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Abetract- The synthesis of the basic tetracyclic skeleton 2 of ervitsine and its 20-deethylfdene-6,lGdihydrc analogue 

4 is reported via 2-aryl-Hmethyl- and 2-atyC/Uformylpfperidines which are easily accessible from llcformyl- and N 

methyl-2-(6indolyl)+piperidones 5 (6, and 14. 

Ervitsine is a minor indole alkaloid isolated in 1977 from fandaca boifeaui,2 la&kg the character&kc tryptamine 

bridge present in the greater part of the indole alkaloids but presenting a P-acylindole unit3 and two exocyclic ene 

substituents (C-20 (E )-ethylidene and C-16 methylene). The synthetic problems associated with the simultaneous 

elaboration of a seven membered ring, an (/+ethylidene4 and a methylene side cham have not been solved to date and 

nc synthesis for ervitsine has yet been described. However, two synthetic approaches to ervitsine analogues (l-3) have 

been reported which involve either intramolecular cyclization of an appropriate 2-cyanopiperidine5 or the use of 2-cyano- 

1,2,3,6tetrahydropyridine chemrstry6~7. 

ERVITSINE 

(Biogenetic numbering) 

1 R$3-&; R&X-&, X=H. H (Ref. 5a) 
2 Ftf=R&f; X=H, H (Ref. 6a) 
3 Rt=Rz=H; X=(Z)GHCHs (Ref. 6b) 
4 Rt=H; Rs=CHs; X=H, H 

Scheme 1 
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In the context of our studies on 2-aryl-4-pipertdones* as potential synthetic intermediates in polycyclic 

compounds presenting a P-arylpipertdine moiety9. we planned to evaluate the effectiveness of these compounds in 

the synthesis of sfmpnied etvhsine analogues. 

in this paper we report a new synthetic entry to the ervitsine skeleton 2 and its 20-deethylidene-6,lSdihydro 

anatogue 41° involving cbsure of ring C by fomation of the C2-C3 bond from appropriate 2-aryi-Nmethyt- and 2-aryi-N 

formylpipertdines, having a C-4 methoxycarbonyimethyi substituent, which were prepared, from a convenient 2-(3- 

indolyi)-4-pipe&tone previously synthesized.’ 1 

In order to control the stereochemistry of the catalytic hydrogenation step of the oiefins obtained by Wadsworth- 

Emmons condensation, we turned our attention to pipertdones 5 If and 6” The N-formyi substituent was expected 

to exert a favorable conforrnattonal effect since it is known that the a-substituents In Nacylpfpertdines are axially onented 

to relieve the stertc crowding with the amide carbonyl group.12 

Transformation of N-formyi+piperidone 5 into tetrahydropyrfdine 9 was carrfed out in 45% yield by means of a 

Wadsworth-Emmons condensation13 with diethyl methoxycarbonylmethylphosphonate prepared by an Arbuzov 

reaction,14 using an excess of sodium hydride as the base. l5 Under these conditions, only the endocyclic oiefrn 9 was 

obtained by isomertzatiin of the initially formed exocyclic olefin 7. l6 The assignment of the position of the double 

bond for the endocyclic isomer 9 was inferred from the absorption at 1740 cm-l in its IR spectrum, and the presence of 

two signals at 6 3.12 and 3.15 corresponding to the exocyciic methylene protons of each rotamer. The A3-doubie bond 

was unequivocally assigned by a 2D nOe experiment. Thus, nOe signals were obsen/ed between the vlnylic proton at 6 

5.65 and the two signals at 6 6.29 and 5.43, assigned to the C-2 equatorial proton of the major (2) and the minor (E)- 

rotamers, respectively. 

R=H 5 7 9 11 

R&H3 6 6 10 12 

Scheme 2 

Alternatively, reaction of pipeddine 6 with the corresponding phosphonate gave a mixture of olefins 6, 10, and 

12 in 9%, 27%, and 63% yields, respectively. The structure of Isomer 6 presenting the exocyclic double bond was 

established by its absorption at 1715 cm-l in the IR spectrum due to the a&unsaturated carbonyl group. The 1 H-NMR 

spectrum shows the signals of both (E)- and (2)isomers of C-4 exocyclic double bond, each one split into two signals 

due to the presence of (IF)- and (Z)-amide rotamers (see Scheme 3). The olefinic proton corresponding to each rotamer 

of the (2)~isomer 6 was assigned to the doublets at 6 5.66 and 5.87, in the 1 H-NMR spectrum, by means of the greater 

magnitude of the cisoid allylic coupling constant (A 4 Hz) in comparison wrth the value of the transoid allylrc coupling 

constant of the doublets at 6 5.90 and 5 96 corresponding to both rotamers of the (E)-isomer.17 
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Scheme 3 

Moreover, these NMR data imply a preferred conformation with the methyl substituent in a pseudoaxral 

disposition to avoid the A(l3) strain. l8 The assignement of the ‘H-NMR spectroscopic data of the (z)- and (E)-Isomers 

was confirmed by the bldimensional t H-1H homonuclear correlated spectrum and by 2D nOe spectroscopy (NOESY) 

The major products of the Wadsworth-Emmons reactron of piperfdone 6 were the endocyclic isomers 10 and 12 

derived from the isornerfzatfon of the initially obtained isomer 8 In this case, the presence of a methyl substituent at the 

C-3 position promotes the formation of the A4-tetrahydropyrfdine, kinetrcally the more favoured, as the major product 

The structural assignments of 10 and 12 were based upon the absorfion at 1730 and 1740 cm-l, respectively, in 

their IR spectra. The major isomer 12 presents two signals at S 5 46 and 5.66 for the vinylic proton of both mtamers, and 

a doublet at 6 2.21 for the pseudoaxial C-3 methyl substituent In its f H-NMR spectrum and two signals at 6 19 0 and 19 9 

corresponding to the C-3 methyl group for each rotamer in the l3C-NMR spectrum. 

The assignment of (Q- and (Z)-rotamers were carried out by considering the deshielding effect of the carbonyl 

group syn to an equatorial proton at the a position. lg Thus, values of 6 4.50 and 3.34 for the C-6 equatorial proton and 

S 4.82 and 5.86 for the C-2 equatorial proton were assigned to the (5) and (Z)-rotamers, respectively. The pseudoaxial 

disposition of the indole group was also evidenced by the chemical shiff and the coupling constant of protons attached to 

C-2 and C-3. 

When the condensation of 6 with phosphonoacetate took place under a long reaction time, only a 3:7 mlxture of 

endocyclic olefins 10 and 12 was obtained. Moreover, when an excess of sodium hydride was used, the fragmentation 

product 13 was obtained in 44% yield. The formation of 13 was explained by initial abstraction of the indole NH proton 

followed by opening of the C2-N bond. 

Cur next goal was to study the Wadsworth-Emmons condensation wfth the previously prepared Nmethyl-G 

pfperfdone 14sb, using an excess of phosphonacetate under the conditions described above as being the most suitable 

for avoiding the isomenzation of the double bond. In this case, only products with an exocyclic double bond were 

obtained in an 8:3 C-3 epfmeric mixture due to epfmerfzatfon of the conjugate enolate of the ester function favoured by 

the allylic interaction of the exocyclic double bond and the equatorial C-3 methyl substituent 
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Figure 1 

The major ffans-isomer 15 presents the C-3 methyl and indole substituents in an equatorial orfentahon as has 

been confirmed by the chemical shift of the methyl group, at 5 0.79 in the 1 H-NW spectrum and by the signal at 6 14.9 

in the 13C-NMR spectrum. Also the chemical shift of the doublet at 6 2.94, assigned to the proton at the C-2 position 

with a coupling constant of 14 Hz is in agreement wrth a frans-diaxial C2C3 disposition 

The minor c&isomer 10 exhibits the methyl group in an axial orientation as evrdenced by the magnitude of the 

chemical shift (6 O-99), more deshielded than in the equatorial drsposition due to the effect of the nitrogen bne pair in a 

syn relationship.20 

Scheme 4 

15 R,=H; R2=CH3 
16 R,=CHs; R2=H 

The next step in our synthetic plan was the catalyhc hydrogenation of the double bond of olefrns 9,6, and 12 to 

give piperidine+acetates 17,16, and 19, respectively The hrgh stereoselectivity observed was possibly due to the 

axial disposition of the indole group promoting hydrogen delivery from the less hindered side. As expected, 

hydrogenation of N-formyltetrahydropyridine 9 with Adam’s catalyst, in methanol, afforded stereoselectively N- 

formylpipertdrne 17 In 95% yield. The preferred conformation of 17, with two substituents in an equatorial disposition 

despite the A(l3) strain of the indole group, was confirmed by NMR spectroscopy. Thus, the chemical shift of the proton 

at the C-2 position (6 4.60) and the magnitude of the coupling constants (&I2 and 2 4 Hz) are in accordance with an axial 

orientation. 

The equatorial disposition of the (methoxycarbonyl)methyl substituent was evidenced by the chemical shift of the 

exocyclic methylene at 5 2.32 and 40 7 in its 1 H- and 13C-NMR spectra, respectively, and these data are in accordance 

with those for other pipeddine-4-acetates. 6a The equatorial arrangement of the indole group give rise to the existence 

of Only the (E)- mtamer, which was established by the chemical shift at 6 4 66 for the C-6 equatorial proton. 

Moreover, catalytic hydrogenation of 6, having an exocyclic double bond, occurred in high stereoselectivity to 

give the crs-2,4-disubstituted piperidine 16, due to the large sterlc effect of the axial indole group. This result contrasts 
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with those previously described for ethyl Nbenzyl-3-ethylpiperfdine-A4~a -acetate and related compounds in which the 

&3,4disubstiMed isomer was obtained.l5 

The preferred conformation of pipeddine 18 disposes all pipeddine substituents in the equatorial positron. 

Thus, the equatorial indole group give rise to the existence of only one (E)-rotamer easily ldentified by the chemical shift 

of the equatorial C-6 proton. As observed in piperidme 17, the chemical shifts of the exocyclic methylene carbon (5 38 9) 

and methylene protons (5 2.40) confirm the assigned stereochemistry. 

CHO 

In=3-lndolyl 

17 18 

Scheme 5 

19 

When the same hydrogenation process was carried out with the major tetrahydropyridine 12, a 52 epimenc 

mixture of ck+ and Pans-2.4disubstituted pipertdines 18 and 19 was obtained. Both isomers were separated by column 

chromatography and the fransisomer 19 presents a piperidrne conformation with the C-2 and C-3 substituents axially 

disposed and the acetate chain in an equatorial disposition. The axial indole group gives rise to the existence of two 

mtamers dearly observed by NMR spectroscopy. 

In the c&isomer 18, suitable for the next cyclizatron step, three C-substituents are in an equatorial orientation and 

the C-methyl carbon appears at 6 16.5, more deshielded than the same methyl in 19 (A6 4 5 ppm) due to the non- 

existence of the mauche’ effect. 

The attempted hydrogenation of the tetrasubstituted olefin 10 under drastic experimental conditions (70 atm, 

60°C 60 h) in dioxane or glacial acetic acid gave the starting materfal 10 or the Nacetyl derivative, respectively. 

Catalytic hydrogenation of the N-methylpiperidines 15 and 18, which have the indole group in an equatorial 

disposition, is mainly influenced by the C-3 methyl substituent. For compound 16, havmg the C-3 methyl group in an 

axial disposition, piperidine 22 was stereoselectively obtained, while the hydrogenation of 15 an equimolecular mixture 

of C-4 epimers 20 and 21 was obtained. 

The Vans relationship of the C-2 and C-3 substituents in both isomers 20 and 21 was corroborated by the 

chemical shift of the axial C-2 proton (6 -3.1) and by the coupling constant of 10 Hz, which it is characteristic of a frans 

diaxial orientation between the C-2 and C-3 protons. The axial disposition of the acetate chain of piperidine 21 was 

inferred by 1 H-NM spectroscopy and showed signals at 6 2.20 and 2.60 for the two protons of the exocyclic methylene 

group. In contrast, piperfdine 20 showed only one signal at 6-2.4 for the methylene protons 

Catalytic hydrogenation of the cr.+isomer 16 was effected in the presence of Adam’s catalyst at 200 psi to afford 

the ppendine 22 stereoselectively. which presents the C-2, C-3 and C-4 substituents In a syn relationship. In this case, 
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the C-2 methine proton (6 3.46) appears as a broad signal in accordance with a virtual coupling promoted by the axial 

methyl group. The 13C-NMR spectrum shows a chemical shift (3-6.1) for this carbon at a higher field than for the one of 

the piperidine 20 as expected for a “y-gauche’ effect. The side chain methylene group presents a chemical shift (6 2.13) 

characteristic of an equatorial orientation in accordance with the shielding effect observed for an axial methyl group in 

the u-position compared to the 3demethyl analogue (8 2.55). 

In= 3-lndolyl 

16 22 

Scheme 6 

Finally, hydrolysis of the N-methylpiperidines 20 and 21 was camed out with bartum hydroxide solution in 

dioxane-water and the resulting aminoacrds were used directly , without purification, In the cyclisation step. Moreover, N- 

formyl substituted esters 17 and 16 were transformed Into acrds 23 and 26, respechvely, by treatment wrth IN sodium 

hydroxide-dioxane at room temperature. 

The Friedel-Crafts cyclrsahon of N-formylpiperidine 23 with PPA afforded the N-formylderivative 24 as a 3 1 

mixture of (i’)- and (E)-rotamers in low yield. Hydrolysis of the amrde function with sodium hydroxide in water-methanol 

followed by alkylation with methyl iodide gave the basic tetracyclic lramework of ervitsine. 

The f3C- and ‘H-NW spectra of the tetracyclic compound 24 clearly differentiate the two rotamars. Thus, in the 

major (Z)-rotamer the signal of the equatorial methine proton adlacent to the indole nucleus (6 6 35) appears at a lower 

field with respect to that of the (5)rotamer (8 5.40) Those data reflect the deshielding effect promoted by the amide 

carbonyl group. In the compound 26 the C-l methine proton appeared as a doublet of doublets (J=6 and 2 Hz) 

shielded (6 4 66) due to the absence of the amide function and in the N-methyl analogue 2 as a doublet of doublets at 6 

4.77. 
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P 

26 R-H 

2 R=CH3 

28 X=H, OH 

4 x=0 

Reagents: i) PPA, 100 “C, 15 min. ii) 30% NaOH, EtOH, A, 2 h. iii) CH31, acetone, dry K2CO3, r.t., 15 min. IV) LiAIH4, 
THF, A, 6 h. v) MnO2, CHCl3, r.t., 2 h. 

Scheme 7 

Srmilarty. cyclisation of the Mforrnyl derivative 26 with PPA afforded the tetracyck compound 27, in 16% yreld, 

and also unexpected fragmentation products 29 and 30 ( see Figure 2) in 20% and 12% yietd, respectively. 

Formatron of the enamine 29 can be explamed by considerfng the initial protonation of the indole 3position in 

COfTIPOUfKl26 with the subsequent opening of the Cl-CiPb bond and isomerisation of the resulting iminium Salt to the 

stabilised enamine 29. Alternatively, the fragmentation of the Cl-N bond afforded the trfcyclic compound 30. The 

structures of both fragmentation products has been confirmed by elemental analysis and by spectroscopic data 

Figure 2 
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Tetracycitc ketone 27 shows characterfstic absorptions at 1825 and 1855 cm-l for the carbonyi groups of amkie 

and P-acytindoie functions. The methyl group on C-13 is disposed axiaiiy as may be deduced by the chemical shift of 6 

1.34 and 1.37 for each totamerS and by the magnitude of the coupling constant of C-l and C-13 methine protons. The 

13C-NMR spectrum shows a signal at 3 19.8 for this methyl group , which promotes a ‘r-gauche’ effect upon the 

carbon at the 4-positbn (A3 4.9 ppm) with respect to the demethyi anaiogue 24. Finally. the transformation of the N- 

formyi derivative 27 IMo N-methyl analogue 4 was carded out by initial reduction of 27 with ifthiim aiurntnium hydride 

followed by reoxidatttn of the resuiting carbinoi 28 using MnO2. 

Aitemativeiy, FriedeiCrafts cyciisafbn of the mixture of aminoa&ls 31 by treatment with PPA at 95% for 30 mtn. 

gave in this case, a mixture of tetracyciic epimerfc compounds 4a and 4a which were separated by column 

chromatography. The axial orientation of the C-13 methyl group in 45 was cieariy evidenced by the chemical shift of 6 

1 51, in its ‘H-NMR spectrum, more deshieided than in 4a (5 1 .OO) as a consequence of the syn nitrogen bne pair. 

Stmtiariy, a clear dtfference of chemkai shift for this methyl carbon in the 13C-NMR spectrum, due to the shielding effect 

of the two syn C-2 and C-4 substttuents, was observed (axtai methyl group: 6 21.3; equatorial methyl group: 6 18.9). This 

shielding effect was also evidenced for the C-8 methyiene group in 49 in which appeared at higher fiekf than in 4a (AS 

-8 ppm). 

4 a 

Scheme 8 

EXPERIMENTAL 

Meiting points were determined in a capillary tube on a Btkhi apparatus and are uncorrected. ‘H- And 13C-NMR 

spectra were recorded in CDCi3 (unless otherwise indicated) on a Vanan XL-200 spectrometer using TMS as an internal 

standard. Chemical shifts are reported in ppm downfield (5) from TMS. in the 2D NOE experiment the sampie was 

degassed by a nitrogen stream and was performed using the standard sequence.21 The mixing time was 0.150 ms, and 

32 transients were accumuiated for 258 values of evolution period with an spectral width of 1315 Hz in both dimensions. 

and a delay of 2 s was empbyed. A 512x512 data matrix was used with pseudoecho and triangular fokfing.22 ir spectra 

were registered on a Perkin-Elmer 1430 spectrophotometer and only noteworthy absorptions (reciprocal centimeters) 

are listed. Mass spectra were determined on a Hewlett-Packard 5930A mass spectrometer. Tic was carded out on Sio;! 

(sriica gel 80. Merck 0.0083-0.200 mm), and the spots were visuaitsed with uv iigM or iodopiatinate reagent. Flash 

column chromatography was canted out on SiO2 (silica gel 80,O 040-0.083 mm, Macherey Nagei). Drying of organic 
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extracts durtng the worfo~p of reactions was performed over anhydrous sodium sulphate. Microanalyses were performed 

on a Carto-Etba 1106 anatyser by Departamenl de Qukrtica Otganioa Biologica, Barcebna. 

Methyl l-Formyl-2-(3-lndolyl)-l,2,5,6-tetrahydropyrIdlne-4-acetate (9). Methyl diethyi phosphonace- 
tate14 (9.45 g, 45 mmol) was added under N2 to a suspanslon of NaH (2.4 g, 55 mmol) In anhydrous DME (50 ml). The 

resufting suspension was stirred at rcom temperature for 5 min, and then a solution of pipertdone 611 (9 6 g, 40 mmol) in 

anhydrous DME (250 ml) was added dropwise. The mixture was heated at 70°C for 3 h, cooled, poured into Ice-water and 

extracted with CH2Ct2. The organic extracts were washed with aqueous K2CO3, dned and evaporated to obtain 9 ( 4 7 

g, 45%) after purification by flash chromatography (CH2Ct2); mp. 124-126 ‘C (acetone), IR (KBr) 3200 (NH), 1740 (C=O), 

1650 Cm“ (NCHO); lH-NMR 2.00’ (ma@r mtamer) and 2.30 (m, 2H, 5-H) 3.12’ and 3.15 (br s, 2H, CH2CO), X73* and 

3.75 ( 8, 3H, OCH3), 3.36’ and 4.20 (dd, L10.5.4.5 Hz and dd. Cl3 0, 6 5 Hz, lH, 6-He), 6.29’ and 5.43 (br s, lH, 2- 

He), 5.66 (br. lH, =CH), 7.05-7.26 (m, 3H, In-H), 7.35’ and 7.36 (ddd, L7.5, 1.5 and 0.9 Hz, lH, In-7H), 7.97’ and 7.56 

(ddd, L7.5, 1.5 and 0.9 Hz, lH, In-4H), 6.64 (br , 1H , NH), 6.07’ and 6.50 (s, lH, CHO); MS (m/z, %) 296 (M+, 100) 261 

(30) 269 (50), 225 (32), 211 (26) 197 (25) 160 (26) 130 (25). 59 (13) 43 (15). Anal. Calcd for C17H16N203. C, 66.00; 

H, 6.70; N, 9.00. Found: C, 66.09; H, 6.56; N, 6.96. 

Methyl l-Formyl-2-(3-lndotyl~3-methytplperldelne-4-acetates (6), (lo), and (12). Followmg a simrlar 

ProCedUre to that descttbed above, starting from piperidone 6’1 (14.3 g, 55 mmol) in dry DME (200 ml) , NaH (2 5 g, 55 

mmot) and methyl diethytphosphonacetate (12.7 ml, 70 mmol) in DME (50 ml) an oil was obtained. The excess of methyl 

phosphonacetate was removed by distillatron (0.01 mmHg, 120°C 30 min) to obtain 17.2 g of the isomenc mixture 

PUrifiCatiOn by column chromatography (9 1 benzene-CHCl3 as eluent) afforded methyl 1-formyl-2-(3.lndolyl)-3. 

methyl-4-pfperldeln-A4@ -aCetSte (6) (1.54 g, 9%) as a 1 3 mixture of E and 2 isomers whrch was separated by 

preparative tic (BiC2, Et20 as eluent). Z Isomer of 6: (Rf 0.40) mp 167-166X (Et20); lH-NMR 1 25’ and 1.29 (d, L7 HZ, 

3H, CCH3), 2.05’ and 2 11 (d, J-1 3.5 Hz, 1 H, 5-He), 2.50-2.60 (m. 2H. 6-Ha E-rotamer and 5-He), 3.03 (td, Ll3 and 4 

Hz, 6Ha Z-Warner’), 3.36’ and 4.32 (dd, Ll3 and 6 Hz. 1 H, 6-He), 3.76’ and 3.76 (s, 3H, OCH3), 4.77’ and 4.66 (q, 

A7 Hz, tH, 3-H) 5.97 and 4.90 (br, lH, 2-He), 5.66’ and 5.67 (d, Al.6 Hz, lH, =CH), 6.90-7.30 (m, 3H, InH), 7 45 (d, 

L6 Hz, lH, In-7H), 7.79’ and 7.59 (d, L6 Hz, lH, In-4H), 6.43’ and 6 55 (s, lH, CHO); MS (nVz, %) 312 (M+, 70) 253 

(55) 224 (46) ,206 (29). 157 (40) 130 (100) 115 (20). E Isomer of 6: (Rf 0.45) IR (KBr) 3230 (NH), 1715 (COO), 1640 

cm-’ (CHO); ‘H-NMR 1.32’ and 1.35 (d, C7 Hz, 3H, CCH3), 2 36’ and 2 44 (tdd, W3.5, 6.6, and 2.0 Hz, lH, 5-Ha), 

3.00’ and 2.76 (td, Cl35 and 3.6 Hz, lH, 6-Ha), 3.36’ and 4.20 (dd, .I= 13 and 6 Hz, IH, 6-He), 3 62’ and 3.60 (dt, Cl3 

and 2.4 Hz, 1H. 5-He), 3.71’ and 3.74 (s, 3H, OCH3), 5 66’ and 4 60 (br s, lH, 2-He), 5 90 and 5 96 (d. Al 6 Hz, lH, 

=CH), 7.00-7.20 (m, 3H, InH), 7.32’ and 7 36 (d, J=6 Hz, lH, In-7H), 7 72’ and 7 46 (d, L6 Hz, IH, In-4H), 6.31’ and 

6 47 (s, lH, CH0),.6.42’ and 6.56 (br, lH, NH). Anal. Calcd for Ct6H26N203.H20. C, 65 40; H, 6.70; N, 6 40. Found: C, 

65.45; H. 6.37; N, 6.04. On elution with 7:3 benzeneCHCl3 methyl 1-formyl-2.(3-lndolyI)-3-methyl-1,2,3,6- 

tetrahydropyrldlne-4-acetate (12) (10.6 g, 63%) was obtained: mp 115-l 17 =‘C (acetone-Et20); IR (KBr) 3230 (NH), 

1730 (COO), 1650 cm-) (CHO); lH-NMR 1.21 (d, L7 Hz, 3H, CCH3), 2.63’ and 2.66 (q. ./=7 Hz, lH, 3-H). 3.12’ and 

3.14 (br s, 2H, CH2CO), 3 34’ and 4.50 (br d, Cl5 Hz, lH, 6-He), 3 61’ and 3.73 (s, 3H, CCH3), 5 66’ and 4.62 (br s, lH, 

2He). 5.46 (br s, lH, =CH). 7.01-7.24 (m, 3H. InH), 7.32’ and 7.35 (d, L6 Hz, lH, In-7H), 7.47 and 7.71 (d, L6 Hz. lH, 

tn-4H), 6.27 and 6.47 (S, lH, CHO), 6 37’ and 6.50 (sa, lH, NH); MS (m/z, %) 312 (M+, 23) 172 (46) 163 (62) 149 (92) 

143 (36). 130 (100). 117 (56) 91 (47) 77 (46), 55 (42). Anal. Calcd for C16H20N203. C, 69.20; H, 6 45; N. 6.96. Found 

C, 66.92; H, 6.66; N, 6.66. On elution with 6:4 benzene-CHCl3 methyl 1-formyl-2-(3.lndolyl)-3-methyl-1,2,5,6- 

tetrahydropyrldlne-Gacetste (10) (4.6 9, 27%) was obtained: IR (CHCl3) 3460 (NH), 1730 (coo), 1655 cm-l 
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(Cl-IO); ‘l-f-NMR 1.73 (br s. 3H, CCH3), 2.08-2.73 (m, 2H, 5-H), 2.94’ and 3.00 (br s , 2H, CH2CO), 3.35’ and 4.16 (dd, 

J=9.8 ,4.0 Hz and dd, Cl2.8‘7.2 Hz, IH. 8-He), 3.78’ and 3.77 (s, 3H, OCH3), 8.W and 5.20 (s, lH, 2-He), 7.00-720 

(m, 3H, InH), 7.38’ and 7.40 (d, &8 Hz, IH, In-7H), 8.00’ and 7.65 (d, J=8 Hz, lH, ln-4H), MS (rnk, %) 312 (M+, I), 183 

(48), 179 (21), 188 (34), 151 (35), 123 (100) , 109 (38),95 (35). 

Methyl 2-(3.lndolyl)-l,&dlmethyl-A 4~a-plperidelne-4-acetateo (15) and (18). Following a similar 

procedure to that described above, starting from pipe&lone 148b (15.4 g, 83 mmol) in anhydrous DME (250 ml), NaH 

(2.98 g. 68 mmol) and methyl diethylphosphonacetate (17.08 g. 81 mmol), a mixture of epimers 15 and 16 was 

Obtained. Purification by flash chromatography, using 1 :I Et20-acetone as eluent, afforded 3a-epimer 16: IR (CHCl3) 

3470 (NH), 1710 (COO), 1645 cm.’ (SC); IH-NMR 0.79 (d, A8.5 Hz. 3H, CCH3); 2.05 (s, 3H, NCH3), 2.20 (ddd, L 12.8, 

11 and 2.8 Hz, IH, 5-Ha), 2.50 (td, Al2.8 and 4 8 Hz, IH, 6-Ha), 2.84 (dq, Lg.8 and 8.5 Hz, IH, 3-Ha), 2.94 (d, CO.6 

Hz, 1H. 2-H), 3.20 (ddd, &II, 4.6, and 3.2 Hz, lH, 5-He), 3.74(s, 3H, OCH3), 3.98 (dt, Al2.8 and 2.8 Hz, IH, 8-He), 

5.72 (br s, IH, =CH), 7.10-7.20 (m. 3H, InH), 7.40 (d, .f=8 Hz, 1H. In-7H), 7 85 (d, J=8 Hz, lH, In-4H), 8.20 (br, IH, NH), 

MS (mlz, %) 298 (M+, 4), 284 (21), 270 (17), 226 (56), 197 (65), 173 (30), 168 (52), 131 (91), 43 (30). The hydrochloride 

melted at 228-227 OC (acetone). Anal. Caicd for Cl8H22N202.HCI: C, 84 57; H, 6 90; N, 8.50, Cl, 10.50 Found. C, 

84.20; H.8.80; N. 8.21; Cl, 10.55. 3!3-Epimer 15 (Lower Rf, 3.2 g. 17%) . IR (CHCl3) 3480 (NH), 1710 (COO), 1645 cm-l 

(C=C); ‘H-NMR 0.93 (d, C6.6 Hz, 3H, CCH3), 2.08 (s, 3H, NCH3), 2.44 (ddd, 3il2, 7.2 and 4.8 Hz, IH, 5-Ha), 2.74 (dt, 

Lll.2 and 84 Hz, IH, 6-Ha), 2.91 (dq. C8.5 and 5.8 Hz. IH, 3-He), 3.10-3.20 (m, 2H, 5-He and 6-He), 3.68 (s, 3H, 

OCH3). 4.02 (d, J4.8 Hz, IH, 2-H). 5.66 (br s, IH, =CH), 7.00-7.20 (m, 3H, InH). 7.32 (d, J==7 Hz, lH, In-7H), 7.63 (d, J=7 

Hz, IH, In-4H), 8.47 (br, IH, NH); MS (mlz, %) 298 (M+, I), 243 (ll), 225 (20). 172 (22), 158 (35), 157 (59), 144 (25). 130 

(79)s 83 (80), 48 (IOO), 43 (28). 

N-[~(3-lndolyl)-4-methyl-3-oxo-4-pentenyl]formamIde (13). To a suspension of NaH (2.14 g, 48 mmol) in 

anhydrous DME (20 ml) , methyl diethylphosphonoacetate (0.85 ml, 4.89 mmol) was added under N2. The resuitmg 

mixture was stirred at room temperature for 1 h and then a solution of piperidone 611 (1 .O g. 4 mmol) in DME (15 ml) was 

added dropwise. The mixture was stirred at room temperature for 1 h, cooled, poured into ice-water, acidified with 

aqueous hydrochlolic acid to pH 6 and extracted with CHCl3. The organic layer was dried and evaporated to give 13 as a 

solid (0.43 g, 44%) after purification by flash chromatography (99:1 CHCl3-CH30H): mp 177-180 “C (acetone); IR (KBr) 

3340 (NH), 1870 (CHO), 1640 cm-l (C=C); lH-NMR 2.06 (s, 3H, CCH3), 3.08 (t, J-6 Hz, 2H, 2-H), 3.50 (ta, J=6 Hz, 2H, 

I-H). 7.00-7.50 (m, 4H, InH), 7.53 (s, lH, =CH), 7.93 (d, J=5 Hz, IH, ln-4H); MS (m/z, %) 256 (M+, 23), 211 (37), 210 (21), 

198 (41), 184 (IOO), 183 (22), 184 (IOO), 182 (31), 188 (31), 155 (31), 154 (78). 130 (82). 129 (96). 128 (87), 117 (66). 

Anal. Calcd for Cl5Hl6N202: C, 70.50, H, 5 92, N, 10.97 Found. C, 70 88, H. 8 32; N, 10 98. 

Methyl I-Formyl-2-(3-Indolyl)plperldlne-4-acetate (17). A solution of tetrahydropyridine 9 (5.20 g, 17 mmol) 

in methanol (100 ml) was hydrogenated at room temperature and atmospheric pressure in the presence of PtO2 (280 

mg). When the absorption ceased the catalyst was fllfered off and the solution was evaporated to give17 as an oil (5 g, 

95%) : mp 142-143 “C (acetone-ether): IR (KBr) 3280 (NH), 1735 (COO), 1640 cm-l (CHO); ‘H-NMR 1 20-1.40 (m, IH, 4- 

Ha), 2.12 (br d, Al3.6 Hz, IH, 3-He), 2.32 (s, 2H, CH2CO), 2.79 (td, J=l3 8 and 3 3 Hz. IH, 8-Ha), 3.67 (s, 3H, OCH3), 

4.60 (dd, Al2 and 2.4 Hz, IH, 2-Ha), 4.66 (dq. J=l3.6 and 2.4 Hz, IH. 6-He), 7 00-7.20 (m, 3H, InH), 7.30 (d, J=8 Hz, 

lH. In-7H). 7.52 (d, J=8 Hz, lH, In-4H), 7.77 (s. IH, CHO), 8.66 (br, IH, NH); MS (m/z, %) 300 (M+, loo), 283 (98). 271 
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(69), 206 (49). 169 (42), 182 (71), 143 (50), 130 (45), 118 (40). 93(45), 43 (36). Anal. Calcd for C17H2ON203.H20: C, 

65.95; H, 6.78; N, 9.05. Found: C, 65.90; H, 6.58; N, 8.96. 

Methyl l-Formyl-2-(3-Indolyl)-3-methylplperldine-4-acetate (18) and (19). A solution of tetrahydro- 

pyridine 12 (11.6 g, 37 mmol) in methanol (150 ml) was hydrogenated at room temperature and 300 psi for 48 h in the 

presence of Pt02 (300 mg). The solution was fIllered and evaporated to obtain an isomedc mixture of 18 and 19 (10.8 g) 

which was purified by flash chromatography (6:4 CHCl3-Et20). Methyl 1-formyl-f-2.(3.lndolyl)-c-3- 

methylplperldlne-f-4-acetate (19) (Higher Fif, 3.10 g, 27%): mp 139-140 “C (acetone-Et20); IR (CHCb) 3460 (NH), 

1725 (COO), 1650 cm-l (CHO); ‘H-NW 1 05’ and 1 06 (d, .k7 Hz, 3H, CCH3), 3.37’ and 4.31 (br d, J=l2 Hz, lH, 6- 

He), 3.69’ and 3.72 (s. 3H, OCH3), 5.81’ and 4 77 (s, lH, 2-He), 7 00-740 (m, 4H, InH), 7 66’ and 4.77 (s, lH, 2-He), 

7.00-7.40 (m, 4H, InH), 7.66’ and 7.49 (d, 3p8 Hz, lH, In-4H), 8.32’ and 8.49 (s, lH, CHO); MS (m/z, %) 314 (M+, 55), 

297 (49), 285 (31), 171 (28). 130 (100). 117 (41), 83 (33), 43 (25). Anal. Calcd for Ct8H22N203: C, 6796; H, 6.71; N, 

9.32. Found: C, 67.76; H, 7.04; N, 8.96. Methyl l-formyl-~2-(3-lndolyl)-t-3-methylplperldlne-~-4-acetate 

(18) (Lower Rf, 7.70 g, 66 %): mp 167-168 “c (acetone-Et20); IR (KBr) 3460 (NH), 1725 (COO), 1650 cm-l (CHO); lo- 

NMR 0.74 (d, A5.8 HZ, 3H, CCH3), 2.21 (dd, C15.8 and 4 Hz, lH, CH2CO), 2.64 (dd, Js15.8 and 3 4 Hz, lH, CH2CO), 

2.79 (td. Cil.7 and 3.4 Hz, lH, 6-Ha), 4.15 (d, Ll0.1 Hz, lH, 2-Ha), 4 62 (df, J=l3.4 and 3.4 Hz, lH, 6-He), 6.90-7.40 

(m, 4H, InH), 7.53 (d, L7.9 Hz, 1H. In-7H), 7.84 (s, 1H. CHO), 9.22 (s, lH, NH); MS (m/z, %) 314 (W. 1). 167 (lo), 149 

(26), 130 (29), 97 (36). 73 (45), 69 (88), 43(100). Anal. Calcd for C18H22N203’ C, 65.90: H, 6.70, N, 8.90. Found. C, 

65.70; H, 7.07; N, 8.93 

Methyl 2-(3.lndolyl)_l,3-dlmethylplprrldlne-4.acetate (20) and (21). A solution of piperidine 16 (6.37 g, 21 

mmo!, and PtO2 (320 mg) in MeOH (100 ml) was hydrogenated at room temperature and 200 psi for 9h The solution was 

filtered and evaporated to give a 1:l isomeric mixture of 20 and 21 (5.1 g) which was separated by flash chromatography 

(l:1 acetone-Et20). Methyl c-2-(3-lndolyl)_l,t-3-dlmethylplperldlne-~4-acetate (21) (Higher Rf): IA (NaCI) 

3400 (NH), 1730 cm-l (COO): ‘H-NMR (60 MHz) 0.82 (d, L7 Hz, 3H, CCH3), 2.08 (s, 3H, NCH3), 3.08 (da, LlO Hz, lH, 

2-Ha), 3.58 (s, 3H, OCH3), 7.00-7.20 (m, 4H InH). 7.60 (m, lH, In-4H), 8.67 (br, lH, NH). Methyl t-2-(3-lndolyl)-l,c- 

3-dlmethylplperldlne-r+acetate (20) (Lower Rf) . IR (NaCI) 3450 (NH), 1730 cm-l (COO); lH-NMR 0.67 (d, J=6 

Hz, 3H, CCH3), 2.04 (s, 3H, NCH3), 2.18 (m, 1H. CH2CO), 2.61 (brd, Ll6 Hz, lH, CH2CO), 3.09 (brd, Cl0 Hz, lH, 2- 

Ha), 3.70 (S, 3H, OCH3), 7.00-7.20 (m, 3H, InH), 7.34 (d, &7 Hz, lH, In-7H), 7.72 (m, lH, In-4H); MS @VIZ, %) 300 (M+. 9), 

227 (18) 165 (22)s 172 (35), 157 (63), 143 (28), 130 (loo), 117 (22). 83 (24), 69 (24), 55 (25). 43 (30) The hydrochlonde 

melted at 236-238°C (acetone-Et20). Anal. Calcd for C18H24N202 HCI: C, 64.19. H, 7.30; N, 8.30; Cl, 10 50. Found C, 

63.91; H, 7.40; N, 8.21; Cl, 10.45. 

Methyl C-2-(3-fndOlyl)-l,C-3-dlmethylplperldlne-~-4-acetate (22). Followmg a similar procedure lo that 

above, stadi&l from pipeddine 16 (2 38 g, 8 mmol) and PtO2 (120 mg) in MeOH (50 ml), 1 9 g (60%) of pipeddine 22 was 

obtained after purification by flash chromatography (1:l acetone-E120); IR (CHCl3) 2950 (NH), 1730 cm-l (COO), 11+ 

NMR 9.75 (d, J=7 Hz, 3H, CCH3). 2.07 (s, 3H. NCH3), 2.13 (m, 2H, CH2CO). 3.08 (dt. Lll 2 and 3.2 Hz, IH, 6-He), 3 48 

(br. lH. 2-H), 3 57 (s. 3H. OCH3). 6.00-7.20 (m, 3H, InH), 7.25 (d, L 7 Hz, lH, In-7H), 7.56 (d, ./=7 HZ, lH, In-4H), 8.90 

(br, 1H, NH); MS (mz, %) 336 (M+, 2) , 300 (54), 285 (lo), 228 (22). 227 (loo), 157 (32). The hydrochloride melted at 

194-196 “C. Anal. Cal& for Cl8H24N202.HCl: C, 64 19; H, 7.30; N. 8.30; Cl, 10.50. Found 64 12; H, 7.57, N, 8 11, cl, 

10 51. 
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l-Formyl-2-(3indolyl)plperldlne-Gacetlc Acid (23). To a solution of methyl piperidineacetate 17 (5 g, 16 

mm~t) in diOXane (100 ml), 1Naqueous NaOH (20 ml) was sbwly added. After being stirred at mom temperature for 12 h, 

the mixture was acidified with 1N aqueous HCI to pH 6-7 and evaporated to dryness. The residue was dissolved In 

MeOH, filtered and evaporated to give 23 as a solid (4 g, 84%): mp 137-140 “C (acetone-Et20); IR (KBr) 3360 (OH), 1710 

WO), 1620 cm-l (CHO); ‘H-NW 1.30 (m, lH, 4-Ha), 1.65 (q, C11.5 HZ, lH, &Ha), 1.95 (brd. Lll.7 Hz. lH, 5-He), 

2 10 (br d, Cl2 Hz, lH, 3-He), 2.32 (br s, 2H. CH2CO), 2.62 (td, Lll.5 and 2.8 Hz, lH, 6-Ha), 4.30 (d, hll.5 Hz, lH, 6 

He), 4.64 (br d, Al2 Hz, lH, 2-Ha), 7.00-7.30 (s, 3H, InH), 7.42 (d, L8 Hz, lH, In-7H), 7.51 (d, L8 Hz, lH, In-4H), 7.72 

(s, lH, CHO); MS (mlz, %) 286 (M+, l), 268 (3) 189 (15), 117 (loo), 110 (32) 90 (34) 82 (43) 63 (20). Anal. Catcd for 

Cl6Ht8N203.H20: C, 63.19; H, 6.57: N, 9 27. Found: C, 63.38; H, 6.58: N, 9.27. 

l-Formyl-2-(3-lndolyl)-3-methylplperldlne-4-acetlc Acid (26). Following a similar procedure to the above, 

from starting pipe&tine 20 (7.7 g, 24 mmol) and 1 N aqueous NaOH (30 ml) in dioxane (100 ml), pipendineacetic acid 26 

was obtained as a solid (7.18 g): mp 232-234 OC (MeOH-acetone); IR (KBr) 3310 (OH), 1710 (CCC), 1620 cm-l (CHO); 

lH-NMR (CD3OD) 0.87 (d, A.6 Hz, 3H, CCH3), 1.54 (dq, uhll.2 and 4.8 Hz, lH, 5-Ha), 2.00 (m, 3H, 3-H, 4-H, and 5-He). 

2.20 (dd, L14.4 and 4.0 Hz, lH, CH2CO), 2.70 (dd, J=l4.4 and 3.2 Hz, lH, CH2CO), 2 91 (td, JE12.8, 4.8 and 1.6 Hz, 

lH, 6He), 7.15 (td, L8 and 1.3 Hz, IH. In-5H), 7 26 (td, C8 and 1 3 Hz, lH, In-6H). 7.29 (d, Al.3 Hz, IH, In-2H), 7 50 

(dd, J=8 and 1.3 Hz, lH, In-7H), 7.82 (dd, LB and 1.3 Hz, lH, In-4H), 7.80 (s, lH, CHO), MS (nVz, %) 300 (M+, l), 254 

(4). 182 (7) 117 (100) 89 (37) 90 (53) 44 (17). Anal. Calcd for Ct7H2ON203 1/2H20: C, 66.00; H, 6.84; N, 9.05. 

Found: C, 65.66; H, 6.90; N, 8.72. 

2-Formyl-7-oxo-2,3,4,5,6,7-hexahydro-l,5-methano-l H-azonlno[4,3-blindole (24). The acrd 23 (1.20 

g. 4 mmot) was stirred vigorously in the presence of PPA (60 g) under nitrogen at 100°C for 25 min. The mixture was 

cooled, poured into ice-water, made alkalme with concentrated NH40H, and extracted wrth CH2Cl2. Evaporation of the 

dried extracts followed by column chromatography of the residue (SiO2, CHCl3 as etuent) gave the tetracyclic compound 

24 (0.1 g. 10%): mp 198-200 “C (MeOH): IR (KBr) 1620-1680 cm-l (InCO and CHO); lH-NMR 3.28’ and 4 18 (dd, 

C14.4 and 5.6 Hz, lH, 3-He), 6.35’ and 5.38 (dd, J=4 2 ,I.4 Hz and br d, C 4 2 Hz, lH, l-He), 7.10-7.40 (m, 3H, InH), 

8.09’and762 (d, J=8Hz, lH, 12-H),798’and6.47(& lH,CHO),9.05’and9.lO(sa, lH,8-H);MS(m/z.%)268(M+, 

100) 240 (5) 197 (23). 196 (36) 195 (32) 182 (21), 169 (43) 168 (70) 155 (40). Anal. Catcd for Cl6Hl6N202.H2C C, 

67.06; H, 6.28: N, 9.77. Found: C, 67.31; H, 5.97; N, 9 69. 

2-Formyl-l3-methyl-7-oxo-2,3,4,5,6,7-hexahydro-l,5-methano-lH-azonlno[4,3-b]lndole (27). 

Method. Following a similar procedure to that described above, starting from pipeddine 26 (5.6 g, 19 mmol) and PPA 

(300 g), a solrd was obtained which was purified by column chromatography (S102) Eluhon with 7 3 CHCl3benzene gave 

13a-epimer 27 (0 84 g, 16%): trip 234-236 “C (acetone): IR (CHCl3) 3430 (NH), 1655 (CHO), 1625 cm-l (InCO), f H-NMR 

1 34’ and 1.37 (d, C7 Hz, 3H, CCH3). 3.18’ and 4.20 (dd, C 14 and 4 Hz, lH, 3-He), 6 06’ and 5.02 (br s, 1H. l-He), 

7 00-7 50 (m, 3H, InH), 8 06’ and 7.64 (d, C8 Hz, lH, 12-H) 8 09’ and 8.40 (s, 1H. CHO), 9.20’ and 9.30 (sa, 1H. NH), 

MS (m/z, %) 262 (M+, 77) 196 (36), 183 (62) 182 (87). 166 (53) 167 (67) 149 (67) 144 (100) 143 (36) 139 (41). 124 

(73). 83 577),57 (a). Anaf. CaJcd tar C+7H18N2C2 C, 72 3Q> H, 6 4Q; N, 99Q Fouod C, 7196; H, 6 3Q: N, 9 3Q 
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Eiution with 98:2 CHCi3-MeOH gave 2-[(l-formyi-3~methyi-l,4,L,6-tetrahydro-4-pyridyi)acetyi]indoie (29) 

(1.10 g, 20%): IR (CHCi3) 3445 (NH), 1670-1630 cm-l (GO and C=C); ‘H-NM 1.75 (br s,3H, =CCH3), 2.79 (dd, Cl7 

andl4Hz,lH,CH2CO),3.O9(dd,&l7and4 Hr,lH,CH2CO), 2.95’and3.62(dt,Cl4and5hz,lH,6-He),6.28’and 

6.88 (br s, lH, 2-H) 7.10-7.50 (m. 3H, in9H. in-5H, and in+f), 7.73 (br d, A6 Hz, IH, in-7H), 6.35 (m, IH, in-4H), 6.19’ 

and 7.96 (s, lH, CHO), 9.93 (br s, lH, NH); 13C-NMR (CD300-CDCi3) 19.1. and 19.2 (CH3), 25.8’ and 27.3 (C-5), 33.5 

and 34.0 (C-S), 36.0’ and 41.3 (C-6), 42.3’ and 42.6 (CHPCO), 117.9 (In-W), 120.7, 122.2, 122.7, and 123.4 (C-2, in- 

C4, in-C5, and in-C6). 132.3 (in-CSa), 136.9 (in-Cira), 159.7 (C-3). 161.2 (CHO), 195.0 (CO); MS (mk, 96) 282 (M+, IOO), 

256 (22) 159 (24), 144 (64) 138 (46) 124 (78) 117 (48) 111 (50) 44 (22). Anal. Caicd for Cl7Hl8N202: C, 72 30; H, 

6.40; H. 9.90. Found: C, 72.15; H, 6.38: N, 9.65. Eiution with 95:5 CHCi3-MeOH afforded 8-(2-formamidoethyi-9- 

methyl-6-0x0.7,8-dihydrocyclohepta[f?lindoie (30) (0.62 g, 12%): IR (CHCl3) 3440 (NH), 1675 (CHO), 1640 

cm-l (InCO); ‘H-NW 2.10 ( br 8,3H, =CCH3), 2.84 (dd, Ll6 and 6 Hz, lH, CH2CO), 3.18 (dd, Ll6 and 2.5 Hz, IH, 

CH2CO), 3.34 (m, 2H, CH2NH), 5.60 (br, lH, NHCO), 6.69 (d, Al.5 Hz, lH, =CH). 7.10-7.25 (m. 2H, 2-H and 3-H), 7.34 

(m, lH, 4-H). 7.74 (d, &6 Hz, lH, I-H), 8.12 (s, IH, CHO), 9.22 (br s, IH, NH); 13C-NMR (CD30D-CDCi3) 26.6 (CH3). 

27.5 (CH2), 36.5 (NCH2), 37.0 (CH), 43.3 (COCH2), 112.4 (C-4) 116.7 (C-IO), 120.7 and 121.0 (C-l and C-2), 127.2 (C- 

3), 144.2 (C-9) 182.3 (CHO), 197.8 (C-6); MS (m/z, %) 282 (h4+, 12) 224 (12) 210 (100) 194 (II), 180 (21) 167 (26). 

124 (27) 96 (11). 91 (14). Anal. Cakd for Cf7iit8N202. C, 72.30; H, 6.40; N, 9.90. Found: C, 72.23: H, 6.28; N, 9 66 

Method. A solution of acfd 26 (1.5 g. 5 mmoi) and methanosuiphonic acid (25 ml) saturated wtth P2O5 was stirred 

under Np at 70 “C for 2 h. The cooled mixture was poured into ice-water, extracted with CHCi3 and washed with aqueous 

10% K2CO3 soiUtfOn. The organic layer was evaporated to give 27 (0.16 g,l I%), 29 (0.1 g, 7%) and 30 (0.31 g, 22%) 

after column chromatography . 

7-0x0-2,3,4,5,6,7-hexahydro-1,5-methano-1 H-azonino[4,3-blindoie (25). A solution of 24 (0.79 g, 3 

mn’foi) in aqueous 30% NaOH solution (35 ml) and EtOH (20 ml) was refiuxed for 2 h, cooled and extracted with CHCi3. 

Drying and evaporation of the extracts gave the tetracyciic compound 25 (0 16 g, 23%) as a solid which was 

chromatographed by preparative tic (Sop, 95:5 EtpO-acetone as eiuent). IR (CHCl3) 3440 (NH), 1630 cm-l (GO); IH- 

NMR (60 MHz) 2.98 (m, lH, 3-He), 4.87 (dd, L6 and 2 Hz, IH. I-He), 7.00-7.50 (m, 3H, InH), 7.70 (d, J=8 Hz, IH, 12-H), 

9.10 (br, IH, NH). The pfcrate melted at 248-249 “C (EtOH). Anal. Calcd for C2lHl9N506. C, 53.74; H, 4.08, N, 14.92 

Found: 53.88; H, 4.14; N, 14.57. 

2-Methyi-7-oxo-2,3,4,5,6,7-hexahydro-l,5-methano-l H-aronino[4,3-blindoie (2). A suspension of 25 

(0.08 g, 0.25 nunof) and Mel (0.035 g, 0.25 mmoi) in anhydrous acetone (20 ml) and dry K2CO3 (0.2 g) was stirred at room 

temperature for 15 min. The mixture was fiftered and evaporated to obtain 26s (45 mg, 71 %). 

2,13-Dimethyi-7-hydroxy~2,3,4,5,6,7-hexahydro-l,5-methano-l H-azonino[4,3-blindoie (28). To a 
SWtfOn of 27 (300 mg, 1 mmol) in THF (20 ml) , LiAIH4 (400 mg, 11 mmol) was added slowly. After being stfrrfng at refiux 

for 6 h and cooled, water (6 ml) was added dropwise. The resulting suspension was ffftered and the aiuminium salts were 

di ssoived with bailing CHCi3. The whole organic layers were dned and evaporated to give a solid which was putifted by 

preparative tfc (SiO2, Et20 as eiuent) to obtain a C-7 epimerfc mixture of alcohols 26 (0.1 g, 35%). A pure sample of the 

ira-epimer of 28 (lower Rf) meited at 218-220 “C (Et2Qacetone); IR (CHCi3), 3430 (NH), 3400-3200 cm-l (OH); lH- 

NMR (CD3OD) 1.44 (d, J=7 Hz, 3H, CCH3), 2.22 (s, 3H, NCH3), 2.10-2.22 (m. 2H, 6-H). 4.45 (br s, IH, NCH), 5.39 (dd, 

Al2 and 6 HZ, 1H. 7-H) 7 10-7.20 (m, 2H. IO-H and II-H), 7.40 (dd, J=6 and 1.5 Hz, lH, 9-H). 7.59 (dd, &t and 1.5 Hz, 
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lH, 12-H); MS (m’z, %) 270 (M+. B), 252 (7) 221 (lo), 211 (lo), 198 (18) 183 (19), 110 919). 89 (88). 57 (79), 44 (100). 

Anal. Cabd for Cl7H22N20: C, 75.52; H, 8.20; N, 10.38. Found: C, 75.17; H, 8.38; N, 10.40. 

2,3-Dlmethyl-7-0xo-2,3,4,5,6,7-hexahydro-i,S-methano-lH-azonlno[4,3-b]lndole (4a) and 

(48). Method. A solution of a C-3 epirneric rntxture of pipeddine-4-acetates 20 and 22 (8.9 g, 23 mmol) in dioxane 

(200 ml) and aqueous saturated Ba(OH)g solution (200 ml), was stirred at 80°C for 5 h. The mixture was cooled, acidfled 

to pH 6-7 with soAd Cf$, filtered, and evaporated to give a mixture of aminoacids (8.5 g) whrch was treated wtth PPA (420 

g) as described previously, to obtain a 1:l epimeric mixture (13a- and 138-epimer) of 4 (0.8 g, 10%). Purification by 

cokrmn chromatography (siO2) using CHC13 as eluent 138- eprmer (48) was obtained; IR (CHCl3) 3420 (NH), 1630 cm-l 

(CO); lH-NMR 1.51 (d, L7 Hz, 3H, CCH3), 2.00 (s, 3H, NCH3), 2.84 (dd, L17.8 and 4 Hz, lH, 8-H) 2.98 (dd, L17.8 and 

4.8 Hz, lH, 6-H) 3.30 (dt, LlO and 3 Hz, lH, 3-He), 4.34 (sa, lH, l-H), 7.18 (td, .k8 and 1.4 Hz, lH, 11-H) 7.34 (td, J=8 

and 1.4 Hz, IH, 10-H). 7.42 (d, &8 Hz, lH, 9-H), 7.75 (d, C8 Hz, lH, 12-H) 9.28 (br, lH, NH). 

4a (13a-epimer) was obtained using 2:98 MeOHCHCl3 as eluent: mp 244-248 “C (MeOH); IR (CHCt3) 3340 (OH), 1830 

Cm-l (C=O); lH-NMR 1.07 (d, J=7 Hz, 3H, CCH3), 2.00 (s, 3H, NCH3). 2.72 (dd, .k17 and 3.2 Hz, lH, B-H), 3.08 (dd, 

Cl7 and 4.8 Hz, lH, 6-H) 4.53 (d, J= 4Hz, lH, l-H), 7 17 (td, LB and 1.4 Hz, lH, 11-H) 7.35 (td, C8 and 1 4 Hz, lH, 

10-H), 7.43 (d, L 8 Hz, lH, 9-H), 7.75 (d, C 8 Hz,lH, 12-H) 9.37 (br, lH, NH): MS (m/z, %) 289 (M++l, 20). 268 (W, 

49) 211 (46) 196 (40) 168 (23) 130 (20) 110 (50) 85 (83) 83 (loo), 59 (54) 44 (54). Anal. Calcd for Cl7H2ON20: C, 

78.08; H. 7.51; N, 10.44. Found: C. 75 81, H, 7.60, N, 10 28. 

Method. A suspension of 28 (20 mg, 0.1 mmol) and Mn02 (180 mg, 2 mmol) in CHCl3 (10 ml) was stirred at room 

temperature for 2 h. The mixture was fittered and evaporated to obtain 138epimer 48 (14 mg, 70%). 
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