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Abstract — The first synthesis of an indolo[4,3-¢ ]-orphan Sys-
tem has been achieved through a route involving t%e acid-cata-
lyzed cyclizatioa of a 3-(tetrahydro-2-pyridyl)indoline. A pro-
cedure for the reduction of 3-(tetrahydropyridyl)indoles to the
corresponding indolines, consisting in the formation of the
tetrahydropyridine-borane complex followed by treatment with
ethanolic hydrochioric acid, is established.

The known pharmacological properties of benzorlorphans3 and ergoline related com-

pounds.‘ which are modified structures of morphine and ergot alkalofds, respective-
ly, have stimulated much synthetic activity in these areas. However there are no
works about the synthesis of analogues simultaneously related to both structural
types.

We now report the synthesis of tetracyclic base 1 which constitutes a new type
of benzomorphan, having an additional pyrrole ring, and also a modiffed structural
type of ergoline derivative 1n which the quinoline ring is replaced by & bridged
morphan nucleus.

o T B

6.7-BENZOMORPHAN ERGOLINE 1
Schene 1

The strategy employed in the synthesis of indolo[4,3-§g]morphan 1 implies the
formation of the carbocyclic ring C ifn the key step by electrophilic cyclization on
the indole 4-position of an appropriate N-protected 3-(tetrahydro-2-pyridyl)indo-
line. This protocol was proposed taking into account the previous work on the syn-
thesis of ergoline derivatives, although in these syntheses the closure of ring C
ifs normally done before the elaboration of piperidine rlng.s'7 Accordingly, the
requisite indoltne would be prepared by condensation of a sujtable 2-cyanotetra-
hydropyrtdine 2 with indolyl-iithium, followed by reduction of the 1ndole nucleus
and further acylation. After friedel-Crafts cyclization, the deprotection and aro-
matization of the indoline ring should give rise the target molecule 1.
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Scheme 2. (1) Na&M‘(THF). 8F3-ELZO; then 6N HCI-EtOH; (1t) ACZO; (1i1t) A18r3. CSZ;
(1v) 6N HCl; (v) Mn0,, CHC13.

RESULTS AND DISCUSSION

Reduction 0§ 3-(lefrahydropyridyl)indoles Lo indolines

According to our synthetic plan, cyclization upon the indole 4-position required
the previous chemoselective reduction of the indole nucleus to indoline, without
affecting the tetrahydropyridine double bond. The reducttion of indoles to Indolines
nas been widely studied during the last years.8 especially in the case of indoles
containing a basic nitrogen in a side chain, which has received particular attentlon.9
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The required 3-(tetrahydro-2-pyridyl)indole 3 was prepared as previously repor-
ted.10 by condensation of 2-cyanotetrahydropyridine 2 with the {ndole Grignard
reagent. A mixture (3:1 ratio) of the expected condensation product 3 (A‘ isomer)
and the 1someric 3-(1,2,5,6-tetrahydro-2-pyridyl)indole 4 (A3 1somer) was ob-
talned.‘1 Hogever, it Is worth mentioning that this A3 fsomer is synthetically
equivalent to the A‘ {somer because it can &lso be further eladborated to the tetra-
cyclic base (see'later). Alternatively, the indole compound 3 was obtained as a
sole product (60% yield) by reactlion of the same 2-cyanotétrahydropyrldine 2 with
lndolyl-lxthiurn.12

Our first attempts on the reduction of 3-(tetrahydropyridyl) fndoie 3, using
pyridnne-borane9d or sodium cyanoborohydrlde9c {n TFA, or sodium borohydride in HCI,
gave scarcely satisfactory results since the expected indoline 5" was never formed
in yield higher than 35%, the starting indole 3 being recovered in all cases in a
variable percentage depending on the reactions conditions.15

These results can be explained in the light of the mechanism proposed for the
r-eductloned and by considering that, under the acidic reactifon conditions, the amine
nitrogen atom is protonated. Consequently, further protonation at the indole 3-po-
sition to give a 3¥-indolenium cation is dlsfavoured.gd and reduction to indoline
by inteaxmolecular hydride attack competes with destruction of the reducing agent by
the acld.9

In a previous work we had observed the formation of an i1ndoline derivative during
the acid hydrolysis of the pyridine-borane complex derived from a 2-{(2-pyridyl-
methyl)indole.16 The reduction presumably takes place since the preformed pyridine-
borane adduct delivers hydride i{ntramolecularly to the 3¥-indolentum salt formed by
protonation of 1ndole. Subsequently, the acid would hydrolyze the amine-borane com-
plex. This observation prompted us to effect a similar reduction from 3-(tetrahydro-
pyridyl)indole 3.17 In order to avoid hydroboration of the tetrahydropyridine car-
bon-carbon double bond, the amine-borane complex was preformed by treating 3 with
diborane generated lnternally18 from sodium borohydride and one equivalent of boron-
trifluoride etnerate.gh Further treatment with ethanolic hydrochloric aci1d afforded
in excellent yield (87%) the indolines 5 as an epimeric mixture that could not be
separated.

CHj3
N
NeBH, nt IN )
BFy-E1,0 ~ 84,CHy 5
+'\) H/
H
Scheme 3

The stereochemical result of the process, which is governed by the protonation
of the i1ndole nucleus, was 1nvestigated from the N-acetyl indolines 6. These in-
dolines were obtained by reaction of 5§ with acetic anhydride and separated by col-
umn chromatography. However, separation of the two diastereomers 1s not necessary
from a synthetic standpoint sTnce their stereochemical difference i1s lost.durtng
the final oxjdative sfta of the synthesi{s to give a sole azocinoindole §.

The IR sioctr; of isomers 6 showed a strong absorption at ~ 1650 cm-'! for the
amide carbonyl group, whereas the most stgnificant signals 1n the 'H NMR spectra
were two singlets due to acetamide and N-methyl groups and two broad singlets cor-
responding to the vinyl proton and the methyl group attached to the tetrahydro-
pyridine double bond. The most deshielded signal in both isomers was assigned to
7-H, because this proton falls within the deshielding zone of the amide carbonyl,
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which exists fully as the endo rotamer, The relative configuration of eaxythxo and
threo jsomers was inferred from the 1N-NNR data (200 MHz), by assuming the preferred
conformations depicted in Scheme 4.20 The chemical shift and multiplicity of in-
doline and tetrahydropyridine methine protons as well as the shielding of the equa-
torfal proton on the tetrahydropyridine 3-position in threo-6, caused by the ben-
zene ring, are consistent with the proposed stereochemistry. This stereochemical
assignment was confirmed once eaylhro-6 and thxreo-6 were cyclized to the tetracyc-
lic derivatives exo-9 and endo-9, respectively (see later).

The satisfactory result of the above reduction prompted us to study the exten-
sion of the procedure to other (tetrahydropyridyl)indoles such as the A3 fsomer 4
and the 3-(tetrahydro-4-pyridyl)indole 11. As could be expected, in the first case
the reduction took place again in excellent yield (92%) and was even stereoselec-
tive: the indoline thxeo-7 was obtained as a single diastereomer. The stereochemi-
cal assignment was effected, as above, from the ‘M-NNR spectrum of the corresponding
acetyl derivative threo-8. The most signiffcant data were the small value for the
coupling constant between i1ndoline 3-H and tetrahydropyridine 2-H, and the strong
shielding of the vinyl proton (54.66)21 (see Scheme 4},
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Scheme 5. (i) NaBN4(THF). 8F3-E120; {(f1) 6N HC1-EtOH; (111) HZ-PIOZ;
(iv) NZ-PtOZ. 3N HCL: (iv) ACZO.
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Surprisingly, when (tetrahydropyridyl)indole 11 was submitted to the same reduc-
tive protess, the 3-(piperidyl)indole 12 was obtained in 85% yleld Instead of the
expected (tetrahydropyridyl)indoline. This result can be explalned by considering
that the initis] protonation occurs at the carbon-carbon double bond of the tetra-
hydropyridine ring, which is conjugated with the indole nucleus. Further intramole-
cular hydride transfer, as 4llustrated in Scheme S, and hydrolysis of amine-borane
complex by the acid, accounts for the observed result. On the other hand, the {ndole
12 certainly underwent reduction to the indoline 13 (93% yleld) when it was resub-
mitted to sodium borohydride and boron trifluoride-etherate treatment followed by
refluxing in ethanolic hydrogen chloride.

Alternatively, the 3-(tetrahydropyridyl)indole 11 was converted either to the
piperidylindole 12 or to the piperidylindoline 13 by catalytic hydrogenation over
platinum dioxide, under neutral or acidic conditions, respectively. In the first
case the yield was simtlar (82%) to that obtained by diborane reduction, whereas
in the second one {t was considerably lower (45%).

Synthesis of indolo[¢,3-fg]morphan 1

Cyclization of eaxythxo- and thxeo-(tetrahydropyridyl)indolines 6 was accom;
plished by using aluminjum tribromide. The anticipated tetracyclic indolines exo-9
and endo-9, respectively, were obtained in good yield. On the other hand, the iso-
mer endo-9 was the product obtatned by aluminium tribromide cyclizatton of {ndoline
threo-8. These results not only confirm that the constitutional {isomers thxeo-6 (a
A‘-tetrahydropyrldlne) and threo-8 (a Aa-tetrahydropyridlne) have the same relatjve
conflguration but also corroborate the above stereochemical) assignment of indolines 6
and 8.

The planar structure of isomers 9 was evident from their spectroscopi¢ data.
Thus, the IR spectra showed a strong absorption at ~1650 crl'l'1 due to the amide car-
bonyl group, whereas the most noteworthy features in the 'M-NNR spectra of these
tetracyclic bases, which clearly indicated that cyclization had occurred, were f{)
the absence of absorption attributable to a vinyl proton, {1) the presence of a
singlet at §1.3 due to the methyl group attached to a quaternary carbon, and {if)
the presence of a triplet and two doublets {n the aromatic region, corresponding
to three protons in a vicinal relative position, one of them being strongly des-
hielded by the amide carbonyl group. The 13C-NNR spectrum of exe-9 is in full agree-
ment with the established structure, and the observed chemical shift values have
an excellent correlation with those reported for 6.7-benzonorphans.22 N-acetyl-
1ndoHne.23 and 2-azablcyclo[3.3.1]nonanes.2‘

The relative stereochemistry of exo- and endo-9 was deduced taking into account
that the geometry of eado isomer implies the axjial dispostition of w-methyl group to
avoid the serious steric hindrance between this substituent and the methylene group
of the {ndoline ring.z5 This feature was evident by the deshielding of N-methyl
group in the NMR spectrum (0.2 ppm with respect to the exo isomer) and by the
chemical shift of C-5 methylene protons, since both resonate até 2.37, whereas in
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the exo isomer, having the nitrogen lone pair located axfally, 5-Heq resonates at
lower field (§2.59) than S5-Hax (82.20). Moreover, in the endo fsomer the reletive
synpeaiplanax dispositionof Cz.éiandc1‘-ueq bonds induces a long-range shielding,
clearly observable in the last proton (5§0.95) as compared with the exo isomer ($1.4).

Hydrolysis of acetyl derivatives exo- and endo-9 to the corresponding N-wASuUbS-
tituted indolines 10 proceeded smoothly by heating in 6N hydrochloric acid. Final-
ly, treatment either of exo-10 or endo-10 with activated manganese dloxld926'27
gave the target {ndolomorphan 3. The most significant signal in the 1H-NHR spectrya
of 1 was that corresponding to the 3-H methine proton, which appears at §3.9, as
could be expected in a compound having an aromatic ring fused to the g side of the
morphan nucleus.28

As a last point, it is worth commenting upon the unsuccessful attempts to cyclize
with mercuric acetate the protected piperidylindoline 14, which was obtained by
acetylation of 13, to an indolo[3,4-4g)morphan syste-.29 Under the usual acidic con-
ditions (aqueous 5% acetic acid) a mixture of the starting indoline 14 and small
amounts of piperidylindoline 12, coming from hydrolysis of acetyl group and subse-
quent oxidation of the indoline nucleus, was obtained. When oxidation was carried
out at pH 7-8 in the presence of EDTA.2Na (see Experimental), t1-acetyl-5-methoxy-
3-(1-methyl-2-0x0-4-piperidyl)indoline (15) was isolated in 56% yleld.3° The fail-
ure of this cyclization, in contrast with the successful cyclization of (tetra-
hydropyridyl)indolines 6 and 8 reported above, can be rationaljzed taking into ac-
count the lower electrophilic character of an iminjum salt (a stabilized carboca-
tion) as compared with a carbocation generated by protonation of a carbon-carbon
double bond.

EXPERINENTAL

Gemezal. Melting,points were determined 1n a capillary tube on a Bich!{ apparatus and
are uncorrected. H-NMR spectra were recorded in CDCl, on a Perkin-Elmer R-248 (60 MHZ)
{nstrument on13~hen indicated, on a Vartan XL-200 spactrometer using THS as jnternal
standard. The “C-NMR spectrum was determined on a varian XL-200 spectrometer. The
chemical shifts are reported in ppm downfield (8) from TMS. IR spectra were taken
with a Perkin Elmer 577 spectrophotometer, and only noteworthy absorptions (recipro-
cal centimeters) are listed. GLC was run isothermally on a Perkin-Eimer F-11 chroma-
tograph fitted with a flame fonization detector. A 2 m glass column, 6.4 mm {n dlam-
eter was used, packed with 2.5% 0Y.225 on 100-120 mesh chromosorb WHP., Prior to con-
centration, under reduced pressure, all organic extracts were dried over anhydrous
sodtum sulfate powder. TLC and column chromatography were carried out on Si0, (silica
gel 60, Merck, 0.063-0.200 mm), and the spots were located with UV light or tedo-
plati?ate reagent. Microanalyses were performed by Instituto de Qufmica Bio-Orgdnica,
Barcelona.

3-(1,4-Dimethyl- ,2,J,6-t¢t«ath&o-Z-pyaidyl)indol¢(3) was prepared from 2-cyano-
tetrahydropyridine 2 ' and indolyl-lithium in a 0.08 mol scale in 60% yield by the
published procedure.!?

3-(1,4-Dimethyl-1,2,5,6-Letrahydro-2-pyridyl)indole(4) was obtained as a minor
product (15% yi1eld) in the condensation between {ndolylmagnesium bromide and 2-clano-
tetrahydropyridine 2 *!operating in a 0.24 mol scale by the published procedure.’*
The 1ndole derivative 3 was the major product (45% yleld); NMR: 1.7 (br s, 3H, CH.),
2.2 (s, 3H, NCKj). 4.0 (br, TH, NCH), 5.4 (br, 1H, xCH), 6.8-7.4 (m, 4K, ArH), 7.7
(m, tH, ArH), 875 (br, 1H, NH). The hydrochloride melted at 210-2129C (acetone).
(Found: C, 68.73; H, 7.36; N, 10.70; Cl, 13.90. Calcd. for c15H19ClN2: C. 68.57;
H, 7.23; N, 10.66; Cl, 13.50).

3-(1,4-Dimethyl-1,2,3,6-tetrahydro-2-pyridyl)indoline(5)

Method A. To a solution of indole 3 (3.3 g, 14.6 mmol) in freshiy distilled THF
(150 m1) was added sodlum borohydride (2.7 g, 71 mmol) under nitrogen. The mixture
was warmed to reflux and then was added boron trifluoride-etherate (1.8 mj, 14.2 mmol).
The reflux was maintained for 45 ain unti] formation of the amine-borane complex
was completed (monitored by TLC). The THF was evaporated im vacuo and the residue
was taken up in 6N HCI-EtOH (250 ml) and refluxed for 1 h. At this time, disappear-
ance of the amine-borane complex was evident by TLC (CHCl,/MeOH, 85:15). After re-
moval of ethanol, the residue was basified with concentraged aqueous sodium hydro-
x1de and extracted with chloroform, Evaporation of the dried extracts gave a mix-
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ture of indolines 5 (2.9 g, 87%). The crude product showed oaly one spot by TLC and
was directly used tn the next reaction.

Nethod 8. Sodium borohydride (3.32 g, 88 mmol) was added portionwise under nitro-
gen to a solution of the indole 3 (2 g, 8.8 mmol) in freshly distilled THF (100 ml).
The mixture was refluxed for 1 h 50 min and cooled. Then, ethereal 1.9 N hydrogen
chloride (100 ml) was added. The mixture was refluxed for 50 min, and the solvent
was evaporated im vacuo. The residue was taken up in water (200 ml) and 2H hydro-
chloric acid (5 ml). After being refluxed for 40 min, the solution was basified with
aqueous 30% sodtum hydroxide and extracted with ether. The extracts were dried and
evaporated to give an ofl which was chromatographed. On elution with 98:2 chloroform-
methanol, the indoline eaylAro-5 (600 mg, 30%) was obtaimed; IR (NaCl): 3380 (NH),
1610 (ar); NMR: 1.6 (br s, 3H, CNJ). 1.8-2.1 (m, 2M, 32H), 2.35 (s, 3H, NCH,), 2.7
(m, 1H, 2:H), 3.1 (m, 2H, 6-H), 3725-3.9 (m, 3H, 3-H and 2-H), 5.3 (br, 1H, =sCH),
6.4-7.3 (m, 4H,ArH). The dihydrochloride melted (with decomposition) at 230-231%(C
(acetone-ethanol). (Found: C, 59.47; H, 7.36; N, 9.04, Calcd. for € ,H,,Cl N,:

C. 59.80; H, 7.36; N, 9.29). On elution with 95:5 chloroform-methand?, 200 & of
the starting indole were recovered.

lsRS)-1-Ac¢zyz-3£(zsai-r.4-4;-.:& L-1,2,3,6-tetrahydro-2-pyaidyl)indoline
(erythro-6) and (3R )-I-Acctyt-s[{zkg}-I,l-diacthyt-l,2,3,6-tctaahyd«o-2-py4£dyl]
indoline(threo-6). A solution of indolines 5 (2.9 g, 12.7 mmol) in acetic anhydride
(23 m1) was stirred at room temperature for 2 h. The mixture was poured into ice-
water, stirred for 4 h, and then kept on standing overnight at 6%C. The solution
was made alkaline with concentrated ammonium hydroxide and extracted with chloroform,
The extracts were washed with water, dried over anhydrous potassium carbonate, and
evaporated to left a8 residue which was chromatographed. Elution with 99:1 chloroform-
methanol gave isomer eaxythro-6: 1.2 g (36%); mp 155-156%C (ether); IR (KBr): 1650
(CO). 1590 (Ar); NMR (200 MHz): 1.63 (s, 3H, CH,), 1.95 (br, 2H, 3ZH), 2.22 (s, 3H,
COCH,), 2.29 (s, 3H, NCH3). 2.59 (apparent q, J& 7 Hz, 1H, 2:H), 3.04 and 3.21 (2¢m,
Ja 18 Hz, 1H each, 6:H),”3.52 (ddd, J=10, 7, 4.5 Hz, 'H, 3-H)}, 4,02 (apparent t, J=
10 Hz, 1H, 2-H), 4.21 (dd, J=10, 4.5 Hz, 1H, 2-H), 5.32 (br s, 1H, 2CH), 6.99 (t,
J= 7.5 Hz, 1H, S-H), 7.18 (d, J=7.5 Kz, 1H, 4-H), 7.21 (t, J= 7.5 Hz, tH, 6-H), 8.20
(d, J= 7.5 Hz, 1N, 7-H). (Found: C, 75.44; H, 8.49; N, 10.31. Calcd. for C,,H NZO:
C, 75.52; H, 8.20; N, 10.36). Elution with 98:2 chloroform-methano! gave 118-8?
threo-6: 1.85 g (54%); mp 140-1429%C (ether); IR (KBr): 1655 (CO), 1600 (Ar); NMR
(200 MHz): 1.38 (dm, J= 15 Hz, tH, 3:He), 1.54 (s, 3H, CH.), 1.76 (m, 1H, 32Ha),
2.24 (s, 3H, COCH,), 2.43 (s. 3H, NCH,), 2.67 (m, 1H, 2-MY, 2.87 and 3.28 (2 dm, J=
15 Hz, 1H each, 63H), 3.97-4.16 (m, 3R, 2-H and 3-H). 5.34 (br s, 1H, =CH). 7.03
(t, J=7.5 Hz, tH, S5-H), 7.15 (d, J=7.5 Hz, tH, 4-H), 7.24 (t, J=7.5 Hz, 1H, 6-H),
8.25 {d, J=7.5 Hz, 'H, 7-H). (Found: C, 75.82; H, 8.36; N, 10.37. Calcd. for C‘7H22
Nzo: €, 75.52, H, 8.20; N, 10.36).

(3RS)-1-Acetyl-3-[(2RS)-1,4-dimethyt-1,2,5,6-Letrahydro-2-pyridyl]indoline
(threo-8). Operating as in the abovea serfes (method A}, the indole 4 (1.4 g,
6.19 mmo]) was reduced to the indoline thaeo? (1.3 g, 92%); IR (NaCl): 3380 (NH),
1610 (Ar); NMR: 1.6 (s, 3H, CH,), 1.7-3.8 (m, 9H), 2.4 (s, 3H, NCH,), 4.85 (s, 1H,
=CH), 6.3-7.2 (m, 4H, ArH). Th?s indoline was converted, as above, to the corre-
sponding acetyl derjavtive thxreo-8 (1.32 g, 80%); mp 131-1329C (ether); IR (KBr):
1655 (CO), 1590 (Ar). NMR (200 MMz): 1.58 (s, 3H, CH3). 1.84 (td, J=11, 2 Hz, 1H,
SiHe), 2.14 (s, 3H, COCH3). 2.2-2.4 (m, 2H, 5ZHe 8nd“6-Ha), 2.47 (s, 3H, NCH,),
2.84 (m, 1H, 6-He), 2.987(br s, 1H, 22H), 3.86 (s, 3IH, 2-H and 3-H), 4.66 (br s, IH,
=CH), 7.0% (t, J=7.5 Hz, t1H, S-H), 7.13 (d, J=7.5 Hz, 1H, 4-H), 7.21 (t, J=7.5 Mz,
1H, 6-H), 8.19 (d, Js7.5 Hz, 1M, 7-K). (Found: C, 75.74; H, 8.39; N, 10.52. Calcd.
for C‘7H22N20: C, 75.52; H, 8.20; N, 10.36).

[2aRS, 3SR, 7RS)-1-Acetyl-4,7-dimethyl-2a,3,4,5,6,7-hexahgdro~ 2H -3, 7-methano-
azocino[3,4,5-cd)indole(ex0-9). Aluminfum tribromide (2.1 g. 7.8 mmol) was added in
small portions to a cold mixture of acetyl indoline exythro-6 (680 mg, 2.5 mmol)
in carbon disulfide (15 ml). The mixture was stirred at reflux temperature for 2 h
30 min, cooled, poured into i1ce-water, basified with concentrated ammoniua hydroxide,
and extracted with chloroform. The evaporation of the dried extracts gave exo-9
(470 mg, 69%). An analytical sample melted at 177-1789C (ether); IR (KBr): 1650 (CO);
NMR (200 MHz): 1.31 (s, 3H, CH3). 1.40 (br d, J=12 Hz, tH, 11-He), 1.8 (masked, 1H,
6-He), 1.86 (dd, J=12, 2.5 Hz,”1H, 11-Ha), 1.97 (td, J=13, 13, 5 Hz, tH, 6-Ha), 2.20
(te, J=13, 13, 4 Hz, 1H, S-Ha), 2.23 (s, 3H, COCH3). 2.41 (s, 3N, NCH3). 2.59 (da,
J=13, 5 Hz, 1H, 5-He), 3.18 (br s, 'H, 3-H), 3.367(qd, s=12, 10, 1 Hz, 1H, 2a-H),
3.62 (dd, J=12, 10 Hz, 1H, 2-H), 4.1t (apparent t, J= 12 Hz, 1H, 2-H), 6.99 (d, J=
7.5 Hz, B-H), 7.16 (t, J=7.5 Hz, tH, 9-H), 7.83 (d, J=7.5 Hz, 'H, 10-H). (Found:

C, 75.22; H, 8.17; N, 10.18. Calcd. for c17N22N20: C, 75.52; H, 8.20; N, 10.36).

(2aRS, 3RS, 7SR} -1-Acelyl-4,7-dimethyl-2a,3,4,5,6,7-hexakydro-2H-3,7-metkano-
azocino (3,4 s-cdjindotc(endo-9). Operating as above, from acetyl indoline theeo -8
(200 mg, 0.7 m®ol) the isomer eado-9 was isolated (100 mg, 50%); IR (KBr): 1655
(CO); NMR (200 MHz): 0.96 (br d, J=13 Hz, 1H, 11-He), 1.37 (s, 3H, CH.)}, 1.68 (m,
2H, 6-H), 1.96 (dd, J=13, 4 Hz, 1H, 11-Ha), 2.20 (s. 3M, COCH3). 2.373(0. 2H, 5-H),
2.57 (s, 3H, NCH,), 3.20 (br s, tH, 3-H), 3.45 (m, 1H, 2a-H), 4.05 (m, 2H, 2-H),
6.84 (d. 1H. 8-HP, 7.12 (t, I, 9-K), 7.80 (d, 1H, 10-H). The oxalate melted with
decomposition at 196-197¢C (ethanol). (Found: C, 60.41; H, 7.07; N, 7.48. Calcd.
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for C,oH, N, 0. . K, 0: C, 60.30; H, 6.87; N, 7.40).

uhéa 2&,} c‘&c zation was effected from a mixture of acetyl indolines eaythro
and threo-6 (4.2 g, 15.5 mmol) in a 2:3 ratio (observed by G6LC), a mixture of cyc-
l1zed products 9 was obtatned and separated by column chromatography. Elution with
98:2 chloroform-methanol gave the lsomer endo -9 (1.1 ¢g) whereas elution with 97:3
chloroform-methanol afforded the isomer exo-9 (0.9 ¢g). Overall yield, 47%.

{2aRS, 3SR, 7RS} -4, 7-Dimethyl-2a,3,4,5,6,7-hexahydro-2H-3, 7-methanoazrocino(3,4,5-
cd) indote(exo-10). A solution of acetyl indoline exo-9 (1.38 g, 5.1 mmol) {n aqueous
6N hydrochloric acid (2% ml) was refluxed for 15 min. The cooled solution was poured
into ice-water, made basic with ammonium hydroxide, and extracted with ether. The
extracts were dried and evaporated to give indoline exo-10 (800 mg, 70%) as a solid,
mp 143-1449C (ether); IR (KBr): 3230 (NH), 1600 (Ar); NMR (200 MHz): 1.31 (s, 3H,
CH3). 1.42 (br d, J=13 Hz, 1H, 11-He), 1.74 (dm, Je13 Hz, IH, 6-He), 1.84 (br d,
J=713 Mz, 1H, 11-H2), 1,95 (td, 7=13, 13, 5 Hz, 1H, 6-Ha), 2.28 (td, Js=13, 13, 4 Hz,
1H, 5-Ha), 2.44 (s, 3H, NCH,), 2.59 (dm, J«13 Hz, 1H, S-He), 3.13 (t, =2 Hz, 2HM,
2-H), 3.18 (t, Js2.5 Hz, 1H, 3-H), 3.55 (apparent t, J=2 Hz, 1H, 2a-H), 6.55 (d,
J=7.5 Hz, VH, 10-H), 6.71 (d, J=7.5 Hz, 1H, 8-H), 7.01 (t, J=7.5 Hz, 1H, 9-H).
(Found: C, 79.06; H, 8,.88; N, 11.90. Calcd. for CygHagNpt Co 78.90; H, 8.83; N, 12.27).

[2aRS,3RS,7SR)-4, 7-Dimethyl-2a,3,4,5,6,7-hexahydro-2H-3, 7-mezhanoazocino[3,4,5-cd]
indole(endo-10). Operating as above, acetyl indoline endo-9 (1.38 g, 5.1 mmol) was
hydrolyzed to the {ndoline endo-10 (770 mg, 67%): IR (CHCl,): 3390 (NH), 1600 (Ar);
NMR: 1.0 (m, 1H, 11-He), 1.3 (s, 3H, CHy), 1.6-1.9 (m, 3H,°6-H and 11-Ha}, 2.3 (m,
2H, 5-H), 2.5 (s, 3H, NCH3). 3.0-3.6 (m7 4H, 2-, 2a-, 3-H), 4.1(br, 1H, NH)}, 6.45
(d, tH, 10-H), 6.5 (d, 1H, B8-H), 6.9 (t, tH, 9-H). The dloxalate melted at 177-
179%C (ethanol). (found: C, 56.28; H, 6.06; N, 6.67. Calcd. for C19H2‘N208: C,55.88;
H, 5.92; N, 6.86).

4,7-Dimethyl-4,5,6,7-Letrahydro-3H-3, 7-methanoazocino[3,4,5-cd)indote(). A mix-
ture of indoline exo-10 (680 mg, 3 mmol) and activated manganese dioxide (4.55 g)
in chloroform (225 m]) was stirred at room temperature under nitrogen for 30 h
(completfon of the reaction was monitored by TLC). The mixture was filtered through
Celite and the residue was washed with hot chloroform. The combined filtrate and
washings were evaporated to give indole 1 ( 600 mg, 87%) as a solid which melted
with decomposition at 245-247°%C (acetone); NMR (DHSO-ds): 1.5 (s, 3H, CH,), 1.2-2.6
(m, 6H), 2.15 (s, 3H, NCH,), 3.9 (s, 1H, 3-H), 6.7-7.2"(m, 4H, ArH). (Foldnd: C,
79.97; H, B.25; N, 12.11.7Calcd. for C, HygNy: C. 79.60; H, 8,01; N, 12.37).

When the reaction was effected from ihe8 (%ldollne endo -10 (140 mg, 0.6 mmol)
the indole 1 (90 mg, 65%) was &lso obtalned.

S5-Methoxy-3-(1-methyl-1,2,3,6-2eLrahydro-4-pyridyllindole(11). By a modification
of the Freter s procedure,’? by using a 6 molar excess of 1-methyl-4-piperidone
(100 m1, 0.85 mol) with respect to S-methoxylndole'® (21 g, 0.14 mol), 3-(tetra-
hydropyridyl)indole 11 was obtained in 65% yleld, and 4,4-bis (5-methoxy-3-indolyl)-
1-methylpiperidine, an usual byproduct of this reaction, was not detected.

S-Methoxy-3-(1-methyl-4-pipenidyl])indole(12)

Method A. Following the reductive procedure A, as described for indole 3, the
tetrahydropyridine 11 (3 g, 12.4 mmol) was converted to pipertdine 12 (2.54 g, 85%);
mp 154-1569C (ether); IR (CHCl,): 3480 (NH); NMR: 1.9-2.3 (m, 6MH), 2.4 (s, 3H,NCH,),
2.5-3.1 (m, 3H), 3.8 (s, 3H, OCH,), 6.7-7.3 (m, 4H, ArH), 8.5 (br, 1H, NH). (Founaz
C, 73.51; H, 8.30; N, 11,32, Caléd. for c‘ H,nN,0: C, 73.77; H, B8.19; N, 11.47),

Method B. A solution of ttzv.rahydropyrifllsnéml12 (9.3 g, 38 mmol) in ethanol-
methanol (200 ml) was hydrogenated over platinum oxide (935 mg) at 50-60%C and
atmospheric pressure until one equivalent of hydrogen was absorbed. The catalyst
was filtered off and the solution was evaporated to give plperidine 12 (7.7 g, 82%)
as a solid.

5-Methoxy-3-(1-methyl-d-piperidyl)indoline(13)

Method A. Indole 12 (7.2 g, 29 mmol) was allowed to react, as the above indole
derivative 3, with sodium borohydride (6 g, 0.16 mol) and boron trifluoride etherate
(7 ml, 55.4 mmol). After the usual treatment with ethanolic 6N hydrogen chloride
(540 ml, reflux, 3 h), the solution was evaporated. In order to completely destroy
the amine-borane complex, the residue was dissolved in aqueous 2N hydrochloric acid
(200 ml) and refluxed for 1 h. The solution was basified with ammonium hydroxide
and extracted with chloroform. Evaporation of the dried extracts afforded indoline
13 (6.95 g, 96%): bp 210°C/0.7 mm Hg; IR (NaCl): 3360 (NH); NMR: 1.4-2.1 (m, 7H),
2.2 (s, 3H, NCH,), 2.7-3.6 (m, 6H), 3.8 (s, 3H, OCH3). 6.5-6.7 (m, 3H, ArH). The
dioxalate meltea at 164-166°C (ethanol). (found: C,753.52;: H, 6.33; N, 6.53. Calcd.
for CygHpgNp0g: C, 53.52; H, 6.10; N, 6.57).

Mclgog 8. solution of indole ¥V (2 g, 8.2 mmol) in aqueous 3N hydrochloric
acid (40 ml) was hydrogenated at 50-60°C and atmospheric pressure {n the presence
of platinum dioxide (200 mg). When the absorption ceased, the catalyst was filtered
off. The filtrate was basified with ammonium hydroxide and extracted with chloro-
form, The organic extracts were dried and evaporated to give indoline 13 (1.2 g,
45%) as a dark oil.
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1-Acetyl-S-methoxy-3-(1-methgl-4-pipeaidyl)indoline(14). Indoline 13 (3.6 g,
14 mmol) was allowed to react, as described for indolines S, with acetic anhydride
(32 ml). After the usual work up, the acetyl derivative 14 was obtained (3.8 g,90%);
IR (CHCl3): 1635 (CO); NMR: 1.2-2.0 (m, 7H), 2.15 (s, 3M, COCH3). 2.2 (s, 3M, NCH3L
2.65-3.47(m, 3H), 3.8 (s, 3H, OCH,), 3.8-4.1 (m, 2H, 2-H), 6.6-6.75 (m, 2H), 8.15
(d, 1M, 7-H). The hydrochloride m8lted at 233-2359C (acetone). (Found: C, 60.79;
H, 7.71; N, B.25. Calcd. for C‘7H25C1N202.1/2H20: c, 61.16; H, 7.85; N, 8.38).

Attempted cyclization of pipexidyl indoline 14

A solution of mercuric acetate (4.45 g, 14 mmol) and EDTA.Na,.2H,0 (6.25 g,
16.8 mmol) in water (65 ml) was stirred under nitrogen for 20 m?n. %he mixture was
adjusted to pH 7-8 with aqueous 6N sodlum hydroxide and heated unt{l it bolled.
Then, acetyl indoline 14 (360 mg, 1.25 mmol) was added, and the resulting mixture
was refluxed for 40 min. The solution was cooled and poured into a solution of ex-
cess of sodium borohydride in methanol. The precipitate was filtered and washed
with methanol. The combined filtrate and washings were concentrated to half its
volume and extracted with methylene chloride. The extract was dried and evaporated
to give l-acefyl-5-methoxy-3-(!-methyl-2-ox0-4-pipealdyl)indoline (15, 210 mg,56%):
mp 139-1409C (acetone); IR (NaCl): 1630 (CQ); NMR: 1.2-2.5 (m, SH), 2.2 (s, 3H,
COCH.,), 2.85 (s, 3H, NCH,), 3.1-3.5 (m, 3H), 3.6-4.1 (m, 2H, 2-H), 3.8 (s, 3H,
OCH,Y), 6.65 (m, 2H), 8.0% (d, 1H). (Found: C, 67.53; H, 7.27; N, 9.24. Calcd. for
CygRypN, 050 C. 67.55; K, 7.28% N, 9.27).
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