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The isosteric relationship which exists between indole and benzo[b]thiophene has created considerable inverest
in the syntheses and pharmacological properties of benzo[b]thiophene analogs of biologically active indole deriva-

tives, 276
log of serotonin (SAS).7.8

In connection with this interest we recently reported on the synthesis and pharmacology of the S ana-
We now report on the syntheses of the benzo[b]thiophene analogs of 5-hydroxytrypto-

phan (IV), melatonin (VId), bufotenine (VIIIa), and some closely related derivatives, with preliminary pharma-

cological results,

The key intermediate required for the preparation
of IV was 3-benzoyloxy-3-bromomethylbenzo{b]thio-
phene (I) described in a previous paper.® Condensa-
tion of I with diethyl formamidomalonate gave the
crude ester Ila in quantitative yield® according to a
modified procedure of Avakian.'® The triester was
hydrolyzed and decarboxylated!! to produce the desired
amino acid isostere IV in 399, overall yield from I.

After converting I into 5-hydroxy-3-cyanomethyl-
benzo[b]thiophene (Va),® we encountered some diffi-
culty in preparing Vb. XNeither NaOH in Me,SO,
nor CH;N: and BI';- Et.0 in Et,0 would afford methyla-
tion of the phenolic OH. This was overcome, however,
by preparing the solid Na salt of Va and then refluxing
it in DAIT containing Mel. Vb was reduced to VIb,
the methoxy S analog of serotonin, and acetylated
to VId, the S analog of melatonin. In a similar
fashion Va was converted into VIa,? and the 5-hydroxy
melatonin derivative Vle.

VIIIa, the S analog of bufotenine, was obtained
from Va via the hydroxy acid chloride and dimethyl
amide, VIIc. Similarly the methoxy S analog of bu-
fotenine, VIIIb, was prepared from Vb. Attempts to
demethylate VIIIb to VIIIa via either BBr; in CH:Cly
at —80°12or with HBr and HOAc at reflux!?® failed, rem-
iniscent of attempts to prepare VIa via debenzylation
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of  3-(B-aminoethyl)-5-benzyloxybenzo[b]thiophene.!*
The above reactions are summarized in Chart I,

The nmr data for the prepared compounds are pre-
sented in Table I. Although different solvents had to
be emploved because of solubility limitations, this
should not affect our general interpretations discussed
below.

The aromatic protons Hy, Hy, Hs, and Hy obeyved first-
order splitting rules and gave the anticipated J values.
However, as has been observed in other 3-substituted
benzo[b]thiophenes!® ', A(§H¢6H,) was not zero as
would be expected of the protons in an ortho-substituted
benzenoid system. We could attribute this to two main
factors: first, the different side chains on 3 should
have a peri interaction with H;, and second, the C.—C;
bond order (0.71) is greater than the C;—Cs bond order
(0.62)'® making structure A a more important reso-
nance contributor than B. Both of these factors would

A B

favor a greater variance in H, over Hg as was observed
in the table.

The side-chain protons, Ha and Hb, fell into three
categories. In IV, VIe, and VId the A § values were
much greater than J so we could observe the splitting
patterns. In IV, Hb appeared as a clean triplet but the
Ha’s were observed as a multiplet. Irradiation at Hb
caused the Ha’s to collapse to a broad singlet. How-
ever, when the same experiment was tried with 5-HTP
(analytical material from Regis Chem. Co.) the Ha’s
collapsed to an AB quartet. This indicated that the
Ha protons on 3-HTP were more nonequivalent than
those on IV, although the latter were not equivalent
since they appeared as a broad singlet upon irradiation
and first-order splitting was not observed in the original
spectrum. In VIe and VId we observed a triplet—
quartet pattern for the Ha and Hb protons. Double
resonance experiments confirmed that the Hb quartet
was caused by coupling with the Ha protons and the
amide proton.!* A close look at the Ha triplet revealed
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TasLe 1
Nar Dara voie 3,0- Insessmirrred BrNzo b rinoriny ss

11 114" 11 11" R Sulveni’
1V 7.08¢ 728 7.09 7.79 500 (i, G $.04 (1, 6) b
5-1010 7.6 710 6.8 7.04 3OS (1) 4.20 (un) b
Vh 7.99 7.04 7.00 7.68 DL d, 2 BOND A
Vae b 7.45 7.29 7.10 7.74 WoaN () DLaN i 1)
\'1b 7.4 7.41 7.00 7.82 Ao 3.0 () 500 13
Vie 7.20 790 .92 7.07 2,09 (1, 6.0) 542 (g, 6.0 @
VId T.12 7.2 7.00 7.68 B.02 0, 6.0 BN T, 6.9 5SS A
Ve 7.40 7.27 7.00 7.70 B84 (d, 2 [
V11 7.00 7.0 7.00 7.70 .80 (21 580G '
Vile 7050 713 6,806 7.66 3L 80 (=) 0,506 13
Viid 7.19 7.27 6,98 7.06 .84 (=) 3UNT A
Ve T8 7.20 6.90 7.064 BOSTood, 1y BIR:! A
VI 7.29 7.14 7.00 7.70 577 () R A
ViIla 7.41 731 7.02 7.68 B4, N B0 b
VI1IIh 7.47 7.950 (.97 7.62 3,36 (t, Sy 507 (1, S)e 303 b
Ville 7.00 7000 7.06 7.74 K J 307 1)

* The multiplicity aud J valies for these prorons are vhe =ame for ench eomponnd and are as follows: iy =lightly broad ~: 11y, &,
Jis =2 105z Hedofd, S =2 05, Jee =8 = |, Hy, d, Jis = 8 = 1. " The first valiue in parentheses after the 8 value gives
the muliiplicity, the secoud gives the J value (Hx). A, CDCli: B, DMSO-ds; C, iCD)CO: D, DLO=-D+. 4 Chemnienl shifts were
determined on a Vartan HA-100 spectrometer nsing TMS or TMSP (for solvent D) ns internal lock.  » Purchased from Hegi=x Chenr.
Co., analytical purity.  / This value is for J,,. ¢ Thix componnd is known, but it nmr spectrunt has nor been reporred. ¢ 60 MIiz
nnie. ¥ 220 MHyz nmyr.  / Thix valie was obscured by the CH. resonance of the Er groups.
that each peak was split into a fine doublet which double In VIILa und VIIIb the chemieal shift ditference rela-
resonance showed was caused by allylic coupling to the tive to the J value was large enough so that with the aid
H, proton. In fact, in all compounds prepared this  of 8 220-0MHz instrument we could obtain J and § values.
allylic coupling was present,* Biological Evaluation.—Twenty rats were pretreated

In VIa and VIb the Ha and Hb chemical shift differ- with iproniazid (30 mg/kg base, po). Twenty-two
enees were of the. order of J so no information could be  hours later, 5 rats were given 3-HTP (55 mgskg, ip).
gathered concerning § or J values. 1 rat received 110 mg/kg, ip. These rats showed

20) L. Camnpaigne and E. 8. Neiss, J. Heteroeyel, Chem., 2, 231 (1965). marked tremors and piloerection within 15 min. The
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sympathomimetic response progressed to clonic convul-
sions and death. This procedure was repeated using
the S analog. There were no sympathomimetic effects
evident at 30 min, at which time 2 rats were given
55 mg/kg of 5-HTP. There was no protection. One
hr after the 110-mg/kg 5-HTP dose, the rat was chal-
lenged with 55 mg/kg of 5-HTP. There was no pro-
tection. The results, based on the fact that 5-HTP is
converted 7n vivo into serotonin whose oxidation is then
inhibited by an MAO inhibitor, indicate that the S
analog neither mimicked nor blocked the effects of 5-
HTP.2! Since it has been shown previously that the
lethal effects of VI, SAS, are greatly potentiated by pre-
treatment of mice with an MAOQO inhibitor? it seems
probable that IV is not decarboxylated ¢n vivo. Fur-
ther ONS tests (anti-Tremorine and antinicotine in
mice) with IV yielded negative results although 5-HTP
was also inactive in these tests.??

Preliminary testing has been completed on VIIIa,
VIIIb, VIIle, and VIb. Three mice each were in-
jected ip at different dose levels and their behavior was
observed as presented in Table II.?* While it took

TaBLr I
PreraMINary BioLocican Data FOrR SoMmn
H-OXYGENATLED 3-8-AMINOLTHYLBENZO| D] THIOPHENLS

LD
(1nice, ip,
free hase, ~———-=-Dose level |mmoles/kg (free base)}-—————
Compd 1mg/kg) 23 30 100 200 400

VIIla 155 4+« d dd C, D(2/3) C, D(3/3)
VIIIb 158 + ++ ++,C G DE2/3) C DEMI)
VIb 123 s 85 88, t C, D(3/3) C, D(3/3)
VIIIe - - 5 C, D(3/3» C, D(1/1)
@ (4) Slight hyperactivity; (4 +) definite hyperactivity;
(d) slight depression; (dd) definite depression; (s) slight seda-
tion; (ss) definite sedation; (t) tremors; (C) convulsions;
(D) death, parentheses give number in trial that died; (—) no
apparent effect. » Dose level was 300 mmoles 'kg (free base).

about 30 min at the 3 lowest dose levels for VIIIa to
show activity and 15 min for the deaths to occur, the
activity of VIIIb was apparent very fast at low dose
levels and the deaths occurred within 1 min of injection.
These findings are in accord with those of Gessner and
Page?* who showed that methoxybufotenine acted
faster and more effectively than bufotenine in a CNS
test designed to measure the conditioned avoidance
response of trained rats. Screening of these indole iso-
steres is continuing.

The melatonin analog, VId, had no specific antifer-
tility effect on the male rat in a preliminary screen.?
The compound was implanted subcutaneously in male
rats in a silastic tubule which permitted sustained re-
lease. Animals were castrated unilaterally at weekly
intervals to determine effect on testicular function and
histological damage to semeniferous tubules. Some
loss of weight in the testes and signs of exfoliation were
observed. After 8 weeks, the remaining animals were

(21) V. Shetty, Strasenburgh Laboratories, Rochester, N.Y. 14623,
personal communication.

(22) S. J. Corne, The Nicholas Research Institute, Slough, Bucks, Eng-
land, personal communication.

(23) R. P. Maickel, Department of Pharmacology, Indiana University,
Bloomington, Ind. 47401, personal communication.

(24) P.Gessnerand 1. Page, Amer. J. Phystol., 208, 167 (1962).

(25) We are indebted to Dr., K. A, Laurence, Associate Director, Rio-
Medical Division, The Population Council, Rockefeller University, N.Y.,
for the description and results of this test.
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mated without difficulty, indicating no specific effect on
Leydig cells nor specific interference with sperm phys-
iology. All female mates delivered normal sized
litters of healthy pups.

Experimental Section?

Ethyl 5-Benzoyloxy-3-benzo[b]thienylformamidomalonate
(ITa).—To a solution of 0.45 g (19.6 mmoles) of Na in 100 ml of
abs EtOH was added 3.75 g (18.5 mmoles) of diethyl formamido-
malonate (Aldrich Chemical Co.) followed 5 min later by 6.45 g
(18.5 mmoles) of I. The light yellow solution was allowed to
reflux for 3 hr whereupon it was diluted with 500 ml of an ice-
H,0O mixture and extracted with four 100-ml portions of Et,O.
The Et,Q was dried (Na,80,) and evaporated to vield 8.65 g
(1009%,) of a yellow oily solid which could be used directly to make
the desired amino acid IV. An analytical sample prepared by
recrystallization (abs EtOH) gave white needles, mp 140-141°.
Anal. (C2eHsNO:S) C, H.

B=(5-Hydroxy-3-benzo[b]thienyl)-a-aminopropionic Acid (IV).
—A suspension of 11.7 g (25 mmoles) of crude I1a in 75 ml of 109,
NaOH was allowed to reflux for 5 hr after which time most of the
formamidomalonate had dissolved. The hot yellow sohition
was filtered and 16 ml of coned HCl was added. A small amount
of oil floated to the top of the solution and CO. was immediately
given off. The mixture was allowed to reflux for another hour
and was then decanted from the dark oil which stuck to the side
of the refluxing flask. The solution, which now had a pH of
1-2, was cooled and the yellowish needle-like ppt that formed
was collected and dried. Its ir(KBr) was identical with that of
an authentic sample of BzOH (2.55 g, 85%). The light yellow
filtrate was now made to pH 36 (NH,OH) and coned to 0.5 its
initial vol on a hot plate. Cooling afforded a white ppt, 4.1 g
(399,). Recrystallization (hot H,O) gave a white powder which
darkened at 250° and melted at 268-270° dee. Anal. (CyHuy-
NOsS)C, H,) N, 8.

5-Methoxy-3-cyanomethylbenzo[b]thiophene(Vb).—Va (11
mmoles, 2.08 g) was dissolved in 120 ml of 0.1 ¥ NaOH and
the solution was evapd to obtain the solid Na salt of Va. This
material was then dissolved in 20 ml of DMF containing 100
mmoles of Mel and refluxed for 3 hr. The resulting light yellow
solntion was dilnted with 100 ml of a salt-H,O-ice mixture and
extracted with four 100-ml portions of Et.0. The Et:0) was
dried (Na,;804) and evapd to give a yellow oil which solidified
upon further pumping (0.3 mm, 4 hr). Kecrystallization from
EtOAc—petroleum ether (40-60°) gave white needles, 1.90 g
(859%), mp 102-104°. The analytical material had mp 105-
106°. Anal. (CLH,NOS)C, H.
5-Methoxy-3-(8~aminoethyl)benzo[b] thiophene - HCl (VIb).—
To LAH (0.228 g, 6 mmoles) in 40 ml of dry Et;0 was added
quickly 0.80 g (6 mmoles) of AICl; in 65 ml of dry Et:0. Five
minutes after the last addition of AlClL;, 2 mmoles of Vb in 65 ml
of dry Et.:0 was added slowly to the stirred mixture. Ten min-
utes after the last addition of nitrile the excess reducing agent was
decompd carefully with HO and then the mixture was poured
into 100 ml of HCI (pH 5). The Et:0 layer was sepd and the aq
phase was extracted with fresh Et;O at pH 6, 8, 10, and 14. The
combined Et:O fractions were dried (Na.80:) and dry HCI gas
was bubbled into the clear solution. Fine white needles pptd
(0.29 g, 609;), mp 206-207° from MeOH-EtOAc. Anal. (Ci,Hyus-
CINOS) C, H, CI, S.
5-Methoxy-3-(3-acetaminoethyl)benzo [b]thiophene (VId).—
A solution of 0.486 g (2 mmoles) of VIb in 7 ml of H.O was shaken
with 6 mmoles of A¢;0, then 6 mmoles of NaOAe it 2 ml of H,O)
was added. The mixture, from which an oil sepd, was theu di-
luted with H.O, extracted with Et,0, dried (MgS0.), and the
Et:0 evapd. The residue was recrystd (ETOAc¢-petrolenm
ether) to give white needles, 400 mg, 80¢;, mp 99-100°. .Anal.
(CisHi;NOoS) C, H, N, 8.
5-Hydroxy-3-(3-acetaminoethyl )benzo[b]thiophene (VIc).—
This material was prepared similarly to VId. The fine white
needles were recrystd from MeOH-CCly, vield 539, mp 165-
166°. Anal. (CH3NOSS) C, H, N, S.

(26) Melting points were measured on a Mel-Temp capillary melting
point apparatus and are corrected. Ir spectra were determined with a Per-
kin-Elmer Model 137 Infracord and were as expected. Tlie microanalyses
were performed by Midwest Miecrolabs, Inc., Indianapolis, Ind. Where
analyses are indicated only by symbols of the elements, analytical results
obtained for these elements were within 0,4 % of the theoretical values.
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5-Methoxy-3-benzo[b]thiopheneacetic Acid (VIIb). -To 225
mnl of 204, H&SO,y (prepared by adding 39 ml of coned acid to 207
ml of H,0) was added 0.926 g (4.55 mmolex) of VI, The mixire
wits refluxed with stiveing for 48 hr after which time all of the
nitrile Tind gone inin soluiion.  The solition was cooled aud
extricred with 1260 (fraction A). The 1910 was washed (10,
NullCOy) and 1the ng phase carefully acidified {HCDH :aid ex-
iracted (100O-Traction BY. The Fiu fractions were dried =ep-
arately (NaR04) aud evapd.  No material was found in frae-
tion A, Fractiou B gave 0.735 ¢ (7391 of off-white crystals,
Sublimation atforded aualyiisal material, mp 130-1583° . Anal.
(‘(71]“1.)()3&) (‘, II, ().

N..V-Dimethyl-5-methoxy-3-benzo (/] thienylacetamide (VIId).

To 40 ml of dry Celly comaining 0.835 g (3.76 nunoles) of
Vb ot completely i =olmion) was added 2 g (15.7 nnuoles)
of oxalyl chloride and the greenisli-vellow mixture was swirled
wond winrmed to 553°. Within 60 min all marertal had gote o
soltion.  The seid chloride remaived as au oil afier all volatile
mterial had been removed under redueced pressure. Upon
addition of 10 mil of Calle nud then excess MeNH o exotliermic
reaction ocanred.  The Celly was then removed uuder rednced
pressure and the residue dissolved i 16O, wished (11,0), and
dried (MgNO;). Bvaporation gave 0.89 g (9577 ) of amide whiclt
wits prritied e distiibiinng ae 140° 10,03 i), The aoalyiieal
nrtteriod had i S5-80°.0 bl (CRlTENO0 C 1L S

N, N-Dimethyl-5-hydroxy-3-benzo[h|thienylacetamide (VIlci.

Thi= material was made <imilarly 10 VITd, The analytieal
urtterial I8SC, ) was recryatd from Cylly, mp 135 165°0 Awal.
1T NOSS) C) T, S,

N, N-Diethyl-5-methoxy-3-benzo|h] thienylacetamide (VIle..

This material wax made similarly (0 VIId. The analytical
nuterial 18147) was distilled (1:30° 0.03 mun) ro give o light yellow
aill Awed (CrCNOSS)IC, H, 8.

N'-Methyl-5-methoxy-3-benzo(blthienylacetamide (VIIf).
This nuterial wis made simikly 1o VITd, The analyiicad
ntterial (0497 was =ublimed 1125°, 0.03 mnt) 1o give white
cevstals, mp 1375 130° mol wr (CulliaN O enled, 2330607
fornd (mus< <pec), 235.0646.

5-Hydroxy-3-(;3-.\', .\ -dimethylaminoethyl )benzo /| thiophene -
HCI(VIHa). -To0.79 g (3.35 mmoles) of V1Tc¢in 175 ml of THF
was added 0.34 g (14 mmoles) of LAH and the mixture wus
lowed to =iiv ar 25° for 3.5 hre aud then at reflux for 0.5 hr.
Iixcess TAIL was cavefully destroved (I14)) and then 100 ml of
dil neid was added 10 pHE 5. THEF wus removed under reduced
pres=ure and the =ohirian was extracred di0)) ar pll 5, 8, 10,
120 wnd 140 The extracis were combined, dried (MgSOy), and
then smnrared with TICL gas. Fvaporation gave 0,73 g (857,

Bryscnor, of al.

af o light yellow ghiss which was puritied eio distillation 11857,
D01 mmy The material remained ax a gliss afrer purificaion.
Anad TICHHCINOR)C, Hy CL S, A plerne was made by dis-
=olving VIHa tn MeOT1, adding :t few drops of NTL and then
boiliug i1 with a ~smvrmed pierie acid =olntion.  Coaling afforded
orange necdles which were recry=td from MeOLT, wp 199-200°,
Al (CRHENO0 C) T NS,

5-Methoxy-3-(3-.V.\-dimethylaminoethyl)benzo|//] thiophene -
HCI (VIIIb). - To L34 1 (6.2 mnwles; of VIId in 180 ml of
dry O was added 4.5 ¢ (12 1 of LAH and the mixire was
sdlowed ta rethix with stivring for 20 hre o Fxeess LAH was ile-
stroyed carefully ALOT and then 100 1wl of 0.6 . Ne@OIT wies
added.  The whole mixtre was filtered rée snetion and the
teapped white =ults wore copionsly wished with FiO. The
NaOIT =olution was extracred (B0 and all the extracts were
then pooled, dried $Mg=0;), and =ud with dry HCL Toiiidly
the =ahition trved cloudy bin we the HCT addition enntinaed
it becanie clear.  Fvaporarion afforded 1.04 g (6070 of prodner.
Sublimation (1607, 0.01 mim) gave 0.95 g of aualyieal maerial,
wp 174 -175°, white evysials, b, G CINOS) G T, 8,

5-Methoxy-3-¢3-.V .V -diethylaminoethyl )benzo ()| thiophene

HCl (VHIe),- -This marerial was niade <imilarly 1o VIIa except
16O wie nsed s thie salvent. Sublinaion (1607, 0.01 mun of
the crnde produet wave 0.55 g 89 (1 of white erystals, mp 187
Is0° hwat (CpHCINOSCULLL CLSL

Anti-Tremorine Test. The camponnds were sdministered ws
<i=penstors in g teagaeanth g 100 mg kg <e 1o gronps of 5
nede Fvans albino wice. Thirty winmes Inter Tremorine G-
teate 30 mg kg Cwies given ip. Aler s further 20 miv the nee
were placed iadividiadly in the tremor cecording chmuber which
is  civenlir “Perspex” hox (11,25 ent diamerer X 1125 enr higho,
motted ou s thin <vip of foam rbber oo n metal stand. The
box wis divided disnmervieally =o tut the mice were resirieted o
ntte-half of the hox. A Devices dymanometer type UFT was
positioted nuderneith the edge of 1he bax =o thua the vertieal
<et=ing lever wi applied with:cforee of 30y, The dyimmometer
nput wits reeorded g o DO2C preamplifier trimge 25w\
on i Devices recorder. Tremor wis recorded for s period ol 50
sec aud ami-Tremorine netivity expressed as a per cent of the
rentor activity of & gronp of mice treared with Tremorine anly.

Antinicotine Test.- - Tlhix 1ex1 wix ulsn carried omt in gronps= of
5 male Fyvins mice. The text componnd was adminisiered =c
su=pended in gum tragaeanth, and the countrol gronps received
equiv vols of =aline. Thirty mimites ater the mice were given o
further injection of 1 mgskg of nientine hase v 1as 4 =olmian in
sidine of the bitarirmer, The ninuber of nice <lvwing elear
clonie eonvilsinn= within b niu of tnjection were recorded.

Isothiazolecarboxaldoximes and Methylated Derivatives as Therapeutic

Agents in Poisoning by Organophosphorus Compounds

. I Bexscaor,® A0 M. Vax OQostex, DO HoJo M. Praressura, axvp C Vasy Hoomosk

Chenéeal Lakocatary of the National Defonse Rescaceh Organdzalivg TN O, Bigsadfh GLH D, The Natherlunds

Receed A perl 11, 1470

The reaction of Me tosvlare with (£ )-isothiazole-3-carboxaldoxime (la, pA, = V.8) and with 12)-izothiazole-
A-carboxaldoxime (Ie, pA, = 8.6) led to the corresponding hydroxyiminomethyl-2-methylisothiazolinm tosylates

2a (pK, = 7.6)and 2¢ ipK, = 2.6), respectively.

role-d-carboxylic neid, which was converted into isothiazole-4-¢arboxaldehyde by a Reissert reaction.

Oxidation of 4-methylisothiazole with CrO; produced izothin-

The £ und

Z isonters of i=orhinzole-4-carboxaldoxime (1b, pA, = 103 and 109, respectivelys fuiled to give o 4-hydroxy-

tminomethyl-2-merhylisorhiazolinn salt with a variety of methyluting agents.

lu combinaiion with atropine

ailfare, the aximes (Zi-1c und 2a are therapeutically netive against poisoning with Sarin iu mice, whereas 2a is

itl=o active against Paraoxon.
methanesulfonare (P,8) inmice.

Oximes are potent reactivators of esteratic enzymes,
inhibited by organophosphorus compounds.! Among
these oximes, 2-hydroxyiminomethyl-1-methylpyridi-
nium methanesulfonate (P.S) and 1,1’-trimethylenebis-
(4-hydroxyiminomethylpyridinium) dibromide (TMB,)

* 1o wianm enrrespondence sironld e addresserl.
() RO Elinand J. 11, Wills, J. Phaes, Sed., 583, 995 (19G1).

Both (Z)-1¢ and 2a are le=s roxic than 2-hydroxyiminomethyl-1-merhylpyridiniun

were found to be particularly effective, both in vitro and
in vivo.?  The isosterism of the pyridine and izothia-
zole ring systems® =uggested u study of the antidotal
activity of hydroxyiminomethyl-2-methylisothiazolium
salts, The preparation of these compounds from iso-

w20 R, 1 Einand J. M. Wills, iid., 53, 1143 (19641,
b 11 O Longuet- Hivgins, Tevvs, Foreday Soc., 48, 173 (1949).



