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and reactivities of indole and benzo[b]thiophene are more 
similar to each other than to benzofuran, suggesting that 
the latter system might resemble an indole to a lesser 
degree than benzo[b]thiophene. 

This report describes the synthesis of compounds 3 and 
4 and their affinities for the serotonin 5-HT2 and 5-HT1~ 
receptors, binding sites where compounds la, lb ,  and 2 
are known to have high affinity.'I2 
Chemistry 

The syntheses were initiated with the facile preparation 
of benzofuran-3-ones described by Jung and Abrecht.8 
Thus, treatment of acid chloride 5 with diazomethane 
(Scheme I), followed by reaction of the resulting diazo 
ketone with acetic acid led to the desired 5-methoxy- 
benzofuran-3-one (6) in modest yield. Reaction of this 
ketone with appropriate Wittig reagents readily affords 
3-substituted benzofurans. Thus, 7 was prepared from 6, 
the ester was reduced to the primary alcohol, this was 
0-tosylated, and tosylate 8 was then treated with di- 
methylamine to afford 3, which was isolated as its hy- 
drochloride salt. Although Jung and Abrecht8 accom- 
plished a similar transformation with 7-methoxy-3- 
benzofuranone in two steps using the Wittig reagent from 
the analogous N,N-dimethylamide, the preparation and 
use of that reagent proved more troublesome than the 
ester. 

Extensive attempts were then made to prepare the en- 
antiomers of 4. Initial efforts were directed toward an 
asymmetric synthesis involving the use of commercially- 
available N-protected (R)- or (S)-2-aminopropanol or 3- 
bromo-2-methylpropanol. However, efforts to prepare 
appropriate Wittig reagents were unsuccessful. The ra- 
cemic material was finally prepared aa shown in Scheme 
11. The key step involved displacement of the hydroxy 
groups of 10 by phthalimide under Mitsunobu conditione? 
Pharmacology 

The affinities of compounds 3 and 4 were measured for 
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"Reagents: (a) CHzNz; (b) AcOH; (c) (Ph)3P=CHCOOCH3, 
xylene, reflux; (d) LiAlH,, THF; (e) tosyl chloride, pyridine; (f) 
(CH3)zNH; (g) HC1. 
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Reagents: (a) (Ph),P=CHCOCH3, xylene, reflux; (b) LAHI, 
THF; (c) phthalimide, (PhI3P, DEAD; (d) HzNNHz, EtOH, reflux; 
(e) HCl. 

the [125I]-1-(2,5dimethoxy-4-iodophenyl)-2-aminopropane 
([1251]DOI)-labeled 5-HT2 receptor in rat frontal cortex 
homogenate. Affinity for this receptor shows a high cor- 
relation with hallucinogenic potency in humamlo and with 
animal models of hallucinogenic activity." Affinities were 
also measured of 2-4 and (f)-a-methyl-5-methoxytrypt- 
amine for the [3H]-8-hydroxy-2-(N,N-di-n-propylamino)- 
t e t r ah  ([3H]-8-OH-DPAT)-labeled serotonin 5-HTlA re- 
ceptor in rat hippocampal homogenate. 
Results and Discussion 

The measured affinities of 3 and 4 for the 5-HT2 re- 
ceptor labeled by [1251]DOI were 95.0 f 8.1 and 27.1 f 3.5 
nM, respectively. Hill coefficients were not significantly 
different from unity. In ow earlier work,l using a different 
agonist label for this 5-HT2 receptor, compound 2 had a 
KI = 15 nM, and the more potent S-(+) isomer of 6- 
methoxy-a-methyltryptamine, the indole biostere of 4, had 

(10) Nichols, D. E.; Oberlender, R. A.; McKenna, D. J. Stereo- 
chemical Aspects of Hallucinogenesis. In Biochemistry and 
Physiology of Substance Abuse; Watson, R. R., Ed.; CRC 
Press: Boca Raton, FL, 1991; Vol. 111, pp 1-39. 
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a KI = 4.2 nM. If one anticipates an approximate doubling 
of affinity for the more active enantiomer of 4, this suggests 
that it has about one-third the affinity of its indole bioi- 
sostere. Compound 3 has about one-sixth the affinity of 
the indole bioisostere 2. 

The measured affinities of 2-4 and (f)-a-methyl-B 
methoxytryptamine for the 5-HTlA receptor labeled by 
[3H]-8-OH-DPAT were 69 f 8.1,lOl f 9.5,779 f 63, and 
445 f 68 nM, respectively. Again, Hill coefficients were 
not significantly different from unity. Thus, 3 has nearly 
equal affinity for both the 5-HT receptors labeled in this 
study, while 4 has a nearly 30-fold greater affinity for the 
5-HTz receptor than for the 5-HTM receptor. Comparison 
of the affinities of 2 versus 3 and 4 versus a-methyl-5- 
methoxytryptamine shows that the replacement of the 
indole nitrogen with the benzofuran oxygen leads to a 
nearly 2-fold loss of affinity at the 5-HTlA receptor. Thus, 
while all these compounds generally have higher affinity 
for the 5HTz receptor, changing the indole to a benzofuran 
has a larger detrimental effect on binding at that site, 
relatively speaking, than it does a t  the 5-HTIA receptor. 

A related example has been examined by McKenna et 
al.12 N-methyl-N-isopropyltryptamine was compared with 
its benzofuran bioisostere. In that report, both the indole 
and the benzofuran had low affinity (760 and 5000 nM, 
respectively) for the 5-HTlA site. Affinity of N-methyl- 
N-isopropyltryptamine for the 5-HTz receptor was 20-fold 
better (38 nM), but that of the benzofuran isostere was still 
more than 1 order of magnitude lower than this. 

Although the benzofuran examined by McKenna et al.12 
lacked the 5-methoxy group, a function which increases 
affinity for both the 5-HTlA and 5-HTz receptors, their 
results are consistent with the present ones in that in all 
cases the benzofurans had lower affinity than did the 
corresponding indoles. In addition, both in the work of 
McKenna et al.12 and in the present study, N,N-di- 
methylation had a rather modest effect both on 5-HTlA 
and on 5-HT2 affinity. However, the addition of an a- 
methyl to the side chain either in the tryptamines or in 
the benzofuran analogues dramatically attenuates affinity 
for the 5-HTlA receptor, but not for the 5-HT2 receptor. 
Thus, one may conclude that the 5-HTlA receptor is less 
tolerant of side-chain modification. 

In an early study, the benzofuran isostere of serotonin 
was examined by Pinder et al.' for a contractile effect in 
the rate stomach fundus. In that work, the benzofuran was 
less potent than the corresponding benzo[b]thiophene, and 
both were considerably less potent than serotonin itself. 

From these results, it appears that the benzofuran nu- 
cleus can serve as a bioisostere for an indole. However, 
based on our previous study,' 2,3-dihydrobenzofuran may 
be a better bioisostere, although the side chain of 1 ori- 
ginates from the phenyl ring and not from the 5-membered 
heterocyclic ring as in 3 and 4. Reduction of the 2,3-bond 
of 3 or 4 would introduce a new stereocenter (at C3) into 
the molecule; the effect of this is unknown at present. In 
view of the present interest in the pharmacology of sero- 
tonin, benzofuran and 2,3-dihydrobenzofuran bioisosteres 
are clearly worthy of further study as serotonin agonists 
and antagonists. 
Experimental Section 

Melting points were determined with a Thomas-Hoover ap- 
paratus and are uncorrected. 'H NMR spectra (500 MHz) were 
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obtained with a Varian VXR-500s NMR instrument in CDC13 
unless otherwise noted. Chemical shifts are reported in 6 values 
(parts per million) relative to an internal reference of CHC13 (6 
7.24). Abbreviations used in the NMR analysis are as follows: 
br s = broad singlet, d = doublet, dd = doublet of doublets, dq 
= doublet of quartets, m = multiplet, q = quartet, s = singlet, 
t = triplet. Chemical ionization maw spectra were obtained with 
a Finnegan 4000 spectrometer. Elemental analyses were per- 
formed by Galbraith Laboratories (Knoxville, TN) and were within 
A0.4% of the calculated values unless otherwise noted. 
5-Methoxybenzofuran-3-one (6). An etheral solution of 

diazomethane was prepared via standard procedures from Diazald 
(11.8 g, 55.2 mmol) in 100 mL of ether and KOH (6.0 g, 107.2 
mmol) in a mixture of 10 mL of water, 20 mL of ether, and 35 
mL of 2-(2-ethoxyethoxy)ethanol. To the diazomethane solution 
was added 2,5-dimethoxybenzoyl chloride (3.0 g, 15.0 mmol), and 
the resulting mixture was stirred at room temperature for 45 min 
(no more gas evolution was observed). After evaporation of the 
solvent under reduced pressure, the yellow oil was dissolved in 
30 mL of glacial acetic acid and stirred for 30 min at room tem- 
perature. The solvent was removed under reduced pressure, and 
the residue was dried under high vacuum overnight. The residue 
was crystallized from ether to give 1.58 g (64%) of product as 
slightly yellow crystals: mp 85-87 OC (lit.13 mp 88 "C); IR (CHC13) 
3000,1715, 1495, 1280, lo00 cm-'; 'H NMR (200 MHz, CDCl,) 
6 7.25 (1 H, d, J = 7.9 Hz), 7.15 (1 H, d, J = 7.9 Hz), 7.02 (1 H, 
t ,  J = 7.9 Hz), 4.68 (2 H, s), 3.75 (3 H, 8) .  

Methyl 2-(5-Methoxybenzofuran-3-yl)acetate (7). A so- 
lution of 6 (3.28 g, 20 mmol) and methyl (triphenyl- 
phosphorany1idene)acetate (Aldrich; 7.30 g, 22 mmol) in xylene 
(250 d) waa heated at reflux for 48 h under nitrogen. The solvent 
was removed, and the residue was applied to a silica gel column 
and eluted with 10% ethyl acetatebenzene. The initial band 
contained methyl (5-methoxy-3-benzofurany1)acetate (7) (2.52 g, 
57%) as an oil: IR (film) 2952,1739, 1479, 1264 cm-'; MS m/e 
220 (M+, 100); 'H NMR (500 MHz, CDC13) 6 7.50 (1 H, s), 7.37 
(1 H, d, J = 9 Hz), 7.00 (1 H, d, J = 2 Hz), 6.91 (1 H, dd, J = 
2 Hz, 9 Hz), 3.84 (3 H, s), 3.73 (3 H, e), 3.68 (3 H, 8). The second 
band eluted from the column contained unreacted 6 (1.2 9). 
NJV-Dimethyl-2-(S-methoxybenzofuran-3-yl)ethanamine 

Hydrochloride (3). A solution of 7 (2.20 g, 10 mmol) in 50 mL 
of dry tetrahydrofuran was added dropwise to a suspension of 
lithium aluminum hydride (1 g, 26 mmol) in 100 mL of tetra- 
hydrofuran at room temperature. The reaction mixture was 
heated at reflux for 1 h. After the mixture was cooled to 0 OC, 
15 mL of tetrahydrofuran containing 1 mL of water was added 
dropwise. Then, 15 g of anhydrous sodium sulfate was added, 
and the mixture was stirred for 1 h. The precipitate was removed 
by filtration and washed several times with tetrahydrofuran. 
Evaporation of the solvent under reduced pressure gave 2-(5- 
methoxybenzofuran-3-y1)ethanol as a colorless oil (1.89 g, 98%) 
homogeneous on TLC: IR (film) 3383,2940,1601,1476,1450, 
1263,1220,1182,1097,796 cm-'; 'H NMR (500 MHz, CDClJ 6 
7.60 (1 H, s), 7.37 (1 H, d, J = 9 Hz), 7.00 (1 H, d, J = 2 Hz), 6.91 
(1 H, dd, J = 2,9 Hz), 3.92 (2 H, q, J = 6 Hz, 12 Hz), 3.85 (3 H, 
s), 2.93 (2 H, t, J = 6 Hz). 

The product was not purified but was dissolved in 50 mL of 
dry pyridine and treated with p-toluenesulfonyl chloride (3.8 g, 
20 mmol). The mixture was left overnight at room temperature 
and then was poured on ice, extracted with dichloromethane (3 
X 50 mL), washed with water (2 X 50 mL) and brine, and dried 
(Na2S04). Evaporation of the solvent gave a yellow crystalline 
product which was dried under high vacuum for 2 h. The residue, 
which was homogeneous on TLC, was then dissolved in acetonitrile 
(100 mL), and 10 g of dimethylamine was added at  0 OC. The 
mixture was stirred overnight at room temperature, and then the 
solvent was removed under reduced pressure. The mixture was 
treated with 20 mL of concentrated HC1 and extracted with ether 
(2 x 50 mL). The acidic aqueous phase was made strongly alkaline 
with sodium hydroxide, and the amine was extracted into 
methylene chloride (3 X 75 mL). The extract was washed with 

(12) McKenna, D. J.; Repke, D. B.; Lo, L.; Peroutka, S. J. Differ- 
ential Interaction of Indolealkylamines with 5-Hydroxytrypt- 
amine Receptor Subtypes. Neuropharmacology 1990, 29, 
193-198. 

(13) Chan, J. H.-T.; Elix, J. A.; Ferguson, B. A. Annelated Furans. 
XVII. The Wittig Reaction of Benzofuranones. A w t .  J. 
Chem. 1975,28, 1097-1111. 
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water and dried (Na2S04). Evaporation of the solvent gave 1.68 
g (76%) of 3. The amine was distilled three times in a Kugelrohr 
apparatus at 100 "C (0.09 mmHg) to give 1.2 g (54%) of the free 
base as a colorless liquid IR 2940, 2856,2816,2766, 1600,1476, 
1177, 1070, 1028,919 cm-'; 'H NMR (500 MHz, CDC13) 6 7.44 
(1 H, s), 7.35 (1 H, d, J = 9 Hz), 7.00 (1 H, d, J = 2 Hz), 6.89 (1 
H, dd, J = 2, 9 Hz), 3.86 (s, 3 H), 2.82 (2 H, t, J = 7 Hz), 2.62 
(2 H, t, J = 7 Hz), 2.34 (6 H, s); MS m/e 219 (M+, 0.5). The HCl 
salt was prepared by bubbling HCl gas into a solution of the amine 
in methylene chloride. The solid was collected by filtration and 
recrystallized from MeOH-ether, mp 166-167 "C. Anal. (C13- 

1-(5-Methoxybenzofuran-3-yl)-2-propanone (9). A solution 
of 6 (2.0 g, 12.2 mmol) and l-(triphenylphosphoranylidene)-2- 
propanone (Aldrich; 7.0 g, 21.2 mmol) was heated at reflux in 
xylene (100 mL) for 72 h. The solvent was removed under reduced 
pressure, and the residue was purified by flash chromatography 
over silica gel using hexane-lO% ethyl acetate. The major band 
contained the desired ketone 9 (1.73 g, 71%) as an oil, which was 
sublimed at 40 "C (0.2 mm) to form slightly yellow crystals: mp 
45-46 "C (lit.13 mp 46-47 "C); IR (CDC13) 1720 cm-'; 'H NMR 

(1 H, d, J = 2.5 Hz), 6.92 (1 H, dd, J = 9.7, 2.5 Hz), 3.82 (3 H, 
s), 3.70 (2 H, e), 2.18 (3 H, 8 ) .  
l-(5-Methoxybenzofuran-3-yl)-2-propanol(lO). To a sus- 

pension of 0.38 g (10 mmol) of lithium aluminum hydride in 
anhydrous THF was added, dropwise, a solution of 9 (2.04 g, 10 
"01) in 50 mL of THF. The mixture was stirred at reflux under 
nitrogen for 30 min. The reaction was cooled to 0 "C (ice bath), 
and 2 mL of water was added dropwise. The mixture was diluted 
with 200 mL of THF and dried (MgSOJ. Filtration through Celite 
and evaporation of the solvent gave 2.02 g (98%) of slightly yellow 
oil: IR (neat) 3620 cm-'; 'H NMR (200 MHz, CDC13) 6 7.4 (1 H, 
s), 7.39 (1 H, d, J = 9.7 Hz), 6.93 (1 H, d, J = 2.5 Hz), 6.89 (1 H, 
dd, J = 9.7, 2.5 Hz), 4.13 (1 H, m), 3.86 (3 H, s), 2.80 (2 H, t, J 
= 7.3 Hz), 1.13 (3 H, d, J = 7.3 Hz). Anal. (C12H1403) C, H. 
N-[ l-(5-Methoxybenzofuran-3-yl)-2-propyl]phthalimide 

(11). To a mixture of alcohol 10 (1.21 g, 5.9 mmol), phthalimide 
(0.84 g, 5.9 mmol), and triphenylphosphine (1.52 g, 5.9 "01) in 
200 mL of anhydrous THF was added dropwise diethyl azodi- 
carboxylate (1.03 g, 5.9 mmol). The orange solution was stirred 
under nitrogen at  room temperature for 1 h. The solvent was 
removed under reduced pressure at 40 "C. The yellow crystalline 
residue was subjected to flash chromatography over silica gel and 
elution with dichloromethane followed by solvent removal to give 
1.6 g (82.5%) of crystalline product. Recrystallization from ether 
afforded a white fine crystalline product: mp 112-113 "C; IR 
(CDC13) 1750 cm-'; 'H NMR (200 MHz, CDC13) 6 7.15 (4 H, m), 
7.49 (1 H, s), 7.39 (1 H, d, J = 9.7 Hz), 6.95 (1 H, d, J = 2.5 Hz), 
6.92 (1 H, dd, J = 9.7, 2.5 Hz), 4.75 (1 H, m), 3.85 (1 H, s), 3.48 
(1 H, dd, J = 17.5,7.5 Hz), 3.25 (1 H, dd, J = 17.5, 7.5 Hz), 1.52 
(3 H, d, J = 7.5 Hz); MS m/e 331 (M+, 100). Anal. (C&H17N04) 
C, H, N. 
(R,S)-l-(5-Methoxybenzofuran-3-yl)-2-aminopropane 

Hydrochloride (4). A solution of 11 (1 g, 3.02 mmol) in 50 mL 
of absolute ethanol was heated at reflux with hydrazine hydrate 
(0.151 g, 3.02 "01) for 3 h. The white solid was filtered out and 
washed on the filter with methylene chloride. Evaporation of the 
filtrate gave a solid, which was partitioned between dilute HCl 
and ether. The water phase was separated, basified with NaOH, 
and then extracted with methylene chloride. Evaporation of the 
organic extract gave 0.30 g of an oil which was purified with a 
chromatotron (silica, 1:3 hexane-ethyl acetate) under an ammonia 
atmosphere to obtain 201 mg (51%) of free base. The HCl salt, 
prepared by bubbling HC1 gas into a solution of free base in ether, 
was recrystallized from MeOH-ether: mp 151-152 "C; 'H NMR 
(500 MHz, CDC13) 6 8.42 (1 H, s, broad), 7.56 (1 H, s), 7.33 (1 H, 

H&lN02) C, H, N. 

(200 MHz, CDCl3) 6 7.60 (1 H, s), 7.39 (1 H, d, J = 9.7 Hz), 6.95 

Tomaszewski et al. 

d, J = 8.8 Hz), 7.08 (1 H, s), 6.86 (1 H, dd, J = 2.0,7.9 Hz), 3.7 
(1 H, m), 3.80 (1 H, m), 3.21 (1 H, m), 1.43 (3 H, s, J = 3.9 Hz). 
Anal. (Cl2HlsC1NO2) C, H, N. 
Pharmacology Methods. Radioligand Binding Studies. 

The ability of the test drugs to displace either 0.1 nM [1261]DOI 
or 1.0 nM [3H]-8-OH-DPAT was examined. The procedure of 
Johnson et a1.2 was followed with minor modifications. Briefly, 
['251]DOI and [3H]-8-OH-DPAT were purchased fron New Eng- 
land Nuclear (Boston, MA) at specific activities of 2000 and 169.9 
Ci/mmol, respectively. The frontal cortex and hippocampal 
regions from 10-20 male Sprague-Dawley rats (175-199 g, Harlan 
Laboratories, Indianapolis, IN) were removed, separated, pooled, 
and homogenized using a Brinkman Polytron (setting 6 for 2 X 
20 s) in either 4 or 8 volumes, respectively, of 0.32 M sucrose. The 
homogenates were centrifuged for 10 min at 36500g, and the 
resulting pellets were resuspended in the same volumes of sucrose. 
Aliquots of tissue were frozen separately and stored at -70 "C 
for up to 1 month. 

For each experiment, a tissue aliquot was thawed and diluted 
1:25 with 50 mM Tris-HC1 (pH = 7.4). An incubation at 37 OC 
for 10 min preceded two centrifugations at  36500g for 10 min, 
with an intermittent wash with Tris. The final pellet was re- 
suspended in 50 mM Tris-HC1 containing 10 mM MgCl,, 0.5 mM 
Na2EDTA, 0.1% Na ascorbate, and 10 pM pargyline HC1 (pH 
= 7.4). In experiments with [SH]-8-OH-DPAT, the same buffer 
without MgClz was used. The tissue was preincubated for 10 min 
at  37 OC and then cooled in an ice bath until assay. 

Incubations were commenced by the addition of 200-400 pg 
of protein to test tubes, giving a final volume of 1 mL. Tubes 
were allowed to equilibrate for either 10 or 15 min at 37 "C for 
[3H]-8-OH-DPAT and [1251]DOI, respectively, before filtering 
through Whatman GF/C filters using a cell harvester (Brandel, 
Gaithersburg, MD) followed by two 5-mL washes using ice-cold 
Tris buffer. Specific binding was defined as that displaceable 
with 1 pM cinanserin in [1251]DOI experiments and with 10 pM 
5-HT in [3H]-8-OH-DPAT experiments. Filters were air-dried 
before counting at an efficiency of 34 or 79% for [3H] and [1251], 
respectively. 

Data were analyzed using the computer programs EBDA and 
Ligand as described by McPherson." Under these conditions, 
saturation experiments indicated ['261]DOI bound to a single site 
(Hill coefficient = 0.94 f 0.03) in rat frontal cortex with a KD of 
1.03 f 0.12 nM and a B ,  of 11.0 * 0.9 fmol/mg of protein, from 
three separate experiments. Similarly, saturation experimenta 
indicated that [3H]-8-OH-DPAT bound to a single site (Hill 
coefficient = 1.00 * 0.01) in rat hippocampus with a KD of 2.50 
f 0.23 nM and a B ,  of 119 f 8 fmol/mg of protein, from three 
separate experiments. Displacement results are reported as the 
mean f SEM from three separate experiments, each run in 
triplicate with 8-10 different concentrations of the displacing 
ligand. 
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