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The synthesis of a series of benzo[b]thiophene isosteres of substituted tryptamines is described. The CNS
stimulatory activity of these 3-(8-dialkylaminoethyl)benzo[b]thiophenes was compared to that of the isosteric
indole componnds by degree of reversal of mild pentobarbital sedation in rabbits as measured by a quantitative

electroencephalographic technique.
the same order of activity as their indole isosteres.

The benzo[b]thiophenes were found to be stimulants with approximately
This supports the hypothesis that the indole ring N-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),? great interest has been
shown in the preparation of biologically active trypta-
mine derivatives.® 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.* It has been es-
tablished that 5-HT does not readily cross the blood-
brain barrier.® Indoles such as 5-HT have frequently
been suggested as being involved in cardiovascular and
neural function,® 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.?
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1541l National Meeting of the American Chemical Society, Chicago, Ill.,
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Despite extensive studies, the role of 5-HT in the
central nervous system (CNS) is not vet known.f
Gaddum®® has argued that tryptamine and 5-HT share
common receptors in the gut while Woolley and Shawse
directed attention to evidence which indicates that at
least in some peripheral tissues, receptors for 5-HT and
for tryptamines are not the same. Tedeschi, et al.,%d
have advanced the hypothesis that CNS receptors for
trvptamines and 5-HT are shared in common and
Vane, et al. e present indirect evidence strongly sup-
porting this concept. Studies on receptors for 5-HT
and tryptamine using the rat stomach preparation® have
led Vane® 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.,'! have prepared a series
of 1-methylindoles and found that, in general, 1-
methvlation of indoles did not produce profound
changes in pharmacological activity of the parent com-
pound. This suggested that the I-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.!? While the isosteric
replacement of thiophene for benzene has been ex-
tensively studied,'® only recently has attention been
devoted to the substitution of the thiophene ring for the

B. Denber, Eds., Mc¢Dowell, Obolensky, Ine., New York, N. Y., 1958; (e}
H. D. Fabing, Am. J. Psychiat., 113, 409 (1956): (f} D. W. Woolley, "“The
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(11) R. G. Taborsky, P. Delvigs, I. H. Page, and N, Crawford, J. Med.
Chem., 8, 460 (1965).

(12) (a) H. L. Friedman in First Symposium on Chemical Biological Cor-
relation, National Research Council Publication 206, National Academy of
Science, Washington, D. C.. 1951, p 295;: (h) V. B. Schatz in ‘“Medicinal
Chemistry,”™ A. Burger, Ed., Interscience Publishers, Inc., New York, N. Y.,
1960, p 72.

(13) The following reviews provide many examples: (a) H. D. Hartough,
“Thiopliene and its Derivatives,'' Interscience Publishers, Ine., New York,
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8. T. Reid, J. Med. Phurm. Chem., 1, 507 (1959); (f) W. L.. Nobles and C.
DeWitt Blanton, Jr., J. Pharm. Sci., 53, 115 (1964).
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pyrrole moiety in naturally oceuring indole deriva-
tives.' A facile procedure for the preparation of
hydroxyl- and alkoxyl-substituted benzo[b]thiophenes
developed in our faboratory' has heen applied to the
preparation of sulfur isosteres of 5-HT' and other
tryptamines of interest. It was postulated that the
greater hyvdrophobic nature of benzo[b[thiophene con-
pared to indole might provide derivatives with greater
ability to localize it ONS tissues than their indole
izosteres,  The covalent radius of divalent sulfur iz 1.0
A while that for trivalent nitrogen is only 0.7 AW
Since the covalent radius of hydrogen ix 0.3 A, the bulk
of the indole N-H group approximates that of the sulfur
atom in benzolb]thiophene. It was therefore expeeted
that the benzo[blthiophene isasteres of tryvptamines
wounld have great affinity for CNJ tissues and reeeptor
affinity and intrinsic activity comparable to that of the
indoles,

[ixcept for our preliminary reports on the agonistie
CNS properties of the H5-HT isostere,' no other de-
tailed studies have been published on the CNS activity
of benzo[blthiophene  derivatives,  Lewis, e al, '
prepared o number of benzo[b[thiophene derivatives
related to 5-HT and gramine and found, m general, a
rednetion in agonistie activity and variable nonspecific
antagonistic properties to 5-HT, acetylcholine, and
histamine when treated on a varviety of smooth musele
preparations.  On the other hand, Winter, of ol ™
tested w number of 3-indencalkylamines, 3-benzolb]-
thicnylalkylamines, and tryptamines in the rat stamach
fundus and found the majority of these derivatives to
have a greater intrinsic activity than 5-H'I' but nouc
with higher affinity.

It the course of our work with alkoxyvl- and hydroxyl-
substituted benzo[b]thiophene analogs of CNS-active
indoles it was necessary to prepare the isostere of trypta-
mine and some of its derivatives for a comparative
study of CNS effeets.  This puper reports the synthesis
ol these compounds and their CNS activity as measured
by their ability to reverse pentobarbital sedation i
rabbits.

Chemistry.——The svntheses ol the desived  3-(8-
aminoethyl)}benzolbJthiophenes ave outlined in Chart 1.
Although several of these compounds have been pre-
viously reported, the desirability of optimizing yields
led us to study several synthetic pathways for =ome of
the key compounds.  Herz tirst veported the prepara-
tion of 3-(8-aminoethvl)benzo[b]thiophene (IIT) by
the LiAIH: reduetion of 3-cyanomethylbenzo|#]thio-

(11 ca) 1AL Crook and W. Davies, J. Chenn, Soc., 1693 (1837 1o
15, AL, Crook, W, Davies, aud N. . Smick, Vature, 189, 154 (189370 ()
D. Flicac and ) arringtow. J. Chene. Soc,, 1374 (1944); i) 3. Avakiaw,
X Aloss, tad Go Martin, J. I, Chem. Soe,, 70, 3075 (19485 (e) W. ey,
ihidd., T3, 1900 (1450); (f) D). B, Capps aud O & llamilton, ibid,, 76, 647
(1953): ¢ b Lewis, M, Mardn-Smich, T, ', Muir, 8. N. Nanjappba, aud
=T Reid, S Med, Chem., 6, T11 7195:3): (&) AL ', Cagniane, Bulf. Soe.
Clone, Proice, 382 (18:191: (i) N. B. Chapman, K. Clarke, wud B. Idldon.
J. Med. Cheon., 8, 819 (19066); (J) a review ol biologically active beuzo [hJthio-
phiene derivatives has heen prepared: 1. Campaigne, 5. N, Neiss. anid
T. Bosin, Advarn. Drug fles.. in press,

(15) (a) I\, Campaigne and R. K. Cline, /. Urg. Chem.. 21, 39 (1956); i1n
1. Campaizne and W, E. Kreighhanum, thii., 26, 1326, 1327, 359, 363 (19617

(16) 1. Campaizne, T. Bosin, and E. 8. Neiss, JJ. Med, Chem., 10, 270
(149G,

(17) L. Padling, “The Natwe of (ke Chemical Boud,”" 3rd ed. (‘oruell
University Uress, lthaca, N. Y., 1960.

(18 J. (. Winter, I". K. Cessner, aud 1. D, Godse, J. Hed, Chem,, 10, 8513
(1407).  The leuzolbjthiophene derivatives whose lutriusie activity is res
portel in (e publicadon were prepared in this lahoratory and cheir syu.
tlawes tare presenced (n (bis preseint paper. We chank Protessor I L Gessney
far proviline Lis resplis hefore pablication.
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Croanr |
SYNTHESIS OF 3=(8= A INOETIHY L -
AND 3= 3= LRYLAMINOETHY L) nENZoO A I THIO PN s

3Bt-CHO — :‘.-BL~CH=CI‘N(),, —»  3-BtCH.CHNH,
R CH,
V1 Vila, R=H X1
b. R=CH,
3Bt-CH,CI 3Bt-CH,CH,NH. <— 3-Bt-CH,CONH,

1 / 111 V
3Bt-CH.CN — 3-Bt-CH,COOH 3-Bt-CH,CH,NR,

11 v XI

3BtBr — 3-Bt-CHCH,OH —— 3-Bt-CH.CH,Br
VI IX X

Q

o

phene (IT) in 329 vield.  Pharmacological studies
were not reported for TIT and its was prepared in this
present work for such evaluation. A detailed study of
the preparation of IT from 1 has been reported?® based
on previous work w2t Beeause of the low yield in
the metal hydride reduction of T, other methods of
preparing 1T were investigated as indieated in Chart 1

IT was readily hydrolyzed to TV whieh i turn can be
converted to the amide V, but 'V cun be casily formed
in high vield direcetly from 1. Reduction of V led to
IIT i 60% vield. A convemient svnthesis of the alde-
hyde VI provides the path for the nitrovinyl deriva-
tives VII, and these i turn gave equally good vields
of the g-nminocthyl derivatives IIT and XII. Thus
two improved pathwavs to the desired amines are re-
ported.  Compound NI hus been prepared by an
atternate method also.”®  The Eschweiler-Clarke vari-
ant of the Leuekart veactian®® was used for the prepara-

tion  of  3-(8-dimethylaminoethybenzo [b]thiophene
(XIID) (669) trom IIL. Compound XIIT hax been

prepared sinee this work by the reaction of 3-benzo-
Jo Jthicnyhmagnesivm bromide and  2-dimethylamino-
cthyl chloride in 497 vield.®

[ive other tertiary amine derivatives (X1) were
pepared and aee listed in Tuable 1. The synthesis of
these tertiary amines started with 3-bromobenzo [0 |-
thiopheue (VI previously reported.*=* Tt ix diffi-
cult to form o Grignard reagent from VIIL i the ordi-
mary way,” but it ean be done i fair vields by Grig-

Campaigne ainl B S0 Neiss, J. Yeterocgebie Chene., 8, 231 (1865
J. Ao Chem. Soc.. T0, 3768 (14481,

(14 L

20y V. F. Blicke aud . (G, 2h

(21) R. Gaertner, tfai.. 74, 218; 21,

(22) 1. Campaigne and 12, 8, Neiss, /. Heterocyclic Chem., 8, 16 (1966).

(23) 15, L, Anderson, 7. %, Pacent 3,070,608 (Dec 25, 1962); Qlem. Abstr,,
85, 12423 (1461).

(24) M. L. Moore. Urp. Heactives, 5, 307 (1949).

125) 1'% M. G Bavin, C'. R. Ganellin, J. M. Loyues, V. . Miles, and H. I,
Ridley, .J. Med. Chemn,, 9, 701 11966).

126) 1. dzmaskoviez and 1L NMolesy, ., Ao Chem. Soe. T2, 571 (19a0).

127y G Van Zyl (000, Bredeweg, R, 11, Rynbrandt, and D. €. Neckers,
Cuao S Clem., 44, 12814 (106G06).

(981 N, 'L, Boo-lloi ard L Lecees Comppte frersd., 322, 1441 (19165,

(20 Gl Romppa sud X0 Weeknon, J. et Chen,, 185, 1080 {1933,
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Tasre I
3-(2-DI1ALKYLAMINOETHYL )BENZO [b] THIOPHENES (XI)

No. N(R)2 Bp.% °C (mm)
XIII N(CHa)s .
XIV N(CsHz) 160-165 (1)
XV NC]" 164-168 (1)

XVI N ) 149-152 (0.3)

XVII NS 178-183 (2)
\—

XVIII N Now, 187-195 (3)

« Boiling points are for the free amines as distilled from the reaction mixture of X and secondary amines.
¢ Also obtained in 669 yield by reaction of III and 1,4-dibromobutane.

Eschweiler reaction.
chlorides and are corrected.
ethanol-ether. / Sublimes.

9 As hydrochloride salts.
nard’s entrainment technique.® By the use of equi-
molar amounts of VIII and methy!l 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 LiAlH,
reduction of the acid IV.'* The alcohol IX was con-
verted to a variety of 3-(8-aminoethyl)benzo[b]thio-
phenes by amination of its corresponding bromide, and
these are listed in Table I.

Pharmacology.-—Pharmacological investigation of
these compounds and some indole isosteres involved a
study of their effects on CNS activity as measured
by a quantitative 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
state.

Quantitation of the electroencephalogram (EEG)
was obtained by means of the electronic integrator of
Drohocki.?!  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, MEC), The inte-
grator is calibrated so that for a given time period a set
number of pulses is recorded for a standard 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, that is, as per
cent change in brain electrical activity with regpect to
the designated baseline state. A thorough discussion
of amplitude analysis of the EEG is presented in a
recent review.?

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, permitting
remote injection of any solution with negligible dis-
turbance to the animal by the injection. Although

(30) V. Grignard, Compt. Renid., 198, 625 (1934).
(31) Z. Droliocki, Rex. Newsol., 80, 6819 (1948).
(32) L. Goldstein and R. A. Beck, /ntern. Rer, Neurobiol., 8, 265 (1965).

I\'Ip‘d °C Yield.® 9% Formulag-*
260-261 66 Ci:HCINS
154-155 45 CisHsCINS
200-201 40 CiH;sCINS
279-280 64 C1;H3CINS
213-214 49 CiHsCINOS
267-268/ 51 CisHCLN,S

® Prepared by the Clarke-
2 Melting poilts are of the amine hydro-

¢ Yield is of pure product after recrystallization of the hydrochlorides from chloroform-hexane or absolnte
® All analyzed for C, H, N,

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 that the con-
trol predrug behavioral activity was minimal.

In each individual experiment the EEG 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 latter
drug period were evaluated. Usually, three rabbits
were subjected to a specific dose level, and at least three
dose levels were administered, utilizing 2 minimum of
nine rabbits per test compound.

To illustrate the dependence of response on dose
level, Figure 1 diagrammatically represents the relation-
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Figure 1.—Effect of pentobarbital on the electrical energy of
thie rabbit brain as measured by guantitative EEG aud reversal
of this effect by tryptamine. Only oue dose level of tryptamine
was administered to a rabbit in each experiment.

ships which obtain following indicial transformation
of the integrator data 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 3309,
or a greater than 2009, increase over control values.
It 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 tryvptamine result in correspondingly
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decreasing indices, tHustrating dase-related stimulant
activity.

More comprehensive and informative than the indi-
cial transformation of the integrator data per individual
experimental time period s o nmthematical methed

applving such data to the Tallowing fornmda. The

g (MEC, — MEC,) — (MEC) — M,

- (MEC, — ME (;H,) »(r\l[l ‘( v AMEC,) 100
MIEC,, — MEC,,

absolute values of mean electricul  energy  content.

(AMEC) provide diveetly a means of expressing brain
activity in drug-treated rabbits as the per cent change
with respect to aetivity ina population of saline-treated
rabbits (MEC,,), both animal groups having been
identically dosed with sodimm pentobarbital (MEC,,),
and their EIXG activities were measured and compared
in enrresponding drug (MECa) and saline time periods,
The stimulant effeet of any specifie dose level of drug
may be expressed as the per cent reversal (9.R) of
peittobarbital sedation.

From such data, dose-effect curves woere plotted s
iHustrated in Figure 2, For each drug the configuration

95+
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Figire 2. <Dose respomse enrves of reversal of pentobarbital
sedittion as measnred by aptitative REG. @-MT is o-
methyvitryptamine; DMT is dimethyvhryptinmine,

of the curve indicates divect relationship between the
stimulant activity of the ecompound and the dose level
administered.  The slope of cach curve refleets the
specificity or dose dependeney of cach compound.
Finally, the relative positions of the eurves indieate the
relative intensities of activity with e-methyltryptamine
{a-MT) obviously the most active of the series.

The 309, rveversal dose, determined for each com-
pound from these curves, was chosen for eomparison
and is listed in Table II. o~ MT and tryptamine differ
very significantly in poteney, ilustrating the dramatic
cffeet of @ methylation in the 3-aminoethylindole series;
however, T and XII do not differ significantly.  Zeller
has evuluated the aetivity of 11T and XII toward monto-
amine axidase (MAO).*  Compound XII was shown
not to be a substrate of beef liver NMAO., When XII
(1 X 10=* ) was added to the MAQ system containing
tyramine hydrochloride (1 X 102 M), it first activated.
then redueed, oxygen consumption to 609, after 5 min
and — 189 after 30 min.  Strueture III, however, was
found ta be about 609, ax cffective as tryptamine as o

Oty AL Zeller, persottal crontnamiea Gon, Dejaraaent «a Biocehemisiry.
Naocthwescern Puiversity Medjeal Schonl, Clifewgon, 111
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“ Abbreviations: =M1, e-wethyltvyptamiie; DML, di-
methyvlivyptamine; DM, J<(g-dimethylaminocthybinden:

5-HTP, S-hvdroxvtryptophare SAS, snlfar anlog of serotonin,
$-(B-numinocthybh-s-hydroxyberzolblthiophene.  * Previoasly re-
ported [k, Campuigne, E. 2. Neiss, and T. Bosii, J. Wed, Chenn.,
10, 270 (19671 and provided for comparison.  © Obtaived feom
the cnrves in Fignre 20 Noblinear dose-response oirve; Lyl
mg/ kg gave $6C¢ reversal. < Thix componnd had a biplasie ve-
sponse and wis agonistic to pentobarbital at this dosc.

substrate in this MAQ preparation. o-MT is reported
to 40C inhibit the oxidation of 107 3/ tyramine at o
coneentration of 10=2 1/.%  In view of the conecntri-
tion range of active inhibitors of NIAO, 1075 to 1071/,
it appears that XII i o weak inhibitor of this enzyme
comparable to o-MT.  While 11T and XIII are same-
what more active than their ixosteres, o methylation
changes this <ituation ns XI1 i= considerably less aetive
than - AT, It may be that I XTI, and tryptamine
act similarly at the CNS tevptamine reeeptors, Sinee
the central exeitatory effects af @ MT and XIT are ap-
parent soon alter injeetion, i is unlikely that this effect
ix duce to tuhibition of MAO. It is of interest that 5-
hydroxytryptophan (5-HTTP), which ix known to be
tran=ported into rabbit brain and there decarbaxylated
to 5-HT. % has one-tenth the activity of «-NT while the
sulfur analog of =erotomin™ has similar poteney as
5-HTDP.

Campound XIIT had o biphasie response. Howas n
stimulant at a low dose but augmented the pentabarbi-
tal sedation at b omg kg, In comparison, dimethyl-
trypramine (DMLY was a less potent stimulant at low
dose but maintained its stimulant activity up to 1wg
kg, 3-(8-N.N-Dimethylaminocthyl)indene™ was lexs
active thau both DAMT and XIII at low dose. but un-
like XIIT maintained a stimulant effect at 1 mg- kg
The biphasic response of XIIT appears to be typical of
moxt of the compounds studied when dosage ix =uffi-
cicntly inercased,  This epiphasizes the eritieal nnture
of the dose level =eteeted to define the pharmacological
activity of any compound, involving as it may differem
mechanisms of action with different biological clfeets,
whether phystological or approaching toxte.

Dose-effect curves were not determined for com-
pounds XV-XVIII. In contrast to XIII. the tertiaey

vy L L, Zirkle cand O Kadser i Payebopharinacologieal Agen(s,” Vil
1. AL Goplon, Ed., Academie Press Lue., New York, N, Y., p sl

G oday Be B Bodieo B0 GO Tomich, Ro Kuntzman, and Poon, Shkaere,
Jo Phaaevogot, Erpth, Theoep,, 118, 161 (1857): (1o 3, Udenfeiend, D,V
Bowhiuski, aond 1 Weisshaeki, Fedo Feae 18, 193 (1056).
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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[b}-
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 «-MT, but which is
still more stimulant than tryptamine. The difference
hetween XII and «-MT cannot be explained by the
present studies but is in accord with the results of
Winter, et al.,” who demonstrate XII to have about
half the relative intrinsic activity of «-MT on the iso-
lated rat stomach preparation. In that study it was
shown that the replacement of the ring N-H group in
some indolealkylamines by either —-CH,— 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[b]thiophene
isosteres and tryptamines act similarly in the CNS as
measured by quantitative EEG technique. This sup-
ports the findings of Winter, et al.,’8 on periperal tissues,
and of Taborsky, el al.,"* on both peripheral and CNS
tigsues, that the ring N-H group of tested tryptamines
is not o 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[b]thiophene derivatives. Such an interpre-
tation must be regarded only as a suggestion until
further evidence is obtained.

Experimental Section®

Benzo [b] thiophene-3-acetic Acid (IV).—Using the acid hy-
drolysis procedure of Wenner,? 186 g (1.075 moles) of melted
II'% wus added with vigorous stirring to 800 ml of concentrated
HCI maintained at 40-45°. After 2 hr, 800 ml of H,O was added
to the white slurry, and the mixture was refluxed until the white
shurry 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 L. of 109, NaOH, treated
with Norit, filtered, and acidified with 6 N HCI to produce 187 g
(909%) of IV melting at 97-102°. Twice recrystallized from H,0,
it melted at 110-111° (lit.2® mp 110-111°); ir (KBr), 3.3-4.0
(bonded OH), 5.92 (C=0) p. Hydrolysis of II by the alkaline
procedure of Blicke and Sheets? gave only 529 of IV, as these
anthors reported. Anal. (C,oHs0:8) C, H, 8.

N-Methylbenzo [b]thiophene-3-acetamide.—A solution of 16.2
g (0.084 mole) of IV in 100 ml of dry C¢H, was treated with
excess SOCl..  After refluxing 2 hr, benzene and excess SOCk
were removed under reduced pressure, and fresh dry CgHs
added. The benzene solution was then added dropwise to 80
ml of MeNH, with stirring and cooled in a Dry Ice-acetone bath.
When addition was complete, the mixture was heated on a
water buth to remove excess MeNH,, then ether was added and
the solution was washed (dilute HCI, H,0, 109, NaHCO;) and
dried (NaySO4). The residue remaining after removal of solvent
recrystallized from water to produce 15.5 g (90G,) of finffy white
needles: mp 110-111° (depressed on mixing with IV); ir (KBr),
3.05 (NH), 3.26 (sec-amide) 3.42 (CH,), and 6.10 (amide C=0)
w. Anol. (CHUNOS) C, H, 8.

(37) Melting points were measured on a Mel-Temp capillary melting
point apparatns 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 ohtained for these
elements were within £0.49, of the theoretical values.

(38) W. Wenner in *Organic Syntlieses.” Coll. Vol, IV, John Wiley and
Sons, Ine., New York, N. Y., 1963, p 760.
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Benzo[b]thiophene-3-acetamide (V).—A small sample of the
cride acid chloride of IV, prepared as above, was added to con-
centrated NH;OH, and the resultant amide was recrystallized
twice from HyO: mp 173-174° (lit.? 171-173°); ir (KBr), 2.98,
3.15 (NH), and 6.03 (C=0) u. Anal. (C,cH:NOS) C, H, N.

A more convenient preparation resulted from hydration of the
nitrile II. Using the Wenner® procedure for the preparation IV
(above), 93 g (0.537 mole) of II was added to 400 ml of concen-
trated HCI at 40-45°. After 400 ml of cold H,O was added, the
white slurry was cooled and filtered, the crude product was
stirred in 109, NaHCO;, and wndissolved solid was collected and
crystallized (H.O) giving 82 g (809;) of V. Acidification of the
alkaline wash produced 6 g (5.7¢7) of IV,

1-(3-Benzo[b]thienyl)-2-nitroethene (VIIa).—A solution of 20
g (0.122 mole) of VI?? in 100 ml of MeNO. containing 6 g of
ammoninm acetate was heated on a steam bath for 2 hr with
occasional stirring, then cooled overnight, and the dark precipitate
collected, Two crystallizations (959 C¢H:OH) produced 19 g
(769) of chunky gold crystals of VITa: mp 112-113°; ir (KBr),
6.15 (conj C=C), 6.61 (NOy), and 7.75 (conj NO:) u. Anal.
(C,H:NOSS) S.

1-(3-Benzo[b]thieny!)-2-nitropropene (VIIb).—Treatment of
20 g of VI in 100 ml of EtNO,, as above, resulted in 17 g (63%)
of vellow needles of VIIb, recrystallized from dioxane-H.();
mp 110-111°; ir (KBr), 3.25 (Ar-CH), 6.09 (conj C=C), 6.70
(NOy), and 7.60 (conj NOz) u. Anal. (C,,HNOS) C, H, S, N.

3-(s-Aminoethyl)benzo[b] thiophene (III).—In = separatory
funnel with a pressure equalizer side arm, fitted with a condenser
and drying tube and attached to a 2-1. flask fitted with a stirrer
and containing 600 ml of drv ether and 15 g of LiAlHi, was
placed 20.1 g (0.1 mole) of VIIa. 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 LiAlH, was decomposed by
the dropwise addition of 200 ml! of EtOAc followed by the
dropwise addition of 200 ml of 2.5 ¥ NaOH. 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 (Na,80,). Removal of the solvent and fractionation of
the residue gave 9.9 g (36%,) of an almost colorless lignid which
distilled at 134-136° (1 mm); ir (liquid film), 2.88, 3.04 (NH,),
3.30 (Ar-CH), 3.45, 3.54 (CH,), 6.30 (N-H), 9.25 (C-N) p.
Anal. (C[oHuNS) C, H, S.

Reduction of 9.55 g (0.05 mole) of the amide V with 6 g LiAlH,
in ether, as above, prodiced 5.3 g (609%) of the identical amine.
teditetion of the nitrile IT gave only 38%, in onr hands, in agree-
ment with Herz, who reported 30-33¢% of the amine by thix
reaction, 14

The hydrochloride of III precipitated from an ether solution
and was recrystallized from absolute EtOH as white crystals:
mp 220-221°; ir (KBr), 3.28-3.33 (NH;*), 6.29 (NH;*), 6.72
(CN2) p. Anal. (C,HCINS) C, H, N,

dl-3-(3-Aminopropyl)benzo[b] thiophene Hydrochloride (XII
Hydrochloride ).—Using exactly the same procedure as described
for the reduction of VIIa (above), 30 g (0.137 mole) of VIIb
was reduced with 16 g of LiAlH.. Removal of the solvent and
fractionation of the residue gave 11.5 g (449.) 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 (CH,, CH,), 6.04 (N-H) u.
The amine was characterized as its hydrochloride and was re-
crystallized from CHCl,—hexane as white needles: mp 207-
208°; ir (KBr), 3.25-3.55 (Ar-CH, CH,, NH;"), 6.28, 7.65,
12.80 (NH;*) u. Anal. (CLLHLCINS) C, H, N, S,

3-(3-Hydroxyethyl)benzo[b]thiophene (IX).—The procedure
of Cagniant'*h required 3-bromobenzo[b]thiophene (VIII) in
quantity., Direct bromination of benzo[b]thiophene, as described
by Szmnskoviez and Modest, 2 gave 769 of VIII as a pale yellow
oil boiling at 92-93° (1 mm), and showing only one peak on glpc.
The nse of N-bromosucecinimide in CHCl; as described by Buu-
Hoi and Lecocq,® produced 879 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 n1l of dry ether was cantiously added dropwize. A vigorous
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reaction acconmpanied each drop.  After the addition, the reactioa
mixture was allowed to warm to room temperature and siirred
I Iy, 400 nil of dry CsHq was added, and the ether wa~ renioved
by heating on a water bath. Ice and then 200 ml of 10¢; TIC1
was added 10 the suspended salt, the organic layer was separated,
the residite was washed with two 100-ml portions of henzene, and
the combined organic layer was washed (100 ml of salt water,
two 100-nil portions of 5 NayCOs, salv water), After dryving
(N:a80y), the =olvent was removed and the product distilled
to give 503 g (57%) of a clear vellow lLiquid: bp 135-135°
.5 nnny; ir (filnn), 3.0 (bonded OH), 3.3 tAr-Cll), 3.45, 3.50
(Clh), 9.6 (C-O) p. Anal. (ClOR) =,

Thix componnd wax identical with that prepared in 42¢ vield
by LiAlll reduction of 1V,

3-(3-Bramoethyl)benzo|i|thiophene (X).—Following the pro-
cednre of Cagninnt, ¥ 30 g (0.168 niole) of IN was treated with
16 g of PBrs in 200 nil of dry CHCL containing 1 g pyridine,  After
<tanding overnigh(, the mixtinre was heated to 50° for 1 hr,
cooled, and ponred into 200 ml of cold H.0. The CHCl, layer
was separited, washed (IO, 104 HCL twice with 109, Na.COQ;,
H.0, and dried (Na:80y),  Distillation gave 25 g (659) of pale
vellow oil:  bp 134-137° (I mm); ir (ilm), 5.27 (Ar-ClD,
3.40 (Clly), 14.85 (C=Br) u. The ail was nsed without furthee
paritication, ax ir rapidly became cloudy and decomposed.

Irreversible Enzyme Inhibitors.

\/'I.Ji

3. R. Baker axp JErrrey A, Hurnecor
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Tolerance for Polar Groups on the Phenoxyacetanilide
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3-(3-t-Aminoethy! )benzo[b]thiophenes (X1).-~ All of the durivie
tives listed in Table 1, except XTH, were prepared as follows:
5 g (0.021 mole) of X was added to ench of five hatehes of 200 ml
of anhydrous MeOH. To ench flusk wisidded 50 g of v sceondary
amine, di-p-propylamive,  pyrrolidine,  piperidine,  morpholine,
il N-methylpiperazive, respectively.  Upon the addition of
these amines, caelc reaction mixture became warm.  The homo-
gereons solntious were allowed to remain at room temperature
for 15 days, then solvent and excess omines were renoved by
distitlation, and the residne was trented with 50 ml of 104 NaOFl
and extracted with three H0-ml portiotes of ether. The extrocis
were dried (NaR0y), solvent was removed, snd Che amine derivie
Hyvex were distilled.
3-(3-Dimethylaminoethyl)benzo[/|thiophene Hydrochloride
(XII). - The Eschweiler-Clarke varinut of the Leackort resetion
was txed b this preparatione? I (4 g, 0.0282 mole), 20 ml of
ATCO CHRO, 200k of 000 THCOOTH, and 16 ml of TLO were
honted gently on the steam hach for 4 br, then 30 mb of 6 .V HCT
was added o the cool reaction mixture and the solvent was
dixrilled ar rediueed pressure. The tan scmisolid that remaiowd
wits dried at 78° (1 mm), for 16 hr, washed with dry ether, md
reerystallized twice front absobite 1O to yvield 4.5 g 66 1 of
white erystabe: mp 260-261°; i (KBriy 341 «CHa Clha, 5078
(N-CHy), $.0 (RN 1 .

Proteolytic Enzymes.

Type of Inhibitor of a=Chymotrypsin

B. R. Bakenr axp JerFreEy A. HurLau?

Department of Chemzstry, University of California at Sanla Bacbara, Santa Bnrbara, California 93108

Recerved April 15, 1468

Candidate irreversible inhibitors derived fromi phenoxyacetanilide (1), wach ax N-lm-(m-fluorosulfonyl-
phenylureido)phenyl]-3-chlorophenoxyacetamide (3), ure too insoluble in water for enzymatic evalnation:
therefore, a study was eondacted on where to position polar groups on phenoxyacetanilide (1) that would ot

interfere with complex formation.

Three useful classes of compoinds emerged. The first class of componnds

consisted of introdnetion of RCOO™ or CH;NH.* groups on the N-phenyl nioiety; this N-phenyl moiety ix

apparently complexed to a polar region of a-chymotrypsin sinece no binding was lost.

The second class derived

from 1 consisted of introdnetion of a COO~ group on the phenoxy moiety, which ix complexed in a hydrophobice

region.

An 0-COO~ group (13) was well tolerated in the complex, and nthibition conld be further enhanced by

introduction of a 4- or 3-chloro or 4-bromo atom. The third class consisted of a replacemeut of the phenoxy-
methyl moiety of 1 by a gnaternized pyridylvinyl or pyridylethyl moiety; ouly N-inethyl-2-pyridylacrylanilide

(28) in this class was satisfactory, being complexed to the enzyme abont one-third us well as 1.

The 2-carboxy-

4-chlorophenoxy gronup of 19 was shown to be a suitable replacement for tlte 3-chlorophenoxy group of 3 in order
to inerease wolubility; not only was 19 abont 100 times ns soluble ax 3, but irreversible inhibition was readily

detected with 19 at 15¢ of its naximnn solnbility.

One of the goals in this laboratory has been the design
and wsvnthesis of active-site-directed irreversible hi-
hibitors* of proteolytic enzymes® that operate by the
exo mechanism, that is, the inhibitor forms a covalent
bond outside of the active site of the enzyme? a-
Chymotrypsin is rapidly inactivated by the irreversible
inhibitor 2, and, in addition, a-chymotrypsin can eatu-

(1) This work was supported in part by Grant ('A-08697 from the Na-
«vnal Cancer Institnte, U, 8. Public Health Service.

(2) For (he previoas paper in this series see B. R. Baker and [, 1,. Kelley,
J. Med, Chem., 11, 686 (1968).

(3) For the previous paper on proteoly(ic enzymes see B, R. Baker amd
2. 11, lrickson, 7bid., 11, 245 (1168).

i4) N.D.K.A. predoctoral fellow.

(5 B. R. Baker, “Design of Active-Site-Directed Irreversible Enzyme
lubibitors.  The Organic Chemistry of the linzyme Active-Sire." .lohn
Wiley and Sons, Inc., New York, N. Y., 1067,

() Pora discussion ol the chiemotherapeutic utility of selective irreversible
inkibitors of serum proteases in the vardiovascalar disease and organ trane-
plintation area see B. R. Baker and 1%, H. Erickson, J. Med. Chem., 10, 1123
{(19670).

(O “I'hie exo type of irreversible inhibitor can have an exira dimension o1
specificity not preseny in reversible inhibitors, the bridge principle of speci-
ticity: see rel 5, Chapter X, for a detailed discussion of this prineiple.

OCH,CONH
Cl R
I, R=H
2. R=80,F
3, R = NHCONHCH,SO0,F-m

Ivtically hyvdrolyvze the SO;l groupof 2 to the irreversible
inert sulfonie acid:® neither reaction wus seent between
2 and bovine serum albumin. A series of fifteen eandi-
date irreversible inhibitors related to 2 were then syu-
thesized which placed the SO.L" further from the CONH
linkage of 2 which is believed to complex its CONH
linkage to the catalytic part of the active site:®  uan
example i3 3. Most of these compounds were too in-
soluble to be evaluated. Therefore a program wns

(8) B. R. Baker aytd 1. AL Murlbu, J. Med. Chera., 11, 243 (1468, paper
C'XI1I of this series.

9) B. R. Bakey aud 1. A, Horlbu, sbivd., 11, 241 (1968), paper CN1IV of
this series.



