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SYNTHETIC STUDIES ON INDOLE ALKALOIDS. IV.1 

STUDIES OF N-PHENYLSULFONYL-2-METHYLINDOLES 

ON INTRAMOLECULAR CYCLIZATIONS 

Mario Rubiraita,' Anna Diez, Cristina Vila. Yves Troin, and David Miguel 

Laboratory of Organic Chemistry, Faarny of Pharmacy, 

University of Barcelona. 08028 Barceiona, Spain 

fixbCt--The synthesis of 1-(2-hydmxyethyl)-2-[2-methyl-N-(phenylsuUonyl)-2-indolyl]- 

4-piperidone ethylene ketal (4) by two alternative ways and the study of its inlramoiecuiar 

cyclization using potassium fen-butoxide are repolled. 

Following our interest in the intramolecular cyclization of b-(hydr0xyethyl)piperidyl-Na-(phenylsuonl)ioies by 

the action of potassium ten-butoxide2-6 we have pmposed a related pmcess using a starting piperidylindole which 

has a methyl group at the indole C-2 position. Thus, such intramoiecular cyciization would lead to spiroindolenine 

(3) which by means of imine-enamine equilibrium and via acylation of 2 would provide spiroindoline (1). A similar 

spiroindoline with an acetate chain at the C-2 position of indoiine ring has previously been reported by Wenkelt 

eta[ as a potential synthetic intermediate toAspidosperrna and Srychnos alkaloids. 

Scheme I 
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Moreover, a similar acylation of a 2-methyl-3-spiroindolenine with trifluoroacetic anhydride via an enamine 

intermediate has also been reponed.gl10 More recently, N-(pmethoxypheny~su~fony~)-2-methyiindo~es have 

been used by Magnus et a/. 11.12 as intermediates of [ABCD] framework of Aspidosperrna alkaloids via 

intramolecular cyclzation of indoie-23quimdimethanes. 

In the present paper we reporl the latest results obtained in the studies of the intramolecular cyclization of 142- 

hydroxyethyl)-2-[2-methyl-l-(phenylsulfonyl)-3-in&lyl]4-piperi&ne ethylene ketal (4) by the action of potassium 

tert-butoxide. 

The starting N-hydroryethylpiperidine (4) was prepared by alkylation of piperidine (11) with 2-bromoethanol in the 

presence of anhydrous potassium carbonate. The semndary piperidine (11) was initially obtained by an 

intramolecular Mannich reaction of imimketal (10) acmrding to our general procedure lor the synthesis of 2- 

Reagents and Condltlons: i) benzene, C4H9~+~S04- .  50% NaOH, CIS02CgH5, room 
temperature. 21 h. ii) 1-CdHgNHz, anhyd. Na~S04.4A sieves, CH2C12, room temperature,l h, 
and A ,18 h: or tCqHgNH2, dry bemene, room temperature, 1 h. A, 2 h, and Dean-Stah 
16 h. iii) 1. mCqHgLi, THF. -15% 30 min: CH31 -78°C; 2. H301 or silica gel, iv) dry benzene, 
30 min at 0%. 6h A, 16 h Dean-Stah. v) pTsOH, dry benzene, A, 1 h. ri) BrCH2CH20H, 
K2C03, CzHsOH, A, 15 h. 

Scheme 2 
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aryl-4-pipendone ethylene keta1s.~3-~8 ~ h u s ,  condensation between 2-methyl-l-phenyisulfonyl-3- 

indolylcarbaldehyde (8) and the primary amine (S),  furnished the corresponding imine (lo), which by acid 

cyciization was led to the expected pipelidine (11) in 72% yield. 

The indolylcarbaldehyde (8) was prepared by two aternative routes consisting of the protection of the indole 

nitrcgen atom of commercially available aklehyde (5) with benzenesuUonyl chloride or of chemoseledive lithiation 

of the indole C-2 positionl1 of ?a, obtained from 1-phenylsulfonyl-3-indolylcarbaldehyde (6)19 and tert- 

butylamine, by the action of mbutyllithium at -78% followed by methyl iodide alkyiation. 

An alternative way to obtain imine (10) was developed as an extension of the method reponed by Magnus e l  a1.l 

Thus, alkylation of the indole 2-position has been carried out directly upon imine (12).3 by lilhiation with n- 

butyliithium followed by addition of methyl iodide upon intermediate (13). 

Scheme 3 

Hydroxyethylpiperidine (4) was submitted to potassium terf-butoxide treatment (2 eq., dry THF, O"C, 3 h, argon 

atmosphere), leading to the indolenine intermediate (3) which was furlher reduced with NaBH4. In lhis reaction 

only the N-indolyiethylpiperidine (15) was isolated in 31 % yield, resulting from the reduction of 

tetrahydropyridinium salt (14) generated by ring opening of 3 such as shown in Scheme 4. 

Ailernativeiy, when spiroindolenine (3) obtained by the action of potassium tert-butoxide was treated in silu with 

a solution of 4N HCI in methanol, enaminone (16) was obtained in 23% yield. The same compound (16) was 

previously reporled by ~ntel fekl20 by reduction of 4-methoxy-1-(2-methy1-3-indo1y1)ethy1pyridinium bromide. 
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Reagents and Condltlons: i) I-CqHgOK, THF, OeC, 30 min. ii) NaBH4. THF, A, 12 h. iii) 4N HCI, 
CH30H. A. 3 h. 

Scheme 4 

In order to avoid the competitive reac4iin of E ring opening an alternative process was assayed consisting of the 

acylation of spiroindolenine (3) to isolate the exocyclic enamide. Thus, by treatment of 3 with acetyl chloride in 

the presence of triethylamine, lactam (19) was obtained, compound (18) not being detected. Formation of 19 

can be rationalized by considering an oxidation of the intermediate iminium salt as already observed in analogous 

cases21 

With this study we make Clear that the preparation of spiroindoline (1) cannot be carried out from 2- 

methylspiroindolenine (31, since in this case the ring opening, promoted by the nitrogen (Nb) electron lone pair 

which leads to the iminium saii, is much quicker than the tautomeric imine-enamine equilibtium, even in the case in 

which the indolenine nitrogen atom is acylated. 
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Scheme 5 

EXPERIMENTAL 

G.mal. Meiiing points were determined in a capillary tube on a BWhi apparatus and are uncorrected. IH- and 

I3c-nmr spectra were recorded in CDCI3 (unless otherwise indicated) on a Varian Gemini-200 spectrometer 

using TMS as an internal standard. Chemical shins are reported in ppm downfield (6) from TMS. Ir spectra were 

registered with a Perkin-Elmer 1430 spectmphotometer and only noteworthy absorptions (reciprocal centimeters) 

are listed. Mass spectra were determined on a Hewlett-Packard 5930A mass spectrometer. TIC was carried out on 

Si02 (silica gel 60. Merck 0.0063-0.200 mm). and the spots were located with uv light or iodoplatinate reagent. 

Flash column chromatography was canied out on Si02 (silca gel 60, 0.040-0.063 mm, Macherey Nagel). Drying 

of organic extracts during workup of reaction mixtures was perlormed over anhydrous sodium sunate. 

Micmanalyses were perlormed on a Carb-Erba 1106 analyzer by Departament de Ouimica Organica BioBgica. 

Barcelona. 

2-Methyl-l-(phenylsuIfonyl)-3.lndolylcarbaIdeyde (8). Method A. To a mixture of 2-methyl-3- 

indolylcarbaldehyde (5) (3 g, 16.86 mml),  benzene (180 ml), tetrabutylammnium bisunate (226 rrq, 0.66 mmol), 

and 50% aqueous NaOH (60 ml) was added benzenesulonyl chloride (3.64 ml, 28.3 mtnol). Aner being stirred at 

room temperature for 15 h, the organic layer was separated and washed with brine (3 x 30 ml), dried, and 

evaporated to give aldehyde(8)(3.8 g. 69%) as a solid aner flash chromatography (Et20): mp 153-155 "C (Et20); lr 

(KBr) 1660 (CO); 'H nmr 2.93 (s, 3H, CH3), 7.00-8.40 (m, 9H, ArH), 10.27 (s, IH, CHO); 13c nmr 12.3 (CH3), 

113.9 (Id.-C7), 121.3 (Ind.-C4), 125.1 (Ind.-CS), 125.6 (Ind.-C6), 126.1 (Ind.-C2), 126.4 (Ar-ollho), 126.5 (Ar- 
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meta), 129.3 (ArC3a). 129.4 (Ar-para), 129.7 (Ind.C7a), 134.6 (Ar-ipso), 147.7 (Ind.C3), 185.8 (CHO); ci ms (me, 

%) 317 (M++18, 48), 272 (39), 194 (42). 177 (loo), 123 (9). Anal. C a w  for C16H13NOSS: C, 64.19; H, 4.38; N, 

4.68. Found: C. 6436; H, 4.42; N. 4.54. 

Method 8. To a THF solution (40 ml) of imineha) (395 mg. 1.16 mmol), prepared from aldehyde (6)( 330 mg, 

1 .I 6 mml) and excess of tG4HgNH2 in d-y benzene was added mC4Hgli (1.6 M, 0.87 ml, 1.39 rnmol) at -15°C. 

Alter stining for 1 h 15 min at -15% the mixture was cooled to -78% and CHQI (0.086 ml. 1.39 rnmol) was added. 

Alter warming to room temperature the mixture was stirred for 5 h, then poured into water, and the product was 

extracted with ether. The combined extracts were dried and evaporated to give iminepb)(225 mg. 55 %) as a 

white solid. mp 113-114% (hexane-ether): IH nmr 1.29 (s, 9 ~ .  CH3). 2.75 (s. 3H. l n d . - ~ ~ 3 ) .  7.20-7.50 (m. 4H. 

Ind.-H). 7.80-8.00 (m. 2H. lnd.-H), 8.22 (m. 1H. Ind.-4H). 8.45 (m. 1H. Ind.-7H). 8.55 (s, lH,  -CH); %-nmr 12.4 

(1nd.-CHs), 29.5 (CCH3), 57.2 (CCHz), 113.9 (ln-C7), 122.2 (lid.-CS), 124.2 (ind.-C4), 124.8 (Ar-odho), 129.4 (Ar- 

metal, 134.0 (Ar-para), 135.9 (ind.-C7a), 138.8 (Ar-ipso), 148.9 (-CH). Anal. Calcd for C~&IDN~OZS: C, 67.76; H, 

6.27; N, 7.91; S, 9.04. Found: C, 67.95; H, 6.37: N, 8.07: S, 8.99. Alter aqueous acid hydrolysis (2N HCI, reflux, 

2 h) aldehyde (8) was obtained quantitatively. 

3,3-(Ethylenedloxy)-N-([2-methyl.l-(phenylsullonyl)-3-lndolyl]methylene]butylamlne (10). 

Method A. A solution of aminoketal(9](1.91 g, 14.59 mmol) and aldehyde(8)(4.8 g, 16.05 mmol) in dry benzene 

(100 ml) was stirred at 0% tor 30 min at room temperature for 1 h. and then under reflux for 4 h. Alter 16 h of 

additional refluxing with removal of water by a Dean-Stark trap, the solvent was evaporated to give an oily mixture of 

E and Z imines (10) (6.2 g. 98%) after flash chromatographic filtration (95:5. CH2Cipdiethylamine), which was 

used without separation; ir (NaCI) 1630 (C=N), 1175,1370; 'H nmr 1.32 and 1.40' (Major isomer psak is indicated 

by an asterisk) (2 s, 3H each, CCH3), 1.95 and 2.10' (2 1. .k7 Hz, 2H each, CHz), 2.74 ( s, 3H, lnd-CHs), 3.65 and 

3.75' (2 t, &7 Hz, 2H each, NCHz), 3.95 (s. 4H . OCHz), 7.00-8.20 (m, 9H. AM), 8.50' and 8.95 (2 s. 1H each. 

=CH); 1 3 ~  nmr 12.1' and 15.8 (CH3) . 23.9 and 24.0' (~nd.-CHQ), 36.4 and 40.2' (NCH~CH~),  47.2 and 57.7' 

(NCHz), 64.3 and 64.4 (OCH?), 109.2 and 109.8' (OCO), 112.7 and 113.8' (Ind.-C7), 121.9 (Ind.-C5), 124.1 (Ind.. 

C4), 126.3 (Ar-ortho), 126.7 (Ind.-C6), 129.3 (Ar-mela), 129.4 (Ind.-C3a), 133.9 (Ar-para), 136.3 (lnd.-C7a). 138.6' 

and 139.4 (~r-ipso), 154.3 and 160.6 (C-N); ms (m*, %) 412 (MI, I), 300 (15), 284 (loo), 257 (8), 141 (43), 115 

(14). 87 (21). 77 (55). 

Method 8. To a solution of imine(1$ (400 mg, 1.0 mml) in THF (25 ml) was added mCqHgIi (1.6 M. 0.76 ml, 

1.2 mmol) at -15% under a w n  atmosphere. Aner stining for 1 h at -15'C the reation mixhlre was cooled to 
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-78'C, and CH31 (75 pl. 1.2 m l )  was added. Alter stirring overnight at mom temperature the readion mixture was 

poured upon water and extracted with ether. The organic layers were dried and evaporated to yield 10 (200 mg. 

48%) as an oil aner flash ChmInatOQraphy (%:5, CHzCIy2H30H). 

2-[2-Melhyl-l.(phenyIsulfonyl)-3-lndolyl4-plperldone Ethylene Ketal (11). A stirred solution of 

the iminoketal(l0)(5.6 g. 13.62 mml)  and annydrws pTsOH (5.2 g, 27.36 mml )  in dry benzene (200 ml) was 

refluxed under N2 tor 1 h. The moled mixture was poured on ice-water and basified with Na2C03. The organic 

layer was separated and washed with saturated aqueous Na2C03, dried, and evaporated to give piperidine(l1) 

(4.02 g. 72%) as an oil alter flash chromatography (955, CH2C12-CH30H); ir (KBr) 2600-3300 (NH). 1350.1150; 

'H nmr 1.60-1.90 (m, 2H, 5-H). 2.13 (1. 5 1 2  Hz, IH, 3-Ha), 2.63 (s,3H, IM.-CHg). 2.93 (Id, J-12, 3.5 HZ, IH, 6- 

Ha), 3.15 (br d, 5 1 2  Hz, IH, &He), 3.90-4.00 (br s, 4H, OCHz), 4.13 (dd, J-12, 2.5 Hz, IH, 2-Ha), 7.23 (brt, A 8  

Hz, lH. Ind.-SH), 7.25 (d, 5 7  Hz. 2H, Ar-orno), 7.41 (1, &7Hz, Ar-meta), 7.50 (brl, J-8 Hz, IH, lnd.-6H), 7.74 (d, 

J-8 Hz, IH, Ind.-4H), 7.90 (m, IH, Ar-para), 8.19 (brd, &8 hz, lH, lnd.-7H); 13C nmr 12.5 (CHs), 35.1 (C-5). 40.7 

(C-3), 44.2 (C*), 51.9 (C-2), 64.0 and 64.2 (OCHz), 107.7 (C-4), 114.4 (lnd.-C7), 120.6 (Ind.-Cd), 122.8 (Ind..C6), 

123.1 (Ind.-C2). 123.9 (Ind.-C3), 124.3 (Ar-ortho), 126.3 (Ar-mela), 126.8 (Ind.-C3), 129.2 (Ar-para), 129.3 (Ind: 

C7a), 133.7 (Ar-@SO); d mS (m'l, 96) 430 (M++18, 50), 413 (M++l), 73; 375 (36), 340 (38), 305 (42), 273 (91), 209 

(671, 194 (79). 177 (100). 150 (44), 125 (71). The hydrochloride, as a crystallne solid, melted at 229-231 'C 

(acetone); 1~ nmr I .82 (d, J-12 HZ, IH, 5 -~e ) ,  2.20 (m, IH, %He), 2.77 (s, 3H, I~c.-cH~),  3.94 (br s, 4H, OCHz), 

4.45 (1, 5 1 2  Hz, IH, 2-Ha), 7.00-8.15 (m, 9H. AM); nmr 13.4 (CH3), 31.1 (C-5), 37.5 (C-3), 42.7 (C-6), 51.3 

(C-2), 64.5 and 64.6 (OCHz), 105.1 (C-4), 114.2 (Ind.-C7), 121.0 (1nd.-GI), 123.7 (Ind.-C6), 124.6 (Ind.-C2), 126.4 

(Ar-ortho), 129.5 (Ar-meta), 133.9 (Ar-ipso), 135.9 (ind.-C7a), 137.9, 136.7. Anal. C a M  for C22H24N204S.HCI: C, 

58.27; H, 5.67; N, 6.18. Found: C, 57.93; H, 5.65; N, 6.03. 

N-(2-Hydroxyethyl)-2-[2-methyl-l-(ph8nylsulfonyl)-2-lndolyl]4-plperldone Ethylene Ketal (4). 

2-Bromethanol (0.57 ml. 7.27 mml )  was added dmpwise to a mixture of piperidine(ll)(Z g, 4.85 mml)  and 

anhydmus K2C03 (2 g. 14.5 mmol) In absolute ethanol (200 ml). The resulting mixture was refluxed under N2 lor 

15 h. The ethawl was evaporated, and the residue was dissolved in CH2C12 and washed with brine (3x 30 ml). The 

dried organic phase was evaporated and purified by flash chromatography (955, CH2C12-CH30H) to give pure 

alcohoI(4)(1.57 g. 71%) as an oil; lr (KBr) 3300-3500 (OH), 1370,1170; 'H nmr 1.82 (id. &I3  and3 Hz, lH.3-Ha), 

1.95 (brd, 5 1 3  Hz, lH, 3-He). 2.26 (Id, &I3 and3 Hz, 1H. &Ha), 2.58 (brs, 3H, lnd.-CHa), 3.15 (brd, 513  Hz, 
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IH, 6-He), 3.95 (m, IH,  2-H), 3.98 (s, 4H, OCHz), 7.00-7.50 (m, 7H, AM), 7.69 (d, J-7 Hz, IH,  1nd.-4H), 8.22 (d, 

&7 Hz, IH, Id.-7H); nmr 12.1 (CH3), 34.6 (G5), 40.2 (C-3). 49.0 (C-6), 54.4 (NCHz), 58.0 (C-2), 58.4 (OCH2), 

64.0 and 64.1 (OCHz). 106.7 (C-4). 114.8 (lnd.47). 120.9 (lnd.-C5). 123.4 (Ind.-C4). 124.2 (1nd.-C6). 126.1 (Ind.. 

C3a), 127.1 (Ar-oftho), 129.0 (Ar-meta), 129.2 (Ind.-C3), 133.6 (Ar-para), 133.7 (Ind.-C7a), 139.0 (Ar-ipso); ci ms 

(M, %) 457 (M++l, 46), 349 (411, 301 (39), 232 (58), 194 (74), 127 (loo), 163 (23), 123 (38). Anal. Calcd for 

C Z ~ H Z ~ N ~ O ~ S :  C, 63.14; H, 6.16; N, 6.13. Fwnd: C, 63.24; H, 6.07; N, 5.96. 

N-[2-(2-Methyl-3-lndolyl)ethyll-4-piperldone Ethylene Ketal (15). To a solution of piperldine(4)(350 

mg. 0.77 m m l )  in dly THF (30 ml) was added freshly sublimed 1-C4HgOK (215 mg. 1.92 mmol) under N2. After 

being stirred at 0% for 3 h NaBH4 (87 mg, 2.30 mmol) was added. The reaction mixlure was relluxed for 12 h and 

then poured into an aqueous NH4Cl solution and extracted with CHzC12. Evaporation of the dried organic extract 

gave 15 (67 mg, 31%) after flash chromatography ( 9 5 5  CHZCI~ -C~H~OH) ;  crystal form, mp 82-83 OC (ether- 

acetone); ir (CHCb) 2900-3400 (NH); 1~ n m  1.82 (I. C 8  HZ, 4H, CHZ), 2.33 (s, 3H, lnd.-cti3), 2.50-2.90 (m, 8H, 

NCHz and Id.-CHz), 3.95 (s, 4H OCHz), 7.00 (m, 2H, 1nd.-5H and lnd.-GH), 7.15 (d, 2-7 Hz, IH,  1nd.-7H), 7.25 (d, 

&7 Hz, lH, I&.-4H), 7.90 (br, lH ,  NH): I3C nmr 11.3 (CH3), 21.7 ( Inch) ,  34.4 (C-3) 51.2 (NCHd, 58.6 (C-2), 64.2 

(OCHz). 107.1 (C-4). 110.3 (Ind.-C7), 117.9 (1nd.-CS), 119.2 (Ind-C4), 121.0 (Ind.-C6), 126.5 (Ind.-C3a), 131.4 

(Ind.-CZ), 135.1 (Ind.-C7a); ci ms (m2, %) 301 (M++l, loo), 272 (3), 197 (7). Anal. Calcd forC18Hz4N202.1/2Hz0: 

C, 69.87; H, 8.14; N,9.05. Found: C, 69.77; H, 7.82; N.8.63. 

N-[2-(2-Methyl-3-lndolyl)ethyl]-2,3-dlhydrolH~pyrldln-4-one (16). To a solution of piperidine(4) 

(250 mg, 0.54 InIW3l) in dly THF (30 ml) was added freshly sublimed t-CqHgOK (135 mg, 1.2 mmol) under N2. Alter 

being stirred at 0°C for 3 h. 4N HCI (25 ml) and methanol (25 ml) were added after evaporation of THF. The 

resuning mixture was refluxed for 3h, cooled, basifled (NazCQ) and extracted with CH2Ci2 to provide enaminone 

(16)(32 mg, 23%) as an oil after flash chromatography (95:5, CH2C12-CH30H); ir (KBr) 3200 (NH), 1580-1600; 1~ 

nmr 2.39 (1, 8 HZ, 2H, 3-H), 238 (1, A 7  Hz, 2H. lnd.-CHz), 3.46 (1, J=E Hz, 2H, 2-H), 3.47 (s, 3H, 1nd.-CHQ), 3.52 

(1, A 7  Hz, 2H, Ind.-CHzCHz), 4.80 (d, J-7 Hz, IH, 5-H), 6.65 (d, J-7 Hz, lH ,  6-H), 7.00-7.15 (m, 2H, 1nd.-5H and 

Ind.-6H), 7.30 (d, J-7 Hz, IH,  Ind.-7H), 7.45 (d, J-7 Hz, IH, 4H), 8.50 (br, IH, NH); nmr 11.4 (CH3), 23.9 (Ind: 

CHA, 35.3 (C-3), 47.2 (C-2). 56.0 (1nd.-CH2CH2N), 97.1 (C-5), 107.0 (Id.-C2), 110.7 (Ind.-C7), 117.3 (Ind-C5), 

119.5 (iM-C4). 121.5 (lnd.-C6). 127.9 (lnd.-C3a). 132.5 (Ind.-C7a), 154.4 (C-6). 191.6 (CO); ci ms (mz, %) 272 
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(Mt+NH3). 255 (Mt+l. 100). Anal. Cakd for C16HlgN20 : C. 75.56; H. 7.13; N, 11.01. Found: C. 75.70: H. 7.09; N. 

10.88. 

1-A~etyl-3-[2-(4,4-ethyIenedloxy-2-oxo-l-plperldylethyl]-2-methyllndole (19). To a solution of 

spiroindolenine(3l prepared as above fmm 4 (350 mg. 0.77 mmol) and CC4HoOK (215 mg. 1.92 mmi), in THF (30 

mi) was aWed RC4HgI.i (1.6 M, 0.58 ml. 0.92 mrml) at -20°C. Atter stirring for 10 m n  at -20 "C. acetyl chloride (64 

@, 0.847 m m l )  was added. The reaction mixture was stirred for 1 h at -20 'C, quenched with aqueous ammonium 

chloride, and extracted with CHzC12. The organic layers were dried and evaporated to give 2-pipeli&ne(19)(93 mg. 

34%) as an dl after flash chmmatography (95:5. CH2C126H30H); 1~ nmr I .w (s. 3H, COCH~), I ,651.80 (m. 2H. 

5-H), 2.05 and 2.28 (2 d, JAB-12 Hz, 1 H each, 3 - 4  2.55 (s, 3H, 1nd:CHs); 3.00-3.20 (m, 2H, NCHz), 3.70-4.00 

(m, 6H, 6-H and OCH2), 7.10-7.30 (m, 2H, 1nd.-5H and ind.-6H), 7.85 (d, A 7  Hz, IH, Id.-4H), 8.45 (d, A7 Hz, lH,  

Ind.-7H); 13C nmr 23.9 (CH3), 26.5 (CH3), 34.7 (Ind.-CHz), 39.2 (C-5), 44.0 (C-3), 53.3 (C-6), 55.4 (NCH?), 64.0 

and 64.3 (OCHz), 107.1 (C-4) , 110.5 (lnd.-C3). 116.9 (Ind.-C7), 121.1 (Id.-C4), 123.3 (Ind.-C5), 125.0 (Ind.-C6), 

126.0 (ind.-CZ), 128.1 (Ind.-C3a), 136.7 (ind.-C7a), 160.1 (CO); ms (mk, %) 357 (MI, 3), 332 (6), 315 (Mt- 

COCH3). Anal. calcd for C20H24N204: C. 67.39; H, 6.79, N, 7.85. Found: C, 67.19: H, 6.47; N, 7.55. 

ACKNOWLEDGEMENTS 

This work was suppotled by the DGICYT (Spain) through Gram PB-8810316 and by the Accidn lntegrada Hispano- 

Francesa HF-078 (1991). Thanks are also due to the 'Deparlament d'Ensenyament', Generalitat de Caialunya, for 

a fellowship given to one of us (C.V.). 

REFERENCES 

1. For pall three, see: M. Rutiralta, A. Diez. and C. Vila, Tetrahedmn Len., 1990. 31, 3779 

2. M. Rubiraiia, A. Diez, J. Bosch, and X. Solans, J. Org. Chem., 1989, 54, 5591. 

3. M. Rubiralta, A. Diez, and C. Vila, Tetrahedron Len.. 1990, 31, 3347. 

4. M. Rubiraiia, A. Diez, and C. Vila, Tetrahedron, 1990, 46, 4443. 

5. M. Rubiraiia, A. Diez, C. Vila, Y. Troin, and M. Feliz, J Org. Chem.. 1991, 56, 000. 



1350 HEEROCYCLES, Vol. 32, No. 7, 1.991 

A similar imramlecular cy'zation has been reported in a synthesis of the pentacyclic indole alkaloid 

mostueine: (a) M. Onanga and F. Khwng-Huu. TetrahedmnLen., 1983, 24, 3627. (b) L. R. McGee. G. S. 

Reddy. and P. N. Confabne. Tetrahedron Len.. 1984. 25, 2115. 

E. Wenkerl, K. G. Dave, C. T. Gnewuch, and P. W. Sprague, J. Am. Chem. Soc, 1968,90,5251. 

E. Wenkerl, Acc. Chem. Res.. 1968. 1. 78. 

A. S. Bailey, J. 6. Haxby. A. N. Hiilon. J. M. Peach, and M. H. Vandrevala. J. Chem. Soc.. Perkin Trans. 1, 

1981. 382. 

A. S.. Bailey, J. H. Ellis, J. M. Peach, and M. L. Pearman, J. Chem.: Soc., Perkin Trans. 1, 1983, 2425. 

T. Gailagher and P. Magnus, Tetrahedron, 1981,37,3889. 

P. Magnus, C. Exon, and N. L. Sear, Tetrahedron, 1983, 39,3725. 

J. Bosch, M. Rubiraila. M. Moral, and M. Valls, J. Hetemcycl. Chem, 1983. 20, 595. 

E. Giralt, M. Feliz, M. Rutirana, and J. Bosch, J. Hetemcyd. Chem, 1984, 21, 715. 

M. Rubiralta, M. Feliz, C. Jaime, and E. Giralt, Tetrahedron, 1986, 42, 3957. 

M. Rutiralta, M:P. Marco, M. Feliz, and E. Girail, Heterocycles, 1989, 29. 2121. 

A. Diez, M. Tona, and M. Rutirana, Tetrahedron 1990,464393, 

M. Rubiralta, P. Marm, J. Bol6s, and J. Trap4 Tetrahedron, 1991, 47, 000. 

M. G. Sauinier and G. W. Gribble. Tetrahedron Len.. 1983, 24.5435. 

E. Wintelfeldt, Chem. Ber., 1964, 97, 2463. 

21. For a related formation of ladams as by-pmduds fmm iminium salts, see: (a) M. Rubiraila. A. 

Tonens, A. Palet, D. S. Griersom, and ti.-P. Husson, Tetrahedron Len., 1989,30,6761. (b) 0. 

Ponglux. S. Wongsenpipatana. N. A M ,  M. Nishimura, M. lshikawa, H. Sada, J. Haginiwa, and S. 

Sakai, Chem. Pharm. BUN. 1990.38.573. (c) For a related formation of lactams in the 

mercuric acetate oxidation of pipendines, see: T. Fujii. M. Ohba, and N. Sasaki. Heterocycles, 

1984, 22. 1805. 

Received, 7 t h  May, 1 9 9 1  


