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Abstract- A synthetic way for the construction of the tetracy- 
clic 1.2.3.4.5.6-hexab~vdro-l.5-methanoazocino~4.3-6lindole svs- 
tern 1,. having7 a methoxycarbonyl substituent at the C-6 
posltlon, is reported. The synthesls implles methoxycarbonyl- 
ation of the interannular methylene carbon of an appropriate 2- 
(4-pyrldylmethyl)indole, followed by alkylation of the pyrl- 
dine nitrogen, catalytic hydrogenation and, finally, oxldative 
cyclization of the resulting Z-(4-piperidylmethylfrndole. 

A structural feature of the majority of pentacyclic 5&zyohnod indole alkaloids is 

the presence of a methoxycarbonyl ftubotalwine, condylocarpine, akuammicine), 

formyl (strychnofluorine, fluorocurarlne), or hydroxymethyl (geissoschizoline, 

retullne) substltuent at the 16-position. 2 

In a previous paper3 we have reported a new synthetic entry to the pentacyclic 

ring system of these alkaloids based on the closure of the flve membered E ring In 

the last synthetic steps from a l,Z,3,4,5,6-hexahydro-l,5-methanoazoclno[4,3-~l 

indole system such as I (2 = H) through introduction of a functionallzed two car- 

bon unlt on the piperidine nitrogen atom followed by cycllzation upon the 

Indole 3-posltlon. The extension of this strategy from a tetracycllc system I 

havlng an ethyl substltuent on the piperldlne B-position4 would constitute a new 

synthesis of the simplest pentacyclic -?tqchnob indole alkaloids tubifoline, tubi- 

folidine, and condYfoline, which lack thefunctlonalized one-carbon substituent at 

C-16. In a similar way, operating from hexahydro-1,5-methanoazocino[4,3-~l~ndole 

systems (1) bearing a C-6* functionalized appendage, the above mentioned strategy 

would permit to synthesize the most complex alkaloids of this group. 6 

Blogenetlc Mumbertng 

Systematic Wumberfng R=Z=H; 2,16_dlhydro . . . . . . . . . . ..TU~IFOLIDIltE 
R&Q 243iO . . . . . . . . . . . . . ..STRYCHlOFLUORIWE 
R-H; &CH20H; 2,16=dfhydro..6EISSOSCH?ZOLI#E 
R-H; Z-C02CH3; 19,204ehydro . . ..AKUAI(IICIXE 

Scheme I 
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It seemed therefore of Interest to establish an efflctent route to tetracyclic 

systems of tlpe I, having a functionalized one carbon substituent at C-6. 

The Introduction of such substituent from a 6-0~0 derivative (deethyldasycarpldone 

for example) proved to be difficult,' whereas nucleophillc substitution by 

cyano of the 6-hydroxy derivative of I (2 = OH) failed to give the desired 

product. 
a For this reason, In order to achieve the above synthetic goal, inltlally 

we intended to develop a synthetic sequence similar to that we had reported' 

for the synthesis of related C-6 unsubstltuted tetracycllc systems (Scheme 

II). The 3-(Z-piperldyl)indole moiety would be formed by condensation of indole 

and an appropriate 2-cyanotetrahydropyridine followed by reduction. Cyclizatlon of 

the acetyl group upon indole 2-posftlon would afford 20-deethyl-N-;;methyluleine (91'0 

In a way similar to that reported In some syntheses of ulelne and its 20-epl- 

mer.""2 Finally, the conversion of the exocycllc methylene substituent into 

an hydroxymethyl group is a transformation that has previously been accom- 

plished from ulelne.13 

%%"3 

ZL3-?& 

1 . . . ..R .CN; XcOc~~Hfi 

2 . . . . ..R+i ; x:0 

-:I I 
z 

q l 

N a X C”3 

6 . . . ..R=H. X.0cH2cH,$) 

‘II . . . ..R =H, X=0 

8 . . . . .R= So2~~5i~a~ 

Scheme II 

9 . . . ..R- R’=H 

10. . . . . Rm H; R’-COCHQ 

11 . . . ..R&02c&R’sH 

The required 2-cyanotetrahydropyrldine 1 was prepared from 4-acetylpyrldine 

‘i "2%"3 
k 

yY-3? X C"3 

3 . . ..RaH. XnOCH2C%0 

4 . . . ..R~HI X=0 

5. . . . ..R= S02C,3H3; XZOCH~CH_~ 

through a three-step sequence involving protection of the carbonyl group as 

Its ethylene acetal, quaternlzatlon of the pyrldlne nitrogen wlth benzyl chloride 

and, finally, sodium borohydrlde reduction of the resulting pyrldlnlum salt In the 

presence of an excess of cyanide ions. '4 As usual In similar reductive cyanatlons, 

tetrahydropyridine 2 was tsolated as a by-product. Separation of compounds 

1 and 2 was effected either by column chromatography or by acid extraction, 

taking advantage of the lower basic character of 2-cyanotetrahydropyridine 1 as a 

consequence of the electron wlthdrawlng effect exerted by the cyano group. 

Amino nltrlle 1 showed a weak IR absorptlon at 2220 cm 
-1 due to the cyano 

group, whereas the most slgntflcant features in the NHR spectrum were a singlet at 
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61.45 due to the methyl group and a broad slgnal at 6 5.85 attributable 

the vinyl proton. 

Initially, condensation of Z-cyan;\ttrahydropyrldlne 1 wlth Indole 

251s 

to 

was 

effected in 50% aqueous acetic acid."' Deprotectlon of the carbonyl group 

occurred under these conditions to give a,B-unsaturated ketone 3, which proved to 

be slightly unstable. Its hydrogenation led to a complex mixture, from which 

4-acetylplpertdlne 7 was isolated In 20% yield." In order to circumvent these 

dlfflcultles and to preserve the protecting acetal group, the condensation step 

was carried out by using the indole Grignard reagent. 
16 Operating In this 

manner, (tetrahydropyrldyl)lndole 4 was obtained In 64% yleld. The most slgnlfi- 

cant slgnals In the NMR spectrum of 4 were agaln a singlet at 61.43 due to 

the methyl group and a broad absorption at 65.77 due to the tetrahydropyridine 

vinyl proton. 

Hydrogenation of 3 hydrochloride In the presence of palladlum on charcoal 

brought about both tetrahydropyrldine double bond reduction and hydrogenolysis of 

benzyl group to give In high yield a &A -tiwu dlastereomerlc mixture of piperl- 

dines 6 In which sllghtly predominated the c.u Isomer. Although only this isomer 

has the relatlve stereochemlstry suitable for cycllzatlon, this fact did not 

constitute a sertous trouble because the J&M isomer underwent eplmerlzation to 

the more estable h-7, having two equator-la1 substltuents, durlng the next hydro- 

lytlc step.17 Thus, when the tsomerlc mlxture of acetals 6 was treated wlth 

hydrochloric acid, acetylpiperldlne h-7 was obtained as the sole product. Its 

NMR spectrum showed, as the most slgnlflcant data, a singlet at 62.07 attributable 

to the methyl group of the acetyl substituent and a doublet of doublets at 

64.06 due to the axial C-2 methlne proton. The stereochemical assignment of 

plperldines 6 and 7 was Inferred from their 13C-NM8 data (Table 11, In particular 

from the shieldlng effects caused by the axlal substituent In the tnu~ isomer. 

Table 1. 13C-NMR Data of Plperldlnes 6 and 7 

c-2 c-3 c-4 c-5 C-6 
CH3 

CALA -6 53.82 34.65 45.69 26.95 46.91 21.28 

.&VBU -6 48.93 30.99 39.92 26.75 41.34 21.68 

G-7 53.44 35.38 50.51 28.01 46.55 27.70 

As expected, cycllzatton of acetylplperldlne w-7, by heatlng In chloroform 

solution In the presence of ptoluenesulfonic acid, afforded the tetracycllc 

compound 9, which was characterized as the Nb-acetyl derlvative 10. The NMR spec- 

trum of 9 showed, as characteristic signals, two singlets due to the protons of 

the exocycllc methylene group and a broad slgnal at 64.37 due to the brldgehead 

C-l methlne proton. Unfortunately, hydroboratlon of the E-vlnyllndole 9 under 

usual conditions l3 led to a complex mixture from which the desired C-hydroxymethyl 

derivative (I, Z = CH20H) could not be obtalned. On the other hand, hydroboration 

of the presumably more estable ~a-phenylsulfonyl-2-vInyllndole 11 could not be 

attempted since cycllratlon of Na-protected acetylpiperidlne 8 failed under a va- 

riety of conditions (BF3-Et20, p-TsOH, or PPA), thus reflecting the deactivating 

effect of the benzenesulfonyl substttuent. 18 The requlred piperldlne 8 was pre- 

pared from 4 by sulfonylatlon of Indole followed by catalytic hydrogenation, 

and hydrolysls of the acetal group. 

The above unsuccessful results led US to consider an alternatlve strategy 

for the synthesls of functlonallzed tetracycllc systems of type I, based on the 

closure of ring C by formation of the Cl-Cllb bond In the last synthetic step 

through cyclizatlon upon the Indole 3-posltion of an Imlnium salt generated by 
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mercuric acetate oxidation from a suitable 2-(4-piperidylmethyl)indole. 19920 The 

methoxycarbonyl group would be introduced from a Z-(4-pyridylmethyl~indole in an 

early stage of the synthesis by takfng advantage of the acidic character of 

the interannular methylene protons. Following a similar strategy, in which the key 

synthetic steps were methoxycarbonylation of a (4-pyridylmethyl)fndole and 

oxidative cyclizatfon of an ~-(4-piper~dy~methyl~indoleacetate, we recently syn- 

thesized 19,20-dihydro-16-epivfnoxine. 

a . . . . . .R:sqg(p3 a... . . RzSO2C& a... ,. .R=H 

b.. . . ..R=CH3 b. . . . . .R=CH$ b.. , . . .R=CH3 

8 ..... ..RZ H 1 R’d 
j5 ( b.. ... ..Rd%3; R’= Li 

....... R:H ;R’-Cb 
‘3 ( “, ....... RIR’xM3 

18.. ... ..R.CH 3 

21.. ..... R.CH2CH20C+$&j 

lI......R:CH3 
20.. _ . . . .R : CH2CH20CH2C& 

@.....RlmH: R2:CO2at3 

b.....Rl tC02CH3; R2s H 

19 ...... .R=CH3 
22 ....... RICH~CH~OCH~C$‘(S 

The required pyridylmethyl~ndole 14a2* was preparedi)' by reaction of Z-lfthloln- 

dole 12a with isonicotinic anhydrfde24 followed by Wolff-Kishner reductton 

of the resulting ketone T3a.25 Deprotection of the indole nitrogen occurred 

under the reaction conditions. Carboxylatlon of 14a through treatment with 

n-butyllithium and carbon dioxide gave the lithium carboxylate 15a, which 

was characterized by NMR from the singlet at 65.0 due to the interannular 

methine proton. However, treatment of 15a with methanolic hydrogen chloride at 

room temperature did not afforded the expected ester 16a. Instead, the pyridyl- 

methylfndole 14a was recovered.z6 These results can be explained taking into 

account that both Z-indoleacetic acids 
27 and 4-pyridlneacetic acids, 

28 especially 

when the pyridine nitrogen bears a positive charge, are prone to decarboxylation. 

On the other hand, the direct methoxycarbonylatfon of I48 by using LDA as 
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a base and dimethyl carbonate as acylating agent was also ineffective , probably due 

to the presence of the acidic fndole proton. For this reason, in order to 

introduce the required methoxycarbonyl substftuent we decided to use the %- sub- 

stituted pyridylmethylfndole 14b, which was prepared, as above, by condensation 

of the appropriate lithfofndole 12b with fsonfcotinic anhydride followed by Wolff- 

Kishner reduction2' of the intermediate ketone 13b.30 

As expected, methoxycarbonylatfon of 14b was satisfactorily accomplished 

by using potassium hydride as a base and dimethyl carbonate as acylating agent 

in refluxfng toluene. 31 Under these conditions, the potassiun enolate derived from 

ester 16b precipitates from the reaction mixture. After ffltratlon and acidifi- 

cation, pure ester 16b was obtained in 40% yield.32 This experimental procedure 

allows an easy separation of ester 16b from the starting pyridylmethylfndole 14b,33 

which was always recovered in some extension, and from 4-alkylfdene-1,4-dihydro- 

pyrfdine 17, which was obtained as a by-product. The alkylation by dfmethyl 

carbonate of the activated pyridfne nitrogen in the enolate derived from ester 

16b accounts for the formation of 17. The IR spectrum of 16b showed a strong 

absoptfon at 1740 cm -1 due to the ester carbonyl group, whereas the most sfgnfff- 

cant signals in the NMR spectrum were three singlets, at 63.31, 3.62, and 

6.29, attributable to the N and O-methyl groups and to the fndole J-proton, 

respectively. 

Quaternfration of 16b with methyl iodide followed by treatment with base 

furnished the doubly vinylogous urethane 17,34 which was hydrogenated over 

platinum dioxide to give the piperfdfne 18. Finally, oxidative cycliratfon 

of ~pfperidylmethyl~indole 18 by treatment with mercuric acetate-EDTA.2Na35 

in refluxfng water as the solvent afforded, after the usual work-up with sodium 

borohydride, a nearly equfmolecular C-6 epfmeric mixture of tetracyclic bases19. 

The planar structure of 19 was evident from their spectroscopic data. The 

IR spectra showed a carbonyl absorption at 1730 cm-', whereas the 1 
H NMR spectra 

exhibited an apparent triplet due to the bridgehead C-l methine proton, which 

clearly indicated that cyclization had occurred. The relative configuration 

at carbon 6 was established from the multiplicity of the signal due to the 

C-6 methfne proton, which appears as a doublet (2 = 6.3 Hzf in 19a (H-S/H-6 
tin relationship) and as a singlet in 19b CH-5/H-6 &a~ relationship). 36 

With a method in hand for the construction of tetracyclfc hexahydro-1,5-meth- 

anoazocino[4,3-blindole systems I having a C-6 methoxycarbonyl substituent, our 

next goal was to apply the same methodology to prepare the N-[Z-(benzyloxy)ethyl] 

derivatives 22. This substftuent incorporates the functionalized two-carbon unit 

required for the subsequent elaboration of the five membered E rfng present In 

pentacyclic S0gchnon indole alkaloids. 

As anticipated, alkylatfon of pyridine nitrogen of 16b with benzyl E-bromoethyl 

ether, followed by treatment with aqueous base, gave the 1,4-d~hydropyridylene de- 

rivative 20. As in the aboveNb-methyl series, catalytic hydrogenation of 20 over 

platinum dioxide followed by oxidative cyclizatfon of the resulting pfperidine 

21 with mercuric acetate-EDTA.tNa furnished an epimeric mixture of the desired 

tetracyclic compounds 22, which can be envisaged as synthetic precursors of 

ZO-deethylstrychnofluorine. 

The results here reported open a viable route to tetracyclic systems having 

rings A-D of pentacyclic Stagchnod alkaloids and possessing the functfonallfzed 

one carbon C-16 substftuent present in a great number of these indole alkaloids. 

EXPERXWEXTAL 

OWNERAL. Melting points were determined in a capillary tube on a CTP-MP 300 hot 
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plate apparatus, and are uncorrected. lH-NMR spectra were recorded in CDCl on 
a Perkin-Elmer R-2dB (60MHz ) instrument or 
spectrometer using TMS as internal standard. 

,ljhen indicated, on a Varian XL3200 
C-NMR spectra were determined on a 

Varian XL-200 spectrometer (50.3 Mffzl. The chemical shifts are reported in 
ppm downfield (6) from TMS. IR spectra were taken with a Perkin Elmer 1430 
spectrophotometer, and only noteworthy absorption8 (reciprocal centimeters) are 
lietcd. Column chromatography was carried out on SiO (silica gel 60, 63-200 

um, Merck) or, when indicated, on Al 0 (aluminium oxidg 90, neutral, activity I, 
63-300 pm, Merck). Flash chromatograp y wa8 carried out on SiO2 (silica gel 60, ?I3 
40-63 urn, Machery-Nagel). TLC was performed on 
Merck), using 

sio2 (silica gel 60, 
70:30:5 ether-acetone-diethylamine a8 developing solvent, 

the 8pOtS were located with UV light or iodoplatinate reagent. Prior to concentra- 
tion, under reduced pressure, all organic extracts were dried over anhydrous 
Na2S04 povder. Microanalyses were performed on a Carlo-Erba 1106 analyzer 
by Instituto de PuSmica Bio-OrgAnica. Barcelona. 

l-Bensyl-4-[l.l-(ethylenedioxy)ethgl]pyridiniun Chloride. A solution of 4-ace- 
tylpyridine ethylene aceta13' (50.8 g, 308 mmol) and benzyl chloride (42.9 g, 339 
mmol) in absolute methanol (150 ml) was refluxed for 24 h. The solvent was 
removed and the resulting white solid wa8 digested several times with boiling 
ether to give the title pyridinfum salt (88 g, 96%) which was highlyhygroscopic; 
mp lOO-1028C (anhydrous acetone); NMR (CDCL 1: 1.60 (8, 3H, CH ), 3.50-4.07 (m, 
4H. OCH2CH20). 6.16 (8, 2H, NCH 1, 7.00-7.3? cm, 3H, Hm,p-pheny I, 7.50-S-00 (in, 

8.68 (d, 2H, Ho-pyridine). 
9 

4H, Ho-phenyl, Hg-pyridine), (Found: C, 63.81; 
H, 6.22; N, 4.82; Cl, 11.76. Calcd for C16H18C1N02. 1/2H20: C, 63.89; H, 6.36; 
N, 4.66; C1.11.79). 

l-Ban8pl-4-[lrl-(sthyl8nsd~oxy~ethyl]-l,2,3,6-tetrahydropyridine-2-carbonitr~le 
(I). Hydrochloric acid (6 N, 111.5 ml) was added drapwise to a stirred solution 
of sodium cyanide (36.4 g, 744 mmol) in water (230 ml), layered with ether 
(230 ml). and kept below 15%C. To the resulting mixture a solution of the 
above pyridinium chloride (21.6 g, 74.4 mmol) in methanol (230 ml) and then 
sodium borohydride (2.8 g, 74.4 mmol) were added. The mixture was stirred 
at room temperature for 1 h, the ether wa8 decanted, and the aqueous layer was 
extracted with ether, The combined etheral solutions were washed with aqueous 0.6 
N hydrochloric acid, dried, and evaporated to give 1 (14.2 g, 67%); mp 71-73%C 
(acetone); 
2N, NCN ), 
55, Ar$; 
N, 9.85. Calcd for 
solution 
evaporation of the dried extracts gave the tetrahydropyridine 2 (3.73 g, 23%); 

2.17 (8, 38, CH 1, 2.27-2.66 (m, UH, CH,), 3.00-3.36 (m, 2H, 
fs, 2H, CH Ar) 6.23 (br 1H =CH), 7.00 (s, SH, ArH); 

The picrate2melked at 145-(148*: (absolute ethanol). 
IR (NaCl): 

(Found: C, 54.12; 
H, 4.67; N, 12.37, Calcd for C20H20N408: C, 54.05; H, 4.54; N, 12.61). 

3-(l-Benzyl-4-[l,l-(cthylened~o%y~%thyl]-l,2,3,6-t%trahydro-2-pyridyl}fndo~e 

(4). A solution of cyanotetrahydropyridine 2 ( 12.8 g, 45 mmol) in anhydrous 
methylene chloride (180 ml) was slowly added under nitrogen to a stirred solution 
of indolylmagnesium bromide (90 mmol) in an anhydrous 1:l ether-methylene 
chloride mixture (200 ml) maintained at -lO*C. The resulting mixture was stirred 
at room temperature for 4 h, poured into ice-aqueous ammonium chloride, basified 
with ammonium hydroxide, and decanted. The aqueous layer was extracted with 
methylene chloride. The combined organic solutions w%re dried and evaporated 
to give an oil (24 g) which was chromatographed. Elution with 98:2 chloroform-me- 
thanol afforded the tetrahydropyridylindole 4 (lo.8 g, 64% ); NMR 
1.43 (s, 3H. CH ), 2.33-2.73 (m, 2H. CH2), 2.73-3.27 (m, 2H, NCH 1. 

7R, 
4 w~~H2~~,2."dl,Ar~n NC,Hb',bl?i? d~~:n~?'~~~'~~~?-,"i<&s?*a8 ;he 

1lH ZrH). A sample of 
picrate. After 

recrystallization from absolute ethanol, the picrate of 4_acetyltetrahydropyri- 
dine 3 was obtained: mp 165-169QC; NMR (DMSO): 2.33 (5, 3H, CH ); IR (KBr): 1670 
(C=O). (Found: C, 59.15; H, 4.61; N, 12.32: Calcd for C3H 28 25N508 * 1/2H20: 
C, 59.15; H, 4.61; N, 12.32 ). 

l-Bena~1-4-[t,l-(ethylenedioxy)eth~l]-l,2,3,6-tetrah~dro-2-~~rid~l~l-(~h%- 
(5). Aqueous 50% sodium hydroxide (30 ml) was addtd to 

a solution of 4 (1 g, 2.67 mmol) and tetrabutylammonium bisulfate (98 mg) in 
benzene (100 ml). The mixture was stirred at room temperature for 10 min. 
Then, a solution of benzenesulfonyl chloride (0.73 g, 4.14 mmol) in benzene (45 
ml) was added and the mixture was stirred at room temperature for 14 h. The orga- 
nic layer was separated, washed with brine, dried, and evaporated to give 
5 as an oil (1.26 g, 91%); 
5.70 (br, 

NMR (Ccl ): 1.35 (8, 3H, CH3), 3.70 (br, UH, OCH CH 0) 
lH, =CH). 6.40-7.90 (m, 154, ArH); IR (CHC13): 1375 and 1175 (SO N?. '?he 

picrate melted at 176-179QC (absolute methanol-ethanol). (Found: C, 56.33; H, 
4.44: N, 9.44; S, 4.30. Calcd for C36H33NS011S: C. 58.13; H, 4.47; N, 9.42; S, 4.31). 

cid-3-(4-Acetyl-2-pfperidyl)indole (CU -7). A solution ofj, hydrochloride (5.5 
g, 13.4 mmolf in absolute methanol (200 ml) was hydrogenated at room temperature 
and atmospheric pressure in the presence of 10% palladium on charcoal (1 g). When 
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the solution had absorbed the required volume of hydrogen, the catalyst was 
filtered off and the filtrate was evaporated. The resulting residue was dissolved 
in methylene chloride and washed with aqueous 10% sodium carbonate solution. The 
organic layer was dried and evaporated to give the piperidine 6 as a mixture of 
Tfstereomers (3.42 g, 69%); NMR (200 MHz, CDC13) 

OCH CH 
'A4Hsbluti20n 2 

0), 
: 1.28 and 1.29 (2 8, 3H,CH3), 4.01 

4.64 (apparent t, lH, NCH), 6.67-7.97 (m, 5H, ArH). 
of the above mixture (3 g, 10.5 mmol) in methanol (35 ml) and 

aqueous 20% hydrochloric acid (75 ml) was stirred at 6O*C for 1 h. The solution 
was concentrated, basified with aqueous 2 N aodium hydroxide and extracted with 
methylene chloride. The organic layer was dried and evaporated to give the 
acetylpiperidine cid-7 (2.5 g, 98%); NMR (CDC13): 2.07 (8, 3H, CH3), 4.06 
(dd, 2=4, 11 Hz, lH, NCH), 6.73-7.70 (m, 5H, ArH), 8.73 (br, lH, NH); IR (CHC13): 
1705 (C=O). The picrate melted at 188-19OQC (absolute ethanol). (Found: C, 
53.67; H, 4.55; N, 14.53. Calcd for C 21H21N508: C, 53.50; H, 4.49; N, 14.86). 

3-(4-Acetyl-2-piperidyl)-l-(phenylaulfonyl)~ndole (8). Operating as above, a 
solution of 5.hydrochloride (3.8 g, 7 mmol) was hydrogenated to give a solid (2.7 
g) which was dissolved in methanol (30 ml) and aqueous 20% hydrochloric acid (50 
ml). After being stirred at 70QC for 30 min, the reaction mixture was worked-up as 
above to give the piperidine 8 (2.4 g, 90%); NMR (CDC13): 2.03 (8, 3H, CH3), 6.83- 
7.85 (m, lOH, ArH); IR (CHCl ): 1705 (GO), 
melted at 115-119Q (absolute e hanol). ?. 

1370 and 1170 (S02N). The picrate 
(Found: C, 53.40; H, 4.21; N, 11.12. Calcd 

for C27H25N5010S: C, 53.02; H, 4.12; N, 11.46). 

6-Nethylene-1,2,3,4,5.6-haxahydro-l~5-~ethanoa%ocino[4,3-6]indole (9). A solu- 
tion of acetylpiperidine 7 (lg, 4.1 mmol) and p-toluenesulfonic acid (3.3 

g. 19 mmol) in dry chloroform (750 ml) was refluxed for 24 h under nitrogen. 
The mixture was cooled, poured into aqueous 2 N ammonium hydroxide (250 ml) and 
extracted with chloroform. The organic extracts were dried evaporated to give 
an oil which was chromatographed through alumina. On elution with 2:8 bensene-chlo- 
roform, 9 (0.66 g, 
4.83 (s. lH, =CH), 

72%) was obtaine'd; NMR (CDC13): 4.37 (apparent t, lH, NCH), 
5.13 (8, lH, =CH). Attempts to purify and characterize 9 

as a picrate or hydrochloride failed. A solution of acetyl chloride (0.15 
ml, 1.9 mmol) in methylene chloride (6 ml) was added to a solution of 9 (0.19 g, 
0.8 mmol) in methylene chloride (15 ml) and aqueous 1 N sodium hydroxide (5 ml). 
The resulting mixture was stirred at room temperature for 5 h. The organic layer 
was separated and the aqueous phase was extracted with methylene chloride. 
The combined organic extracts were washed with brine, dried, and evaporated to 
give the acetyl derivative 10 (230 mg, 72%); mp 225-228QC (anhydrous acetone), NMR 
(200 MHz, 
5.93 and 6.01 2 38, lH, 

CDCl-CD OD): 2.46 and 2.87 (2 s , 3H, CH3), 5.49 and 5.51 (2 s, lH,=CH), 
9 =CH), 5.75 and 6.75 (2 apparent t, lH, NCH), 7.33-8.00 

(m, 5H. ArH); 
N, 10.05. 

IR (CHC13): 3465 (NH), 1620 (C=O). (Found: C, 75.97; H, 7.19; 
Calcd for C17H18N20. 1/5H20: C, 75.64; H, 6.86; N, 10.37). 

1-(Phenylsulfonyl)-2-indolyl 4-Pyridyl Ketone (13e). A solution of lithioindole 
12a, preparedJo from 1-(phenylsulfonyl)indole (20 g, 77.8 mmol) and LDA (85 mmol) 
in tetrahydrofuran (200 ml), was slowly added under nitrogen to a suspension of 
isonicotinic anhydride (21.3 g, 93.4 mmol) in tetrahydrofuran (100 ml) cooled 
at -78QC. The resulting mixture was stirred at -78*C for 30 min and at room 
temperature for 4 h. Then, water (450 ml) was added and the mixture was concentrated 
at reduced pressure and extracted with methylene chloride. The organic phase 
was extracted with aqueous 10% hydrochloric acid, dried, and evaporated t0 
give an oil which WSS chromatographed in a flash column using chloroform as 
the eluent. The first fractions gave 1-(phenylsulfonyl)indole (3.8 g), and then 
pure 13a (21.3 g, 75%) was obtained as a solid; mp llO-113eC (carbon tetrachlori- 
de); NNR (CDCl,): 6.80 (6, lH, H-3 indole), 6.90-8.40 (m, llH, ArH), 8.63 
(d, a=8 Ha, 2H, Hu-pyridine); IR (KBr): 1670 (C=O), 1375 and 1175 (so N). The hy- 
drochloride melted at 192-195QC (acetone-ether). 
7.00; S, 8.17; Cl, 8.70. Calcd for C 

(Found: C, 60.56; 2H, 3.76; N, 

8.04; Cl, 8.89). 
20H1$lN203S: C. 60.22; H, 3.79; N, 7.02; S, 

The acidic aqueous solu ion was basified with aqueous 50% sodium 
hydroxide and extracted with methylene chloride. 
rated to 

The extract was dried and evapo- 

CH3), 
give N.Kdiiaopropylisonicotinamide (3.8 K); NMR (CDCl ): 

3.45 (m, 2H, CH), 7.00 (d, 
2H, Ha-pyridine): 

a=5 Hz, 2H, H8-pyridine), d. 
1.41 (d, 12H, 

IR (KBr): 1630 (C=O): 
46 (d, a=5 Hz, 

ethanol). 
The picrate melted at 165-167QC (absolute 

(Found: C, 49.61; H, 4.81; N, 16.06. 
H, 4.82; N, 16.09). 

Calcd for C18H21N508: C, 49.65; 

When the reaction was effected by reversing the order of addition of the 
reagents, the yield of ketone 13a decreased to 46% and bisb-(phenylaulfonyl)-2-in- 
dolyl]-4-pyrldylmethenol, coming from attack of lithioindole 12a upon the 
initially formed ketone 13a, was also obtained (14 % yield) after column chroma- 
tography (8:2 benzene-chloroform as eluent); mp 140-142*C (chloroform-ether); NMR 
(CDC13): 5.96 (s, 2H, H-3 indole), 6.83-8.16 (m, 20H, ArH), 8.43 (d, 2~5.6 Hz, 2H, 
Ho-pyridine); 3420 (OH), 1370 and 1170 (SO N). (Found: C, 66.06; 
H, 4.18; N, 

61R62(KBr): 

6.78; S, 10.35): 
; s, 10.45. Calcd for C34H25N305S2: s, 65.89; H, 4.07; N, 

1-Yeth 1-2-indolyl 4-Pyridyl Ketone (13b). A solution of lithioindole 12b, 
prepared s? from 1-methylindole' (7.2 g, 55 mmol) and n-butyllithium (64.3 mmol) in 
tetrahydrofuran (80 ml) was allowed to react as above with isonicotinic anhydride 
(15 g, 65.7 mmol) in tetrahydrofuran (100 ml). The mixture was poured into ice- 
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with 98:2 chloroform-methanol gave 19 as a mixture of isomers enriched in 19b 
(150 mg, 20%); NHR (200 MHz, CDC13): 2.30 (8, 3H, NCH 1, 3.59 (a, fH, H-6), 3.61 

(s, 3~~~N~~~),(~~~~ )(:s;,"H;l DC;&,,".,"," ;;PP;;~;; ;;, lH3, H-l), 7.66-7.04 fm. 4H , 
ArH); 45.12 (q). 45.72 (d), 46.77 
(t), 52.06 (d), 52397 (qi, ;O7.h6 is),' 10&49'(d) , li9.93 (d) , 119.99 (d), 121.91 
(d), 128.16 (a), 134.76 (s), 137.75 (s),173.56 (6); IR (CHC13): 1730 (C=O). Elution 
with 95:5 chlorofqrm-methanol gave 19 as a mixture of isomers enriched in 
19a (160 mg, 21%); 
3.85 fs, 3H, OCH ). 

H.NMR (200 MHz, CDCl ): 2.41 (6, 3H, NCH3), 3.60 (a, 3H, NCH ) 

7.54 (m, 4H, A&i); 
4IA; f.f.R $a",,; 72, la, H-6). 4.47 (apparent t, lH, H-l), 7.lil- 

: 29.51, 30.22, 30.88, 34.74 (t), 44.77 (q), 
45.72 id), 46.93 (t), 52.54 (q),352.71 id), 107.28 (a), 109.48 (d), 119.35 (d), 
120.19 (d). 122.04 (d), 127.94(s), 135.10 (s), 137.84 (s). 173.56 (8); IR (CHC13): 1730 (C=O) 
The picrate melted at 192-194QC (methanol). (Found: C, 54.68; H, 4.57; N, 
13.41. Calcd for C24H25N50Q: C. 54.64; H, 4.78; N, 13.28). 

Nethyl a-(1-[2-(Benzyloxy)sthyl]-4-piperidyll- -methyl-2-indoleacetate (21). A 
solution of 16b (2 g, 7 mmol) in benzyl Z-bromoethyl ether (13.8 g, 64 mmol) was 
stirred at 95-1OOOC for 5 h, after which the excess of ether was distilled 
(50-60aCf 0.01 mm Hg). The residue was worked-up as in the above #b-methyl series 
to give an oil which was chromatographed. On elution with chloroform, compound 20 
was obtained (1.18 g, 40%); NMR (200 MHz, CDCl ): 3.52 (8, 3H, NCH ), 3.59 
(s, 3H, OCH ), 
(dd, a=8. 23Hx, 

3.62 (t, 2H, NCH ), 3.71 (t, 2H, OCt? ), 4.48 (s Arc? ), 5.97 
lH, H-3 pyridins), 6.33 (d, 2=0.8 gz, lH, H-3 rn::ie) , 6?63 (dd, 

H-2 pyridine), 6.92 (dd, $=8, 1.5 Hz, lH, H-5 pyridine), 7.13-7.58 
7.61 (ddd, lH, H-7 indole), 8.26 (dd, 2=8, 2 Hz, lH, H-6 pyrfdine); 

1655 (C=O), 1610 (C=C). 
(70 ml) ?as hydrogenated over PtO 

A solution of 20 (1.3 g. 3 mmol) in methanol 
(91 mg) as in the above N&-methyl series. The 

usual work-up afforded an oil wt?ich was chromatographed. On elution with 99:l 
chloroform-methanol, the piperidine 21 (1 g, 77%) was obtained; NMR (CDC13): 
2.43 (t, 2H, NCH ), 3.45 (6, 3H, NCH ), 3.53 (8, 3H, 
6.23 (s, lH, I?-3 6.50-7.%6 (m, 9H. 

OCH ), 4.26 (6, 2H, ArCH ), 
indole), ArH); ik (CHCl ): 1725 (C=a). 

The oxalate melted at 86-88QC (acetone-ether). (Found: C. 24.87; H, 7.08; 
N, 4.58. Calcd for C28H34N207. 2C3H60: C, 65.16; H. 7.40; N, 4.47). 

Methyl 2-[2-(Ben~yl~xyfethyl]-7-methyl-l,2,3,4,5,6-hexahydro-l,5-methanoazocfno 
14.3-b]indole-6-carboxylate (22). A solution of piperidine 21 (0.64 g, 1.5 mmol), 
mercuric acetate (5 g, 16 mmol), and EDTA.2Na.2H 0 (6.2 g. 16.7 mmol) in water 
(160 ml) was allowed to react as in the above # -me& yl series to give an oil which 
was chromatographed. On elution with 99:l chlboroform-methanol a mixture of epi- 
mers 22a and 22b was obtained (330 mg, 52%); 'H NMR (200 MHk 3.56 and 
3.58 (2 s, 3H, NCH3). 3.69 and 3.80 (2 s, 3H, OCH 1, 4.10 (d;$????);x. Ho-6), 
4.41 and 4.49 (f3apparent t, IH, H-l), 4.54 and 4. & (2 s, 2H CH A‘r) 6.95-7.65 
(m, 9H, ArH); C NMR (CDCl isomer 22a “1: 28.32 (C-4), 

33.39 (C-12), 44.72 ?:-3), 
;a.& (i-5). 30.32 

45.00 (C-6), 52.25 (OCH ). 52.46 (C-l), 55.86 
67.54 (OCH ), 73.23 (CH Ar), 106.00 (C-llb), ?09.08 (C-8), 118.85 
119.95 (C-9?, 121.70 (C-103, 126.89 (C-lla), 

128.07 (C-m 1, 
127.60 (C-o), 127.781&C-p), 

135.20 (C-6a), 137.30 (C-i), 138.17 (C-7a). 172.79 (C=O); C NMR 
(CDCl 
(C-3)3' 

isomer 22b.O): 29.68 (NCH ), 30.07 (C-4). 30.22 (C-12), 30.91 (C-S), 44.72 
45.00 (C-6), 51.33 (C-13t, 

:ilt;':, ((:%",r),' 
106:OO (C-llb), 

52.08 (OCH3), 56.08 (NCH ), 68.07 (OCH ), 
108.95 (C-B), 119.39 (C-l&, 119.68 (C-5), 

126.89 (C-lla), 127.60 (C-o), 127.78 (C-p), 128.07 (C-m), 135.20 

(C-6a), 137.30 (C-i), 138.17 (C-7a), 172.79 (C=O); IR (CHC13): 1725 (C=O). The 
picrate melted at 74-75eC (acetone). (Found: C, 59.41; H, 5.28; N, 9.85. Calcd 
for C32H33N5010. C3H60: C, 59.55, H, 5.57, N, 9.93). 
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