole 23, which was reduced with 
lithium aluminum hydride and subsequently acylated with 
the appropriate reagent to the desired compounds 25a,b.

BIOLOGICAL ACTIVITY  

 The biological activity of the new analogs was assessed 
in a well-established, specific model of melatonin action, the 
pigment aggregation response of Xenopus laevis melanopho-
res. In these cells many thousands of black pigment granules 
are distributed evenly throughout the cell and addition of 
melatonin induces their rapid movenent towards the centre of 

the cell. This response can be quantified by measuring the 
changes in light (630 nm) absorbance of the cells as the 
pigment concentrates near the cell center [36]. 

 The pharmacological data obtained for the new 5-F indol-
amides 15a-e are presented in (Table 1). These results 
demonstrate that although the structural changes made in 
15a-e constitute relatively minor interpositions onto the nu-
clei of 4 and 5 (Fig. 1), the consequences in activity are quite 
significant. Thus, compound 15b is almost 20-times less 
potent agonist than 4 and this figure is raised to 1160-fold in 
the case of its butyramido congener 15c (pEC50 of 15c is 
7.68 vs. 10.75 pEC50 of 5) [26]. This difference between the 
agonistic potency of 15b and 15c and 4 and 5, respectively 
may indicate that, due to electronic rather than steric factors, 
the fluorine atom is not well accommodated in its binding 
site, and so cannot readily induce the receptor conformation 
needed for an efficient agonist action. However, within the 
new 5-F series the butyramido analog 15c is almost 8-fold 
more potent than its propanamido counterpart 15b.

 This trend is also followed in the case of the acetamido 
analog 15a, which is 5-times less active than compound 15b.
Interestingly, changing the acyl group to cyclopropanecar-
bonyl and cyclobutanecarbonyl gave weak partial agonists 
(15d and 15e).  

 The compounds in Table 2 illustrate the effect of moving 
fluorine from C-5 to C-4 (compounds 22a-e). Unlike their 5-
F counterparts, all of these analogs are antagonists in the 
melanophore assay, the most potent being the cyclopro-
panamido derivative 22d, with almost a 3-fold higher po-
tency than luzindole (pIC50 = 6.02 vs. 5.61 of luzindole (Fig. 
1). The dramatic switch from agonist to antagonist activity 
on melanophores, observed in this case, may imply that the 
presence of fluorine at C-4 of the indole ring leads to a de-
crease in the binding affinity of these compounds probably 
by a combination of a decrease in the population of the ac-
tive conformation and from preventing binding to a specific 
pocket available in the area around C-4. 

 Last, in an attempt to probe the effects of substituents on 
the 3-side-chain, particularly at the a position, we introduced 

Table 1. Melatoninergic Activity of Compounds 15a-e in the Xenopus laevis Melanophore Assay  

Compound R Agonist 

pEC50 

ntagonist 

pIC50

melatonin  10.07 NA 

luzindole  NAa 5.61 ± 0.08 

15a CH3 6.12 ± 0.01 NA 

15b C2H5 6.80 ± 0.01 NA 

15c C3H7 7.68 ± 0.02 NA 

15d c-C3H5 >5.00 NA 

15e c-C4H7 7.40 ± 0.03b 5.89 ± 0.05 

aNA = no agonist or antagonist effect detected at 100 M.  
bpartial agonist; 43% of maximal agonist activity. 

Data are the mean of triplicate experiments. 



Design and Synthesis of New N-OMe Fluoro-Indole Melatoninergics Medicinal Chemistry, 2007, Vol. 3 No. 6    565

a methyl group in the ethlylamido chain of two of the 4-F 
analogs (compounds 25a,b). Both of these molecules are 
antagonists in the Xenopus assay (Table 3) and up to 4-times 
less potent than their non-methyl substituted counterparts 
22a and 22c. It seems that the presence of the a-methyl in the 
side chains does not favor their preferred orientation, which 
is away from the ring, leading thus to a decrease in the popu-
lation of the molecules’ active conformations [22].  

CONCLUSIONS AND FUTURE PERSPECTIVES 

 Our goal was to prepare N-OMe fluorine substituted in-
doles with action at the melatonin receptor. The analogs pre-
sented herein represent a part of a larger work directed to-
ward the structural modification of the lower part of the 
melatonin nucleus.  

 As compounds 25a,b are chiral, and since it is known 
that enantiomers can have different affinities and potencies 
at the receptor, we plan to examine their affinities separately 
along with those of a wide range of other enantiomeric com-
pounds in order to gain more insight into the receptor stereo-
chemistry. 

EXPERIMENTAL SECTION 

Xenopus Melanophore Model for the Evaluation of Ago-
nist and Antagonist Activity 

 Melanophore cells were grown in 96-well tissue culture 
plates and growth medium was replaced with 0.7 x L-15 

culture medium 18 h before analogs were tested [21,36-39]. 
Initial absorbance (Ai, 630 nm) of cells (~8,000 cells/well) 
was measured in each well using a Bio-Tek microtiter plate 
reader (model EL3115, Anachem, U.K.), then cells were 
treated with the varying concentrations of the analogs. The 
maximal concentration used was 10

-4
 M. All experiments 

used triplicate wells at six concentrations of analog. The fi-
nal absorbance (Af) was measured after 60 minutes, and the 
fractional change in absorbance (1-Af/Ai) was calculated. 
Vehicle did not alter pigment granule distribution itself or 
inhibit responses to melatonin. The concentration of analog 
producing 50% of the maximum agonist response (EC50) was 
determined from concentration-response curves. For evalua-
tion of antagonist potency, cells were treated with vehicle 
(1% DMSO or methanol) or varying concentrations (10

-4
-10

-

9
 M) of the analogs for 60 minutes before melatonin (10

-9
 M) 

was added. The concentration of analog reducing melatonin-
induced pigment aggregation by 50% (IC50) was determined.  

Instrumentation and Chemicals 

 Melting points were determined on a Büchi 530 appara-
tus and are uncorrected. 

1
H NMR spectra were taken in 

CDCl3 and recorded either on a Bruker AC 200 (200 MHz) 
or a Bruker DRX 400 (400 MHz) spectrometer, and the spec-
tra are reported in .

13
C NMR spectra were taken at 50 MHz 

on a Bruker AC 200 spectrometer. Tetramethylsilane was 
used as internal standard. All the experiments were carried 
out under an atmosphere of Argon. Elemental analyses (C, 

Table 2. Melatoninergic Activity of Compounds 22a-e in the Xenopus laevis Melanophore Assay  

Compound R Agonist 

pEC50 

ntagonist 

pIC50

melatonin  10.07 NA 

luzindole  NAa 5.61 ± 0.08 

22a CH3 NA 5.22 ± 0.07 

22b C2H5 NA 5.08 ± 0.01 

22c C3H7 NA 5.59 ± 0.03 

22d c-C3H5 NA 6.02 ± 0.02  

22e c-C4H7 NA 5.90 ± 0.01 

aNA = no agonist or antagonist effect detected at 100 M.  

Agonist and antagonist data are the mean of triplicate experiments. 

Table 3. Melatoninergic Activity of Compounds 25a,b in the Xenopus laevis Melanophore Assay  

Compound R Agonist 

pEC50 

ntagonist 

pIC50

melatonin  10.07 NA 

luzindole  NAa 5.61 ± 0.08 

25a CH3 NA 5.07 ± 0.28 

25b C3H7 NA 5.00 ± 0.12 

aNA = no agonist or antagonist effect detected at 100 M.  

Agonist and antagonist data are the mean of triplicate experiments. 
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H, N) were carried out by the Microanalytical Section of the 
Institute of Organic and Pharmaceutical Chemistry, NHRF. 
DC-Alufolien plates (Kieselgel 60 F254, Schichtdicke 0.2 
mm, Merck) were used for analytical TLC and were visual-
ized with ultraviolet light or developed with iodine or phos-
phomolybdic acid. Flash column chromatography was per-
formed using Sorbsil c60-A silica as the stationary phase. 
Spinning plate chromatography (SPC) was performed in a 
Chromatotron apparatus (Model 7924), using plates of 4 mm 
thickness coated with Merck Kieselgel GF254 silica gel. 

N,N-Dimethyl-2-(2-nitro-5-fluorophenyl)ethenamine (8) 

 A solution of 3.00 g (19.35 mmol) of 5-fluoro-2-
nitrotoluene (7) and 12 mL of DMFDMA in 12 mL DMF 
was refluxed for 5 h. The deep purple solution formed was 
then transferred to a beaker containing 160 mL of H2O and 
extracted with AcOEt (3 x 100 mL). The combined organics 
were washed with brine, dried (Na2SO4) and concentrated in
vacuo. The desired enamine 8 [29] was obtained as a red oily 
residue, which was used as such in the next step. 

5-Fluoro-1H-indole (9) 

A solution of 4.00 g (19.05 mmol) of enamine 8 in 175 
mL of THF was hydrogenated for 12 h over 10% Pd/C (940 
mg) under a pressure of 50 psi, at room temperature. The 
reaction mixture was then filtered through Celite and the 
filtrate concentrated in vacuo to give an oily residue, which 
was purified by flash column chromatography. Elution with 
cyclohexane gave 2.15 g (84%) of the title compound 9 [29] 
as an off-yellow solid, melting at 45-46 

o
C after recrystalli-

zation from hexanes (M.p. 44 
o
C [35]). 

1
H-NMR (CDCl3)

6.61 (s, 1H, Harom), 7.04-7.09 (dt, J=6.5Hz, 2.4Hz, 1H, 
Harom), 7.23-7.32 (m, 2H, Harom), 7.41-7.44 (dd, J=7.2Hz, 
2.4Hz, 1H, Harom).

5-Fluoro-1 -indole-3-carboxaldehyde (10) 

 The title compound was prepared in accordance with the 
modified Vilsmeier method reported by Mor et al. [24]. 
Yield 78%. 

1
H-NMR (CDCl3) 6.19-6.23 (m, 1H, Harom), 

6.65-6.69 (m, 1H, Harom), 7.11-7.26 (m, 2H, Harom), 9.18-9.22 
(bs, 1H, NH), 11.20 (s, 1H, CHO). 

(E)-5-Fluoro-3-(2-nitroethenyl)-1 -indole (11) 

The a, -unsaturated nitro derivative 11 was obtained as 
an off-orange amorphous solid in 65% yield, following the 
method of Mor et al. [24]. The 

1
H-NMR spectral data are in 

full agreement with those reported [24]. 

2-(5-Fluoro-1 -3-indolyl)ethanamine (12) 

 The title tryptamine was obtained in 70% yield as an off-
yellow oil following the procedure of Mor et al. [24]. Due to 
its instability amine 12 was used without purification in the 
following acylations. 

General Procedure for the Synthesis of Amides (13a-e) 

 Triethylamine (0.2 mL) was added to a stirred solution of 
0.20 g (1.12 mmol) of amine 12 in 5 mL THF at 0 

o
C. The 

mixture was stirred at this temperature for 10 min prior to the 
addition of 0.2 mL of the appropriate acid anhydride (com-
pounds 13a-c) or acid chloride (0.1 mL) (compounds 13d,e). 
The resulting solution was then stirred at room temperature 

for 6 h and transferred to a beaker containing 15 mL of H2O. 
The mixture was extracted with AcOEt (3 x 15 mL), washed 
with a saturated aqueous solution of sodium bicarbonate (20 
mL) and saturated aqueous NaCl (2 x 20 mL) and dried 
(Na2SO4). The solvent was removed under reduced pressure 
and the dark residue obtained was purified by flash chroma-
tography to give the desired amides 13a-e either as colorless 
gums or solids. 

-Acetyl 2-(5-fluoro-1 -3-indolyl)ethanamine (13a) 

Acetamide 13a was prepared by employing the general 
method mentioned above and purified by flash column 
chromatography. Elution with AcOEt/cyclohexane, 50/50, 
provided pure 13a in 61% yield as a beige solid, melting at 
123-125 

o
C after recrystallization from hexanes. The 

1
H-

NMR spectral data are in full agreement with those reported 
[24]. 

13
C-NMR (CDCl3) 170.2, 155.0, 128.4, 124.3, 121.9, 

113.2, 109.6, 108.5, 101.1, 39.7, 25.8, 23.3. Anal. Calcd for 
C12H13N2FO: C, 65.44; H, 5.95; N, 12.72. Found: C, 65.18; 
H, 5.81; N, 12.89. 

-Propanoyl 2-(5-fluoro-1 -3-indolyl)ethanamine (13b) 

 Propanamide 13b was prepared following the aforemen-
tioned general method. After purification by flash column 
chromatography eluting with AcOEt/cyclohexane, 40/60, the 
title compound was obtained as an off-brown gum in 65% 
yield. 

1
H-NMR (CDCl3) 1.04 (t, J=7.6Hz, 3H, CH2CH3), 

2.07 (q, J=7.6Hz, 2H, CH2CH3), 2.82 (t, J=6.8Hz, 2H, 
CH2CH2), 3.46 (q, J=6.8Hz, 2H, CH2CH2), 5.73 (bs, 1H, 
NHCO), 6.79-6.84 (m, 1H, Harom), 6.93 (s, 1H, Harom), 7.10-
7.19 (m, 2H, Harom), 8.83 (bs, 1H, NH); 

13
C-NMR 173.3, 

154.7, 124.5, 122.8, 122.0, 112.8, 109.6, 108.4, 100.9, 39.5, 
29.3, 25.3, 9.8. Anal. Calcd for C13H15N2FO: C, 66.65; H, 
6.45; N, 11.96. Found: C, 66.32; H, 6.30; N, 12.10. 

-Butanoyl 2-(5-fluoro-1 -3-indolyl)ethanamine (13c) 

 The title compound was prepared following the general 
method. After purification by flash column chromatography 
eluting with AcOEt/cyclohexane, 30/70, butyramide 13c was 
obtained as a pale brown viscous oil in 58% yield. 

1
H-NMR 

(CDCl3) 0.81 (t, J=7.3Hz, 3H, CH2CH2CH3), 1.49-1.58 (sex-
tet, J=7.3Hz, 2H, CH2CH2CH3), 2.02 (t, J=7.3Hz, 2H, 
CH2CH2CH3), 2.81 (t, J=76.8 Hz, 2H, CH2CH2), 3.46 (q, 
J=6.1Hz, 2H, CH2CH2), 5.71 (bs, 1H, NHCO), 6.80-6.85 (m, 
1H, Harom), 6.93 (s, 1H, Harom), 7.10-7.19 (m, 2H, Harom), 8.80 
(bs, 1H, NH); 

13
C-NMR 172.8, 155.0, 124.5, 122.7, 121.9, 

112.7, 109.4, 108.4, 100.9, 39.5, 38.8, 25.1, 19.3, 13.8. Anal. 
Calcd for C14H17N2FO: C, 67.72; H, 6.90; N, 11.28. Found: 
C, 67.49; H, 6.71; N, 11.45. 

-Cyclopropanecarbonyl 2-(5-fluoro-1 -3-indolyl)ethan-
amine (13d) 

 The title amide was prepared by the general method. Af-
ter purification by flash column chromatography eluting with 
AcOEt/cyclohexane, 40/60, cyclopropanamide 13d was ob-
tained as a brownish viscous oil in 54% yield. 

1
H-NMR 

(CDCl3) 0.63-0.66 (m, 2H, CH2 cycloprop.), 0.89-0.97 (m, 
2H, CH2 cycloprop.), 1.15-1.20 (m, 1H, NHCOCH), 2.86 (t, 
J=6.7Hz, 2H, CH2CH2), 3.53 (q, J=6.1Hz, 2H, CH2CH2), 
5.62 (bs, 1H, NHCO), 6.86-6.91 (m, 1H, Harom), 7.03 (s, 1H, 
Harom), 7.17-7.23 (m, 2H, Harom), 8.04 (bs, 1H, NH); 

13
C-
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NMR 172.8, 154.4, 124.5, 122.7, 121.8, 113.2, 109.6, 109.2, 
100.9, 39.8, 30.1, 25.5, 14.7, 7.1. Anal. Calcd for 
C14H15N2FO: C, 68.28; H, 6.14; N, 11.37. Found: C, 67.95; 
H, 6.01; N, 11.09. 

-Cyclobutanecarbonyl 2-(5-fluoro-1 -3-indolyl)ethan-
amine (13e) 

 Cyclobutanamide 13e was prepared by the general 
method. After purification by flash column chromatography 
eluting with AcOEt/cyclohexane, 30/70, the title compound 
was obtained in 55% yield as an off-brown viscous oil. 

1
H-

NMR (CDCl3) 1.55-2.13 (m, 6H, CH2 cyclobut.), 2.77-2.88 
(m, 3H, NHCOCH + CH2CH2 ), 3.44 (q, J=6.6Hz, 2H, 
CH2CH2 ), 5.69 (bs, 1H, NHCO), 6.78-6.82 (m, 1H, 
Harom), 6.90 (s, 1H, Harom), 7.08-7.18 (m, 2H, Harom), 9.18 (bs, 
1H, NH). 

13
C-NMR 173.0, 155.0, 124.6, 122.8, 121.7, 113.1, 

109.7, 109.4, 100.8, 40.1, 29.5, 26.6, 25.4, 18.0. Anal. Calcd 
for C15H17N2FO: C, 69.21; H, 6.58; N, 10.76. Found: C, 
68.95; H, 6.29; N, 10.43. 

General Procedure for the Synthesis of Indolines (14a-e) 

Triethylsilane (0.2 mL, 1.25 mmol) was added to a 
stirred solution of the respective amide 13a-e (0.70 mmol) in 
7 mL trifluoroacetic acid and the mixture was refluxed for 
1.5 h. The solvent was then removed under reduced pressure 
and the residue obtained was treated with 5 mL of H2O. The 
aqueous mixture was chilled to 0 

o
C and NaOH (2N) was 

added in order to make the solution alkaline. Extraction with 
chloroform/MeOH, 95/5, followed by washing with brine 
and drying over a2SO4, left a pale yellow solution, which 
was concentrated in vacuo to give the desired indoline (14a-
e) as off-brown viscous oil. 

-Acetyl 2-(5-fluoro-1 -3-indolin)ethanamine (14a) 

 Indoline 14a was prepared by the aforementioned general 
method. Purification by flash column chromatography 
eluting with AcOEt/MeOH, 95/5, gave 0.14 g (93%) of pure 
14a as a pale brown oil. 

1
H-NMR (CDCl3) 1.65-1.74 (m, 2H, 

CH2CH2NH), 1.89 (s, 3H, COCH3), 3.18-3.34 (m, 4H, 
CH2CH2NH + CHCH2 indoline), 3.66 (t, J=8.2 Hz, 1H, 
CHCH2 indoline), 3.77 (s, 1H, NH), 5.72 (s, 1H, NHCO), 
6.49-6.52 (m, 1H, Harom), 6.65-6.70 (m, 1H, Harom), 6.75-6.77 
(m, 1H, Harom). 

-Propanoyl 2-(5-fluoro-1 -3-indolin)ethanamine (14b) 

 Propanamide 14b was prepared by the general method. 
After purification by flash column chromatography eluting 
with AcOEt/cyclohexane, 80/20, 0.11 g (60%) of 14a was 
obtained as an off- brown viscous oil. 

1
H-NMR (CDCl3) 1.11 

(t, J=7.6 Hz, 3H, CH2CH3), 1.67-1.77 (m, 2H, CH2CH2NH), 
2.15 (q, J=7.6 Hz, 2H, CH2CH3), 3.21-3.38 (m, 4H, 
CH2CH2NH + CHCH2 indoline), 3.69 (t, J=7.9 Hz, 1H, 
CHCH2 indoline), 3.77 (s, 1H, NH), 5.72 (s, 1H, NHCO), 
6.50-6.53 (m, 1H, Harom), 6.67-6.72 (m, 1H, Harom), 6.76-6.83 
(m, 1H, Harom). 

-Butanoyl 2-(5-fluoro-1 -3-indolin)ethanamine (14c) 

The title compound was prepared as described in the 
general procedure. Purification by flash column chromatog-
raphy eluting with AcOEt/cyclohexane, 70/30, gave 0.10 g 
(62%) of pure 14c as a pale brown oil. 

1
H-NMR (CDCl3)

0.95 (t, J=7.6Hz, 3H, CH2CH2CH3), 1.62-1.71 (sextet, 
J=7.6Hz, 2H, CH2CH2CH3), 1.73-1.82 (m, 2H, CH2CH2NH), 
2.14 (t, J=7.3Hz, 2H, CH2CH2CH3), 3.26-3.43 (m, 4H, 
CH2CH2NH + CHCH2 indoline), 3.74 (t, J=7.9Hz, 1H, 
CHCH2 indoline), 3.77 (s, 1H, NH), 5.69 (s, 1H, NHCO), 
6.56-6.59 (m, 1H, Harom), 6.72-6.77 (m, 1H, Harom), 6.82-6.84 
(m, 1H, Harom). 

N-Cyclopropanecarbonyl 2-(5-fluoro-1 -3-indolin)ethan-

amine (14d)  

 The title amide was prepared as its aforementioned con-
geners. After purification by flash column chromatography 
eluting with AcOEt/cyclohexane, 60/40, 0.12 g (70%) of 14d

was obtained as an off-brown viscous oil. 
1
H-NMR (CDCl3)

0.67-0.71 (m, 2H, CH2 cycloprop.), 0.89-0.94 (m, 2H, CH2

cycloprop.), 1.16-1.39 (m, 1H, NHCOCH), 1.69-1.78 (m, 
2H, CH2CH2NH), 3.23-3.40 (m, 4H, CH2CH2NH + CHCH2

indoline), 3.69 (t, J=8.0Hz, 1H, CHCH2 indoline), 3.77 (s, 
1H, NH), 5.87 (s, 1H, NHCO), 6.51-6.54 (m, 1H, Harom), 
6.67-6.72 (m, 1H, Harom), 6.78-6.80 (m, 1H, Harom). 

N-Cyclobutanecarbonyl 2-(5-fluoro-1 -3-indolin)ethan-

amine (14e) 

This amide was prepared as described in the general pro-
cedure. Purification by flash column chromatography eluting 
with AcOEt/cyclohexane, 60/40, gave 0.09 g (55%) of pure 
14e as a pale brown oil. 

1
H-NMR (CDCl3) 1.20-1.23 (m, 2H, 

CH2CH2NH), 1.57-2.05 (m, 6H, CH2 cyclobut.), 2.88-2.96 
(quintet, J=8.8Hz, 1H, NHCOCH), 3.19-3.34 (m, 4H, 
CH2CH2NH + CHCH2 indoline), 3.67 (t, J= 7.0Hz, 1H, 
CHCH2 indoline), 3.77 (s, 1H, NH), 5.69 (s, 1H, NHCO), 
6.49-6.52 (m, 1H, Harom), 6.66-6.70 (m, 1H, Harom), 6.76-6.78 
(m, 1H, Harom).

General Procedure for the Synthesis of the 1- e 5-

fluoroindolo-derivatives (15a-e) 

Indoline 14a-e (1.30 mmol) was added to a stirred solu-
tion of 2.5 mL of MeOH/H2O, 10/1 and the mixture chilled 
to 0 

o
C. Then, 1.5 mL (13.0 mmol) of 30% hydrogen perox-

ide and 85.08 mg (0.26 mmol) of sodium tungstate dihydrate 
were added and the mixture stirred for 45 min. The reaction 
mixture was extracted with chloroform (2 x 10 mL), the 
combined organics washed with brine and dried (Na2SO4).
Evaporation of the solvent under reduced pressure gave a 
yellow residue, which was sequentially treated with 10 mL 
of diethyl ether, 10 mL of 10% NaOH, 0.08 g of Ali-
quat®336 and 1.0 mL (16.0 mmol) of iodomethane. The 
resulting two-phase system was vigorously stirred for 24 h at 
room temperature, the organic layer separated, washed with 
brine and dried (Na2SO4). Removal of the solvent under re-
duced pressure led to the isolation of crude 15a-e, which 
were purified by flash column chromatography or spinning 
plate chromatography (SPC). 

-Acetyl 2-(5-fluoro-1-methoxy-1 -3-indolyl)ethanamine 

(15a)

 Acetamide 15a was stnthesized by the general method 
presented above. Purification by flash column chromatogra-
phy eluting with AcOEt/cyclohexane, 60/40, gave 0.02 g 
(13% yield of two steps) of pure 14e as a pale brown oil. 

1
H-

NMR (CDCl3) 1.91 (s, 3H, COCH3), 2.88 (t, J=6.8Hz, 2H, 
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CH2CH2), 3.53 (q, J=6.5Hz, 2H, CH2CH2), 3.73 (s, 3H, 
CH3O), 5.49 (bs, 1H, NHCO), 6.91-6.98 (m, 2H, Harom), 
7.17-7.20 (m, 2H, Harom);

13
C-NMR 170.3, 155.1, 128.5, 

124.3, 122.0, 113.2, 110.3, 107.5, 100.9, 65.5, 40.1, 25.6, 
23.5. Anal. Calcd for C13H15N2FO2: C, 62.39; H, 6.04; N, 
11.19. Found: C, 62.06; H, 5.80; N: 10.88. 

-Propanoyl 2-(5-fluoro-1-methoxy-1 -3-indolyl)ethan-

amine (15b) 

 The title amide was prepared as described in the general 
method. After purification by flash column chromatography 
eluting with AcOEt/cyclohexane, 50/50, 0.02 g (18% yield 
of two steps) of 15b was obtained as an off-brown viscous 
oil. 

1
H-NMR (CDCl3) 1.08 (t, J =7.5Hz, 3H, CH2CH3), 2.13 

(q, J =7.5Hz, 2H, CH2CH3), 2.88 (t, J=6.8Hz, 2H, CH2CH2), 
3.53 (q, J=6.5Hz, 2H, CH2CH2), 3.72 (s, 3H, CH3O), 5.47 
(bs, 1H, NHCO), 6.90-6.97 (m, 2H, Harom), 7.16-7.19 (m, 
2H, Harom); 

13
C-NMR 173.3, 154.7, 124.2, 122.9, 121.9, 

112.8, 109.5, 108.4, 100.9, 65.6, 39.4, 29.8, 25.4, 9.7. Anal. 
Calcd for C14H17N2FO2: C, 63.62; H, 6.48; N, 10.60. Found: 
C, 63.39; H, 6.29; N, 10.32. 

-Butanoyl 2-(5-fluoro-1-methoxy-1 -3-indolyl)ethanamine 

(15c) 

 Butyramide 15c was stnthesized by the general method 
presented above. Purification by flash column chromatogra-
phy eluting with AcOEt/cyclohexane, 40/60, gave 0.04 g 
(36% yield of two steps) of pure 15c as a pale brown oil. 

1
H-

NMR (CDCl3) 0.89 (t, J=7.6Hz, 3H, CH2CH2CH3), 1.58-
1.67 (sextet, J=7.3 Hz, 2H, CH2CH2CH3), 2.07 (t, J=7.3 Hz, 
2H, CH2CH2CH3), 2.88 (t, J=6.7Hz, 2H, CH2CH2), 3.54 (q, 
J=6.1Hz, 2H, CH2CH2), 3.70 (s, 3H, CH3O), 5.46 (bs, 1H, 
NHCO), 6.90-6.97 (m, 2H, Harom), 7.16-7.21 (m, 2H, Harom); 
13

C-NMR 173.0, 154.3, 124.6, 122.5, 121.6, 112.8, 109.9, 
108.5, 100.6, 65.7, 39.2, 38.9, 25.5, 19.3, 13.9. Anal. Calcd 
for C15H19N2FO2: C, 64.73; H, 6.88; N, 10.06. Found: C, 
64.48; H, 6.55; N, 9.81. 

-Cyclopropanecarbonyl 2-(5-fluoro-1-methoxy-1 -3-indo-

lyl)ethanamine (15d) 

 The title compound was obtained by the general method 
described previously. Purification by SPC eluting with 
AcOEt/cyclohexane, 30/70, gave 0.02 g (16% yield of two 
steps) of pure 15d as a pale brown oil. 

1
H-NMR (CDCl3)

0.67-0.71 (m, 2H, CH2 cycloprop.), 0.89-0.96 (m, 2H, CH2

cycloprop.), 1.56 (bs, 1H, NHCOCH), 2.89 (t, J=6.7Hz, 2H, 
CH2CH2), 3.55 (q, J=6.4Hz, 2H, CH2CH2), 3.73 (s, 3H, 
CH3O), 5.64 (bs, 1H, NHCO), 6.92-6.97 (m, 2H, Harom), 
7.17-7.20 (m, 2H, Harom); 

13
C-NMR 172.8, 154.5, 124.6, 

122.9, 122.0, 113.3, 109.7, 109.4, 101.0, 65.5, 39.9, 29.7, 
25.5, 14.6, 7.2. Anal. Calcd for C15H17N2FO2: C, 65.20; H, 
6.20; N, 10.14. Found: C, 65.01; H, 5.98; N, 10.45. 

-Cyclobutanecarbonyl 2-(5-fluoro-1-methoxy-1 -3-indo-

lyl)ethanamine (15e) 

 The title compound was obtained by the general method 
described previously. Purification by SPC eluting with 
AcOEt/cyclohexane, 30/70, gave 0.02 g (18% yield of two 
steps) of pure 15e as a brownish oil. 

1
H-NMR (CDCl3) 1.67-

2.24 (m, 6H, CH2 cyclobut.), 2.85 (t, J=6.8 Hz, 2H,  

CH2CH2), 2.88-2.92 (m, 1H, NHCOCH), 3.52 (q, J=6.1Hz, 
2H, CH2CH2), 4.03 (s, 3H, CH3O), 5.38 (bs, 1H, NHCO), 
6.94-6.99 (m, 2H, Harom), 7.16-7.19 (m, 2H, Harom); 

13
C-NMR 

172.5, 155.0, 124.5, 122.6, 121.9, 113.6, 109.9, 109.6, 101.3, 
65.6, 40.3, 29.8, 26.7, 25.5, 18.2. Anal. Calcd for 
C16H19N2FO2: C, 66.19; H, 6.60; N, 9.65. Found: C, 65.85; 

H, 6.45; N, 9.42. 

1-(1-Pyrrolidino)-2-(2-nitro-6-fluorophenyl)ethane (17) 

 A solution of 4.00 g (23.95 mmol) of 2-fluoro-6-
nitrotoluene (16), 6.4 mL of DMFDMA and 2 mL of pyr-
rolidine in 48 mL DMF was refluxed for 4 h. The deep pur-
ple solution formed was then transferred to a beaker contain-
ing 200 mL of H2O and extracted with AcOEt (3 x 150 mL). 
The combined organics were washed with brine, dried 
(Na2SO4) and concentrated in vacuo. The desired enamine 17
was obtained as a red oily residue, which was used as such in 

the next step. 

4-Fluoro-1-methoxy-1 -indole (18) 

 A solution of 2.00 g of ammonium chloride in 15 mL of 
H2O was added dropwise to a solution of 3.00 g (12.71 
mmol) of enamine 17 in 95 mL of diethyl ether containing 
1.04 g (15.90 mmol) of zinc dust. The resulting two-phase 
system was vigorously stirred at ambient temperature for 3 h 
and then filtered through Celite. The filtrate was washed 
with a saturated aqueous sodium bicarbonate solution, the 
organic layer separated and treated sequentially with 90 mL 
of (10%) aOH, 0.75 g Aliquat®336 and 5 mL (80.00 
mmol) of iodomethane. The resulting mixture was vigor-
ously stirred at ambient temperature for 24 h, the organic 
phase separated, washed with brine and dried (Na2SO4). The 
solvent was then removed under reduced pressure to give a 
red residue, which was purified by flash column chromatog-
raphy. Elution with cyclohexane provided 0.75 g (36%) of 
pure 18 as a pale red oil [40]. 

1
H-NMR (CDCl3) 4.05 (s, 3H, 

CH3O), 6.49 (d, J=3.5Hz, 1H, Harom), 6.84 (dd, J=7.6Hz, 
2.5Hz, 1H, Harom), 7.15-7.26 (m, 3H, Harom); 

13
C-NMR 154.7, 

138.4, 123.6, 122.0, 119.3, 107.7, 104.9, 103.9, 65.5.  

4-Fluoro-1-methoxy-1 -indole-3-carboxaldehyde (19) 

 Phosphorous oxychloride (0.5 mL, 5.36 mmol) was 
added dropwise to 2 mL of DMF at 0 

o
C and the mixture was 

stirred for 15 min prior to the addition of a solution of 0.75 g 
(4.55 mmol) of 4-fluoro-1-methoxy-1 -indole (18) in 1 mL 
DMF. The reaction mixture was allowed to reach ambient 
temperature and then heated at 45 

o
C for 2 h. Upon cooling 

to room temperature the mixture was treated with 10 mL of 
H2O and ice and stirred for 15 min, prior to the addition of 8 
mL of (4%) NaOH followed by a second portion (13 mL) of 
the same alkaline solution. This mixture was rapidly heated 
to 100 

o
C and then allowed to reach ambient temperature. 

The resulting suspension was then chilled (4 
o
C) overnight, 

filtered and dried in vacuo to give 0.58 g (66%) of the title 
compound as a white crystalline solid, melting at 110-112 

o
C

after recrystallization from hexanes. 
1
H-NMR (CDCl3) 4.16 

(s, 3H, CH3O), 6.94-7.06 (m, 1H, Harom), 7.20-7.34 (m, 3H, 
Harom), 10.19 (d, J=2.2Hz, 1H, CHO); 

13
C-NMR 185.5, 

155.0, 138.6, 123.5, 122.2, 119.6, 107.8, 104.5, 103.7, 65.3.  
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4-Fluoro-1-methoxy-3-(2-nitro-1-ethenyl)-1 -indole (20) 

 A suspension of 0.58 g (3.00 mmol) of aldehyde 19 and 
0.10 g (1.30 mmol) of ammonium acetate in 3 mL of ni-
tromethane was refluxed for 2.5 h. After evaporation of the 
solvent under reduced pressure, the residue was dissolved in 
dichloromethane and water was added. The aqueous layer 
was washed with dichloromethane and the combined organic 
layers were washed with water and brine and dried over 
Na2SO4. Removal of the solvent in vacuo gave a dark orange 
residue which was purified by flash column chromatography 
(AcOEt/cyclohexane, 6/4) to give the title compound 20 as 
an orange powder with a melting point at 130-132 

o
C after 

recrystallization from hexanes. 
1
H-NMR (CDCl3) 4.15 (s, 

3H, CH3O), 6.90-7.00 (m, 1H, Harom), 7.24-7.30 (m, 2H, 
Harom), 7.68 (s, 1H, Harom), 7.75 (d, J= 13.5Hz, 1H, 
CH=CHNO2,), 8.20 (d, J=13.5Hz, 1H, CH=CHNO2); 

13
C-

NMR 154.9, 138.6, 137.6, 134.9, 123.6, 122.4, 119.3, 107.8, 
104.7, 104.0, 65.4. Anal. Calcd for C11H9N2FO3: C, 55.94; 
H, 3.84; N, 11.86. Found: C, 56.19; H, 3.65; N, 11.98. 

2-(4-Fluoro-1-methoxy-1 -3-indolyl)ethanamine (21) 

 A solution of 0.37 g (1.57 mmol) of the nitroethylenic 
derivative 20 in 10 ml of THF was added dropwise at 0 

o
C to 

a stirred suspension of 0.40 g (10.53 mmol) lithium alumi-
num hydride in 10 mL THF. The mixture was refluxed for 
1.5 h and then allowed to reach ambient temperature. After 
cooling to 0 

o
C, 5 mL of H2O was cautiously added. The 

resultant mixture was filtered through Celite and the filtrate 
was taken up in AcOEt (3 x 50 mL). The organic layer was 
sequentially washed with water and brine and dried over 
Na2SO4. The solvent was removed under vacuum to give 
0.26 g (80%) of amine 21 as a pale yellow oil, which was 
used in the next step without further purification.  

General Method for the Synthesis of -acyl 2-(4-fluoro-1-

methoxy-1 -3-indolyl)ethanamines (22a-e) 

 Triethylamine (0.3 mL) and 0.50 mmol of the appropriate 
acid anhydride (compounds 22a-c) or acid chloride (0.50 
mmol) (compounds 22d,e) were added dropwise to a chilled 
(0

o
C) solution of 0.05 g (0.25 mmol) of amine 21 in 1 mL 

dichlorometane. The resulting mixture was stirred at room 
temperature for 30-60 min prior to being transferred to a 
small beaker containing 5 mL of H2O. The biphasic mixture 
was extracted with CH2Cl2 (3 x 15 mL), washed with H2O (2 
x 20 mL) and saturated aqueous NaCl (2 x 20 mL) and dried 
(Na2SO4). The solvent was removed under reduced pressure 
and the dark residue obtained was purified by flash chroma-
tography to give the desired amides 22a-e as viscous oils. 

-Acetyl 2-(4-fluoro-1-methoxy-1 -3-indolyl)ethanamine 

(22a)

 Acetamide 22a was prepared by employing the general 
method mentioned above and purified by flash column 
chromatography. Elution with AcOEt provided 0.02 g (32%) 
of pure 22a as an off-brown viscous oil. 

1
H-NMR (CDCl3)

1.91 (s, 3H, COCH3), 2.97 (t, J=6.9Hz, 2H, CH2CH2), 3.54 
(q, J=6.6Hz, 2H, CH2CH2), 4.03 (s, 3H, CH3O), 5.62 (bs, 
1H, NHCO), 6.67-6.77 (m, 1H, Harom), 7.05-7.24 (m, 3H, 
Harom); 

13
C-NMR 170.1, 154.6, 138.2, 123.2, 121.4, 119.1, 

107.6, 104.8, 104.6, 65.8, 40.3, 26.3, 23.3. Anal. Calcd for 

C13H15N2FO2: C, 62.39; H, 6.04; N: 11.19. Found: C, 62.05; 
H, 5.91; N, 11.01. 

-Propanoyl 2-(4-fluoro-1-methoxy-1 -3-indolyl)ethan-

amine (22b) 

The title compound was prepared by employing the gen-
eral method and purified by flash column chromatography. 
Elution with AcOEt/cyclohexane, 60/40, provided 0.015 g 
(24%) of pure 22b as a pale brown viscous oil. 

1
H-NMR 

(CDCl3) 1.08 (t, J=7.3Hz, 3H, CH2CH3), 2.13 (q, J=7.7Hz, 
2H, CH2CH3), 2.97 (t, J=6.9Hz, 2H, CH2CH2), 3.54 (q, 
J=6.2Hz, 2H, CH2CH2), 4.03 (s, 3H, CH3O), 5.53 (bs, 1H, 
NHCO), 6.67-6.77 (m, 1H, Harom), 7.03-7.24 (m, 3H, Harom); 
13

C-NMR 173.8, 159.6, 138.5, 123.2, 121.4, 119.0, 107.6, 
104.7, 104.5, 65.9, 40.2, 29.7, 26.3, 9.8. Anal. Calcd for 
C14H17N2FO2: C, 63.62; H, 6.48; N, 10.60. Found: C, 63.28; 
H, 6.31; N, 10.25. 

-Butanoyl 2-(4-fluoro-1-methoxy-1 -3-indolyl)ethanamine 
(22c) 

Butyramide 22c was prepared by employing the general 
method and purified by flash column chromatography. Elu-
tion with AcOEt/cyclohexane, 50/50, provided 0.025 g 
(36%) of pure 22c as a brownish viscous oil. 

1
H-NMR 

(CDCl3) 0.88 (t, J=7.3Hz, 3H, CH2CH2CH3), 1.56-1.67 (sex-
tet, J=7.3Hz, 2H, CH2CH2CH3), 2.07 (t, J=6.7Hz, 2H, 
CH2CH2CH3), 2.98 (t, J=6.7Hz, 2H, CH2CH2), 3.55 (q, 
J=6.1Hz, 2H, CH2CH2), 4.03 (s, 3H, CH3O), 5.53 (bs, 1H, 
NHCO), 6.70-6.74 (m, 1H, Harom), 7.03-7.16 (m, 3H, Harom); 
13

C-NMR 172.9, 159.6, 139.1, 123.1, 121.4, 119.4, 107.5, 
104.9, 104.5, 65.8, 40.1, 38.7, 26.4, 19.1, 13.7. Anal. Calcd 
for C15H19N2FO2: C, 64.73; H, 6.88; N, 10.06. Found: C, 
64.49; H, 6.58; N, 10.27.

-Cyclopropanecarbonyl 2-(4-fluoro-1-methoxy-1 -3-indo-

lyl)ethanamine (22d) 

The title compound was prepared by employing the gen-
eral method and purified by flash column chromatography. 
Elution with AcOEt/cyclohexane, 40/60, provided 0.027 g 
(40%) of pure 22d as a pale brown viscous oil. 

1
H-NMR 

(CDCl3) 0.63-0.70 (m, 2H, CH2 cycloprop.), 0.89-0.93 (m, 
2H, CH2 cycloprop.), 1.06-1.27 (bs, 1H, NHCOCH), 2.98 (t, 
J=6.7Hz, 2H, CH2CH2), 3.55 (q, J=6.1Hz, 2H, CH2CH2), 
4.02 (s, 3H, CH3O), 5.79 (bs, 1H, NHCO), 6.68-6.73 (m, 1H, 
Harom), 7.04-7.16 (m, 3H, Harom); 

13
C-NMR 172.1, 159.7, 

138.6, 123.1, 121.4, 119.2, 107.4, 104.9, 104.6, 65.8, 40.3, 
29.6, 26.5, 14.7, 6.9. Anal. Calcd for C15H17N2FO2: C, 65.20; 
H, 6.20; N, 10.14. Found: C, 64.88; H, 6.09; N: 9.91. 

-Cyclobutanecarbonyl 2-(4-fluoro-1-methoxy-1 -3-indo-

lyl)ethanamine (22e) 

 This amide was prepared by employing the general 
method and purified by flash column chromatography. Elu-
tion with AcOEt/cyclohexane, 30/70, provided 0.023 g (32%) 
of pure 22e as a brownish viscous oil. 

1
H-NMR (CDCl3)

1.78-2.24 (m, 6H, CH2 cyclobut.), 2.85-2.92 (quintet, 
J=8.7Hz, 1H, NHCOCH), 2.97 (t, J=6.7Hz, 2H, CH2CH2), 
3.53 (q, J=6.4Hz, 2H, CH2CH2), 4.02 (s, 3H, CH3O), 5.46 
(bs, 1H, NHCO), 6.69-6.74 (m, 1H, Harom), 7.02-7.16 (m, 
3H, Harom); 

13
C-NMR 172.6, 159.0, 138.6, 123.0, 121.4, 

119.3, 107.6, 105.0, 104.2, 65.8, 40.0, 29.6, 26.4, 25.3, 18.0. 
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Anal. Calcd for C16H19N2FO2: C, 66.19; H, 6.60; N, 9.65. 
Found: C, 66.50; H, 6.49; N, 9.38. 

4-Fluoro-1-methoxy-3-(2-nitropropenyl)-1H-indole (23) 

 This compound was obtained by the method described 
for the synthesis of 4-fluoro-1-methoxy-3-(2-nitro-1-
ethenyl)-1 -indole (20). Thus, a mixture of 0.23 g (1.21 
mmol) of aldehyde 19 and 0.063 g (0.82 mmol) of ammo-
nium acetate were refluxed with 2.5 mL of nitroethane for 
1.5 h to give after purification with flash column chromatog-
raphy (AcOEt/cyclohexane, 60/40) 0.20 g (66%) of 23 as a 
bright yellow solid. 

1
H-NMR (CDCl3) 2.49 (s, 3H, CH3), 

4.17 (s, 3H, CH3O), 6.89-6.94 (m, 1H, Harom), 7.20-7.55 (m, 
2H, Harom), 7.55 (s, 1H, Harom), 8.63 (s, 1H, CH=CNO2); 

13
C-

NMR 154.7, 147.0, 139.0, 127.5, 123.5, 122.6, 119.5, 107.6, 
104.8, 104.2, 65.5, 12.8. Anal. Calcd for C12H11N2FO3: C, 
57.60; H, 4.43; N, 11.20. Found: C, 57.35; H, 4.29; N, 11.02. 

-Methyl-2-(4-fluoro-1-methoxy-1 -3-indolyl)ethanamine 
(24)

The procedure reported for the synthesis of 2-(4-fluoro-1-
methoxy-1 -3-indolyl)ethanamine (21) was also followed 
for the preparation of the title compound, which was ob-
tained in 74% yield as a pale yellow oil; amine 24 was used 
in the next step without any purification. 

-Acetyl- -methyl-2-(4-fluoro-1-methoxy-1 -3-indolyl)ethan-

amine (25a) 

 Acetamide 25a was prepared by employing the general 
method reported for the synthesis of amides 22a-e and puri-
fied by flash column chromatography. Elution with 
AcOEt/cyclohexane, 40/60 provided 0.03 g (38%) of pure 
25a as an off-brown viscous oil. 

1
H-NMR (CDCl3) 1.12 (d, 

J=6.5Hz 3H, CHCH3), 1.81 (s, 3H, COCH3), 2.91 (d, 
J=6.8Hz, 2H, CH2CH), 3.98 (s, 3H, CH3O), 4.14-4.25 (sep-
tet, J = 7.2 Hz, 1H, CH2CH), 5.48 (bs, 1H, NHCO), 6.64-
6.69 (m, 1H, Harom), 7.00-7.11 (m, 3H, Harom); 

13
C-NMR 

170.6, 159.4, 138.6, 123.2, 121.3, 119.6, 107.3, 104.7, 104.4, 
65.5, 38.6, 31.4, 23.7, 20.1. Anal. Calcd for C14H17N2FO2: C, 
63.62; H, 6.48; N, 10.60. Found: C, 63.31; H, 6.32; N, 10.79. 

-Butanoyl- -methyl-2-(4-fluoro-1-methoxy-1 -3-indolyl) 

ethanamine (25b) 

 The title compound was prepared by employing the gen-
eral method reported for the synthesis of amides 22a-e and 
purified by flash column chromatography. Elution with 
AcOEt/cyclohexane, 30/70 provided 0.03 g (35%) of pure 
25b as a light brown viscous oil. 

1
H-NMR (CDCl3) 0.78 (t, 

J=7.5Hz, 3H, CH2CH2CH3), 1.19 (d, J=6.8Hz, 3H, CHCH3), 
1.48-1.54 (sextet, J=7.5Hz, 2H, CH2CH2CH3), 2.07 (t, J=7.6 
Hz, 2H, CH2CH2CH3), 2.95 (d, J=6.8Hz, 2H, CH2CH), 4.01 
(s, 3H, CH3O), 4.26 (septet, J=7.2Hz, 1H, CH2CH), 5.96 (bs, 
1H, NHCO), 6.68-6.73 (m, 1H, Harom), 7.07-7.14 (m, 3H, 
Harom). 

13
C-NMR 172.8, 158.6, 139.0, 123.3, 121.7, 119.8, 

107.4, 104.9, 104.6, 65.5, 38.7, 31.8, 26.5, 20.1, 19.0, 13.2. 
Anal. Calcd for C16H21N2FO2: C, 65.73; H, 7.24; N, 9.58. 
Found: C, 65.48; H, 7.16; N, 9.31. 

ACKNOWLEDGEMENTS 

 The University of Athens group wishes to thank 
EPEAEK II Program Pythagoras II - Support of Universities

Research Groups (KA: 70/3/7993) for financial support. The 
King’s College London group was supported by the Well-
come Trust (grant GR065816).  

REFERENCES 

[1] Simonneaux, V.; Ribelayga, C. Pharmacol. Rev. 2003, 55, 325. 
[2] Malpaux, B.; Migaud, M.; Trticoire, H.; Chemineau, P. J. Biol. 

Rhythms. 2001, 16, 336. 
[3] Dijk, D. J.; Cajochen, C. J. Biol. Rhythms. 1997, 12, 627. 

[4] Cagnacci, A.; Elliott, J. A.; Yen, S. S. J. Clin. Endocrinol. Metab.
1992, 75, 447. 

[5]  Molis, T. M.; Spriggs, L. L.; Hill, S. M. Mol. Endocrinol. 1994, 8,
1681. 

[6] Tan, D.; Manchester, L.; Reiter, R.; Qi, W.; Karbownik, M.; Calvo, 
J. Biol. Signals Recept. 2000, 9, 137. 

[7] Anisimov, V.; Alimova, I.; Baturin, D.; Popovich, I.; Zabezhinski, 
M.; Rosenfeld, S.; Manton, K.; Semenchenko, A.; Yashin, A. Exp. 

Gerontol. 2003, 38, 449. 
[8] Reppert, S. M.; Godson, C.; Mahle, C. D.; Weaver, D. R.; Slaugen-

haupt, S. A.; Gusella, J. F. Proc. Natl. Acad. Sci. 1995, 92, 8734.  
[9] Morgan, P. J.; Barratt, P.; Howell, H. E.; Helliwell, R. Neurochem. 

Int. 1994, 24, 101.  
[10] Navajas, C.; Kokkola, T.; Poso, A.; Honka, N.; Gynther, J.; Laiti-

nen, J. T. Eur. J. Pharmacol. 1996, 304,173.  
[11] Spadoni, G.; Balsamini, C.; Diamantini, G.; Di Giacomo, B.; Tar-

zia, G.; Mor, M.; Plazzi, P. V.; Rivara, S.; Lucini, V.; Nonno, R.; 
Pannacci, M.; Fraschini, F.; Stankov, B. M. J. Med. Chem. 1997,

40, 1990.  
[12] Marot, C.; Chavatte, P.; Morin-Allory, L.; Viaud, M. C.; Guil-

laumet, G.; Renard, P.; Lesieur, D.; Michel, A. J. Med. Chem.
1998, 41, 4453.  

[13] Mor, M.; Plazzi, P. V.; Spadoni, G.; Tarzia, G. Curr. Med. Chem.
1999, 6, 501. 

[14] www.parliament.uk/parliamentary_offices/post/pubs2005.cfm 
[15] Lewy, A. J.; Ahmed, S.; Jackson, J. M.; Sack, R. L. Chronobiol. 

Int. 1992, 9, 380. 
[16] Wyatt, J. K.; Djik, D. -J.; Cecco, A. R. -D.; Ronda, J. M.; Czeisler, 

C. A. Sleep 2006, 29, 609. 
[17] Buysse, D.; Bate, G.; Kirkpatrick, P. Nature Rev.: Drug Discov.

2005, 881. 
[18] Roth, T.; Stubbs, C.; Walsh, J. K. Sleep 2005, 28, 303. 

[19] Erman, M.; Seiden, D.; Zammit, G.; Sainati, S.; Zhang, J. Sleep 
Med. 2006, 7, 17. 

[20] Turek, F. W.; Gillette, M. U. Sleep Med. 2004, 5, 523. 
[21] Faust, R.; Garratt, P. J.; Jones, R.;Yeh, L. –K.; Tsotinis, A.; 

Panoussopoulou, M.; Calogeropoulou, T.; Teh, M-T.; Sugden, D. J. 
Med. Chem. 2000, 43, 1050. 

[22] Tsotinis, A.;Vlachou, M.; Papahatjis, D. P.; Calogeropoulou, T.; 
Nikas, S. P.; Garratt, P. J.; Piccio, V.; Vonhoff S.; Davidson K.; 

Teh M. -T.; Sugden D. J. Med. Chem., 2006, 49, 3509. 
[23] Sugden, D.; Chong, N. W. S.; Lewis, D. F. W. Br. J. Pharmacol.

1995, 114, 618. 
[24] Mor, M.; Rivara, S.; Silva, C.; Bordi, F.; Plazzi, P. V.; Spadoni, G.; 

Diamantini, G.; Balsamini, C.; Tarzia, G.; Fraschini, F.; Lucini, V.; 
Nonno, R.; Stankov, B. M. J. Med. Chem. 1998, 41, 3831. 

[25] Tsotinis, A.; Panoussopoulou, M.; Sivananthan, S.; Sugden, D. Il 
Farmaco 2001, 56, 725. 

[26] Tsotinis, A.; Eleutheriades, A.; Hough, K.; Sugden, D. Chem. 
Commun. 2003, 382. 

[27] Edwards P. N. in Organofluorine Chemistry: Principles and Com-
mercial Applications R.E. Banks, B.E. Smart, J.C. Tatlow Eds, Ple-

num Press, N-Y 1994; pp. 502-509. 
[28] Garratt, P. J.; Travard, S.; Vonhoff, S.; Tsotinis, A.; Sugden, D. J. 

Med. Chem. 1996, 39, 1797. 
[29] Madge, D. J.; Hazelwood, R.; Iyer, R.; Jones, H. T.; Salter, M. 

Bioorg. Med. Chem. Lett. 1996, 6, 857 and references cited therein  
[30] (a) Somei, M.; Sato, H.; Komura, N.; Kaneco, C. Heterocycles,

1983, 20, 1797; (b) Somei, M.; Fukui, Y.; Hasegawa, M.; Oshikiri, 
N.; Hayashi, T. Heterocycles, 2000, 53, 1725. 

[31] Somei, M.; Nakajou, M.; Teramoto, T.; Tanimoto, A.; Yamada, F. 
Heterocycles, 1999, 51, 1949 and references cited therein. 

[32] Batcho, A. D.; Leimgruber, W. Org. Synth. Coll. 1990, VII, 34. 
[33] Laban, U.; Kurrash-Orbaugh, D.; Marona-Lewicka, D.; Nichols, D. 

E. Bioorg. Med. Chem. Lett. 2001, 11, 793. 



Design and Synthesis of New N-OMe Fluoro-Indole Melatoninergics Medicinal Chemistry, 2007, Vol. 3 No. 6    571

[34] Somei, M.; Shoda, T. Heterocycles, 1981, 16, 1523 and references 

cited therein. 
[35] Kalir, A.; Balderman, D. Isr. J. Chem. 1968, 6, 927. 

[36] Sugden, D. Br. J. Pharmacol. 1991, 104, 922. 
[37] Sugden, D. Eur. J. Pharmacol. 1992, 213, 405. 

[38] Davies, D. J.; Garratt, P. J.; Tocher, D. A.; Vonhoff, S.; Davies, J.; 

Teh, M-T.; Sugden, D. J. Med. Chem. 1998, 41, 451. 
[39] Teh, M-T.; Sugden, D. Br. J. Pharmacol. 1999, 126, 1237. 

[40] Hoffmann, E.; Ikan, R.; Galun, A. B. J. Heterocycl. Chem. 1965, 2,
298. 

Received: 24 October, 2006 Revised: 20 March, 2007 Accepted: 20 March, 2007 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


