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By using known methods, some derivatives of 2-dimethylamino-l-(3-indolyl)ethanol and some X-alkyl-N- 
(P-hydroxyethyl)-2-(3-indolyl)ethylamines have been prepared, but attempts to convert them into the corre- 
sponding 2-halogenoethylamines have failed. 5-Substit~ted 3-brornomethylbenzo[b]thiopheiie derivatives 
reacted with X-ethglethanolamine in boiling benzene to give hubs t i tu ted  N-eth?.l-N-(P-hvdror;yeth~.l)-3- 
aminomethylbenzo[b]thiophene derivatives which were isolated as their hydrochlorides. These reacted with 
SOCl2 in dry boiling chloroform to give the Corresponding 5-substituted K-(2-chloroethyl)-N-ethyl-3-amino- 
methylbenzo[b]thiophene hydrochlorides. 3-Chloroacetyl- or 3-bromoacetylberizo[b]thiophene reacted with 
several secondary amines in benzene or a mixture of benzene and ether to give S,N-dialkyI-3-aminoacetylbenzo- 
[blthiophenes which, on reduction with NaBH4 in methanol, gave the corresponding 2-dialkylamino-l-( 3-benzo- 
[b]thienyl)ethanol derivatives. ?-Dimethylamino-l-(3-benzo[b]thienyl)ethanol yielded the corresporiding sub- 
stituted 2-chloroethylamine in a pure stateon being treated either with SOC19or with PCljin dry boiling chloroform. 
Preliminary pharmacological testing of the 2-chloroethylaniines so prepared, together with various iiitermedi- 
ates, showed that some of the above 2-halogenoethylamines derived from benzo[b] thiophene are moderately 
strong antagonists of 5-hydroxytryptamine in vivo. One or two of them showed promising activity against SlSO 
mouse tumor. 

l\lany 2-halogenoethylamines are strong antagonists 
of catecholamines' and some of these compounds 
also antagonize the actions of 5-hydroxytryptamine 
(5-HT) . 2  However, the anticatecholamine and anti- 
3-HT activities of these compounds do not necessarily 
run parallel to one another. Inn& has recently 
provided evidence that epinephrine and 5-HT act 
upon the same receptors in some tissues. 

Gyermek4 has shown that several quaternary salts 
of K,S-dimethyl- and S,X-diethyltryptaniine arid 
of iY,N-dimethyl-5-hydroxytryptamine (bufotenine) are 
potent antagonists of the actions of 5-HT on the 
peripheral nervous receptors of the cat and dog, al- 
though they were only weakly active as antagonists 
of the actions of 5-HT on smooth muscle, and choliner- 
gic stimulation mas unaffected by the more potent 
members of this series of compounds in the dose range 
used. Thus, if a group known to give rise to com- 
pounds having a high affinity for nervous receptors is 
i ritroduced into compounds related in structure to 
5-HT, a new class of 5-HT antagonists is produced, 
capable of antagonizing the actions of 5-HT on receptors 
for which known antagonists of 5-HT have either very 
little or no affinity. By the introduction of the 2- 
halogenoethylamine side chain into compounds related 
in structure to 5-HT, a similar new class of 5-HT 
antagonists might be obtained. We therefore tried 
to prepare indole derivatives variously substituted 
in the 5 position and having a 2-halogenoethylamine 
side chain in the 3 position. 

2-Dimethylamino-1-( l-ethyl-2-methyl-3-indolyl)eth- 
anol (la) and 2-dimethylamino-l-(l,2-dimethyl-3-in- 
doly1)ethanol (Ib)5 were prepared by reduction of the 
corresponding glyoxylamides with lithium aluminium 
hydride. S-(2-Hydroxyethyl)-S-isopropyl-2-(3-indol- 
y1)ethylamine (IIa) was prepared by the method 
of Frangatos, et u Z . , ~  and S-ethyl-N-(2-hydroxy- 

(1) J P. D. Graham, J. Med.  Pharm. Chem., 2, 499 (1960). 
( 2 )  L. Gyermek, Phurmncol. Keu..  13, 389 (1961). 
(3) 1. K Innes, Brzt. J. Pharmacol , 19, 427 (1962). 
(4) L. Gjermek, J. Med. Chem., 7 ,  280 (1964) 
( 5 )  A F Ames, D E. hmes, C. R. Coyne, T. F. Grey, I .  1 2 .  Lochllart, 

(ti) G. Frangatos, G. Kohan, and F. L. Chubb, Can. J .  Chem., 38, 1434 
and R.  S .  Ralph, J. Chem. Soc.. 3388 (1959) 

(1960). 

Ri 

ethyl)-2-( l-benzyl-5-methoxy-2-methyl-3-indolyl)ethyl- 
amine (I Ib) by treating 1-benz yl-3- (2-chloroet hy 1) - 
5-methoxy-2-methylindole with K-ethylethanolamine 
in ethanol a t  80". These indole amino alcohols reacted 
with thionyl chloride, phosphorus halides, or phosphoryl 
chloride in chloroform, ether, benzene, or dichloro- 
methane a t  several temperatures to give intractable 
tars. DeGraw and Goodman' used methanesulfonyl 
chloride to prepare several 5- [bis(2-~hloroethyl)amino]- 
indoles, but in our case this reagent failed to give the 
desired product. 

Since benzo [blthiophene is isosteric with indolc,8 
and since Graham' has reported that several berizo [ b ] -  
thiophene compounds containing the 2-halogenoethyl- 
amine moiety antagonize the actions of 5-HT, this 
class of compound was investigated further. 

(7)  (a) J.  DeGraw and L. Goodman, J .  Ore. Chem.. 27, 1395, 1728 (1962): 

(8) hf.  hlartin.Srnith and S. T. Reid, zbad., 1, 501 (1959). 
(b) J .  DeGraw and L. Goodman, J .  Med. Chem., 7, 213 (lYti4). 
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TABLE I 
h-sCBYTITCTED S-ErHYL-S-(2-HYUROsUETHYL)- OR -(2-CHLOROETHYL)-3-.lhlISOhIErHYLBENZO [b]THIOPHENE HYUKOCHLORIDE~ 

Et 

Yield, 
No. Y R hip, OC Bp, "C (mm) of freebase % 
3 OH H 126 5-128 Sa 140-145 (0 8 i  
4 OH Ale 148-150 138-142 (0 0 2 )  66 
5 OH C1 167-169 153-158 (0  03)  82 
6 OH Br 181-182 1.56-160 (0 01) 78 
7 C1 H 144-146c 97 
8 C1 Ale 174-173 100 
9 c1 C1 157-159 95 

10 C1 Br 167 5-169 5 98 
a Lit.Q 129-130'. Lit.g 185-189' (2  mm). LiLg 147-148". 

Y C a l c d .  %----- --Found, R--- 
C " C H K  

.57.4 6 . 7  ,5.2 57.8 6 . 4  5 .0  
58.8 7 . 1  3 . 9  58.6 7 . 3  4.7  
51.0 5 . 6  4 . 6  50.8 5 . 8  4 . 4  
44.5 4 . 9  4 . 0  44 .9  5 . 0  3 . 7  
53.8 5 . 9  4 . 8  53.5 5 . 7  4 . 7  
5 5 . 3  6 . 3  4 . 6  5 5 . 3  6 . 4  4 . 5  
48 .1  5 .0  4 . 3  47.8 5 . 1  4 . 5  
4 2 . 3  4 . 4  3 . 8  41.9 4 . 3  4 .0  

TABLE I1 
3-L)I.\LKUL.i.lrIR-O.~CETULBE~ZO [ b] THIOPHESE HYIIKOCHLOI~IL)ES 

COCHlNR?.HCI 

Y C a l c d ,  %-- -- Found, %----- 

QF 
Yield, 

N O .  NRz Alp, O C  dec %" Formula C H A- C H N 

11 N M e ?  233-235 80 C12HiaClNOS 56.3 5 , s  5 . 5  56.1  5 . 5  5 . 8  
SEtn 203-205 42 C14Hi8ClXOS 59.2 6 . 4  4 . 9 5  58.9 6 . 3  5 . 2  12 

- 13 265-267 70 CljHi8ClNOS 60 9 6 1 4 . 7  61.1 6 . 0  4 5 

14 252-2536 47 C141316ClNOS 59.7 5 . 7  5 . 0  59 6 5 .9 4 . 9  

56.5 5 .8  5,O 15 

16 S(CH,Ph),' 188d 96 C ~ ~ H Z ~ C ~ S O ~ S  68.8 6 . 2  3 . 1  68.9 5 . 7  3 . 5  
Yield of crude material. 

- P o  228 97 C ~ ~ H I ~ C ~ K O ~  56.4 5 . 4  4 . 7  
U 

Except for compounds 15 and 16 severe losses resulted on recrystallization. Very unstable to heat. 
Decomposed above 200O; increasingly so above 240'. The free base had mp 82'. Anal. Calcd for C24H2~NOS: C, 77.6; H, 5.7; 
N, 3.8. Found: C, 77.4; H, 5 . 7 ;  N, 4.0. Contains 1 molecule of ethanol of crystallization. 

TABLE 111 
2 - ~ I . \ L K U L . ~ ~ \ r I s l J - 1 - ( 3 - B E ~ Z O  [b]THIESYL)ETHINOL HTURUCHLOILIUES 

CHOHCH?NR,.HCl 

Yield, Y - C a l c d ,  %-- -Found, C/c-  
Mp, oc %" Formula C H N C H N 

163-165' 90 C18H18~408S 48.0 4 . 0  12.45 48 .4  4 . 5  12 .1  
122-124 64 Cl~HZoCINOS 58.8 7 . 1  4 . 9  58.7 7 . 2  5 . 2  

2 16-2 17 82 CijH2oClNOS 60.5 6 .  8 4 . 7  60.9 6 . 8  4 . 7  

174-175 53 Ci4H&l?r'OS 59.2 6 . 4  4 .9  59.6 6 . 5  4 9 

C ~ ~ H ~ ~ C I N O P S  56.1 6 .05  4 .65  56.2 6 . 2  5 . 0  189-190 78 

22 iX (CHZPh), 196 dec 90 C?4HUrClNOS 70.3 5 . 9  3 . 4  70.4 6 . 1  3.4 
a Over-all yield from t,he 3-halogenoacetylbenzo[b]thiophene. Free base is a liquid of bp 138-140" (0.5 mm). Characterized as 

This hydrochloride was formed in dry CKCl,, the picrate, recrystallized from benzene. 
precipitated with dry ether, and recrystallized from dry ether-ethanol. 

Recrystallized from ethyl met'hyl ketone. 

3-dibeiizylaniinoacetylbenxo [b] thiophene. To the 3-halogeno- 
acetylberizo[b] thiophene (0.10 mole) i i i  dry beiizene (500 ml) 
or in drv henzenr (2%) Inl) arid dry ethri~ (250 ~111) was added i h r l  
appropriate aiiiiile I0.W inole), aiid the mixture was stirred ala 
room temperature. 111 general, the 3-chloroacetyl compoiulda 
w1iiiwd 12 hn. while the 3-1,rotiiiiac'etj.l c ~ o m p o i i i i c l ~  iieedetl 111i1y 
1 hr. Ether (300 nil) was added to the cold renctioii mixture and 
the solution so formed was washed several times with water, and 
dried (PLTazSO4). The solvents were removed and the product 

was obtained as an oil which was either used in subsequent stages 
or dissolved in dry ether and treated with dry ethereal HCI. 
l'hr Iiy(Ir.ochlorides, whic:h usuully separated as giims, solidified 
O I I  Leiiig oouled aiid hcratched; they were recrystallized from dry 
ethaiiol with charcoal to yield colorless solids. Details are given 
i t i  Table 11. 

3-Dibenzylaminoacetylbenzo [ b] thiophene.--A solution of 3- 
bromoacetylbeiizo[b] thiophene i 12.75 g, 0.05 mole) and dibeiizyl- 
amine (19.7 g, 0.10 mole) in dry beiizene (5OO ~nl) was boiled for 
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inhibitors. The ketoamines (11-16) shorn some sero- the 5 position of the benzo[b]thiophene nucleus also 
tonin antagonism and are mild analgesics. Both produces marked changes in antitumor activity al- 
these effects are more pronounced with the correspond- though much more evidence will be required before 
ing amino alcohols (17-22). any rationalization can be attempted. 

?he observat.ion of significant antitumor activit,y 
in  these halogenoethylamines is of considerable interest, 
:is it is usually assumed23 that  "one-armed" mustards 
posww little antitumor activity. However, the lorn 
:irtivity of the aniinoet,hanols (3, 5, and 6) show t,hat 
thc  P--halogenoethylanine moiety is essential to this 
antitumor activity. Variation of the subst,ituent in 

('!:3) ( a )  \\.. C. J. Ross. "13iolopiral .ilk>-lating Agents." Butterworth and 
f'o. (Puhli-liPrP) Ltd., London, 1962, p 113; (b) D. J. Triggle, J .  Theoret.  
B , d , ,  7 ,  2-11 (lY(i-1). 
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Several new structural aiialogs of the adrenergic 8-blockiiig agelit,, dl-l-(4-iiitropheiiyl)-l-h?.droxy-2-ifiopro~,!-l- 
aminoethane (ISPEI)  were synthesized. The adrenergic p-blocking activity of these compounds was iiivesti- 
gated in the isolated rabbit heart preparation. Substitution with a single nitro group in the para position of the 
phenyl ring yields the most active compound in this series, and the activity is decreased by moving the nitro 
group to meta or ortho positions. The adrenergic 0-blocking activity is also decreased by substitution with two 
nitro groups in 2,4 and 3,5 positions in the phenyl ring and also by substitution with p-amino or p-methylsulfonyl 
groups in these compounds. 

I t  is generally accepted that optimum adrenergic 
activity is present in the catecholamines with the basic 
structure of phenethylamine. A substitution with 
methyl, propyl, or other alkyl radicals on the primary 
amino nitrogen results in a decrease in the responses 
mediated through the adrenergic a receptors2 without 
any change in the responses due to preceptor activa- 
tion. Thus, norepinephrine is the prototype of a- 
receptor stimulants, while isoproterenol, with S- 
isopropyl substitution, is the most powerful 6-receptor 
stimulant agent in this series. The presence of a 
hydroxyl group in the phenolic ring is also critical for 
activity on the adrenergic receptors,'" and the substitu- 
tion with two phenolic hydroxyls, especially in the cate- 
chol structure, yields compounds with optimal sympa- 
thomimetic activity.2dze In  the case of a \ingle phenolic 
hydroxyl group, it has been demonstrated that the 
activity is increahed a$ the hydroxyl group is moved 
from the oi-tho to the ),letu to the p u m  position. 

(1 )  Supported in part  by a grant f rom t h e  LVisronsin Heart Association. 
(2) (a) H. D. Dakin, Proc. Koyul Soc. (London), 76B, 498 (1905); (b) 

G. Barger and H. H .  Dale, J .  Physiol .  (London), 41, 19 (1910); ( e )  A,  &I. 
Lands, Pharmacol. Reu., 1, 279 (1949); (dj R. A. RIcLean in "Medicinal 
Chemistry," .%. Burger, Ed.,  Interscience Publishers, Inc.. Kew Tork,  N. Y . ,  
1960, p 692: ( e )  E. . J .  Ariens, "hlolecular Pllarmacology," Vol.  1, Academir 
Press lnr. ,  N e w  Yorlc, N .  T., lY6-1: ( f )  K. 1'. .\lilquist, A m .  J .  P h ~ s i o l . ,  153, 
586 (1948); ( g )  P. Pratesi, E. Grana, L. Lilla, A .  LaAIanna. and L. Villa, 
Farnaco (Paria) ,  Ed.  Scz., 13, 920, 932 (1963); (11) E. Grana, L. Lilla, P. 
Pratesi. A. LaAIanna, and L. Villa, tbid., 21, 4 (1965). 

Recently, Powell and Slat'er3 report'ed that com- 
pounds which selectively blocked the adrenergic p 
recept'ors were obtained when the phenolic OH groups 
were replaced by two chlorine atoms in the catechol- 
amine nucleus. It was also denionst'rated that opt'i- 
mal P-blocking activit,y was present if chlorine substitu- 
tion was in the 3,4 positions in the phenyl ring and the 
ethanolamine side chain had the isopropyl radical 
(dichloroisoproterenol). The strong adrenergic p- 
blocking act'ivity of p r~netha lo l ,~  1-(4-nitrophenyl)-l- 
hydroxy-2-isopropylaminoethane (INPEA),' 4-(2-isopro- 
pylamino-l-hydroxyethyl)rnethanesulfonanilide,6 and 
ot,her derivat'ives' also supports t,he view that sub- 
stitution in the 3,4 or 4 positions in the phenyl ring is 
important for adrenergic P-blocking activity. How- 
ever, compounds with subst'itutions in ot8her positions 
of the phenyl ring of 2,3-(propranolol),s 2,,?-(9-iso- 

(3) C. E. Powell and I. H. Slater, J .  Pharmacol. Ezptl. Therap., 12'2, 480 
(1958). 

(4) J. W. Black and J. 8. Stephenson, Lancet, 11, 311 (1962). 
(5) P. Somani and B. K. B. Lum, J .  Pharmacol. Ezptl. Therap., 147, 194 

(1965). 
(6) (a) A. A.  Larsen and P. hI. Lish, Nature, 203, 1283 (1964); (b) P. 31. 

Lish, J. H. Weikel, and K. W. Dungan. J .  Phormacol. Esp t l .  Therap. ,  149, 
161 (1965); (c) P. Somani, J. G. Fleming, G. ti. Chan, and B. K. B. Lum, 
ib id . ,  151, 32 (1966). 

( i )  (a) H. ('orrodi, Ti. Perxnon, .i. Carlason, and J. Roberts, J .  M e d .  
Chrm.,  6 ,  751 ( IH( i3 ) ;  (ti) . J .  II. Hiel and 13. I<. 1%. Lum, 8,.E,lei,,Ltttel-Forseh., 
in press. 

(8) J. L\-. Illark, A.  F. Croivther, R. G. Slisnks, L. H. Smith. and A. C. 
Dornllorst. Lancet, I, 1080 (1964). 


