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Abstract - The first synthesis of an lndolo[4,3-6 
tem hds been achieved through a route involving 

]rorpRan sys- 
t e dcid-cata- R 

lyzed cycllzrtloo of a 3-(tetrahydro-2-pyridyl)lndollnc. A pro- 
cedure for the rcductlon of 3-(tetrdhydropyrldyl)lndoles to the 
corresponding, lndol~ncs, conslstlng in the fornatlon of the 
tetrahydropyrldlne-borane complex followed by treatment with 
ethanolic hydroch~lorlc acid. 1s established. 

The known pharmacological properties of benzonorphans3 and ergoline related con- 

pounds.' which are modified structures of morphine and ergot alkalotds. respective- 

lY* have stimulated much synthetic activity in these areas. However there dPe no 

works about the synthesls of analogues simultaneously related to both structural 

types. 

Ye now report the synthesis of tetrdcycllc base 1 which constitutes a new type 

of benzonorphan. havlng an additional pyrrole ring. and also d modified structural 

type of ergollne derivative in uhlch the qulnollne ring IS replaced by d bridged 

morphan nucleus. 

EROOLINE 
Scheme 1 

1 

The strategy employed in the synthesis of indolo[4.3-6g]mOrphdn 1' Implies the 

formation of the carbocycllc ring C in the key step by electrophillc cycllzatlon on 

the lndole Q-positlon of an appropriate N-protected 3-(tetrahydro-2-pyridyl)lndo- 

line. This protocol was proposed taking Into dccount the previous work on the syn- 

thesis of ergoline derivatives, although In these syntheses the closure of ring C 

is normally done before the elaboratlon of piperidlne ring. 6*7 Accordingly, the 

reQUlSlte lndollne would be prepared by condensation of a suitable 2-cyanotetra- 

hydropyrtdine 2 wlth indolyl-lithlun. followed by reduction of the indole nucleus 

and further acylstlon. After Friedel-Crafts cycllzstlon. the deprotection and aro- 

matlZatlOn of the indoline rlng should glve rise the target molecule 1. 
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Scheme 2. (I) HafiHa(lHF). BFS-Et20; then 6N HCl-EtOH; (11) Ac20; (111) AlErS. CS2; 

(IV) 6n HCI; (v) Hn02, CHClS. 

RESULTS AID DISCUSSION 

Ucduction 06 3-itetaahydNopy%&dyZlindo(Ls to Andotineb 

According to our synthetic plan. cycllzation upon the lndole a-posltlon reoulted 

the ptevlous chemoselectlve reduction of the lndole nucleus to indollne. without 

affecting the tetrahydropyrldlne double bond. The reduction of lndoles to lndollnes 

has been widely studled during the last years. 
8 especially in the case of indoles 

contaknlng a basic nitrogen in a slde chdln. which has received particular attention. 
9 
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The reoulted 3-(tettahydro-2-pyrldyl)lndole 3 was prepared as previously tepor- 

ted," by condensation of 2-cyanotetrahydropyrtdlne 2 with the lndole Grlgnard 

reagent. A mixture (3:l ratio) of the expected condensation product 3 (A' isomer) 

and the isomerlc 3-(1.2.5.6-tetrahydro-2-pyrldyl)rndole 4 (A3 isomer) was ob- 

tanned." -ever. it Is worth aentlonlng that this A3 Isomer is synthetically 

eouivalent to the A' Isomer bec#use It can 41~0 be further elaborated to the tetra- 

cyclic base 1 (see'later). Alternatively. the lndole compound 3 was obtalned as a 

sole product (60% yield) by reactlon of the same 2-cydnotetrdhydtopyrldine 2 with 

indolyl-lithium. 
12 

Our first at;;mpts on the reduction of 3-(tetrahydropyridyl) 

pyridlne-bordne or sodium cydnoborohydride 9c In TFA. or sodium 

gave scarcely satisfactory results since the expected lndollne 5 

in yield higher than 35'I, the startlng lndole 3 being recovered 

variable percentage depending on the reactions conditions. 15 

These results can be explained in the Ilght of the mechanism p 

ndoie 3, using 

borohydrlde in HCI. 
1 

was never formed 

n all cases in a 

roposed for the 

reductlon'd and by considering that. under the acidic reaction conditions. the amlne 

nitrogen atom is protondted. Conseouently, further protonatlon at the lndole ~-PO- 

sltlon to give d 3ff-indolenlum cation is disfavoured. 
9d and reduction to indoline 

by +nze~motecu(a~ hydride attack competes with destruction of the reducing agent by 

the a~ld.‘~ 

In a previous York we had observed the formation of an lndollne derlvatlve during 

the acid hydrolysis of the pyridlne-borane complex derived from d 2-(2-pyrldyl- 

methyl)indole. l6 The reduction presumably takes place since the preformed pyridine- 

bordne adduct delivers hydride inttamotecutaaty to the 3H-indolenturn salt formed by 

protonetion of indole. Subsequently, the acid uould hydrolyze the amlne-borane com- 

plex. This observatlon prompted us to effect a similar reduction from 3-(tetrahydro- 

pyridyl)indole 3. 
17 

In order to avoid hydroboration of the tetrahydropyridlne car- 

bon-carbon double bond, the anlne-borane complex was preformed by treating 3 with 

diborane generated internally 16 from sodium borohydride and one equivalent of boron- 

trifluoride etherate. gh Further treatment with ethanolic hydrochloric acid afforded 

in excellent yield (87%) the indollnes 5 as an epimeric mixture that could not be 

separated. 

Scheme 3 

The stereochemlcal result of the process, which is governed by the protonation 

of the indolf nucleus, was investigated from the N-4C4tyl indollnes 6. These in- 

dolines were obtained by reaction of 5 with dcetlc anhydrjde 4nd separated by col- 

umn chromatography. However, separation of the two didstereoDcrs is not necessary 

from a synthetic standpolnt sin;ce their stereochenicdl difference ls'lost.durlng 

the flnal ortdrtlve siw of .&he synthesis to give a sole azocinolndole 1. 

The IA sj4ctr; of lsoners 6 showed a strong absorption at --1650 cm-' for the 

amide carbonyl group, whereas the most slgnlficant signals In the 1~ NHR spectra 

were two slnglets 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- 

pyrldine double bond. The most deshlclded slgnal In both isomers was assigned to 

7-H, because this proton falls wlthln the deshleldlng zone of the amide carbonyl. 
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which exists fully as the endo rotamer. 
19 

The relative conflguratlon of ctythto and 

th&eo isomers was Inferred from the 'H-MMR data (200 MHz), by assuming the preferred 

conformatlons deplcted In Scheme 4. 20 The chemical shift and multiplicity of In- 

doline and tctrahydropyrldine nethine protons as well as the shleldlng of the equa- 

torlal proton on the tetrahydropyrldlne 3-positlon In fheco-6. caused by the ben- 

zene ring. are consistent with the proposed stereochemistry. This stereochemical 

asslgnment was confirmed once cqythqo-6 and thtro-6 were cycllred to the tctracyc- 

llc derivatives eta-9 and endo-9, respectively (see later). 

The satisfactory result of the above reduction prompted us to study the exten- 

slon of the procedure to other (tetrahydropyrldyl)lndoles such as the d3 isomer 4 

and the 3-(tetrahydro-4-pyrldyl)lndole 11. As could be expected, In the flrst case 

the reduction took place agaln In excellent yield (921) and was even stereoselec- 

tive: the indollne thxco-7 was obtained as a single dlastereomer. The stereocheml- 

cal assignment was effected, as above, from the 'H-NM spectrum of the corresponding 

acetyl derlvatlve thtco-8. The most slgnlflcant data were the small value for the 

coupling constant between Jndoline 3-H and tetrahydropyridlne 2-H. and the strong 

shielding of the vinyl proton (~4.66)~' (see Scheme 4). 

CHjO 

Scheme 5. (1) NalJH4(THF), BF3-Et20; (11) 6N HCl-EtOH; (111) H2-Pt02; 

(Iv) HZ-Pt02. 3N HCI; (Iv) Ac20. 



Surprlslnqly, when (tetrahyd+opyrldyl)lndolc 11 was submitted to the saae rcduc- 

tlve proress, the 3-(plperldyl)lndole 12 uas obtalned In 85% yleld lnstead of the 

expected (tetrahydrapyrldyl)lndollne. This result can be explained by constderlng 

that the lnltlal protonatlon occurs at the carbon-carbon double bond of the tetra- 

hydropyrldlne ring. rhlch 1s conjugated wlth the lndole nucleus. further intranole- 

cular hydride transfer, as ~lllustrated ln Scheme 5. and hydrolysis of anlne-borane 

complex by the acid. accounts for the observed result. On the other hand, the lndole 

12 certainly underwent reduction to the lndollne 13 (93% yield) when It was resub- 

mltted to sodlua borohydrlde and boron trlfluorlde-etherate treatment followed by 

refluxlng In l thanollc hydrogen chloride. 

Alternatively, the 3-(tetrahydropyrldyl)lndole 11 was converted either to the 

plperldyllndole 12 or to the plperldyllndollne 13 by catalytic hydrogenation over 

platinum dloxlde. under neutral or acldlc conditions, respectively. In the flrst 

case the yield was slnilar (821) to that obtalned by dlbordne reduction, whereas 

In the second one It was consldersbly lower (45%). 

Synthcaih o( indoto[4, J-fp]no4phan 1 

Cycllzatfon of mythto- and iheco-(tetrahydropyrldyl)indollnes 6 was accom~ 

pllshed by using alunlnlun trlbromlde. The antlclpated tetracycllc 1ndOllneS cxo-9 

and endo-9. respectively, were obtalned In good yield. On the other hand, the lso- 

mer crdo-9 was the product obtalned by alumlnlua trlbronlde cycllratlon of lndollne 

thRco-8. These results not only conflrn that the constltutlonal isomers th&co-6 (a 

A'-tetrahydropyrldlne) and three-8 (a A3 -tetrahydropyrldlne) have the same relative 

conflguratlon but also corroborate the above stereochemlcal asslgnnent of lndollnes 6 

and 8. 

The planar structure of Isomers 9 was evident from their spectroscopic data. 

Thus, the IR spectra showed a strong absorptlon at ~1650 cm-' due to the amlde car- 

bony1 group, whereas the most noteworthy features in the 'Ii-MlR spectra of these 

tetracycllc bases, which clearly lndlcated that cycllratlon had occurred, were 1) 

the absence of absorption attributable to a vlnyl proton, 11) the presence of a 

slnqlet at 61.3 due to the methyl group attached to a quaternary carbon, and 111) 

the presence of a trlplet and two doublets In the aromatlc reqlon, corresponding 

to three protons In a vlclnal relative posltlon, one of them belng strongly des- 

hlelded by the amide carbonyl group. The 13 
C-NW spectrum of rto-9 Is In full agree- 

ment ulth the establlshed structure, and the observed chemical shlft values have 

an excellent correlation ulth those reported for 6.7-benzomorphans. 22 
N-aCttyl- 

lndo11ne.23 and 2-azablcyclo[3.3.l]nonanes. 24 

The relative sttreochealstry of CLO- and tado-9 was deduced taklnq into account 

that the geometry of endo Isomer lmplles the axial dlsposltlon of r-methyl group to 

avoid the serious sterlc hindrance betreen-thls substltuent and the aethylene group 

of the lndollne rlnq.25 This feature was evldent by the deshlrldlnq of w-methyl 

group ln'the YMR Spectrum (+O.Z ppm rlth respect to the tzo Isomer) and by the 

chenical rblft of C-S l etbylene protons, since both resonate 8t6 2.37, whereas In 
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the LXO isomer, having the nitrogen lone Pair located aXiallY, S-He0 resonates at 

lower field (42.59) than 5-Hax (62.20). Moreover. In the ado Isomer the relative 

synp44ipCu444 dispositlonof C&-H tic,, -iieq bonds Induces a long-range shielding. 

clearly observable In the last proton (60.95) as compared rlth the cxo IS-r (41.4). 

Hydrolysls of acetyl derivatlves CIO- and tndo-9 to the corresponding R-unsubs- 

tltuted lndollnes 10 proceeded smoothly by heating In 6N hydrochloric acid. Flnal- 

ly, treatment elther of rro-l0 or tndo-10 ulth activated manganese dloxlde 26,27 

gave the target lndolomorphan 1. The most slgnlflcant signal In the 'H-HMR spectrum 

of 1 was that corresponding to the 3-H methlne proton, which appears at 63.9, as 

could be expected in a compound havlng an aromatlc rlng fused to the g side of the 

morphan nucleus. 28 

As a last polnt, it iS worth commenting upon the unsuccessful attempts to cycllze 

with mercuric acetate the protected plperldyllndoline il. uhlch was obtdlned by 

acetyldtion of 13, to an lndolo[3.4-~g]morPhan System. Under the usual dcldlc con- 

dltlons (aqueous 5% acetlc acid) a mixture of the startlng indollne 14 and rmall 

amounts of plperldylindollne 12. coning from hydrolysis of acetyl group and subse- 

quent oxldation of the indollne nucleus, was obtalned. When oxidation was carried 

out dt pH 7-8 In the presence of EDTA.2Ra (see Experlaental), I-dcetyl-S-oethoxy- 

3-(1-methyl-2-oxo-4-plperldyl)indollne (15) was Isolated In 56s yleld.30 The fall- 

ure of this cycllrdtion, in contrdst rlth the successful cycllzatlon of (tetra- 

hydropyrldyl)lndollnes 6 and 8 reported above, can be ratlondllred taking into ac- 

count the lower electrophlllc character of an lmlnium salt (a stabilized carboca- 

tlon) as compared rlth d cdrbocatlon generated by protonatlon of a carbon-carbon 

double bond. 

EXPERIMENTAL 

Gtnttat. Meltlng,poInts were determlned in d capillary tube on a BiJchl apparatus drtd 
are uncorrected. ll-RMR spectra were recorded in COCl on a Perkln-Elmer R-246 (60 FM) 

when indicated. on d Varlan XL-200 spictrometer uslng TN5 as lntcrndl 
C-NRR spectrum was determined on a Varlan XL-200 spectrometer. The 

chemlcal'shlfts dre reported In ppm downfield (4) from TMS. IR spectra were taken 
with d Perkln Elmer 577 spectrophotometcr, and only noteworthy absorptlons (recipro- 
cal centimeters) are llsted. GLC was run isothermallv on a Perkln-Elmer F-11 chroaa- 
tograph fltted with d flame lonlzatlon detector. A 2-m glass column, 6.4 mm In dlam- 
eter uas used, packed ulth 2.5X 0V.225 on loo-120 mesh chromosorb YHP. Prlor to con- 
centratlon. under reduced oressure. all oraanlc extracts were dried over anhvdrous 
sodlum sulfate powder. TLC.and column chromatography were carried out on 510. (silica 
gel 60, Merck. 0.063-0.200 em). and the spots were located with UV llaht or ? ado- 
platinate reagent. Mlcroanalyses were performed by Instituto de QulmlEa Blo-Orglnica, 
Barcelona. 

3-fl,4-Pirt~hyl-f,2,1,6-~t~~ah duo-l-py~idy(Jiado(t(3) 
tetrahydropyrldlne 2 "and 

was prepared from 2-cyano- 
indoly 1 

published procedure.'* 
-1lthlum in a 0.08 mol scale In 601 yleld by the 

J-il.4-Dirtthu~-l.Z.S.6-~t~~ahud~o-~-~u~iduf~indo~t~4~ was obtained as d mlnor 
product~(l5S yield) in.the condensation bitween lndolylmagneslum bromide and 2-c[(ano- 
tetrahydropyridine 2 "operating In a 0.24 mol scale by the publlshed procedure. 
The Indole derlvatlve 3 was the major Product (451 vleld): RMR: 1.7 (br s. 3H. CH,). 
2.2 (s. 3H. RCH.). 4.0 Ibr. IH. NCH). 5.4 fbr..IH. ~CHI.~G.8-7.4 (m.‘4H. ArHI: 7.9. 

iH. Ark) 8'5.(br 
..- 

[Found; C. 64.73; H. 
ih -RH): lhe'hydrochloride'melted dt 210-2i2iC (acetone). 

i.36: H. 10.70; Cl. 13.90. Calcd. for C.,H.,ClN,: C. 68.57: 
H. 7.23; N. 10.66; Cl. 13.50). I, lY c 

3-f1,~-Diatthy~-l,Z,3,6-~t~~ahyd~o-Z-py~idyf~indo~int~5~ 
Mtthod A. To a solutlon of lndole 3 (3.3 g. 14.6 mmol) in freshly dlstllled THF 

(150 ml) was added sodium borohydrlde (2.7 g. 71 mmol) under nltrogen. The mlXtUre 
was warmed to reflux and then uds added boron trlfluorlde-etherate (1.8 ml. 14.2 mol). 
The reflux uas malntalned for 45 aln until fornatlon of the aslnr-borane comolex 
was completed (monltored by TLC). The THF was evaporated in ~4.2~0 and the residue 
was taken up in 611 WI-EtOH (250 ml) and refluxed for 1 h. At thls time. dlsappear- 
ante of the amlne-borane complex was evident by TLC (CM1 /HeOH, 85:tS). After re- 
moval of ethanol, the resldue was baslfled with Concentra ed i 
xide dnd extracted ulth chloroform. 

aqueous sodium hydro- 
Evaporation of the dried extracts gave a mlx- 



ture of lndolines 5 (2.9 g. 87'1). The crude product showed only one spot by TLC and 
was dlrcctly used ln the next rcrctlon. 

wcthod 8. Sodlua borohydrlde (3.32 g. 88 -01) was addul porttonwlse under nltro- 
gen to J solutlon of the lndole 3 (2 g. 8.8 maoI) in freshly distilled THf (100 ml). 
The mixture UJS refluxed for 1 h 50 rin and cooled. Then, ethereal 1.9 Y hydrogen 
chloride (100 ml) was added. The mixture was refluxed for 50 l la. and the solvent 
*as eVJpOrJted in uacuo. The residue was tsken up In uater (200 ml) and 2H hydro- 
chlorlc acid (5 ml). After belng refluxcd for 40 min. the rolutlon was bas.lfled with 
aqueous 30s sodlua hydroxldc and extracted ulth ether. The.extracts mere dried and 
evaporated to give an 011 uhlch was chromatographed. On elutlon with 98:2 chloroform- 
methanol. the lndollne elt~fh%o-5 (600 ma. 30%) was obtained: IR (NaCl): 3380 (NH). 
1610 (arj; NRR: 1.6 (br-s: 3H, CH3), l.iji2.1 (m. 2H, 3:H), 2.35 (s, 3h. NW3), 2.7 
(m. 1H. 2cH). 3.1 (a. 2H. 6rH). 3.25-3.9 (n. 3H. 3-H and 2-H). 5.3 (br, lH, .CH), 
6.4-7.3 (a. IH.ArH). The dlhydrochlorlde melted (wlth decorposltlon) at 230-231QC 

the starting lndoie iere recovered. 

(erythro-6) and 
IZSRI-I,(-dirrLh L-t,Z,3,6-~tt~~hyd~o-Z-py8~dy~]i~doli*c 
,-1-~cc~y(-J[liRr,-1.(-d~~~hy~-,,~,,,6-~~~~=hyd~o-~-py~~dy~ 

Axdo(inc(threo-6). A solution of lndollnes 5 (2.9 g. 12.7 mmol) In acetic anhydr 
(23 ml) uas stirred at rooa temperature for 2 h. The mixture was poured into Ice- 
water. stirred for 4 h. Jnd then kept on standlng overnlght at 6aC. The SOlutlOn 
nas made alkaline with concentrated annonlum hrdroxlde and extracted ulth chloroform. 
The extracts uere uashed with water. dried over anhydrous POtJSStUm carbonate. and 
evaporated to left a residue rhlch was chrooatographed. Elutlon ulth 99:l chloroform- 
methanol gave lsorer ccyth40-6: 1.2 g (36s); l p 155-156aC (ether); 1R (KBr): 1650 
(CO). 1590 (Ar); NHR (200 MHz): 1.63 (s. 3H, CH3). 1.95 (br. 2n. 3:H), 2.22 (5, 3H. 
COCH ), 2.29 (s. 3H, NCH3). 2.59 (apparent a, II 7 HZ, 
I= 13 HZ. 1H each, 

1H. 2:H). 3.04 and 3.21 (Zb, 
6:H). 3.52 (ddd. J-10. 7, 4.5 Hz. 1H. 3-H), 4.02 (apparent t. J= 

10 HZ. 1~. 2-H). 4.21 (dd, J=lO. 4.5 HZ, lti. 2-H). 5.32 (br 5. 1H. =CH). 6.99 (t. 
J= 7.5 Hz. 1H. 5-H). 7.18 (d. J-7.5 Hz. lH. 4-H). 7.21 (t. J= 7.5 HZ, lH, 6-H). 8.20 
(d. J= 7.5 Hz, In. 7-H). (found: C. 75.44; H, 8.49; N, 10.31. Calcd. for C H 
C, 75.52; H, 8.20; N. 10.36). Elutlon with 98:2 chloroform-methanol gave hM3 I 

N20: 

thReo-6: 1.85 g (54%); mp 140-142aC (ether); 1R (KBr): 1655 (CO), 16001;Ar:;H;;R 
(200 MHz): 1.38 (dm, J= 15 Hz. 1H. 3'He), 1.54 (s, 3H. CH ) 1.76 (n. 
2.24 (s. 3H. COCH ). 2.43 (s, 3H. NCH ), 2.67 (m. 1H 2LHj,'2.87 and 3.28 (; dm: J= 
15 Hz. 1H each, 6iH). 3.97-4.16 (m, 3;1. 2-H and 3-H): 5.34 (br s. lH, =CH). 7.03 
(t. J87.5 Hz. lH, 5-H). 7.15 (d. J=7.5 Hz, 1H. 4-H). 7.24 (t. Js7.5 Hz. lH. 6-H). 
8.25 (d. ~-7.5 HZ, 1H. 7-H). (found: C. 75.82; H. 8.36; N. 10.37. Calcd. for C,7H22 
N20: C. 75.52; H, 8.20; N. 10.36). 

f3RSI-I-Ace~yZ-J-[fZRSj-l,4-d~eZhyql-I,2,5,6-ict~ahydto-1-py~idy~]irdoli~c 
(threo-8). Operating as In the aboveA serles (method A), the indole 4 (1.4 g, 
6.19 mmol) was reduced to the indollne thRee7 (1.3 g. 92s); IR (NaCl): 3380 (NH), 
1610 (Ar); NMR: 1.6 (s, 3H. CH ) 1.7-3.8 (n. 9H), 2.4 (s. 
=CH). 6.3-7.2 (m. 4H. ArH). Th?s'lndoline was converted, 

3H. NCH3). 4.85 (s, lH, 
as above, to the corre- 

sponding acetyl derlavtlve th4co-8 (1.32 g, 80X); l P 131-132aC (ether); 1R (KBr): 
1655 (CO), 1590 (Ar); NHR (200 MHz): 1.58 (5. 3H. CH3). 1.84 (td. J=ll. 2 Hz. 1H. 
5:HJ). 2.1; (;:,;l, ;0;;3iir2;2-:H4 ~iaa)2H. 5:He and 6:Ha). 2.47 (5, 3H. NCH ). 
2.84 (m. - _ 3.86 (s. 3H 2-H and 3-H), 4.66 (b? s. lH. 
=CH). 7.01 it. J.7:5 lir, lH, 5:H).'7.13 id. J.7.5 Hz,'lH, 4-H) 7.21 (t, Js7.5 Hz, 
lH, 6-H), 8.19 (d. J.7.5 Hz, 1H. 7-H). (found: C. 75.74; H. 8.39; 1. 10.52. Calcd. 
for C17H22N20: C, 75.52; H, 8.20; N. 10.36). 

I ZURS, JSR, 7RSJ - I-AceryC-4, 7-dirtlhyl-fa, 3,4,5,6, 7-hcxahgdro- ?H -3. I-rtthano- 

arocinofJ.4, S-cd)indo(c(exo-9). Alumlnlun tribromide (2.1 0. 7.8 mmol) was bdded in 
small portions t'o a cold mixture of acetyl indoline 
in carbon disulfide (15 ml). 

c&yth;o-6 (680 mg. 2.5 mnol) 
The mixture bias stirred dt reflux temperature for 2 h 

30 min. cooled, poured into Ice-water. baslfled uith concentrated anmonlum hydroxide, 
and extracted with chloroform. The evaporation of the dried extracts gave cxo-9 
(470 ag, 69X). An analytical sample melted at 177-178aC (ether); IR (KBr): 1650 (CO) 
NHR (200 MHz): 
6-He), 

1.31 (s. 3H. CH3), 1.40 (br d. Jal2 Hz. lH, (I-He), 1.8 (masked, lH, 
1.86 (dd, J=l2. 2.5 HZ. 1H. 11-Ha). 1.97 (td. J.13. 13. 5 HZ. lH, a-Ha), 2.20 

(td, J=l3. 13. 4 HZ. 1H. S-Ha). 2.23 (s, 3H. COCH3). 2.41 (5, 3H. NCH3). 2.59 (dd. 
J-13, 5 HZ. 1H. 5-He). 3.18 (br s. lH, 3-H). 3.36 (qd, J=12, 10. 1 HZ, 1H. Zd-H). 
3.62 (dd, J=12. 10 HZ. lH, 2-H). 4.11 (apparent t. J= 12 HZ, 1H. 2-H). 6.99 (d. J= 
7.5 HZ. 8-H), 7.16 (t. J.7.5 HZ, 1H. 9-H). 7.83 (d. J-7.5 HZ. lH, 10-h). (found: 
c, 75.22; H. 8.17; N, 10.18. Calcd. for C17H22N20: C. 75.52; H, 8.20; N. 10.36). 

lndollnetiw-8 
the isomer cado-9 was isolated (100 q g 501); IR (KBr): 1655 

(CO); NWR (200 MHz): 0.96 (br d. J=13 Hz, lH, 11-He). 1.37'(s. 3H. CH ). 1.68 (m 
2~. 6-H), 1.96 (dd, 1.13. 4 Hz. lH, If-HI). 2.20 (s. 3H. COCl$), 2.373(m, 2H. 5-ti). 
2.57 (s, 3H. NCH ) 3.20 (br s. 
6.84 (d. 1H. 8-H?;7.12 (t. 

lH, 3-H). 3.45 (m. lH, 2a-H). 4.05 (m, 2H. 2-H). 
1H. 9-H), 7.80 (d. 1H. 10-H). The oxalate melted ulth 

decomposition at 196-197.C (ethanol). (found: C. 60.41; H. 7.07; N. 7.48. Calcd. 
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for C H N 0 .H 0: C, 60.30; H. 6.87; N, 7.40). 
WhU ?W &ciz zatlon was effected from a mixture of acetyl indollnes tiytLt* 

and th4~0-6 (4.2 9. 15.5 aaol) In a 2:3 tatlo (observed by 6LC). a mtxtute of cyc- 
llzed products 9 was obtalned and separated by column chromatography-. Elutlon wlth 
98:2 chloroform-methanol pave the Isomer cndo -9 (1.1 9) whereas elutlon wlth 97:3 
chloroform-methanol afforded the Isomer cxo-9 (0.9 9). Overall yield. 471. 

12aRS,3SR.?RSI-4.7-DirrtthyL-2a,S,4,5,6,7-htrahyd~o-2~-3.7-rtthanoa~ocL~o[3,4,5- 

cd]inda4t(exo-10). A solution of acetyl indollne tro-9 (1.38 9. 5.1 amol) In aqueous 
6N hydrochloric acid (21 ml) was refluxed for 15 min. The cooled solutlon was poured 
into Ice-water, made basic wlth ammonlun hydroxlde, and extracted with ether. The 
extracts were dried and evaporated to glve lndollne txo-10 (800 ng. 701) as a solid. 
np 143-144vC (ether); IR (KBr): 3230 (NH), 1600 (Ar); NMR (200 MHz): 1.31 (s. 3H, 
CH3). 1.42 (br d, /a13 Hz, lH, 11-He), 1.74 (dn. J=13 Hz, 1H. 6-He). 1.84 (br d, 
J= 13 HZ. lH, (l-Ha), 1.95 (td. J=l3, 13, 5 HZ. lH, 6-Ha), 2.26 (td. J=l3. 13. 4 Hz. 
lH, S-Ha), 2.44 (5. 3H. NCH31. 2.59 (dm. J=l3 Hz. lH, S-He), 3.13 (t, J=2 Hz, 2H. 
2-H), 3.18 It, Jm2.5 HZ, lH, 3-H). 3.55 (apparent t, J=2 Hz. 1H. Za-H), 6.55 (d, 
197.5 Hz. 1H. 10-H). 6.71 (d. Jm7.5 HZ, 1H. 8-H), 7.01 (t. Js7.5 Hz. lH, 9-H). 
(Found: C. 79.06; H. 8.88; N. 11.90. Calcd. for C15HZON2: C. 78.90; H, 8.83; N. 12.27). 

I?aRS,JRS,7SRJ-4,7-DintZhyC-Za,3,4,5,6,7-htrahyd~o-ZH-J, 7-rtthanoarocLno[J,4.5-cd] 
indo.Ct(endo-10). ODeratlng as above, acetyl lndollne tndo-9 (1.38 9, 5.1 naol) was 
hydrolyzed to the lndollne tndo-10 (770 n9, 671); IR (CHC13): 3390 (NH), 1600 (At); 
NWR: 1.0 (m, lH, ll-He). 1.3 (5. 3H. CH3). 1.6-1.9 (m, 3H, 6-H and 11-Ha). 2.3 (n. 
2H. 5-H), 2.5 (5, 3H. NCH3). 3.0-3.6 (II. 4H, 2-. 2a-, 3-M). 4.l(br. 1H. NH). 6.45 
(d, lH, 10-H). 6.5 (d. 1H. 8-H), 6.9 (t, 1H. 9-H). The dloxalate melted at 177- 
179vC (ethanol). (Found: C. 56.28; H. 6.06; N. 6.67. Calcd. for ClgH24N20e: C.55.88; 
H, 5.92; N, 6.86). 

4,7-Dimtthy~-4,5,6,7-Cct~ahyd~o-JH-3,7-nt~hanoa~ocino[J,4,5-Cd]indoCt~~). A mix- 
ture of lndollne txo-10 (680 ~9, 3 mnol) and activated manganese dioxlde (4.55 g) 
In chloroform (225 ml) was stlrred dt room temperature under nitrogen for 30 h 
(comDletlon of the reaction was monitored by ILC). The mlxture was flltered throuoh 
Cellte and the resldue was washed wlth hot chloroform. The combined flltrate and- 
washlngs were evaporated to give lndole 1 ( 600 ng, 871) as a solld which melted 
wlth decomposltlon at 245-247aC (acetone); NHR (OHSO-d ): 1.5 (s. 3H. CH 1. 1.2-2.6 
(m, 6H), 2.15 (s. 3H, NCH3). 3.9 (s, 1H. 3-H). 6.7-7.26(m, 4H, ArH). (Foand: C. 
79.97; H. 8.25; N. 12.11. Calcd. for C H N : C. 79.60; H. 8.01; N. 12.37). 

Yhen the reactlon wds effected from '+h'e@ AdolIne tndo -10 (140 n9. 0.6 nnol) 
the lndole 1 (90 mg. 65X) was also obtalned. 

5-Ytthoty-3-f1-rtZhyC-l.t,J,6-~t~~ahyd~o-4-py~idy~~indo~t(ll). By a modiflcatlon 
of the Freter's procedure," by using a 6 molar excess of 1-methyl-4-DlpQrtdone 
(100 ml, 0.85 mol) with respect to S-methoxylndole" (21 9, 0.14 mol), 3-(tetra- 
hydroDytldyl)lndole 11 wds obtained In 651 yield, and 4.4-bls (5-methoxy-3-lndolyl)- 
1-methy~plperldine. an usual byproduct of thls reaction, was not detected. 

S-Ytthoxy-J-ll-stthyL-(-pipt%idytJindo(e(l2) 
Ytthod A. Following the reductive procedure A. as described for lndole 3. the 

tetrahydropyrldlne 11 (3 9, 12.4 n mol) was converted to plperldine 12 (2.54 9. 8%); 
np 154-156QC (ether); IR (CHCI ): 3480 (NH); WR: 1.9-2.3 (m. 6H). 2.4 (s. 3H.NCH ). 
2.5-3.1 (m. 3H), 3.8 (s 3H O?H ) 6.7-7.3 (m, OH ArH), 8.5 (br 1H NH). (Found: 
C, 73.51; H. 8.30; N. li.32: Calzd: for C H N 0:'C 73.77; H 8:19;'N 11.47). 

Ytthod 8. A solution of tetrahydropyrti 'l%POl$ (9.3 9, 38 mndl) In ethanol- 
methanol (200 ml) was hydrogenated over platinum oxide (935 mg) at 50-6OvC and 
atmospheric pressure until one equlvalent of hydrogen wds absorbed. The catalyst 
was filtered off and the solution was evaporated to glve plperldine 12 (7.7 9, 821) 
as a solid. 

5-YtZhoxy-3-ll-rt~hyL-(-pipt~idy~~indofint(l~) 
Ytthod A. Indole 12 (7.2 9. 29 mmol) was allowed to react, as the above lndole 

;;r;;atlve 3. with sodlum borohydride (6 9. 0.16 mol) and boron trlfluorlde etherate 
55.4 mmol). 

(540 ml. reflux, 
After the usual treatment wlth ethanollc 6N hydrogen chloride 

3 h). the solution was evaporated. In order to completely destroy 
the amlne-borane comolex. the resldue was dissolved In aaueous 2N hvdrochlorlc acid 
(200 ml) and refluxeb for 1 h. The solutlon was baslfled‘wlth ammonium hydroxlde 
and extracted wlth chloroform. Evaporation of the drled extracts afforded lndollne 
13 (6.95 9. 96'1): bp 2lOaC/O.7 mm H9; IR (NaCI): 3360 (NH); NHR: 1.4-2.1 (m, 7H), 
2.2 (s. 3H. NCH ). 2.7-3.6 (m. 6H). 3.8 (s. 3H, 0CH3), 6.5-6.7 (m. 3H, ArH). The 
dloxdlate melte a at 164-166oC (ethanol). (Found: C, 53.52; H, 6.33; N, 6.53. Calcd. 

: C. 53.52; H, 6.10; N. 6.57). 
solution of lndole 11 (2 9. 8.2 mmol) In aqueous 3N hydrochloric 

acid (40 ml) wds hydrogenated at SO-6OvC and atmospheric pressure In the presence 
Mfplatlnum dloxlde (200 mg). Yhen the absorption ceased, the catalyst was filtered 

The filtrate was basifled wlth ammonlun hydroxide and extracted wlth chloro- 
for;. The Organic extracts were dried and evaporated to give indollne 13 (1.2 9, 
451) as a dark 011. 
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1-Acetyf-S-~ttLory-3-Ir-rLtLy(-(-pipe~~dy~~indo~iat~l~). Indollnc 13 (3.6 9, 
14 l mol) was allowed to react. as descrlbrd for lndollnes 5, rlth acetic anhydride 
(32 ml). After the usual work up, the acetyl derivative 14 was obtalned (3.8 9.90s); 
IA (CHCI3): 1635 (CO); NW: 1.2-2.0 (n. 7H), 2.15 (s, 3H, COCH3), 2.2 (s, 3H, NCH3). 
2.65-3.4 (a. 3H), 3.8 (s, 3H. OCH ). 3.8-4.1 (n, 2H. 2-H). 6.6-6.75 (a, ZH), 8.15 
(d, 1H. 7-H). The hydrochloride malted at 233-235@C (acetone). (Found: C. 60.79; 
H. 7.71: N. 8.25. Calcd. for C,7H25CIN202. l/2H20: C, 61.16; H, 7.85; N, 8.38). 

Atttnpttd cyc2iration 06 pipttidyt indotirlt 14 

A solution of mercuric acetate (4.45 g, 14 nnol) and EDTA.Na .2H 0 (6.25 g, 
16.8 mmoi) In water (65 ml) uds stirred under nitrogen for 20 m?n. she mixture was 
adlusted to DH 7-8 ulth aaueous 6N sodlua hydroxide and heated untll it bolled. 
Thkn. acetyl~lndollne 14 (360 mg. 1.25 l nolj bras added. and the resulting l ixture 
uas refluxed for 40 min. The solution was cooled and poured Into a solution of ex- 
cess of sodium borohydrlde in methanol. The precipitate was filtered and washed 
with methanol. The combined filtrate and washlngs uere concentrated to half Its 
volume and extracted with methylene chloride. The extract was dried and evaporated 
to give I-acttyt-S-atthoxy-J-ff-atth .f-Z-oro-4-pipteidyllindotint (15, 210 mg.561): 
ap 139-14O*C (acetone); IR (NaCI): 1!30 (CO); NWR: 1.2-2.5 (m, SH), 2.2 (5, 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 3.; 6.65 (m,. 2~ j, 8.6.(d, 1~). (Found:. C, 67.53; -H. 7.2-7; N. 9.24. Calcd. for 

C17a22N203: C. 67.55; H, 7.28; N. 9.27). 
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