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Summary blocker ketanserin and the 5-phFselective antagonist sar-
pogrelaté! (Chart 1) have been introduced into the therapy

An indolo[3,24]pyrrolo[3,2glazecine and a benzdipyr- of hypgrtension and ischemia assoqiated with thrombosis,

rolo[3,2-glazecine analogue of the potent dopamine receptor afespectively. Furthermore, several mixegl3HT,a-recep-

tagonist LE 300 (7-methyl-6,7,8,9,14,15-hexahydrbkenz-  tor antagonistss.g, risperidone and clozapine (Chart 1) be-

[dlindolo[2,3-g]azecine) have been prepared in multi-step reaclong to the modern arsenal of atypical neuroleptics which

tions via C-N bond cleavage of corresponding quaterfary possess a beneficial side-effect profile.

methylquinolizinium iodides. LE 300, the target compounds and

two precursor quinolizines have been tested in vitro for antagoni N._O N s

activity at 5-Hpa receptors (rat tail artery) andiHeceptors \r\ll// . CN(WL

(guinea-pig ileum), respectively. LE 300 and compol@d¢3,6- ~N N F

dimethyl-4,5,6,7,8,13-hexahydrd42benzof]pyrrolo[3,2-g]aze- o °© |

cine) competitively inhibited 5-HT-induced contractions with o)

similar nanomolar potency (pA- 8.32 and 8.01, respectively) but Ketanserin Risperidone

were less active than the reference antagonist ketansern=(pA
H
oy Q)
“ Np OMe
N_B 07 NEH
Q—N \/Ajro

CH

N-o

9.55). Compound9 displayed moderatesFantihistaminic activ-
ity in the guinea-pig ileum assay (pA 7.37).
3)2
HOOC

Introduction

\

CH, 0

There is an ever growing awareness of the role of serotol
(5-hydroxytryptamine, 5-HT) in the regulation of severa Clozapine Sarpogrelate LE 300
physiological functions including affective behaviour, mem
ory, and thermoregulati®id. These diverse biological activi-
ties are mediated by a number of serotonin receptor subtyp&sart 1. Structures of LE 308 and therapeutically relevant 5-biFrecep-
Disregulation of the serotonergic system would provoke the antagonists.
pathogenesis of many disease sﬁ%]te%mong the family of
5-HT-receptor subtypes, the 5-bil receptor has received
particular attention because of its thorough characterizationye have recently reported on some novel heterocycles
in the human body with respect to distribution and functioyhich potently interact with dopamine and 5-HT receptors.
Extensive stimulation of 5-Hl receptors would result in These compounds represent hybrid molecules of tryptamine
psychiatric symptoms, vasoconstriction, and platelet aggrgnd phenethylamine, linked through the moderately rigid
gation, respectively. Therefore, selective 5 Teceptor azecine ring systefil. In radioligand binding studies the
antagonists have received particular therapeutic interest fgpst prominent member of this series, compound LE 300
the trge]atment of mental illiness and cardiovascular complicgepart 1) displays subnanomolar affinity for the rat striatal
tiond3l. In some countries, the mixed 5-pi¥as-receptor D1 receptor and a well-balanced binding profile atand

5-HT,a receptors, respectively. Looking for derivatives of
Correspondence:Prof. Jochen Lehmann, Institute of Pharmacy, Universit)lrE 300 and related compounds with enhanced selectivity for

of Bonn, An der Immenburg 4, D-53121 Bonn, Germany. the 5-HTa receptor, we decided to replace the benzene or
E-mail: j.lehmann@uni-bonn.de indole ring in LE 300 by introduction of a pyrrole or pyrazole
Fax: +49 228 734692 nucleus instead. In a first approach the biological activity of
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the new compoundg2, 14, 17, 19 and the lead LE 300 was

characterized in functional in vitro assays on rat tail artery __ NO, NH,
(5-HT2a receptors) and guinea-pig ileum j(Heceptors), _
respectively. These receptors were selected for a preliminary /' \ LiAlH, N
functional characterization because ketanserin, the reference °N \|
5-HToa-receptor antagonist, displays nanomolar affinity for F'Jh 1 Ph 2
these two sitd¥). The interaction of2, 14, 17, 19and related
compounds, which are beyond the scope of this report, with
dopamine receptor subtypes will be published elsewhere.
* @I/\QO - 110°C
Results and Discussion 3 "o
Chemistry
OH
The syntheses of intermediates and target compounds were
performed by the reactions illustrated in Schemes 1-3. Com- \ H\/\@szh
pound4 was prepared in a moderate yield by condensing N =N
the pyrazolylethylamine with lactone3”! in toluene H o

(Scheme 1). The required amiBein turn, was prepared by
condensing 1-phenylH-pyrazole-4-carbaldehyée with
nitromethane in the presence of piperidinium acetate as cata-

lyst, followed by the reduction of the resulting nitro-

ethenylpyrazold with lithium aluminium hydride. Trials to
convert compound!} to the polycyclic derivatives using
phosphorus oxychloride, followed by reduction with sodium
borohydride, were unsuccessful. However, synthesis of the
isosteric indolopyrroloquinolizind2 was achieved by two
different pathways (Scheme 2). The first pathway involved
the condensation of the 1-methylpyrrol-2-ylethylamie
with the lactone3 followed by cyclization of the forme#@l
with phosphorus oxychloride accordingBaschler-Napier-

Br
b HBI/EtOH
[ cHo —= @\/\Noz—’Q\/\NHZ \ 0 —— @_\/(\\‘;Et
N N

4

1. POCI,
2. NaBH,

Scheme 1Unsuccessful attempt to synthesize compdund

H
CH; g CH, 7 CH, g 3
8,190°C
a: CH,NO, K,CO/KI
b: LiAIH, 8
OH
H
{ X 1. POCI, LN 1. POCI, ¢
2. NaBH, 2. NaBH,
N —_— N B N
H O H — H o
9 T 12 -
N~ \_N.
NNen CH 11 NNen

Navliq.NH,
—_—

Scheme .2Synthesis of quinolizing2 and azeciné4.
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Lo OH In Vitro Pharmacology
~ ©, H
©:PO +8 — N Previous radioligand binding experiments have shown that
I S LE 300 (K = 7.79°)) is about 6- up to 51-fold less potent
A than the reference 5-HA-receptor antagonist ketanserin
15 16 \ | (pKi = 9.4117], 8.4818], 8.9319] 8.802%]). The antagonist
"CH, potency ratio of 1:17 determined in our functional rat tail

artery assay perfectly matches with this range although the
1. POCI, absolute affinity tends to be moderately higherjsA8.32
l versus9.55, see Table 1). Such a discrepancy between bind-
ing experiment and functional assay may result from different
experimental conditions and is frequently observed. Replac-
ing one of the two aromatic portions of LE 300 b\Na

N methylpyrrole nucleus leads to a slightly less potent congener
(19) and the micromolar antagoni$t. Obviously theN-
X methylpyrrole moiety is a bioisosteric replacement for the
17 \ N, indole nucleus but not for the benzene ring of LE 300. The
CH, interaction between the potent 5-)AFreceptor antagonists

ketanserin, LE 300, ari® and the reference agonist 5-HT is
of competitive nature as indicated by the linear Schild plot
regression lines with slope unity (Figure 1, data for ketanserin
not shown). Both rigid quinolizinesjiz. 12 and 17, are
comparably weak antagonists. However, it is striking 1Bat
~CH, is a somewhat more potent than the reldtédvhile 17 is
3000-fold less active thah9 (Table 1). LE 300 displays
approximately the same potency as sarpogl[éllaiees.

1 X
19 N\CH Table 1. Affinity of 12, 14,17, 19, and reference antagonists for the 52T
3 receptor in the rat tail artery assay.
Scheme 3Synthesis of quinolizingé7 and azecin&9.
Compd. N2 pAz2 + SEM Brax(5-HT)® ¢ (um)©
. . .. . . . . 0,
alski reaction conditiod® 11, andin situ reduction of the + SEM(%)

resulting quinolizinium intermediate using sodium borohy-=
dride. The second pathway involved the conversioB tof 12 6 6.74+ 0.06 93+ 2 1
the corresponding bromo estd@using dry hydrogen bro- 14

. . : 6.13+ 0.05 72+ 3 10
mide and the appropriate dry alcohol at 2bCondensmg
10 with the amine8 in the presence of potassium carbonaté’ 4  449£010  70x4 100
and traces of potassium iodide under nitréted to the 19 20 801003 8898 0.01-1
Iactam_l_l. Conversion of the latter intil? was performe_d by k300 22 8.32+ 0.02 8998 0.01-1
a modified procedure of Lehmann etl!l. It comprised _
Ketanserifi 36 9.55+ 0.02 8891 0.00047-0.047

cyclization of the lactarh1l with phosphorus oxychloride in
toluene followed by reduction of the resulting quinoliziniunBarpogrelate 16 8.46+ 0.04 8595 0.01-1
salt with sodium borohydrida situ. The purity of the product
was much better than that Obtame_'d from the first pathw%fﬂumber of single value§ Relative maximum effect of 5-HT in the pres-
However, both pathways resulted in poor yields. It is worthhce of antagonist. A range is given for compounds tested at different
mentioning that compoundl could not be obtained by concentrationsS Concentration(s) of antagoni€iSee Figure 1°Data from
heating3 and8, as previously described for analogous conPertz and EE!. Schild plot slope was not significantly different from unity.
pound&l. Conversion ofl2 into the target indolopyrrolo-

azecinel4 was effected by initial quaternization with methyl In contrast to sarpogrelate, ketanserin is endowed with
iodide followed by reductive cleavage of the resulfiBgvith  potent H-antihistaminic activity which is comparable with
sodium in liquid ammonia accordingBirch reduction con- the potency of mepyramine (pyrilamine), a competitive ref-
ditiond®]. Furthermore, synthesis of the benzene analoguesence H-receptor antagonist (Table 2). Compounds en-
namely benzopyrroloquinolizind7 and benzopyrrolo- dowed with prominent 5-Hja-receptor antagonism (LE 300
azecinel9was carried out as outlined in Scheme 3. Thus, tlaend 19, respectively) also display;Heceptor-blocking po-
amine8 was allowed to react with isochromanbBfie15 to tency in the range of 50 nM whereb 14, and17 possess
yield the intermediate amides. Sequential cyclization d6  low affinity for this site.

with phosphorus oxychloride, followed by reduction with It is concluded that a certain degree of flexibility between
sodium borohydride, quaternization with methyl iodide anthe two aromatic moieties of the molecules presented in this
reductive cleavage with sodium in liquid ammonia yieldeg@reliminary study is beneficial for interaction with both the
the desired compouri®. 5-HT»a and the histamine Hreceptor. This trend has also
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Table 2. Affinity of 12, 14, 17, 19, and reference antagonists for the H
receptor in the guinea-pig ileum assay.

o\° 100—.
Compd. N2 pA2 = SEM BnaHist)> ¢ (uMm)© S w0
+ SEM(%) 2 ] 2
o 601 1‘
12 4 531009  94+2 10 B 4 ! ;c;:
14 5 5.46+ 0.16 94+ 2 10 ‘E‘ 1 0 2
e} i
17 8 549004 ¢ 10and100 S %07 AABARAD
19 9 7.32+ 0.04 91102 0.1-10 0 ~log; o c(LE 300)
r T T T T T T T T T T T 1
LE 30¢° 25 7.24+0.02 97103 0.1-10 s 7 6 5 a4 3 2
Ketanserifi® 23 8.85+ 0.08 97101 0.01-1
Sarpogrelafe® 14 5.47+ 0.06 90102 10-100 .
Mepyraminé? 29 9.07+ 0.04 95101 0.0003-0.1 o 100 ~
S |
a . . . . S 80
Number of single valued.Relative maximum effect of histamine in the 3‘1:-’ | 2
presence of antagonist. A range is given for compounds tested at differ: $ 60 - T‘
concentrations.Concentration(s) of antagonigtl.OGi 5% (10pM) and 69 % 1 1 %
+2% (10QuM) (N = 4 each)®Schild plot slope was not significantly different c 40 S
from unity.f Schild plot slope was significantly smaller than unity (Gt82 g 20 _ ¥ ————— Lo 2
0.03,P < 0.001)9 Data from Pertz and Ef2. o | IPARRRAREDY
o0 J -logqg c(19
been observed in a previous study of LE 300 and son ——T—T———
analogues vis-a-vis the dopamine receptor sublp&aip- 8 7 6 5 4 3 2
ported by the finding that the-methylpyrrolo analogu&9 -logy g c(5-HT)

displays 5-Hpa-receptor affinity comparable with that of LE

300, it is expected that structurally optimized analogues Biyure 1. Competitive antagonism of 5-HT-induced contractions in rat tail
LE 300 may possess either enhanced 5A4Eceptor activ- artery by LE 300 and9. Only the meas: SEMof second curves is shown.
ity or, with regard to 5-H7 receptors or dopamine receptorUpper panel:Concentration-effect curve for 5-HT in the absenceN = 7)

Subtypes' a more clear Se'ectivity prof”e_ and presence of LE 300 at 10 nM,(N =5),30nMQ{, N : 5), 100 nM 7,
N = 5), and 1000 nML{, N = 7). Schild plot for LE 300 (inset): pA= 8.32
+ 0.02 (95% confidence limits 8.27-8.37), slope not significantly different
Acknowledgements from unity (1.04: 0.03,P> 0.05 N = 22).Lower panelConcentration-effect
. curve for 5-HT in the absence (N = 6) and presence @ at 10 nM (I,
This work was supported by the government of the A.R. Egypt by esth—= 6), 100 M {J, N = 6), and 1000 nM{, N = 8). Schild plot fot.9 (inset):
e

lishing a channel system for Sh. A. F. Rostom and by the Fonds _ o ) . ! .
Chemischen Industrie, Frankfurt/Main, Germany (S. E.). The authors ééfz:e?\tof]rirgSilt(jif)og’rglggrlfi I(l)mslgs’\71352(;3)07) slope not significantly

indebted to Walter Schunack, Berlin, for financial and technical support.

Experimental ether (bp 40-60 °C), and dried. It crystallized from ethanol as bright yellow
needles, mp 138140 °C; yield 14.0 g (93%).\Rcni ) 1598 (C-NQ),
Chemistry 1530 (C=C).’H NMR ([Dg]DMSO): & (ppm) 9.11 (d,J = 15 Hz, 1H,

) i o o =CH-NQy), 8.35 (d,J = 15 Hz, 1H, pyrazole-CH=), 8.06 (s, 1H-H), 7.88
Melting points were determined in open glass capillaries on a Gallenkar(}p 1H, G-H), 7.77-7.38 (m, 5H, Ar-H). Anal. @HoNz0y) C, H, N.
melting point apparatus and are uncorrected. The infrared (IR) spectra were

determined on a Perkin-Elmer FTIR “Paragor 1000” spectrophotometer

using the KBr disc technique unless otherwise indicated. “Fh&IMR 2-(1-Phenyl-1H-pyrazol-4-yl)-ethylaming)(

spectra were recorded, unless otherwise stated, on a Bruker WH 90 (90 MHz) . . . .
spectrometer using tetramethylsilane as the internal standard with couminblnder §tr_|ctly anhydrous conditions, a solut|on1c(_110.8 g, 50 mmol) in
constants] in Hz. Mass spectra were recorded on an A.E.l. 50 mass spd@shly distilled THF (50 mL) was added dropwise to a cooled, stirred
trometer. The elemental analyses were performed at the Microanalyti€4SPension of lithium aluminium hydride (9.5 g, 250 mmol) in freshly
Unit, Institut of Pharmacy, University of Bonn, Germany, and are withigistilled THF (100 mL) over a period of 45 min. Subsequently, the reaction

+0.4% of the theoretical values, unless otherwise indicated. Follow up of tt ture vt\{as reflutxed with sdt?:’ritn%for.térlf r;.hAfte:[ggillirI]_g in zén ice-salt It.)tﬁt.h’
reactions and checking the homogeneity of the compounds were made reaction mixture was diuted with € er.( mL) and excess lithium
minium hydride was deactivated by addition of methanol (20 mL) and

TLC on silica gel-coated aluminium sheets (Type 60 F254, Merck) and A

spots were detected by exposure to a UV-lamp at 254 nm for few second@dium hydroxide solutionw( = 20%, 30 mL). The organic layer was
separated and the granular precipitate was extracted thoroughly with ether (4

. x 150 mL). The combined organic extracts were washed with water, dried

4-(2-Nitroethenyl)-1-phenyl-1H-pyrazol#)( over anhydrous MgS{and filtered. Evaporation of the ether under reduced
To a stirred solution of 1-phenyMHtpyrazole-4-carboxaldehytfe — pressure afforded a deep yellow oil, yield 7.1 g (76%). It was used directly

(12.1 g, 70 mmol) in absolute ethanol (100 mL) was added nitromethaifiethe following reaction without further purification. IR (NaOIr)(cm’l)

(4.3 g, 70 mmol), glacial acetic acid (3 mL) and piperidine (3 mL), respe8300-2900 (NH and CH)lH NMR (CDCB): 6 (ppm) 7.77-7.23 (m, 7H,

tively. The reaction mixture was allowed to stand overnight at room tempei@s-H, Cs-H, and Ar-H) 2.88 (tJ = 7 Hz, 2H, ®12>-NH2), 2.73 (tJ = 7 Hz,

ture and the precipitated yellow product was filtered, washed with petroleu2hl, pyrazole-CH) and 1.35 (s, 2H, N§).

Arch. Pharm. Pharm. Med. Chem. 334, 241-247 (2001)
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3-(2-Hydroxy-ethyl)-1H-indole-2-carboxylic Acid [2-(1-Phenyl-1H-pyraz-2-[2-(1-Methyl-1H-pyrrol-2-yl)-ethyl]-2,3,4,9-tetrahydro-pyrido[3,4-b]-
ol-4-yl)-ethyl]-amide 4) indol-1-one (1)

Compound3 (3.7 g, 20 mmol) and the ami2e(5.6 g, 30 mmol) were Under nitrogen atmosphere, a mixturel6f(5.9 g, 20 mmol), the amine
refluxed in toluene (50 mL) for 48 h. After cooling to room temperatureg (3.7 g, 30 mmol), anhydrous potassium carbonate (4.1 g, 30 mmol) and few
ethanol (40 mL) was added and the precipitated product was filtered, wasleegstals of potassium iodide was refluxed in absolute ethanol (120 mL) for
with cold ethanol and dried. It was crystallized from ethanol as colourleg? h. After removing the solvent to dryness under reduced pressure, the
microcrystals, mp 232-234 °C; yield 3.4 g (55%). ‘an1) 3237-2910 residue was treated with excess water and extracted several times with
(NH and OH), 1600 (C=0, amide | band), a band split at 1560 and 14ngethylene chloride. The organic extract was washed twice with a saturated
(amide Il band, C=N, and aromatic¥i NMR (CDCk): & (ppm) 11.27 (s, Solution of sodium chloride, then with water, dried over anhydrous magne-
1H, indole-NH), 8.85 (s, 1H, amide-NH), 8.6 (s, 1H, pyrazaje=; 8.38  sium sulphate and filtered. Rotary evaporation of the methylene chloride
(s, 1H, pyrazole-gH), 7.8-7.0 (m, 9H, Ar-H), 5.38 (s, 1H, OH), 3.6Jt  afforded a light brown semisolid residue which was crystallized from tolu-
5.3 Hz, 2H, Gl2-OH), 3.3 (tJ = 7 Hz, 2H, Gl>-NH), 3.08 (tJ=5.3 Hz, ene/petroleum ether (3:1) as creamy white crystals, slightly hygroscopic, mp
2H, indole-CH), and 2.8 (t,J = 7 Hz, 2H, pyrazole-C¥. Anal.  196-198 °C; yield 1.6 g (27%). IR:(cm‘l) 3250 (NH), 1630 (C=0 amide
(C22H22N402) C, H, N. | band), a band split at 1600 and 1530 (amide Il band and aromi‘alt-lcs).

NMR (CDCB): 6 (ppm) 9.11 (s, 1H, indole-NH), 7.6-7.07 (m, 4H, Ar-H),

6.5 (d,J = 3.5 Hz, 1H, at pyrrole4H), 6.15-5.65 (m, 2H, pyrrolesH,
1-Methyl-2-(2-nitroethenyl)-1H-pyrrolery -C4-H), 3.54 and 3.38 (two § = 7 Hz, 4H, CH-N-CHy), 3.4 (s, 3H, Ch),

3.07 (t,J = 7 Hz, 2H, indole-Ch), and 2.8 (tJ = 7 Hz, 2H, pyrrole -CH).

A mixture of6 (10.9 g, 100 mmol), ammonium acetate (4 g, 52 mmol) andnal. (C1sH19N30 x 1/3 BO) C, H, N.
nitromethane (25 mL) was heated under reflux for 30 min and then cooled
to room temperature. Excess nitromethane was removed under redugeflethyl-4,5,6,7,12,12b-hexahydro-3H-indolo[2,3-a]pyrrolo[2,3-h]quin-
pressure. The remaining solid residue was crystallized from ethanol, affogg;ine (12)
ing shiny yellow needles, mp 104-106 °C; yield 9.2 g (61%).\)IR:ml) B
1614 (C-NQ), 1560 (C=C).1H NMR (CDCh): 5 (ppm) 8.1 (dJ = 15 Hz, Method A:.Under anhydrous conditions, the ame.s g, 11 mmol) was
1H, =CH-NQ), 7.5 (d,J = 15 Hz, 1H, pyrrole-CH=), 6.9 (d,= 3.5 Hz, 1H, heated under reflux with phosphorus oxychloride (10 mL) for 3 h. After
Cs-H), 6.77 (d,J = 3.5 Hz, 1H, G-H), 6.26 (t,J = 3.5 Hz, 1H, G-H), and cooling to room temperature, excess ether was added, and a dark brown oily
3.77 (s, 3H, CH). Anal. (GHgN202) C, H, N. residue was separated. The organic layer was decanted, the residue was

treated with ether (850 mL) and excess ether was evaporated under reduced

pressure. The remaining residue was dissolved in methanol (100 mL) and
2-(1-Methyl-1H-pyrrol-2-yl)-ethylamines) then treated with sodium borohydride (8.0 g) portionwise over a period of 30

min while cooling to 0 °C. Stirring was kept for 18 h at room temperature,

Under strictly anhydrous conditions, a solutior7d®.1 g, 60 mmol) in  then methanol was evaporated to dryness under reduced pressure. The
freshly distilled THF (50 mL) was added dropwise to a cooled stirreffmaining light yellow residue was treated with excess water (150 mL) and
suspension of lithium aluminium hydride (11.4 g, 300 mmol) in fresmyxtracted thoroughly with (_ether. Thg ethereal pxtract Was.washed twice with
distilled THF (100 mL) over a period of 45 min. Working up as describe@ satura?ed solution ofsqdlum chloride then with water, dried over anhydrous
for compoun afforded a deep yellow oil (gﬁ] 66-68 °C/1.4 Torr), yield magnesium sulph_ate‘, filtered, and_ evaporated to dryness under reduced
5.8 g (78%). It was used directly in the next reaction step without furthBfessure. Crystallization of the residue from ethanol/petroleum ether (4:1)
purification. IR (NaCl):v (cnt) 3290-2890 (NH and CHJ*H NMR afforded dee.zp yellow mlcrocrystals,‘mp 202-204 °C; yield 1.0 g (33%).
(CDCl):5 (ppm) 6.6 (d) = 3.5 Hz, 1H, €-H), 6.0-5.8 (m, 2H, GH, Cs-H), Method B:Under anhydrous conditions, the lactain(2.9 g, 10 mmol)

o ) _ was refluxed with phosphorus oxychloride (10 mL) in toluene (60 mL) for 5
SCSH(ZS);% ?3)7 %sg g_‘: _N;HZ’ 2H, GizNH2), 2.65 (1J=7Hz, 2H, pyrrole h. The reaction mixture was worked up as described under method A; yield

0.6 g (20%). IRv (cnT) 3390 (NH), 1560 (aromaticsH NMR (CDCk): 3
(ppm) 7.98 (s, 1H, indole-NH), 7.5-7.0 (m, 4H, Ar-H), 6.57)4,3.5 Hz,
1H, G-H), 6.2 (d,J = 3.5 Hz, 1H, @H), 5.13 (s, 1H, &H), 3.46 (s, 3H,
CHa), and 3.7-2.6 (m, 8H, overlapped signals of twoClitl, moieties).
Anal. (Gig8H19N3 x C2Hs0H) C, H, N.

3-(2-Hydroxyethyl)-1H-indole-2-carboxylic Acid [2-(1-Methyl-1H-pyrrol-
2-yl)-ethyl]-amide 9)

Pyranoindolem (3.7 g, 20 mmol) and the amife&vere refluxed in toluene
(50 mL) for 48 h. Working up as described for compodigave rise t®. It  3,5a-Dimethyl-4,5,6,7,12,12b-hexahydro-3H-indolo[2,3-a]pyrrolo[2,3-h]
was crystallized from ethanol as white microcrystals, mp 232—234 °C; yiefttinolizinium lodide 13)

3.4 g (55%). IRv (cmi ') 3448 (NH and OH), 1665 (C{;g’ amide | band), -y ger anhydrous conditions, methyl iodide (7.1 g, 50 mmol) was added to
band splitat 1600 and 15_30 (amide I band and aromattBMR ((_:DCIG)' a stirred solution of2 (2.7 g, 10 mmol) in dry acetone (30 mL). Stirring was

3 (ppm) 11.23 (s, 1H, indole-NH), 8.77 @,= 7 Hz, 1H, amide-NH), maintained at room temperature for 18 h and the precipitated deep yellow
7.62-6.92 (m, 4H, Ar-H), 6.6 (d,= 3.5 Hz, 1H, pyrrole-€H), 6.1-5.84  ¢4jiq was separated by centrifugation. It was used directly in the next reaction
(m, 2H, pyrrole-G-H, -C4-H), 5.3 (s, 1H, OH), 3.62 ( = 5.3 Hz, 2H,  \ithout further purification.

CH2-OH), 3.5 (s, 3H, CH), 3.38 (tJ = 7 Hz, 2H, Gi>-NH), 3.07 (t,J = 5.3

Hz, 2H, indole-CH), and 2.8 (t,J = 7 Hz, 2H, pyrrole-CH). Anal. . .
(C18H21N302) C, H, N. 3,6-Dimethyl-3,4,5,6,7,8,13,14-octahydro-indolo[3,2-d]pyrrolo[3,2-g]-

azecine 14)

To a suspension of the quaternary ammonium compa@rid absolute
3-(2-Bromo-ethyl)-1H-indole-2-carboxylic Acid Ethyl Esiér ethanol (5 mL) in a three-necked flask immersed in a liquefied nitrogen bath
ammonia was condensed (100 mL). To the mixture (maintained at —40 °C
A stirred solution of compoun8 (11.2 g, 60 mmol) in absolute ethanol with methanol-dry ice) sodium (1 g, 4.35 mmol) was added and the resulting
(150 mL) was saturated with dry hydrogen bromide gas at 0 °C. Cooling aggrk blue solution was stirred for 45 min. The blue colour was quenched by
stirring were maintained for 18 h. The precipitated product was filtereqdding few crystals of ammonium chloride. Ammonia was allowed to
washed several times with cold ethanol and CryStallized twice from ethan@‘/aporate and the remaining residue was treated with water (20 mL) and
Creamy white shiny needles, mp 153-155 °C; yield 13 g (73%).(®T)  extracted thoroughly with methylene chloride. The organic layer was washed
3400 (NH), 1705 (C=0 ester), 1275 (C-O-él)l. NMR (CDCh): & (ppm)  twice each with 10 mL of sodium hydroxide solutian<5%) and then with
9.0 (s, 1H, NH), 7.77-7.08 (m, 4H, Ar-H), 4.42 @&,= 5.3 Hz, 2H, water, dried over anhydrous magnesium sulphate, filtered and evaporated to
COO-Chp), 3.77-3.42 (m, 4H, CHCHy), and 1.46 (tJ = 5.3 Hz, 3H, dryness under reduced pressure. The resulting dark orange oil (300 mg) was
COO-CH-CH3). Anal. (Gi3H14BrNO2) C, H, N. purified by column chromatography on alumina (Fluka, type 507C neutral),
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using ethyl acetate:methanol (8:2) as the eluent, yielding 130 mg of pure lightVitro Pharmacology

orange oily product. IR (NaCly. (cml) a band split at 3400 and 2925 (NH,

CH), 1460 (aromatics}H NMR (Bruker AC 200 (200 MHz)) (CD@): &  Rat Tail Artery (Ring Segments): 5-kkTReceptors

(Ppm) 7.9 (s, 1H, NH), 7.5-7.0 (m, 4H, Ar-H), 6.53¢; 3.5 Hz, 1H, G-H), In brief, cylindrical segments of 3—-4 mm length were mounted isometri-
6.0 (d,J = 3.5 Hz, 1H, GH), 4_-1 (s, 2H, GH), 3'46 (fS, 3H, 3-Cb), cally (initial tension 5 mN) by means of two stainless L-shaped steel hooks
2.75-2.25 (m, 8H, overlapped signals of twoXIFH; moieties), and 2.2 (S, (giameter 0.15 mm) in a modified Krebs-Henseleit solution (37 °C) of
3H, 6-CHy). MS:m/z(%) 293 (18.5) ([M]), 279 (13.5), 235 (10), 167 (37.1), composition (mM): NaCl 118.1, KCI 4.7, Cacl.5, MgSQ 1.2, KFPO:

149 (100), 107 (52.8), 71 (20), 57 (30). Anahd@aN3) C, H, N. 1.2, NaHCQ 25.0, and D-glucose 10.0. The solution was aerated with 95%
O2/5% CQ and contained prazosin (30 nM) to blackadrenoceptors, and
cocaine (uM) to block neuronal uptake of amines. During an equilibration
period of 120 min the preparations were primed once (after 60 min) with

A mixture of isochromanon&s (3.7 g, 25 mmol) and the amiBg3.7 g, 5-HT (1 and 1quM) to monitor tissue viability. Two cumulative concentra-
30 mmol), in toluene (30 mL) was heated under reflux for 48 h. After coolingPn-effect curves for 5-HT (0.01-30M for the first curve) were determined
to room temperature, all the toluene was evaporated under reduced prestuffe absence and presence of potential antagonists which were usually
and the remaining dark sticky mass was triturated with ethanol (5 mL) aitpubated for 30 min or 120 min (LE 3Qm9, ketanserin at 0.47 and 1 nM,
allowed to stay 2 d in the refrigerator. The formed crystals were filterefgSpectively). Control experiments in the absence of antagonist revealed that
washed with cold ethanol and finally crystallized twice from ethanol afr the 30-min protocol, two successive concentration-effect curves for 5-HT
creamy white needles, mp 106-108 °C; yield 2.4 g (35%)vI@niY) a  Were superimposable (data not shown). When the 120-min protocol was
band splitat 3229, 3100, and 2852 (NH, OH, CH), 1618 (C=0, amide | ban@pPlied. a leftward shift of the control curves of approximately 0.1-0.3
a band split at 1565 and 1443 NMR (CDC):  (ppm) 7.5-7.0 (m, 4H, logarithmic units was usually_observed. The daily mean sensitization was
Ar-H), 6.84 (s, 1H, amide-NH), 6.5 (d, = 3.5 Hz, 1H, pyrrole-6H), used to correct the dextral shift measured for treated organs.
6.15-5.84 (m, 2H, pyrroleseH, -Ca-H), 4.27 (s, 1H, OH), 3.8 (1,= 5.3 Hz,
2H, CH2-OH), 3.7 (t,J = 5.3 Hz, 2H, phenyl-Ch), 3.55 (s, 3H, Ch), and ~ Guinea-Pig lleum (Whole Segments): Rieceptors

3.07-2.7 (m, 4H, (B2)-NH). Anal. (GieH20N202) C, H, N. Whole segments of ileum, 1.5-2.0 cm in length, were mounted isotonically
(preload 0.5 g) in Tyrode solution (37 °C) of composition (mM): NaCl 136.9,
o KCl2.7,CaC} 1.8, MgCh 1.0, NalPQs 0.4, NaHC@11.9, and D-glucose
3-Methyl-3,4,5,6,7,11b-hexahydro-benzo[a]pyrrolo[2,3-h]quinolizib (5 1. The solution was aerated with 95%/G% CQ and contained atropine

Under anhydrous conditions, the amitie (3 g, 11 mmol) was heated (O'lu.M) o block ileal My rgceptors. Dgring an eq_uilibrgtion period of
under reflux with phosphorus oxychloride (10 mL) for 3 h. Work up a§0 min the organs were pnme_d three t|mes_ with histamine (1 a".‘"”m.
described for compount except that the remaining dark brown oil wasevery time). Up to fqurcumulatlve concentr.atlor!-eﬁect curves for histamine
purified by column chromatography on alumina (Fluka, type 507C neutre{@-01_3OHM forthefl(st curvg) were dgtermlned inthe ab;ence and presence
using ethyl acetate:methanol (8:2) as the eluent to give the title compouRfiPOtential antagonists which were incubated for 10 min. Control experi-

yield 0.75 g (29%). IR (NaCly (cm) 16201580 (aromaticsjH NMR ments in the absence of antagonist revealed that four successive concentra-
(CDCI3.)' 5 (ppm) 7 '5_7 0 (m, 4H, Ar-H), 6.5 (d= 3.5 Hz, 1H, G-H), 6.0 tion-effect curves for histamine were superimposable (data not shown).

(d, J = 3.5 Hz, 1H, @H), 5.07 (s, 1H, @H), 3.46 (s, 3H, Ch), and .

2.75-2.25 (m, 8H, overlapped signals of two,@FH, moieties). MSnyz ~ Pharmacological Parameters

(%) 238 (100) (IM]), 223 (10), 167 (10), 149 (20), 107 (50), 72 (44), 58 (67). Results are expressed as meastandard errorSEM or SE unless

The_z oily compound contains some amounts of_solvents and does not giV&ﬁerwise indicated. Antagonist affinity was calculated as apparentyife

satisfactory elemental analysis. See next reaction step. according to equation (1) when only one or two antagonist concentrations
were usef?. ([c] = mollL, r is the ratio of agonist concentrations in the

. . presence and absence of antagonist, that elicit 50% of the respective maxi-
3,5a-Dimethyl-3,4,5,6,7,11b-hexahydrobenzo[a]pyrrolo[2,3-h]quinol- mum effect).

izinium lodide 18)

2-(2-Hydroxy-ethyl)-N-[2-(1-methyl-1H-pyrrol-2-yl)-ethyl]-benzamidé)(

Ao = —| t ist) +1 -1 1
Under anhydrous conditions, methyl iodide (1.7 g, 12 mmol) was added top 2 Ogu c(antagonist) + log (r - 1) @

a stirred solution of7 (1 g, 4 mmol) in dry acetone (30 mL). Stirring was Full pA2 values were calculated according to the method of $chitehen
maintained at room temperature for 18 h and the precipitated light yelloa\/v

product was filtered, washed with cold acetone and dried. It was crystalliz\%(iet of different antagonist concentrations over at least 1.5 logarithmic units
from ethanol as light yellow microcrystals, mp 237-239 °C; yield 0.55 s studied. Single organ preparations were from at least ya(fthree

-HT2a) animals.
(35%). IR:v (cml) a band split at 3436 and 2917 (N-C, C-Il-H. NMR )
(CDCl): 3 (ppm) 7.42—7.15 (m, 4H, Ar-H), 6.53 @@= 3.5 Hz, 1H, G-H),
5.75 (dJ = 3.5 Hz, 1H, GH), 5.65 (s, 1H, @1r-H), 3.6 (s, 3H, 3-Ch), 3.5 References
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