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Guanidine Sulfates.-The following example is illustrative of 
the general method used to prepare the guanidine sulfates listed 
in Tables I11 and V. 

2-(2,6-Xylyloxy)ethylguanidine Sulfate.-2-Methyl-2-thio- 
pseudourea sulfate (157.7 g., 1.21 moles) was dissolved in water 
(300 ml.) and 2-(2,6-xylyloxy)ethylaniine (200 g., 1.21 moles) was 
added. A vigorous reaction occurred, accompanied by the 
formation of methyl mercaptan (trapped in a cooled mixture of 
aqueous sodium hydroxide and hydrogen peroxide.). The 
aqueous solution was boiled for 2 hr. and then cooled. The solid 
which separated was filtered, washed with ice-cold water and 
dried. Tw-o recryst,allizations from methanol-isopropyl alcohol 
followed by drying in vacao a t  125' for 6 hr., yielded 195 g. of 
pure anhydrous salt, m.p. 234-236'. 

2- [2-(2,6-XylyIoxy)ethyl]amino-4,5-dihydroimidazole Hy- 
driodide.-2-(2,6-Xylyloxy)ethylamine (15.0 g., 0.091 mole) 
was added to a solution of 2-methylmercapto-4,5dihydroimid- 
azole hydriodideZ6 (22.2 g., 0.001 mole) in ethanol (100 ml.). 
Tlie solution was heated under reflux for 2 hr., the evolution of 
nietliyl mercaptan being completed during this time. After 
cooling, the solution was concentrated to low bulk and left a t  
- 10" for 48 hr. The crystals deposited (16.1 g.) were recrystal- 
lized twice from isopropyl alcohol-ether, affording 11.6 R. of _ _  
product, m.p. l 1 6 - l l ~ o .  

N- [ 2 4  2,6-XyIyloxy)ethyl] -N',N"-diphenylguanidine Hydro- 
chIoride.-2-(2,6-Xvl~loxy)ethvlamine (3.8 g., 0.023 mole) xas  
added l o  a solutjon of N,~'-diphenyl-S~methylisothiourea27 
(5 .5  g., 0.023 mole) in xylene (30 ml.). The mixture was heated 
under reflux for 24 hr. and then evaporated to dryness zn uacuo. 
The residue crystallized slonly a t  0" and was finally recrystallized 
froni petroleum ether (SO-SO") affording 3.6 g. of material, m.p. 

Tlie hydrochloride was prepared using isopropyl alcoholic 
hydrogen chloride and was recrystallized from isopropyl alcohol- 
ether, nip. 163-166". 

A.-2-( 2,6- 
Xyly1ouy)ethylamine (8.5 g., 0.052 mole) was added to a solu- 
tion of K-benzoyl-S-methylisothiourea** (10.0 g., 0.052 mole) 
in chlorobenzene (100 nil.). The solution was heated under 
reflux for 24 hr. and concentrated to an oil which gradually crys- 
tallized. Recrystallization from aqueous ethanol followed by 
recrystallization from benzene-petroleum ether afforded 7.5 g. 
of the guanidine, m.p. 111-114'. 

Anal. Calcd. for C18H21Nz04: C, 69.42; H, 6.80; ?;, 13.40. 
Found: C,69.26; H,6.01; N, 13.34. 

The hydrochloride \vas prepared using isopropyl alcoholic 
hvdrogen chloride, and 15 as recrystallized from isopropyl alcohol- 
ether, 1n.p. 162-164". 

90-94". 

N- [ 2 4  2,6-Xylyloxy)ethyl] -N'-benzoylguanidine. 

(?6) S. R. .ispinall and  E. J. Ilianco, J .  Am. Chem. SOC., 13,  602 (1951). 
(27) K. Will, Ber., 14, 1489 (1881). 
(28) G. I to ,  Chem. Pharm. Bull. (Tokyo), 9, 245 (1961). 

B.-2-(2,6-Xylyloxy)ethylguanidine sulfhte (20.0 g., 0.04 mole) 
r a s  suspended in ethanol (500 ml.) and an ethanolic solution of 
sodium ethoxide, prepared from 1.8 g. of sodium, was added 
with stirring. The mixture was stirred for 1 hr., filtered, and 
then concentrated zn u a c w  to yield the free base, 2-(2,6-xylyl- 
oxy)ethylguanidine (17.0 g.) as a viscous yellow oil. Ethyl ben- 
zoate (13.0 g., 0.085 mole) was added and the mixture heated on 
the steam bath for 45 min. The product was dissolved in ben- 
zene, filtered, and diluted with petroleum ether (SO-SO"), yielding 
the crude nionobenzoyl derivative which was recrystallized twice 
from aqueous ethanol, finally affording 2.8 g., m.p. 113.5-115.5". 
The melting point was undepressed on admixture with a sample 
from the first preparation and identical infrared and ultraviolet 
spectra (A,,, 262 mp (emnA 27,673)) were obtained. 

N- [Z-( 2,6-Xylyloxy)ethyI] -N',N"-dibenzylguanidine. A.- 
2-(2,6-Xylyloxy;ethylamine (3.3 g., 0.02 mole) was added to 
a solution of X,S'-dibenzoyl-S-niethylisothiourea** (6.0 g., 
0.02 mole) in xylene (20 ml.). The solution was heated under 
reflux for 8 hr. and then cooled. Crystals were deposited which 
were filtered and recrystallized from benzene-petroleuni ether 
(60-80") affording 5 1 g. of product, m p. 147-148". 
B.-2-(2,6-Xylyloxy)ethylguanidine sulfate (10.0 g., 0.02 

mole) was suspended in 20 ml. of 10% sodium hydroxide solution 
and then rapidly stirred during the addition of 5.5 g. (0.04 mole) 
of benzoyl chloride. Stirring was continued for 1 hr. and the 
solid formed was recrystallized from ethanol followed by further 
recrystallization from benzene-petroleum ether (60-80"), finally 
affording 2.9 g. of the product, m.p. 147-149'. The melting 
point was undepressed on admixture with a sample from the 
previous experiment and identical infrared and ultraviolet (A,,, 
253 nip (ernax 31,035), 277 mp ( 26,272)) spectra were obtained. 

In  a previous experiment in which an excess of sodium hy- 
droxide was used, the major product from the Schotten-Baumann 
reaction was the benzoate salt of 2-(2,6-~ylyloxy)ethylguanidine, 
m.p. 147-148'. 

Anal. Calcd. for CllH17N30 CCH,COOH: C, 65.63; H. 7.04; 
S,  12.76. 

An authentic sample of 2-(2,6-xylyloxy)ethylguanidine ben- 
zoate which was prepared from 2-( 2,6-xylyloxv)ethylguanidine 
free base (made from sulfate and sodium ethoxide in ethanol) and 
benzoic acid, had m.p. 148-149". There was no depression of 
melting point on admixture of these samples and infrared and 
ultraviolet (A,,,, 263 nip ( elnnX 22,673)) spectra were identical. 

Found: C, 65.4; H, 6.77; S, 12.65. 
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A number of derivatives of benzo[b]thiophene related to serotonin and gramine have been prepared and 
tested for pharmacological activity on a variety of smooth muscle preparations and on intact animals. Anti- 
histamine, antiacetylcholine, antiserotonin, and in some cases spasmogenic properties have been demonstrated. 
The replacement of the indole ring system by the benzo[b]thiophene system in the compounds studied leads to 
a reduction in agonistic activity and to  the emergence of variable nonspecific antagonistic properties to  sero- 
tonin, acetylcholine, and histamine. 

The application of the concept of bioisosterism to the 
preparation of pharmacologically active substances, 

pounds, has proved fruitful in several fields of pharma- 
cological endeavor.2 While the isosteric replacement 

which antagonize or mimic the active parent corn- (2)  H. L. Friedman in "Influence of Isosteric Replacements upon Biologi- 
cal Activity." Syniposiuni on Chemical-Riolopical Correlation. Natl. .4cad. 

(1) Par t  111: A I .  AIactin-Smith and S. T. Reid. . J .  Cliem. Soc., 938 Sci.. Xatl. Research Council, Publication No. 206, \I-ashington, 1). C., 1!151. 
(1960). p. 29.5. 
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with lithium aluminum hydride. The products were 
characterized as the K-benzoyl derivatives. The di- 
hydrobromides were employed in the pharmacological 
tests. 

Experimental 
Melting points mere taken on a Kofler block. 

3-Aminomethylbenzo[b] thiophene Hydrochloride (I).-3- 
Cliloromethylbenzo [b] thiophene5 (4.53 g., 0 025 mole) was 
dissolved in diniethylformamide (70 ml.) and heated under refluv 
w i t h  potassium phthalimide (4.59 g., 0 025 mole) for 3 hr. The 
condensation product was precipitated by the addition of water 
and gave white crystals (5.30 g., 737,) with m.p. 162" (lit.13 
163"), from ethyl acetate. -4 slight excess of hvdrazine hydrate 
( 3  ml , 98-100%) was added to the substituted plithalimide (5.0 
g.) in ethanol (250 nil.), and the solution was heated under reflux 
for 20 min. A white solid separated from the hot solution and 
after further refluxing in the presence of dilute hydrochloric acid 
(6 .Y, 50 nil.) for 30 min., the solution obtained by filtration was 
made basic with dilute sodium hvdroxide solution and extracted 
with ether to give 3-aminomethylbenzo [b] thiophene (2.47 g., 
89yc) as a pale yellow oil. Conversion into the hvdrochloride 
gave colorless cubes, m p. 259-260", from ethanol (anal>tical 
figures in Table I). 

3-(Dimethylaminomethyl)-benzo[b] thiophene Hydrochloride 
(II).-3-Aminomethylbenzo[b]thiophene (1.0 g.), 36% formal- 
dehyde solution (4 ml.), formic acid (4 ml.), and water (8 ml.) 
were gently heated on the steam bath for 4 hr. Excess of hydro- 
chloric acid (6 -\ ) was added and the solvent removed by distilla- 
tion under reduced pressure leaving I1 a3 a white soLid; colorless 
prisms (0.99 g., ils). from ethanol; m.p. 218-222". 

3-1 Morpholinomethyl) -benzo [b]  thiophene Hydrochloride (111). 
-Sodamide (3.7 g., 0.095 mole) was added to 3-chloromethyl- 
benzo[b]thiophene (6.0 g , 0 033 mole) and morpholine (2.86 
g., 0.033 mole) in dry toluene (70 ml.) and the mixture was heated 
vigorously under reflux for 25 hr. A darkening in color was ob- 
served. Water was added to decompose the excess sodamide. 
and the organic layer separated. Distillation of the toluene under 
reduced pressure afforded the amine as a faintly colored oil, b p. 
208-210" (18 mm.). I11 was obtained when dry hydrogen chlo- 
ride was passed into an ethereal solution of the amine and formed 
white needles (4.66 g., 527,  ), m.p. 2 2 5 O ,  from chloroform. 

Compounds IV-VI1.-These compounds were prepared by 
substitution of the appropriate amine for morpholine in the 
procedure described for the preparation of 111. 

Compounds VIII-XI.-These compounds were prepared from 
the correspondmg tertiary bases by the addition of excess methyl 
iodide to the amine dissolved in ethanol, and purified by crystal- 
lization from ethanol. 

Methyl 5-Hydroxybenzo[b]thiophene-2-carboxylate.-Excess 
diazomethane (0.1 mole) in ether was added to a solution of 5- 
hydroaybenzo[b] thiophene-2-carboxylic acid (3.51 g., 0.01s 
mole) in ethanol. After 24 hr. the solvent was removed under 
reduced pressure and the ester crystallized from benzene. Color- 
less plates resulted (3.60 g .96% ), m.p. 162-163'. 

Anal. Calcd. for CloH803S: C, 57.7; H, 3.0. Found: C, 
57 9; H, 3 9 

1-( 5-Hydroxybenzo [ b]thiophene-2-yl-carbonyl)-2-p-toluene- 
sulfonyl Hydrazine.-hIethyl 5-hydroxybenzo [ b] thiophene-2- 
carboxylate (4.0 g,)  was dissolved in methanol (80 ml.); hydra- 
zine hydrate (10 ml.) was added, and the solution was heated 
under reflux for 4 hr. The acid hydrazide which crystallized 
from the hot solution formed pale jellow needles ( 3  64 g., 91%), 
m.p. 282-284", from acetic acid. p-Toluenesulfonyl chloride 
( 2  58 g , 0.014 mole) in dry pyridine (30 ml.) was added dropwise 
to an ice-cold solution of the hvdrazide (2.84 g , 0.014 mole) in 
dry pyridine (50 nil.) over a period of 30 min. The solution wa9 
allowed to stand for a further 30 min. a t  room temperature and 
poured into water (1500 nil.). The toluenesulfonyl hvdrazine 
was obtained by filtration and formed pale yellow prisms (3.39 g , 
69Yc), m.p. 215O, from ethyl acetate 

Anal. Calcd. for C16HIJ20aS,: C, 53.0; H,  3.9. Found 
C, 53.0; H, 4 3.  

5-Hydroxybenzo [ b] thiophene-2-aldehyde.-l-( 5-Hydroxyben- 
zo [b] thiophene-2-yl-carbonyl)-2-p-toluenesulfonyl hydrazine (1.86 

(13) TV. Voegtli, C. S .  Patent 2,800, 034 (1953); Chen. Abstr., 62, 2931 
(1958). 

g., 5.15 mmoles) in ethylene glycol (8 ml.) was heated in an oil 
bath a t  160' and anhydrous sodium carbonate (1.36 g., 12.8 
mmnoles) way added. l'igorous effervescence occurred and after 
00 see. the reaction mixture was poured into water. The al- 
dehyde was extracted with ether and formed pale yellow need!es 
(0.43 g., 47%), m.p. 193-196", from ethyl acetate. 

Anal. Calcd. for CgHsOgS: C, 60.7; H,  3.4. Found: C, 
60.7; H, 3.6. 
5-Hydroxy-2-(2-nitrovinyl)-benzo[b] thiophene.-To a solution 

of 5-hydroxybenzo [b] thiophene-2-aldehyde (0.79 g.) in nitro- 
methane (6 ml.) was added ammonium acetate (0.25 g. ) .  The 
mixture was heat,ed gently on a steam tiatlr for 30 min. On 
cooling, crystals separated and were colle-ted and washed with 
hot water. Red cubes (0.60 g., 6 1 5 )  from ethyl acetate re- 
sulted, m.p. 220". 

Anal. Calcd. for ClUH7S0,S: C, 54.3; H, 3.2. Found: C, 
54.7; H, 3.3. 

5-Hydroxy-2-( 2-nitropropenyl)-benzo[b] thiophene.-This 
compound was prepared by the preceding procr dure, using 
nitroethane in place of nitromet1:ane. The produrt crystallized 
as yellow cubes (62%) from ethyl acetate, m.p. 223..5-224'. 

Anal. Calcd. for CI1H9?;O~S: C, 56.2; H, 3.8. Found: C, 
56.1; H, 3.5. 

2 4  2-Aminoethyl)-5-hydroxybenzo[b] thiophene Hydrochloride 
(XII).-Lithium aluminum hydride (0.5 g.)  vas add d to dry 
tetrahydrofuran (150 ml.) in the flask of a Scxhlet extractor, 
and 5-hydrox~-2-(2-nitrovinyl)-benzo [b]  tliioplrene (0.23 g.) was 
extracted from the thimble for 3 lir. After the excess lithium 
aluminum hydride had been decomposed by the careful addition 
of water, 2 A' sodium hydroxide solution (100 ml.) was added 
and the tetrahydrofuran removed hy  distil!ation. The basic 
solution was filtered, saturated with carhon dioxide (pH 8.3), 
and extracted continuously with ether for 24 hr. l k y  hydrogen 
chloride vas  passed into the ether solution and white plates 
precipitated (0.12 g., 5 2 7 , ) ,  m.p. 296", from methanol. 

Anal. Calcd. for CIoH&lSOS: C, 5 2 . 3 ;  H, 5.3. Found: 
C, 52.8; H ,  5.5. 
2-(2-Aminopropyl)-5-hydroxybenzo[b] thiophene Hydrochloride 

(XIII).-This was prepared by applying the preceding procedure 
to 5-hydroxy-2-(2-nitropropenyl)-benzo [b]  thiophene. The prod- 
uct formed white needles from methanol, m.p. 267-270". 

Anal. Calcd. for C11H14C1SOS: C, 54.2; H, 5.6. Found: 
C, 54.2; H, 5.8. 

5-Nitrobenzo[b] thiophene-2-carboxylic Acid Chloride.- 
5-Nitrobenzo [b] thiophene-2-carboxylic acid (5.0 g.) XI-as dissolved 
in thionyl chloride (60 ml.) and heated under reflux for 2 hr. 
The acid chloride obtained after distillation of the excess thionyl 
chloride formed pale yellow needles (5.1 g., 95'33, m.p. 160", 
from ethyl acetate. 

Anal. Calcd. for CgHhClSOsS: C, 41.7; H, 1.7. Found: 
C, 45.0; H, 1.7. 

2-(Morpholinocarbony1) -5-nitrobenzo [ b ]  thiophene.-To the 
preceding acid chloride (5.0 g., 0.022 mole) dissolved in dry 
benzene (120 ml.), morpholine (3.2 ml., 0.044 mole) n-as added 
gradually with shaking at, 10" and the mixture then was heated 
under reflux for 1 hr. On cooling, the morpholine hydrochloride 
which separated was removed and the filtrate taken to dryness 
under reduced pressure. The pale yellow plates (4.55 g., 7jc()  
had m.p. 189-190", from ethanol. 

Anal. Calcd. for C13H12X204S: C, 53.4; H, 4.1. Found: 
C, 53.6; H ,  4.4. 

The following compounds were similarly prepared. 
2-(Dimethylaminocarbonyl)-5-nitrobenzo [b] thiochene, m.p. 

141-142'. Anal. Calcd. for CllHloNzO~S: C, 52.8; H .  4.0. 
Found: C, 52.7; H ,  3.8. 
2-(Pyrrolidinocarbonyl)-5-nitrobenzo~b]thiophene, m.p. 194- 

195". .4nal. Calcd. for C I ~ H I ~ K & S :  C, 56.5; H ,  4.4. Found: 
C, 56..5; H, 4.5. 

2-(PiperidinocarbonyI)-5-nitrobenzo[b] thiophene, m.p. 132'. 
Anal. Calcd. for C14Hl,N20,S: C, 57.9; H, 5.9. Found: C, 
57.9; H, 5.0. 

5-Amino-2-( morpholinomethy1)-benzo [b]  thiophene (XV).- 
To 2-(morphoIinocarbonyl)-.i-nitrobenzo [b] thiophene (4.5 g.) 
suspended in ethanol (150 ml.), 98% hydrazine hydrate solution 
( 5  nil.) and Raney nickel ( 2  g . )  were added, and the mixture 
heated gently on the steam bath for 1 hr. The hot solution was 
filtered and on cooling ~5-amino-2-(morpholinocarbonyl)-benzo- 
[bltliiophene, 3.63 g. (90yc), separated from the filtrate; fine 
needles, from methanol, m.p. 189". 
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centrations than those which inhibited the stimulant 
response to serotonin, the compounds themselves exerted 
a direct stimulant effect. 

All the compounds (0.01-300 y/ml.) inhibited the 
stimulant response to histamine (0.0014.5 y/ml.) 
though not all did so completely. Compounds 11, IV, 
T’, VI, X, and XI were the most potent acting in the 
dose range of 0.01-2 -y/ml. 

With the exception of T’III, all the compounds (5-500 
-y/ml.) antagonized the stimulant response to acetyl- 
choline (0.001-0.5 y/nil,) but not all did so com- 
pletely. 

In  general, the benzo [blthiophene compounds were 
more potent in antagonizing the stimulant responses to 
histamine than those to serotonin. 

The Rat Jejunum.-In no case was there evi- 
dence of a purely agonistic effect and consequently, 
attempts to classify the compounds were made on the 
basis of their interaction with serotonin. Where the 
cumulative serotonin log dose-response curve, in the 
presence of a compound under test, was shifted along 
the abscissa and the maximum height reduced, in com- 
parison with the curve for serotonin alone, evidence 
of a noncompetitive antagonism was assumed,18 e .g . ,  
11, 111, VII,  VIII, X ,  all the compounds of Group C, 
and compound XT’ in Group D. Compounds I, T’I, 
XI, XVI, and XT’II exerted a partially agonistic effect, 
an initial increase in the response to serotonin being 
observed prior to  the onset of a noncompetitive an- 
tagonism. Other compounds exerted nonreproducible 
activity, appearing to act in a purely noncompetitively 
antagonistic fashion in several experiments, but ex- 
hibiting both an agonistic and an antagonistic noncom- 
petitive effect in others. For example, T’ exhibited a 
purely noncompetitive antagonism in two experi- 
ments, but in another two it showed both agonistic 
properties and a noncompetitive antagonism toir.ards 
serotonin. 

(e) The Isolated, Perfused Rat Hindquartem- 
Sone of the compounds (0.1-0.5 mg.) exerted a direct 
vasodilator or vasoconstrictor effect. In  this dose 
range T’I, T’II, YIII, and I X  of Group C and the com- 
pounds of Group D had no effect on serotonin-vasocon- 
striction, while the others partly or completely pre- 
vented it. They all partially or completely inhibited 
the vasoconstriction caused by epinephrine or norepi- 

(d) 

nephrine. 
if1 Blood Pressure of the Anesthetized Cat and 

Rat.-The cornpounds of Group A produced a fall in 
blood pressure in the cat (1-5 mg./kg.) and rat (0.3-1.5 
mg. ’kg.) but did not antagonize the pressor effects to 
epinephrine (2 .5  ylkg.). The compounds of Group B 
(1-2 mg./kg.) exerted a hypertensive effect on the cat 
but, in doses of 0.3-1.5 mg./kg., exhibited either hyper- 
tensive or hypotensive activity in the rat. Compounds 
XI1 and XI11 (Group C) produced a direct pressor 
effect on both species, reversible in the cat by prior 
administration of 2-S-m-hydroxyphenyl-p-toluidino- 
methylimidazoline (phentolamine). The compounds of 
Group D (0.3-1.5 mg./kg.) exerted a slight hyper- 
tensive effect on the rat only. 

Toxic Effects on Mice.--At dose levels of up to 
150 mg./kg. by intraperitoneal injection, the com- 

(g) 

(18) E. J. Ariens, J. AI. F a n  Rossum, and A AI Simonis, Pharmarol. 
R e t . .  9, 218 (1957). 

pounds in Groups A, C, D, and compound I X  in group 
R had no apparent toxic effects. Within 30 min. of the 
injection of compounds VIII, X, and XI, there was 
hyperpnoea, followed by convulsive movements, after 
which the animals died. The approximate LDb0 
of X I  was 57.5 mg./kg.; of X, 62.5 nig./kg.; and of 
VIII, 67.5 mg./kg. 

Discussion 

The compounds investigated upon isolated tissues 
and intact animals have shown such a lack of selec- 
tivity as to require discussion of their properties in 
groups according to their chemical structure. 

Of the compounds in Group A, I1 is the isostere of 
gramine. Gramine itself possesses convulsant, para- 
sympathomimetic,1g antiepinephrine,20 serotonin-like, 
and antiserotonin properties.21a-f 

Compound I1 had weak but detectable agonistic 
activity on the guinea pig ileum but on the same tissue 
antagonized the responses to acetylcholine, histamine, 
and serotonin. The reduced agonistic activity in cer- 
tain benzo [blthiophene compounds, as compared with 
their indole isosteres is emphasized when compounds 
111, V, and TTI (Group A) and XI1 (Group C) are com- 
pared, respectively, with 3-(morpholinomethyl)indole, 
3 - (piperidinomethyl)indole, 3 - (2 - methylpiperidino- 
methyl)iadole, and 2-(2-aminoethyl)-5-hydroxyindole. 
Thus, while 3-(morpholinomethyl)indole and 3-(2- 
methylpiperidinomethy1)indole stimulated the isolated 
rat uterus and constricted the blood vessels of the 
isolated rat hindquarters,21f the corresponding benzo- 
[blthiophene compounds had no stimulant activity on 
similar preparations. 

X reduction in antagonistic properties and the emer- 
gence of stimulant activity, especially on the guinea pig 
ileum, characterize the quaternary compounds of Group 
B. Thus, compound I X  produced a contraction of the 
guinea pig ileum, whereas the corresponding tertiary 
amine had no stimulant action but antagonized the 
stimulant response to serotonin. 

The observation that the stimulant effects of com- 
pounds in Group B were antagonized by atropine and 
mepyramine, but not by lysergic acid diethylamide, 
suggests interaction with acetylcholine and histamine 
receptors rather than with a serotonin receptor system. 
Furthermore, in contrast to the tertiary amines (Group 
A), the quaternary compounds of Group B raised 
the blood pressure of anesthetized cats and rats and were 
toxic to mice. 

The compounds of Group C can be regarded as sero- 
tonin analogs, incorporating an isomerization of the 
side chain to the 2-position. Compound XII ,  unlike 
its isostere 2-(2-aminoethyl)-5-hydroxyindole, exerts 
no stimulant effects upon the isolated rat uterus. This 
supports the general conclusion that replacement of the 

(19) J. A. Supniewski and M. Serafinowna, Bull. Intern. Acad. Polon.. 
Ctasse M e d . ,  479 (1937); Chem. Abstr., 33, 8788 (1939). 

(20) C .  E. Powell and R. K. Chen, Proc. Soc. Ezptl. Bid.  .Med.. 58, 1 

(21) (a) C. E. Powell, E. R. Swanson. and K. K.  Chen, J .  Am. Pharm. 
Assoe. ,  Sci. Ed., 44, 399 (1956); (b) .T. H. Gaddum and R. A .  Hameed, 
Brit. J .  Pharmacol.. 9, 240 (1954); ( e )  .J. H .  Gaddum, R.  A. Hameed. 
D. E. Hathway, and F. F. Stephens, Quart. J. Ezptl. Physiol., 40, 49 (1955): 
id) V.  Erspamer, Ric. Sci., 23, 1203 (19.53); (e) V. Erspamer, Science, 
l a l ,  309 (1955); ( f )  G. Rertaccini and P. Zamboni, Awh. Intern. Phar- 
macod~n. ,  133, 138 (1901). 

(1945). 
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t i o i t  of compound XIT, serotonin-iiiducctl vasoconsti ic- 
tioiiwa3 not aiitagonized but therewas partial iiiliihitioii 
of epiiicplirinc and iiorepiiiephriiie \mm!onstriction o i i  

tlic isolated perfused rat hindquarters. 
r17 ic  compounds of Group -1 exhibit the variability 

aitd iiotiselcctivity in pharmacological properties chur- 
nctcristic of thc corresponding itidole derivatives.21f ? ?  

‘l’liow fcaturcs, tlie existence of tiotli agonistic arid an- 
tagoilistic activity in the satno compounds and thc. 
ohservoci auto-inhibitory phiionicna! make it difficult 
to draw any inferences concerning the influence 011 

biological activity of replacing the indole by the benzo- 
[ii]thiophciie ring system. ‘l’lre.;~ difficulties are furtlici 
uiidrrlincd hy the lack of conclusive evidence that any 
specific serotonin receptor exists. attempt to  
establisli thc nature of thc interaction between t l i ~  
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Synthesis and Pharmacological Activity of Fluorinated Tryptamine Derivatives 
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(‘lirricnl .Vi i ~ ~ o p h n r t i i a r o l ( ~ i ~ ~  Rosrurch Center, Vntional Instztiitr of .Ileritrrl Htrrhh, 11 i l l iuni 1 i l * h i t c  I j i ~ i l d t ~ i q ,  
I\’riznf Eliznheths Hospital, I17nshinytoti 20, 1) 1 ‘  

l?eccit~ed .ll(it/ tf;> 100.3 

The s> nthesis of  several fluorinated tryptamine deriwttives in uhich tltp fiiir~rine atom o( (upips tlie 5- 111 ( I -  

positi(Jn is reported. The 5-fluoro and unsubstituted trvptamines :%re more :wtive thnn the fhuhstituted dcriv:t- 
tives in inducing spontaneous locornotion when :tdministered to reserpini7ed 1% hite mice. Both 6-fluoro-S,S- 
diet111 Itryptamine and ?;,N-dieth?.ltryptamine exerted peripheral a( t i n t )  when tested in hunims, hut onl\ thc 
fluorine-free compound seemed to  bear  hallucinogenic^ propertles These results n i ~ \  he rxplained h x  rhange i n  

the met:tbolic pathm :ty of the tryptamines with sut)stitnted 6-posititrn 111 the in(lo11~ iiuc~leus. 

‘l’hc G-hydroxylation of various tryptamine derivn- 
tives was established in this laboratory as an important 
nietabolic p a t h ~ v a y . ~  Evidence was presented, using 
animal behavioral tests and human experiments, that 
this pathway might be important in producing pharma- 
cologically active  metabolite^.^,^ For further pharma- 
cological and psychological studies it was of interest to 
prepare and compare the activity of structural isomers 
blocked in the 6-position, as this may render additional 
cvidence for the proposed biological mechanism. 

The fluorinated derivatives seemed to be particularly 
appropriate for this kind of study because of their 
stability and the availability of t’he starting 5- and 6- 

[ I: Visitiiig Scientist, Clinical N ~ u r i ~ ~ i l i a r r i i a c o l o g ~  Researrh Center, 
S1.\111, 11ay 1961-lQ63, on  leave frorn the I%raeli Insti tute for  l3ioIopi(,:il 
l<iwr:iri,ti, Ness-Ziunati. Israel. 

12) Sninr i-linnped froin . A ,  I<ulriszgnrr. 
f,’3) S. Szarn xnrl J .  Axelroil, >,’;‘aperie?itiu. 16, 21fj ( l ! J . X J ) .  
i i i  q. Sztirn, Federat ion  I’roc., 20, 88.5 (1961). 
fi) S .  S x : ~ r : t  a n d  L, Rookland, Prnr. drd TPorld (3ongr. Pa~/rhiat., 1, f i i (1  

(1‘361 ) .  

fluoroindoles.” 
synthesis of G-fluoroindole since the oxidation of 1 - 
fluoro-2-nitrotoluene (I) to  tlie corresponding aldeliyclt~ 
ivas cumber9onic. .Iddition of  bromine to 1 at  (.1+ 
mted temperature resulted in the introductioii of t v  o 
atoms of the halogen into the molecule, hut subsccliicitt 
hydrolysis yielded a bromine-containing orgaiiic acid 
Sitration of p-fluorobenzyl chloride, alcohol, 01’ acct nto 
in acetic anhydride-nitric acid did not yield t l i r  CY- 

pected nitro deriratives and in all cases only the wcfa t (~  
was recovered. The presence of sulfuric acid i i i  t l i i \  

reaction brought about polymerization. 
Sitration of p-fluorobenzyl cyanide did not yicltl 

Either of the two cxpected isomers. The only coni- 
pound isolated did not contain fluorine. The analytic:il 
data of this substance and derivatives support tliv 

.Ittempts were niadc to inipro\cl t l  

( 0 )  Z l ’ r l i l~o>i i , / ,  \ ,  I \ ~ 1 u ~ z ~ n r 1  , i r ic l  \1. l < p n t o \ ,  I (‘lretn S o  7 1 1 9  
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