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The synthesis of a series of benzo[6]thiophene isosteres of substituted tiyptamines is described. The CNS 
stimulatory activity of these 3-(3-dialkylaminoethyl)benzo[fr]thiophenes was compared to that of the isosteric 
indole compounds by degree of reversal of mild pentobarbital sedation in rabbits as measured by a quantitative 
electroencephalographic technique. The benzo[b]thiophenes were found to be stimulants with approximately 
the same order of activity as their indole isosteres. This supports the hypothesis that the indole ring X - H group 
does not participate significantly in interaction with CNS tryptamine receptors. 

Following the initial studies of Woolley and Shaw on 
pharmacologically active analogs of serotonin (5-hy-
droxytryptamine, 5-HT),2 great interest has been 
shown in the preparation of biologically active trypta
mine derivatives.3 Much of this work was directed 
to prepare 5-HT-like substances with the hope of ob
taining a compound more penetrable to the brain after 
peripheral administration and possessing a greater 
duration of action than 5-HT itself.4 It has been es
tablished that 5-HT does not readily cross the blood-
brain barrier.5 Indoles such as 5-HT have frequently 
been suggested as being involved in cardiovascular and 
neural function,6 and abnormal indole metabolites 
have been claimed to be present in the urine of schizo
phrenic patients." The tryptamine moiety in a num
ber of compounds with hallucinogenic activity has 
stimulated speculations about the relationship of these 
or similar indoles to abnormal mental processes.8 
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Despite extensive studies, the role of 5-HT in the 
central nervous system (CNS) is not yet known." 
Gaddum6b has argued that tryptamine and 5-HT share 
common receptors in the gut while Woolley and Shaw6c 

directed attention to evidence which indicates that at 
least in some peripheral tissues, receptors for 5-HT and 
for trvptamines are not the same. Tedeschi, et al.,6d 

have advanced the hypothesis that CNS receptors for 
trvptamines and 5-HT are shared in common and 
Vane, et al.,6e present indirect evidence strongly sup
porting this concept. Studies on receptors for 5-HT 
and tryptamine using the rat stomach preparation9 have 
led Vane10 to propose a two-point attachment of 5-HT 
to its receptor site: the 5-hydroxyl group and the termi
nal amino group at the 3 position. One of the areas of 
tryptamine molecules which might be important for the 
interaction with the receptor is the N-H group in the 
1 position. Taborsky, et al.,n have prepared a series 
of 1-methylindoles and found that, in general, 1-
methylation of indoles did not produce profound 
changes in pharmacological activity of the parent com
pound. This suggested that the 1-nitrogen is not 
functionally involved in indole receptors or enzyme 
sites. 

The concept of bioisosterism has been applied with 
considerable success to the preparation of pharma
cologically active substances.12 While the isosteric 
replacement of thiophene for benzene has been ex
tensively studied,18 only recently has attention been 
devoted to the substitution of the thiophene ring for the 
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(9) J. R. Vane, Brit. J. Pharmacol., 18, 344 (1957). 
(10) J. R. Vane, ibid., 14, 87 (1959). 
(11) R. G. Taborsky, P. Delvigs, I. H. Page, and N. Crawford, J. Med. 
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1050 CAMPAIGN*;, XEIS-S, PKEIFEER, AND BECK Vol. II 

pyrrole moiety in naturally occuring indole deriva
tives.14 A facile procedure for the preparation of 
hydroxyl- and alkoxyl-substituted benzo[7)]thiophenes 
developed in our laboratory15 has been applied to the 
preparation of sulfur isosteres of ."i-HT"' and other 
t ryptamines of interest. It was postulated that the 
greater hydrophobic nature of bcnzo[6]thiophene com
pared to indole might provide derivatives with greater 
ability to localize in CXS tissues than their indole 
isosteres. The covalent radius of divalent sulfur is 1.0-1 
A, while that for trivalent nitrogen is only 0.7 A.'7 

Since the covalent radius of hydrogen is 0.:] A, the bulk 
of the indole N - H group approximates that of the sulfur 
atom in benzo[6]thiophenc. It was therefore expected 
that the benzo[6]thiophene isosteres of t ryptamines 
would have great affinity for CXS tissues and receptor 
affinity and intrinsic activity comparable to that of the 
indoles. 

Kxcept for our preliminary reports on the agonistic 
CXS properties of the o-HT isostere,"1 no other de
tailed studies have been published on the CXS activity 
of benzo[6]thiophene derivatives. Lewis, el al.,]i~ 
prepared a number of benzo[6]thiophene derivatives 
related to o-HT and gramme and found, in general, a 
reduction in agonistic activity and variable nonspecific 
antagonistic properties to o-HT, acetylcholine, and 
histamine when treated on a variety of smooth muscle 
preparations. On the other hand. Winter, et a/., ls 

tested a number of 3-indenealkylamines, 3-benzo[/)|-
thienylalkylamin.es, and tryptamines in the rat stomach 
fundus and found the majority of these derivatives to 
have a greater intrinsic activity than o-HT but none 
with higher affinity. 

In the course of our work with alkoxyl- and hydroxy 1-
substi tuted benzo[6]thiophene analogs of CXS-active 
indoles it was necessary to prepare the isostere of t rypta-
mine and some of its derivatives for a comparative 
study of CNS effects. This paper reports the synthesis 
of these compounds and their CXS activity as measured 
by their ability to reverse pentobarbital sedation in 
rabbits. 

Chemistry.—The syntheses of the desired 3-(#-
aminoethyl)benzo[6]thiophenes are outlined in Chart I. 
Although several of these compounds have been pre
viously reported, the desirability of optimizing yields 
led us to study several synthetic pathways for some of 
the key compounds. Herz first reported the prepara
tion of 3-(/3-aminoethyl)benz(i[6]thiophenc (III) by 
the LiAlHi reduction of 3-cyanoniethylbenzo[6]thio-

(14) (a) !•:. M . Crook ami \Y. Davit 's . ./. Chem. Sue.. 1U93 (1937): ibi 
10. M . Crook, W. Davies, and N. 10. Smi th , Suture, 139, l o t (1937); (O 
I). lOllioll ami C. Har r ing ton , ./. Chem. Sor.. 1374 (1949); id) S. Avak ian . 
.1. Moss, a n d G. -Martin, ./. Am. Chem. .Sor., 70, 3075 (1(148): <e) W. [lerz, 
ibiit.. 72, 4999 (1950); If! 1). B. C a p p s and C. S. H a m i l t o n , ibid.. 7B, lit)7 
(1953); (g) J. J. Lewis, M. Mar t i n -Smi i h, T, C. Mni r . S. N . N a n j a p p a , and 
S. T. l ie id, ./. Med. Chem., 6, 711 1 11)83): (10 M. P. Cagn ian t , Bull. linv. 
Chim. Frunce. 382 (194(1): (i) X . B. C h a p m a n . K. Clarke , and B. Iddon . 
./. Med. Chem., 9, 81(1 (1!)«6); (j) a review of biologically ac t ive lienzof?)]thio-
phene der iva t ives has been p repa red : 10. Campa igne , E. S. Neiss, and 
' 1 \ Bosin, Advan. Drug He*., in press. 

(In) (a) E . C a m p a i g n e a n d R. E . Cline, J. Org. Chem., 21 , 39 (1956); (ID 
10. C a m p a i g n e and W. 10. Kre ighbaum, ibid., 26, 1326, 1327, 359, 363 (1961! . 

(16) 10. C a m p a i g n e , T. Bosin, and 10. S. Neiss. ./. Med. Chem., 10, 270 
(1967). 

(17) 1.. Paul ing. " T h e N a t u r e of t he Chemical B o n d . " 3rd ed. Cornell 
En ive r s i t y Press, I t haca , N. V., 1960. 

(18) ,1. C. Win te r , P. K. Gessner , a n d 1). 1). Godse , ./. Med. Chem., 10, 856 
(1967). T h e henzo |6 ] th iophene der iva t ives whose int r ins ic ac t iv i ty is re
po r t ed in t ins publ ica t ion were p repared in th is l a b o r a t o r y a n d their svn-
t lieses a r c present ed in t his present paper . We t h a n k Professor P. K. Gessner 
for p rov id ing his results before publ ica t ion . 

Cf l .U tT 1 

S Y N T H E S I S O F ','>-( jj- AUI .NOIO' I i n i, )-

\ M ) o - O i - D l U,K.YI.AMINOETHYI.) BE.\Z< > [/) | 111!')1>I I KNKs. 

3-Bt-CHO — 3-Bt-CH=CNO, — * 3-Bt-CH2CHNH, 

R CH, 

VI Vila, R = H XII 
b. R = CH, 

I 
3-Bt-CH2C] 3-Bt-CH,CH2NH, *— 3-Bt-CH2CONH, 

3-Bt-CH,CN — 3-Bt-CH2COOH 3-Bt-CH2CH2NR2 

II IV XI 

1 t 
3-Bt-Br —+ 3-Bt-CrLCH,OH —•* 3-Bt-CH2CH2Br 

VIII IX X 

3"Bt= C p ~ 
phene (11) in 3 2 % yield. Pharmacological studies 
were not reported for III and its was prepared in this 
present work for such evaluation. A detailed s tudy of 
the preparation of II from 1 has been reported19 based 
on previous work.14'1,2"'21 liceause of the low yield in 
the metal hydride reduction of II, other methods of 
preparing III were investigated as indicated in Chart I. 

II was readily hydrolyzed to IV which in turn can be 
converted to the amide V, but V can be easily formed 
in high yield directh' from II. Reduction of V led to 
I I I in 60% yield. A convenient synthesis of the alde
hyde VI22 provides the path for the nitrovinyl deriva
tives VII, and these in turn gave equally good yields 
of the /3-aminoethyl derivatives III and X I I . Thus 
two improved pathways to the desired amines are re
ported. Compound XII has been prepared by an 
alternate method a lso ." The Fschweiler -Clarke vari
ant of the Leuckart reaction24 was used for the prepara
tion of 3-(/3-dimethylamin()ethy])benzo[i)]thioj)hene 
(XIII ) (66%) from III. Compound X I I I has been 
prepared since this work by the reaction of 3-benzo-
[6]thienylmagnesium bromide and 2-dimcthylamino-
ethyl chloride in 4% yield.2'"' 

Five other tertiary amine derivatives (XI) were 
prepared and are listed in Table I. The synthesis of 
these tertiary amines started with 3-bromobenzo[6]-
thiophene (VIII), previously reported.20'-"* It is diffi
cult to form a (irignard reagent from VIII in the ordi
nary way,'-0 but it can be done in fair yields by Crig-

(19) 10, C a m p a i g n e - a m i 10. S. Neiss. ./. Heterocyclic Chim., 2, 231 (1965) 
(20) V. F . Blicke a n d I). G. Sheets , ,/. .4m. Chem. Hoc, 70, 3768 (1048b 
(21) H. G a e r t n e r , ibid., 74, 2185 (1952). 
(22) 10. C a m p a i g n e a n d 10. S. -Neiss. ./. Heterocyclic Chem., 3 , 46 (1966). 
(23) 10. L. Anderson, U. S, Pa t en t 3,070,606 (Dec 25. 1962); Chem. Abstr. 

55, 12423 (1961). 
(24) M. L. Moore . Org. Reaction*. 5, 307 (1949). 
(25) P. M. G. Bav in , C. H. Oanel l in , J . M . Loynes , P . U. -Miles, a n d II . F . 

Ridley. J. Med. Chem.. 9, 790 (1966). 
(26) ,1. Szmuskovic/ . ami 10, ,1. Modes t , ./, Am. Chem. Sue, 72, 571 (1950). 
(27) ( i . Van Zyl. C. ,1. Bredeweg, R. II. U y n b r a n d t , a n d D . C. Ncckers , 

Cun. .1. Chem.. 44, 1283 (1966). 
' 2 8 ! N"g. 1'h. B u u - l l o i a n d ,1. becoci,, Campl. Itcnd... 222 , 1441 (1946). 
(29! (b K o m p p a ami S. W o r k m a n ,/. I'niht. Chem., 135, 109 (1933). 

thienylalkylamin.es
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TABLE I 
3-(2-DIALKYLAMINOETHYL)BENZO[6]THIOPHENES (XI) 

No. 

XII I 
XIV 

XV 

XVI 

XVII 

XVIII 

N(R)s 

N(CH3y> 
N(C3H,)2 

< : • o 
N w 0 

N NCH3 

Bp," °C (mm) 

160-165(1) 

164-168(1) 

149-152(0.3) 

178-183 (2) 

187-195 (3) 

Mp, J °C 

260-261 
154-155 

200-201 

270-280 

213-214 

267-268/ 

Yield,6 % 

66 
45 

40 

64 

49 

51 

Formu la^ 

Ci2H,»ClNS 
Ci6H24ClNS 

Ci4H18ClNS 

C15H20C1NS 

CuHI8ClNOS 

Ci5H22Cl2N2S 

" Boiling points are for the free amines as distilled from the reaction mixture of X and secondary amines. 6 Prepared by the Clarke-
Esehweiler reaction. c Also obtained in 66% yield by reaction of III and 1,4-dibromobutane. d Melting points are of the amine hydro
chlorides and are corrected. ' Yield is of pure product after recrystallization of the hydrochlorides from chloroform-hexane or absolute 
ethanol-ether. / Sublimes. « As hydrochloride salts. h All analyzed for C, H. N. 

nard 's entrainment technique.30 By the use of equi-
molar amounts of VI I I and methyl iodide the mixed 
Grignard reagents were formed and treated with ethyl
ene oxide to form 3-(2-hydroxyethyl)benzo[b]thiophene 
(IX), also formed, but in lower yield, by the LiAlH4 

reduction of the acid IV.19 The alcohol I X was con
verted to a variety of 3-(/3-aminoethyl)benzo[6]thio-
phenes by animation of its corresponding bromide, and 
these are listed in Table I. 

Pharmacology.—Pharmacological investigation of 
these compounds and some indole isosteres involved a 
s tudy of their effects on CNS activity as measured 
by a quanti ta t ive technique of electroencephalography. 
Drug effect on cerebrocortical bioelectrical activity 
was evaluated in terms of degree of reversal of a mild 
sedation serving as an initial baseline physiological 
s tate . 

Quanti tat ion of the electroencephalogram (EEG) 
was obtained by means of the electronic integrator of 
Drohocki.31 This device successively rectifies the brain 
waves, scans the area subtended by the waves, and con
tinuously records this amplitude measurement as a 
series of pulses proportionate to the level of activity of 
the brain (mean energy content, M E C ) . The inte
grator is calibrated so tha t for a given time period a set 
number of pulses is recorded for a s tandard microvolt 
output . The mean number of these integration pulses 
per minute during any specific control or experimental 
time period can then be used for statistical analyses. 
The mean number of pulses during the control or other 
baseline period may be equaled to 100, and the mean 
values obtained during experimental (drug-adminis
tered) periods are expressed indicially, tha t is, as per 
cent change in brain electrical activity with respect to 
the designated baseline state. A thorough discussion 
of amplitude analysis of the E E G is presented in a 
recent review.32 

Adult, male albino rabbits (3.5-4.5 kg) were equipped 
with permanently implanted electrodes in the outer 
table of the calvarium so that frontoparietal brain 
areas could be continuously recorded for brain activity 
by means of a Grass Model D polygraph. All drugs 
were administered intravenously through an indwelling 
catheter in the marginal vein of the ear, permitt ing 
remote injection of any solution with negligible dis
turbance to the animal by the injection. Although 

(30) V. Grignard, Compt. Rend., 198, 625 (1934). 
(31) Z. Drohocki. Rev. Neurol., 80, 81» (1948). 
(32) L. Goldstein and R. A. Beck, Intern. Rev. S'eurobiol., 8, 265 (1965). 

confined to an appropriately desiged open box during 
the recording session, the rabbits are otherwise un
restrained and unanesthetized, having been previously 
trained to the entire experimental procedure in a par
tially dimmed, sound-attenuated room so tha t the con
trol predrug behavioral activity was minimal. 

In each individual experiment the E E G of the rabbit 
was continuously recorded for a 10-min control period, 
a 5-min period following administration of only 3 
mg/kg of sodium pentobarbital (producing a steady, 
nonspecific sedated baseline state) , and a 25-min period 
following injection of the test compound or saline. In 
this study, however, only the first 10 min of the lat ter 
drug period were evaluated. Usually, three rabbits 
were subjected to a specific dose level, and at least three 
dose levels were administered, utilizing a minimum of 
nine rabbits per test compound. 

To illustrate the dependence of response on dose 
level, Figure 1 diagrammatically represents the relation-

DOSE (MO/KG> 

Figure 1.—Effect of pentobarbital on the electrical energy of 
the rabbit brain as measured by quantitative EEG and reversal 
of this effect by tryptamine. Only one dose level of tryptamine 
was administered to a rabbit in each experiment. 

ships which obtain following indicial transformation 
of the integrator da ta expressed as mean number of 
pulses per minute for a particular experimental period. 
Designating the mean of the control period as 100, 3 
mg/kg of pentobarbital effects an index of about 330% 
or a greater than 200% increase over control values. 
I t is to be emphasized that the shift from a control state 
of wakefulness to a state of sedation is reflected in an 
increase in the number of integration pulses, whereas 
the shift from a sedated to a wakeful (or stimulated) 
state produces a decrease in the number of pulses. In
creasing doses of t ryptamine result in correspondingly 
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decreasing indices, illustrating dose-related stimulant 
activity. 

.More comprehensive and informative than the judi
cial transformation of the integrator data per individual 
experimental time period is a. mathematical method 
applying such data to the following formula. The 

:<i< 
(AIKC, .UEC\„) 

.\IEC„ • 

(A I EC,, 

MEC,„ 
MEC 

100 

absolute values of mean electrical energy content 
(MEC) provide directly a means of expressing brain 
activity in drug-treated rabbits as the per cent change 
with respect to activity in a population of saline-treated 
rabbits (AIECcp), both animal groups having been 
identically dosed with sodium pentobarbital (MEC,,), 
and their EEG activities were measured and compared 
in corresponding drug (.MEC,,) and saline time periods. 
The stimulant effect of any specific dose level of drug 
may be expressed as the per cent reversal (%/i) of 
pentobarbital sedation. 

From such data, dose-effect curves were plotted as 
illust rated in Figure 2, For each drug the configuration 

Dose ••response curves of reversal of pentobarbital 
measured by quantitative KEG. «-MT is a-

rigure 
sedation 
niethyltryptaniine; DMT is dimethyllryptamim-

of the curve indicates direct relationship between the 
st imulant activity of the compound and the dose level 
administered. The slope of each curve reflects the 
specificity or dose dependency of each compound. 
Finally, the relative positions of the curves indicate the 
relative intensities of activity with a-methyltryptamine 
(a-MT) obviously the most active of the series. 

The o0%, reversal dose, determined for each com
pound from these curves, was chosen for comparison 
and is listed in Table I I . a -MT and t ryptaminc differ 
very significantly in potency, illustrating the dramatic 
effect of a methylation in the 3-aminoethylindolc series; 
however, III and X I I do not differ significantly. Zeller 
has evaluated the activity of III and X I I toward mono
amine oxidase (MAO).33 Compound X I I was shown 
not to be a substrate of beef liver MAO. When X I I 
(1 X 10" 3 If) was added to the MAO system containing 
tyramine hydrochloride (1 X 10~2 M), it first activated, 
then reduced, oxygen consumption to 60% after 5 min 
and —18%: after 30 min. Structure I I I , however, was 
found to be about (30%, as effective as t ryptamine as a 

' I 'MU.I. li 

Qr wr i i \ ri\ K EEG A N . \ M S I S or Tin I'TWIINK Mr 

\ M > H K . \ ' / . O | / ; | T 1 I I O I > I I N N K I h O S T K K K -

- , i r , [<", e r s a i ' l o s e , ' ' . re 

( ' o l i i p o i n - k » ! 

1 r\ planum-
III 
,,-MT 
XII 
MMT' 
M i l 
MM1" 
M Y 
XV 
XVI 
.V-II'IT •'•'• 
SAS" '' 

" Abbreviations: 
met hyhrypt amine; 

(II I 
.'ill 

• " ) ! •_' 

s;; s 
10(1 

1(1(1 

K i l l 

7<) I 

N o r l l 

i,mil 
J I f i 

i o n . D e 

O l i i c a K 

l a r t m e n l 

i, 111. 

•il Bior l iemh 

i-Al']', re-methyltryplaniinc; MMT, di-
D.M], ;;-(^-diinethylaniinoelh>'l)ind('iie: 

o-JITP, o-hydroxvlryptophan; SAS, sulfur analog of serotonin, 
i W fir-ami noethyl)-.Vhydroxybenzo[r/]thiophene. '' Previously re
ported jK. Oampaigne, K. S. Xeiss, and T. Bosin, ,/. Mnl. ('htm., 
10, 270 l'l'.)ti7j| and provided for comparison. 'Obtained from 
the curves in Figure 2. Nonlinear dose-response curve; 0.01 
mg/kg gave 4(>r'<- reversal. ' This compound had a biphasic re
sponse and was agonistic to pentobarbital at this dose. 

substrate in this MAO preparation. a -MT is reported 
to o0% inhibit the oxidation of 1()~- .1 / tyramine tit a 
concentration of 10~- .I/.34 In view of the concentra
tion range of active inhibitors of MAO, 10 ~5 to 10 ~ 7 . 1 / , 
it appears that XI] is a weak inhibitor of this enzyme 
comparable to a -MT. While III and X I I I are some
what more active than their isosteres, a methylation 
changes this situation as XII is considerably less active 
than a-MT. It may be that III , XI I , and t ryptamine 
act similarly at the CXS tryptaminc receptors. Since 
the central excitatory effects of a -MT and XII are ap
parent soon after injection, it is unlikely that this effect 
is due to inhibition of MAO. It is of interest that .">-
hydroxytryptophan (o-HTP), which is known to be 
transported into rabbit brain and there decarboxylated 
to o-HT.3-' has one-tenth the activity of a -MT while the 
sulfur analog of serotonin" ; has similar potency as 
o-HTP. 

Compound XII I had a biphasic response. It was a 
stimulant at a low dose but augmented the pentobarbi
tal sedation at 1 mg 'kg . In comparison, dimethyl-
tryptamine (DMT) was a less potent stimulant at low 
dose but maintained its stimulant activity up to 1 mg 
kg. 3-(#-X,X-Dinu*thylaminoethyl)indene3l i was less 
active than both D M T and XI I I at low dose, but un
like X I I I maintained a stimulant effect at 1 mg kg. 
The biphasic response of X I I I appears to be typical of 
most of the compounds studied when dosage is suffi
ciently increased. This emphasizes the critical nature 
of the dose level selected to define the pharmacological 
activity of any compound, involving as it may different 
mechanisms of action with different biological effects, 
whether physiological or approaching toxic. 

Dose-effect curves were not determined for com
pounds X V - X V I I I . In contrast to X I I I . the tertiary 

I'M) ( ' . L. Zirkle ani l (.'. Kaiser in ' Psyciiopharmaeoloiiic-al At lenis ," Y d . 
I, M . ( ion lon , I'M., Academic Press Inc . , New York, X. Y „ y ">l;S. 

l:).">) (ai H. H. Boilie. K. ( i . T o m i c b . R. K u n u m a n , ami ]». A. Shore . 
./. I'h„rm,u:nl. Ejrptl. 7'/,,™,).. 119, Itil i 11)57); l lo S. U.lenfrien.l, I) . 1'. 
Hianlanski. ami II. Wckssl.acl, /-'''./. / ' • ' « . . IB, -UW I 11156). 

oil' We are helel.terl n, Profess,,, 1>. K. O s s n e r for a nil) oi On- com 
p o i n d . 
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amines XIV, XV, and XVI were stimulant at 1 mg/kg 
with similar potencies. Although less stimulant than 
DMT they were more effective at pentobarbital re
versal than was tryptamine. 

The data in Table II indicate that the benzo[6]-
thiophene analogs are generally as active or more active 
than their indole isosteres. The exception appears to 
be XII which is not as potent as a-MT, but which is 
still more stimulant than tryptamine. The difference 
between XII and a-MT cannot be explained by the 
present studies but is in accord with the results of 
Winter, et a/.,18 who demonstrate XII to have about 
half the relative intrinsic activity of a-MT on the iso
lated rat stomach preparation. In that study it was 
shown that the replacement of the ring X-H group in 
some indolealkylamines by either -CH2- or - S - leads 
to parallel changes in both affinity and intrinsic activity 
and that these substitutions do not appreciably alter 
their ability to cause muscle contraction. In the 
present study it appears that the benzo[6]thiophene 
isosteres and tryptamines act similarly in the CXS as 
measured by quantitative EEG technique. This sup
ports the findings of Winter, et al.,w on periperal tissues, 
and of Taborsky, et at.,11 on both peripheral and CXS 
tissues, that the ring X-H group of tested tryptamines 
is not a significant binding site at tryptamine receptors. 
The quantitative differences in reversal of pentobarbital 
sedation may be a reflection of the greater lipid solu
bility and hence greater cerebral tissue concentration of 
the benzo[5]thiophene derivatives. Such an interpre
tation must be regarded only as a suggestion until 
further evidence is obtained. 

Experimental Section37 

Benzo[h]thiophene-3-acetic Acid (IV).—Using the acid hy
drolysis procedure of Wenner,38 186 g (1.075 moles) of melted 
II1 9 V\T.S added with vigorous stirring to 800 ml of concentrated 
HC1 maintained at 40-45°. After 2 hr, 800 ml of H 2 0 was added 
to the white slurry, and the mixture was refluxed until the white 
slurry became a yellow oily dispersion (6 hr). The mixture was 
transferred to a beaker and cooled overnight. The solid which 
formed was collected, dissolved in 1 1. of 10% NaOH, treated 
with Xorit, filtered, and acidified with 6 N HC1 to produce 187 g 
(90%) of IV melting at 97-102°. Twice recrystallized from H20, 
it melted at 110-111° (lit.20 mp 110-111°); ir (KBr), 3.3-4.0 
(bonded OH), 5.92 ( C = 0 ) M- Hydrolysis of II by the alkaline 
procedure of Blicke and Sheets20 gave only 52% of IV, as these 
authors reported. Anal. (CioHgOaS) C, H, S. 

N-Methylbenzo[fe]thiophene-3-acetamide.—A solution of 16.2 
g (0.084 mole) of IV in 100 ml of dry C6H6 was treated with 
excess SOCl2. After refluxing 2 hr, benzene and excess SOCl2 

were removed under reduced pressure, and fresh dry CeH6 
added. The benzene solution was then added dropwise to 80 
ml of MeX*H2 with stirring and cooled in a Dry Ice-acetone bath. 
When addition was complete, the mixture was heated on a 
water bath to remove excess MeX"H2, then ether was added and 
the solution was washed (dilute HC1, H20, 10% NaHCOs) and 
dried (X"a2S04). The residue remaining after removal of solvent 
recrystallized from water to produce 15.5 g (90%) of fluffy white 
needles: mp 110-111° (depressed on mixing with IV); ir (KBr), 
3.05 (XH), 3.26 (sec-amide) 3.42 (CH2), and 6.10 (amide C = 0 ) 
M. Anal. ( C H n N O S ) C, H, S. 

(37) Melting points were measured on a Mel-Temp capillary melting 
point apparatus and are corrected. Infrared spectra were determined with 
a Perkin-Elmer Model 137 Infracord. The microanalyses were performed 
by Midwest Microlabs, Inc., Indianapolis, Ind. Where analyses are indi
cated only by symbols of the elements, analytical results obtained for these 
elements were within ±0 .4% of the theoretical values. 

(38) W. Wenner in "Organic Syntheses," Coll. Vol. IV, John Wiley and 
Sons, Inc., New York, N. Y., 1963, p 760. 

Benzo[6]thiophene-3-acetamide (V).—A small sample of the 
crude acid chloride of IV, prepared as above, was added to con
centrated NH4OH, and the resultant amide was recrystallized 
twice from H 2 0 : mp 173-174° (lit,20 171-173°); ir (KBr), 2.98, 
3.15 (NH), and 6.03 ( C = 0 ) M- Anal. (Ci„H9NOS) C, H, N. 

A more convenient preparation resulted from hydration of the 
nitrile I I . Using the Wenner38 procedure for the preparation IV 
(above), 93 g (0.537 mole) of I I was added to 400 ml of concen
trated HC1 at 40-45°. After 400 ml of cold H 2 0 was added, the 
white slurry was cooled and filtered, the crude product was 
stirred in 10% NaHC0 3 , and undissolved solid was collected and 
crystallized (H20) giving 82 g (80%) of X. Acidification of the 
alkaline wash produced 6 g (5.7%) of IV. 

l-(3-Benzo[fc]thienyl)-2-nitroethene (Vila).—A solution of 20 
g (0.122 mole) of VI22 in 100 ml of MeN0 2 containing 6 g of 
ammonium acetate was heated on a steam bath for 2 hr with 
occasional stirring, then cooled overnight, and the dark precipitate 
collected. Two crystallizations (95% C6H5OH) produced 19 g 
(76%) of chunky gold crystals of Vila: mp 112-113°; ir (KBr), 
6.15 (conj C = C ) , 6.61 (X02), and 7.75 (conj N02) M- Anal. 
(Ci0H,NO2S) S. 

l-(3-Benzo[6]thienyl)-2-nitropropene (Vllb).—Treatment of 
20 g of VI in 100 ml of EtX0 2 , as above, resulted in 17 g (63%) 
of yellow needles of Vllb, recrvstallized from dioxane-H20; 
mp 110-111°; ir (KBr), 3.25 (Ar-CH), 6.09 (conj C = C ) , 6.70 
(NO,), and 7.60 (conj X02) M. Anal. (CnH9X02S) C, H, S, N. 

3-(/3-Aminoethyl)benzo[6]thiophene (III).—In a separatory 
funnel with a pressure equalizer side arm, fitted with a condenser 
and drying tube and attached to a 2-1. flask fitteJ with a stirrer 
and containing 600 ml of dry ether and 15 g of LiAlH4, was 
placed 20.1 g (0.1 mole) of Vila. The ether was heated on the 
steam bath with stirring and the refluxing solvent was allowed to 
extract the slightly soluble nitro compound over a period of 
8 hr. After allowing the reaction mixture to stand at room 
temperature overnight, the excess LiAlH4 was decomposed by 
the dropwise addition of 200 ml of EtOAc followed by the 
dropwise addition of 200 ml of 2.5 Ar XaOH. The ether phase 
was separated and the solid residue was washed several times with 
ether. The combined ether phase was washed with salt water and 
dried (Na2S04). .Removal of the solvent and fractionation of 
the residue gave 9.9 g (56%) of an almost colorless liquid which 
distilled at 134-136° (1 mm); ir (liquid film), 2.88, 3.04 (NH2), 
3.30 (Ar-CH), 3.45, 3.54 (CH2), 6.30 (N-H), 9.25 (C-X) M-
Anal. (CioH„NS) C, H, S. 

Reduction of 9.55 g (0.05 mole) of the amide V with 6 g L1AIH4 
in ether, as above, produced 5.3 g (60%) of the identical amine. 
Reduction of the nitrile I I gave only 38% in our hands, in agree
ment with Herz, who reported 30-35% of the amine by this 
reaction.14e 

The hydrochloride of I I I precipitated from an ether solution 
and was recrystallized from absolute EtOH as white crystals: 
mp 220-221°; ir (KBr), 3.28-3.33 (NH3

 + ), 6.29 (NH3 + j , 6.72 
(CN2) M. Anal. (Ci„H12ClNS) C, H, N. 

d?-3-(/3-Aminopropyl)benzo[&]thiophene Hydrochloride (XII 
Hydrochloride).—Using exactly the same procedure as described 
for the reduction of Vi la (above), 30 g (0.137 mole) of Vl lb 
was reduced with 16 g of LiAlH4. Removal of the solvent and 
fractionation of the residue gave 11.5 g (44%) of a colorless 
liquid which distilled at 150-155° (1 mm); ir (film), 2.90, 3.04 
(N-H), 3.28 (Ar-CH), 3.40-3.51 (CH2, CH3), 6.04 (N-H) ». 
The amine was characterized as its hydrochloride and was re
crystallized from CHCl3-hexane as white needles: mp 207-
208°; ir (KBr), 3.25-3.55 (Ar-CH, CH2, NH3 + ), 6.28, 7.65, 
12.80 (NH3 + ) M. Anal. (CUH14C1NS) C, H, X, S. 

3-(/3-HydroxyethyI)benzo[6]thiophene (IX).—The procedure 
of Cagniant1411 required 3-bromobenzo[6]thiophene (VIII) in 
quantity. Direct bromination of benzo[b]thiophene, as described 
by Szmuskovicz and Modest,26 gave 76% of VIII as a pale yellow 
oil boiling at 92-93° (1 mm), and showing only one peak on glpc. 
The use of N-bromosuccinimide in CHC13 as described by Buu-
Hoi and Lecocq,28 produced 87% of the same material. A 
mixture of 71 g (0.5 mole) of Mel and 106.6 g (0.5 mole) of VIII 
in 350 ml of dry ether was added dropwise with stirring to 26 g 
(1.07 moles) of Mg turnings suspended in 500 ml of dry ether. 
After slight warming, the reaction started and the ether refluxed 
during the addition without additional heating. After the addi
tion, the reaction mixture was stirred and allowed to reflux for 
6 hr by which time most of the Mg had reacted. The mixture 
was cooled to 0° and 44 g (1.0 mole) of ethylene oxide dissolved 
in 100 ml of dry ether was cautiously added dropwise. A vigorous 
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reaction accompanied each drop. After the addition, the reaction 
mixture was allowed to warm to room temperature and stirred 
1 hr, 400 ml of dry C6Hr, was added, and the ether was removed 
by heating on a water bath. Ice and then 200 ml of It)*', HC1 
was added to the suspended salt, the organic layer was separated, 
the residue was washed with two 100-ml portions of benzene, and 
the combined organic layer was washed (J00 ml of salt water, 
two 100-ml portions of 5% NaaCOs, salt water). After drying 
(XiijS()4), the solvent was removed and the product distilled 
to give 50.5 g (57%) of a clear yellow liquid: bp 133-135° 
(0.5 mm); ir (film), 3.0 (bonded OH), 3.3 (Ar-CH), 3.45, :i.50 
(CHo), 9.6 (C-O) /i. Anal. (C10II10OS) S. 

This compound was identical with that prepared in 42(7 yield 
by LiAlll., reduction of IV.19 

3-(/3-BroirioethyI)benzo|6Jthiophene (X).—Following the pro
cedure of Cagniant,14'1 30 g (0.108 mole) of IX was treated with 
10 g of PBr3 in 200 ml of dry CHCL, containing 1 g pyridine. After 
standing overnight, the mixture was heated to 50° for 1 hr, 
cooled, and poured into 200 ml of cold Ih.O. The CIIC13 layer 
was separated, washed (114), 10'", HC1, twice with 10% Na2COs, 
H,0) , and dried (Na2SO% Distillation gave 25 g (65%) of pale 
yellow oil: bp 134-137° (1 mm); ir (film), 3.27 (Ar-CH), 
3.40 (CH2), 14.S5 (C-Br) ». The oil was used without further 
purification, as ii rapidly became cloudy and decomposed. 

One of the goals in this laboratory has been the design 
and synthesis of active-site-directed irreversible in
hibitors5 of proteolytic enzymes6 that operate by the 
exo mechanism, that is, the inhibitor forms a covalent 
bond outside of the active site of the enzyme.7 a-
Chymotrypsin is rapidly inactivated by the irreversible 
inhibitor 2, and, in addition, a-chymotrypsin can cata-

(1) Th is work was s u p p o r t e d in pa r t by G r a n t CA-U869") 1'rom t h e N a 
tional Cance r I n s t i t u t e . U. S. Publ ic H e a l t h Service . 

(2) Fo r t he previous pape r in this series see B. R. Baker a n d .1. L. Kelley, 
./. Med. Che.m., 11 , 686 (1968). 

Ct) For t he previous p a p e r on pro teo ly t ic enzymes see B. R. Baker and 
10. H. Er ickson , ibiil., 11 , 245 (1968). 

ft) X . D . E . A . p redoc to ra l fellow. 
(o) Ii. II. Baker , "Des ign of Act ive-Si te -Direc ted I r revers ib le E n z y m e 

Inh ib i to r s . T h e Organic C h e m i s t r y of t h e E n z y m e Act ive -S i te , " .John 
Wiley a n d Sons, Inc . , New York . N . V., 1967. 

(6) For a discussion of t he c h e m o t h e r a p e u t i c u t i l i ty of select ive i r revers ible 
inhib i tors of se rum pro teases in t he ca rd iovascu la r disease a n d organ t rans 
p l a n t a t i o n a rea see B. R. Baker a n d 10. H. Er ickson , ./. Med. Che.m.. 10, 1 12:i 
(1967). 

(7) ' t h e exo t y p e of i r reversible inh ib i tor can h a v e a n ex t ra d imension oi 
specificity not p resen t in revers ible inh ib i tors , t h e br idge pr incip le of speci-
l ici ty: see ref o, C h a p t e r I X , for a deta i led discussion of this pr inciple . 

3-(/J-/-Aminoethyl)benzo[6]thiophenes (XI).- All of the deriva
tives listed in Table I, except XI I I . were prepared as follows: 
5 g (0.021 mole) of X was added to each of five batches of 200 ml 
of anhydrous Met )H. To each flask was added 50 g of a secondary 
amine. di-/f-propylamine, pyrrolidine, piperidine. morpholine. 
and X-methylpiperazine, respectively. Cpon the addition of 
these amines, each reaction mixture became warm. The homo
geneous solutions were allowed to remain at room temperature 
for 15 days, then solvent and excess amines were removed by 
distillation, and the residue was treated with 50 ml of 10'', X'af III 
and extracted with three 50-ml portions of ether. The extracts 
were dried (Xa2SO..), solvent was removed, and i he amine deriva
tives were distilled. 

3-(/i-Dimethylaminoethyl)benzo[6]thiophene Hydrochloride 
(XIII). -The Kschweiler-Clarke variant of the Louckart reaction 
was used in this preparation.21 I l l (5 g, 0.02N2 mole). 20 ml of 
37 r , OIM), 20 ml of ()<)''; IIC;>OH, and Hi ml of H,() were 
heated gently on the steam bath for 4 hr, then 30 ml of (i A' 11C1 
was added to the cool reaction mixture and the solvent was 
distilled at reduced pressure. The tan semisolid that remained 
was dried at 7S° (1 mm), for 10 hr, washed with dry ether, and 
reerystallized twice from absolute KtOil, to yield 4.5 g (66' ', ) of 
white crystals: mp 200-261°; i r (KBr ) , 3.41 <(TI,. (Tl:,), 3.73 
(X-CH% 4.0 (INXII-) M-

< ^ ) O C H 2 C O N H O 

CI R 

1, R-H 
2, R = S0,F 
3, R = NHCONHQftSOjF-m 

lyticallyhydrolyze the S02F group of 2 to the irreversible 
inert sulfonic acid;8 neither reaction was seen between 
2 and bovine serum albumin. A series of fifteen candi
date irreversible inhibitors related to 2 were then syn
thesized which placed the S02F further from the CONH 
linkage of 2 which is believed to complex its CONH 
linkage to the catalytic part of the active site;9 an 
example is 3. .Most of these compounds were too in
soluble to be evaluated. Therefore a program was 

(8) B. R. Baker and .1. A. l l u r l b u t , ./. Med. Chem.. 11 , 2:SH (1968). pape r 
C X I I I of th is series. 

(9) B. R. Baker a n d .1. A. Hur lbu t , ibid.. 11 , 241 (1968), pape r ( ' X I V of 
this series. 
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Candidate irreversible inhibitors derived from phenoxyacetanilide (1), such as X-[»(-(m-fhtorosulfonyl-
phenylureido)phenyl]-3-chlorophenoxyacetamide (3), are too insoluble in water for enzymatic evaluation; 
therefore, a study was conducted on where to position polar groups on phenoxyacetanilide (1) that would not 
interfere with complex formation. Three useful classes of compounds emerged. The first class of compounds 
consisted of introduction of HCOO~ or CH2X*H3

+ groups on the X-phenyl moiety; this X-phenyl moiety is 
apparently complexed to a polar region of a-chymotrypsin since no binding was lost. The second class derived 
from 1 consisted of introduction of a C O O - group on the phenoxy moiety, which is complexed in a hydrophobic 
region. An o-COO~ group (13) was well tolerated in the complex, and inhibition could be further enhanced by 
introduction of a 4- or 5-chloro or 4-bromo atom. The third class consisted of a replacement of the phenoxy-
methyl moiety of 1 by a quaternized pyridylvinyl or pyridylethyl moiety; only X-methyl-2-pyridylacrylanilide 
(28) in this class was satisfactory, being complexed to the enzyme about one-third as well as 1. The 2-carboxy-
4-chlorophenoxy group of 19 was shown to be a suitable replacement for the 3-chlorophenoxy group of 3 in order 
to increase solubility; not only was 19 about 100 times as soluble as 3, but irreversible inhibition was readily 
detected with 19 at 15c; of its maximum solubility. 


