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Abstract- The synthesis of indolo[2,3-alquinolizidin-2-one (la) has been accomplished 
by the d&ct cyclization of N-hydroxyethyl-2-[1-@henylsulfonyl)-2-indolyl]4pi~done 
ethylene acetal(4) with KtBuO. Nevertheless, treatment of the 3-ethylpiperidine analogue 
16 with KtBuO only led to the corresponding hexahydm-4Wpyrido [ 1’,2’: lZ]pyrazino 
[4,3-&dole (23). resulting from the cyclization upon the indole nitrogen. 

The indolo[2,3-alquinolizidin-2-one framework la2-9 is integrated in the structure of several key 

intermediates in the synthesis of pentacyclic indolo[2,3-alquinolizidine alkaloids. The great majority of such 

compounds are substituted on position 3 8910-14 and only two cases of C-l substituted derivatives have been 

reported (see Figure 1).15916 Indolo[2,3-ulquinolizidin-2-one itself (la) has been extensively studied and its 

synthesis has been carried out by two general synthetic strategies consisting in the elaboration of rings C or D 
in the key steps. Thus, elaboration of ring C has been carried out by formation of the C12a-C12b bond,4 

while ring D has been constructed by i) a Dieckmann cyclization of the appropriate diester,3,6 ii) an hetero 
Diels-Alder or a Michael-Mannich tandem reaction applied on dihydrocarbolines,738 iii) by formation of N-C4 

bond,2 and iv) by application of the acid catalysed rearrangement of isoxazoline-Sspiro cyclopropanes.9 

These numerous synthetic studies arise from the application of la in the synthesis of related compounds to 

Rauwolfia and Yohimbe alkaloids such as reserpine 17 and yohimbine6. Moreover, other important synthetic 

intermediates are 3- and 1-ethylindolo[2,3-ulquinolizidin-2-ones lb and 2, respectively. In spite of the fact 

that 3-ethylderivative lb has been synthesized lo-12 and applied to the synthesis of dihydrocorynantheine,lg 

corynantheidinelg*l!J and flavopereirine 20 alkaloids , no synthesis has been described for its l-ethyl analogue 

2. However, the 1-ethyl-1-methoxycarbonylmethyl derivative lk has been prepared and applied to the 

synthesis of ebumamonine.15 

8 7 la R1=R2=R3=H (Ref. 2-9) 
b f+Rz=H; R3=C2H5 (Ref. 10-12) 
c R1-R~H; R3=CH3 (Ref. 10-12) 
d Rl=Rz=H; Rs=n-CsHT (Ref. 10,12) 

4 e R,=RpH; R+C&3(Ref. 10.12) 

3 
f RI=R2=H; R3=CH2Ph (ref. 10, 12) 

‘Q, 
g Rf=RpH; Ra=COCHa (Ref. 13) 

A3 
h F+R2=H; R3=COOC2H5 (Ref. 3,13) 
I R,=Rz=H; R3=CH@QCH3 (Ref. 8,12) 

0 j Rl=Rz=H; CH2CH2COOCH3 (Ref. 12,14 
k R1+l+,; R2=CH2COOCH3; R3=H (Ref. 15) 
I Rf=CH$H$XOCH3; Rz=Ra=H (Ref.16) 

Figure 1 
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In a precedent paper we reported the synthesis of 3-ethylindolo[2.3-a]quinolixidin-2-one lb by a new 
methodology consisting in the elaboration of ring C by formation of C7-C7a bond by a potassium rerr- 

butoxide one step cyclixation of N-(2-hydroxyethyl)-2-r l-@henylsulfonyl)-2-indolyl]-4-piperidone ethylene 

acetal3.l as a synthetic application of protected 2-aryl-4-piperidones.21-23 

In the present paper we report the use of this reaction on N-hydroxyethylpiperidines 4 and 16 in order 

to obtain a new synthesis of indolo[2,3-u]quinolixidin-2-one basic framework la and the l-ethyl derivative 2. 

la RllRrH 
lb RpH; R&yS 
2 R+&.: &-t-i 

R2 

Figure 2 

The starting N-hydroxyethylpiperidones ethylene acetals 4 and 16 were prepated by alkylation of 

piperidines I.3 and 15 with 2bromoethanol in the presence of anhydrous sodium carbonate. Secondary 

piperidines 13 and 15 were prepamd according to our general procedure for the synthesis of 2-at+%- 

piperidones.2‘t-28 Thus, condensation between 1-phenylsulfonyl-2-indolylcarbaldehyde (10)29*30 and the 

appropriate primary amines 81 and 9, furnished the corresponding imines 11 and 12, as shown in figure 2. 

The acid cyclization of 11 and 12 led to the expected piperidines in very good yields. Furthermore, while 11 

yielded 13. compound 12 furnished a 2:l C-3 epimeric mixture of 14 and 15, in which the major compound 

was the thermodynamically mom stable rruns isomer 14, as expected from our previous results.1 Riperidines 

14 (rr0x.r isomer) and 15 (cis isomer) were easily distinguished by the coupling constant between C-2 and 

C-3 protons (see Table 1). The following alkylation of 13 and 15 with 2bromoethanol provided satisfactorily 

the N-hydroxyethylpiperidines 4 and 16, required for our purposes. Rather surprisingly, isomer 14 did not 

undergo the N-alkylation, even in a variety of experimental conditions, including a NaH treatment followed by 

2-bromoethanol addition. The lack of reactivity of piperidine 14 nitrogen atom was first accounted for by 

considering the steric hindrance that the cyclic acetal function could exert. However, when the corresponding 

unprotected pipetidone 17, obtained from 14 by acid treatment, was reacted with 2-bromoethanol in the same 

experimental conditions than 15. no reaction occured either, the starting product being fully recovered . 

Treatment of aminoalcohol 4 with potassium rerr-butoxide was carried out in a variety of solvent 

conditions, which permitted a distinction between the reactivity of indole 1 and 3 positions. In all cases the 

reaction was complete, with good total yields. Thus, when 4 was reacted in ether, a 1:l mixture of 

indoloquinolizidine 21 and hexahydro-4H-pyridopyrazinoindole 22 was obtained. The proportion moved 

towards the better cyclization upon the indole 3 position when the solvent used was less polar (hexane-ether) 
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Table I. IH-NMR Spectral Dataa of 2.(2.Plpendyl)mdoles 

Proton n* 
4 4.HCI 13 13.HCI CompoEs 15 16 17 18 

2-H 

3-Ha 

3-He 

5-Ha 

S-He 

6-Ha 

6-He 

mH2 

CH3CH2 

CH3CH2 

NCH2 

CH2OH 

In-3H 

ln4H 

In-SH 

In-6H 

In-7H 

C6H5 

4.45 CM 5.43 d&d 4.50 dd 5.33 1 4.42 d 4.90 d 4.55 d 4.68 d 5.12 d 

(12.4) (12. Il. 2) (12.3) (12) (12) (2) (3) (4.3) (7) 
1.75 br t 2.81 dd 1.6-1.9 m 2.13 dd I .65 m _____ .____ (b) ___.._ 

(12) (13. 12) (12, 11) 
1.98 dd 1.92 ddd 2.16 brd 2.49 br d ----- 2.27 m 1.55 br d _--_- 0.9-1.1 m 

(12.4) (12.6.2) (12) (12) (6) 
2.67 ddd 2.97 td 1.6-1.9 m 2.38 td 1.9-2.0 m 1.8-2.0 m 2.05 td 2.5-2.7 m 2.57 ddd 

(12. 10. 5) (13,4) (12.5) (13.4) (II. 7.2) 

I .8-2.0 m 1.65 dt 1.6-1.9 m 1.68 brd 1.8Odt 1.52 br d 2.35 dd 2.2-2.4 m 2.39 dt 

(13.3) (12) (12. 2) (10) (13.3) (13.6) 

2.49 td 3.1-3.3 m 3.0-3.2 m 3.30 m (b) 3.05 ddd 2.90 m 3.0-3.2 m 2.7-2.9 m 

(12. 3) (13.10.3) 
3.17 ddd 4.82 ddd 3.0-3.2 m 3.55 br d 2.97 dd 3.0-3.2 m 3.65 dd 2.9-3.1 m 3.0-3.2 m 

(12.5. 3) (12.4, 1) 02) (10,4) (14.4) 
3.8-4.5 m 3.941 m 3.941 m 3.94.2 m 3.9-4.2 m 3.9-4.2 m 3.94.1 m ----- -_-__ 

______ .---- .____ _____ 0.74 br s 0.45 t (7) 0.32 t (7) 0.88 t (7) 0.58 t (7) 

__.___ ----- _____ _____ 1.2-1.5 m 1.2-1.5 m 1.3-1.5 m 1.6-1.9 m 0.9-l.lm 

______ ----- _____ _____ ______ 1.8-2.0 m ----- -____ 1.7-2.0 m 
2.67 m 2.8-3.0 m _____ _.___ ___^ ____ 3.13 ddd ----- _____ 

(11. 9.2) 
3.56 td 3.6-3.8 m ----- _____ _____ _____ 3.45 ddd _.___ _____ 

(IO. 4) (10.6. 3) 
3.2-3.4 m 3.8-4.0 m ____- _____ _____ ___._ 4.0-4.3 m .___- _____ 

6.72 s 7.46 br s 6.65 s 6.76 br s 6.64 s 6.71 s 6.73 s 6.55 s 6.39 s 

7.81 dd 7.3-7.8 m 7.87 d 7.94 dd 7.87 d 7.70 d 7.73 d 7.72 d 7.71 d 

(7, 1) 0 (8. 0.7) (7) (7) (8) ’ (7) (7) 

7.2-7.6 m 7.3-7.8 m 7.1-7.6 m 6.83 ddd 7.2-7.6 m 7.2-7.6 m 7.2-7.6 m 7.2-7.6 m 7.2-7.6 m 

(7. 6. 0.7) 

7.2-7.6 m 7.3-7.8 m 7.1-7.6 m 7.16 ddd 7.2-7.6 m 7.2-7.6 m 7.3-7.8 m 7.2-7.6 m 7.2-7.6 m 

0. 6, 1.4) 
8.32 d 8.21 d 8.20 d 8.30 d 8.21 d 8.32 d 8.20 d 8.23 d 

(8) (8) (8) (8) (8) (8) (8) (8) 
7.2-7.6 m 7.3-7.8 m 7.1-7.6 m 7.3-7.4 m 7.2-7.6 m 7.2-7.6 m 7.2-7.6 m 7.2-7.6 m 7.2-7.6 m 

a 1H-NMR~mwerctccc&dwZOOMHzinCDC13;I vahesin~nqnnedinhertzandcttemialshifts~ 

given in 6 units (downheld fmm TMS). b. M&cd si@. 
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and was the best in a 1:l hexanecther mixture. These results were in accordance with those observed in our 

previous work for the cyclixation of 3-etbylpi~dine 3. 1 

The structure and stereochemistry of tetracyclic compound 21 were inferred from elemental analysis 

and spectroscopic data (see Tables 3 and 4). In the JR spectrum Bohlmann bands at 2800 cm-l, characteristic 

of a rrans B/C relationship, were observed. The IH-NMR spectrum of 21 (Table 3) showed, as the most 

significant signals a broad doublet (J=12 Hz) at 8 3.64 due to the methine proton at C-12b and a broad signal 

at 8 8.05 due to indole NH. As for the mgioisomer 22, the lH-NMR spectrum showed a doublet of doublets 

(J=1.3 and 0.5 Hz) at 6 6.19 assigned to the indole C-3 proton and no signal corresponding to indole NH 

4 F&H 
16 R+Hs 

1 ii 

22 R=H 
23 R=C2H5 

I 

ii 

la 
24 

Reagents: (i) Potassium rert-butoxide, 1: 1 hexane-ether, O’C. 30 min. (ii) 4N 1: I 
HCl-CH3OH, reflux, 3 h. 

Scheme 2 

proton, which confirms that the cyclization occurs on the indole nitrogen atom. The most significant 

differences observed in the 13C-NMR spectrum of 21 and 22 were the chemical shifts of C-7 (in 21) and 

C-l (in 22) carbons at 6 21.6 and 42.0, respectively. The chemical shift difference (A8 20.4 ppm) is in 

accordance with the deshiekling effect promoted by the indole nitrogen atom. 
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Table 2. 13C-NMR Spectral Dataa of 2-(2-Piperidyl)indoles 

Carbon N2 

4 13 14 

Compounds 

15 16 17 18 20 

c-2 

c-3 

c-4 

c-5 

C-6 

ocH2 

CH3CH2 

CH3CH2 

NCH2 

CH20H 

In-C2 

In-C3 

InC3a 

In-C4 

In-C5 

In-C6 

In-C7 

InC7a 

C-ipso 

c-orrho 

c-me&l 

C-para 

59.6 53.3 

40.9 40.3 

104.4 105.0 

32.1 31.7 

53.9 43.6 

64.8 64.7 

65.1 65.1 

_____ 

_____ 

_____ 

____- 

56.7 
59.0 

138.5 

114.9 

128.8 

124.7 

122.6 

126.7 

116.1 

132.9 

137.2 

126.2 

129.6 

134.6 

_____ 

_____ 

137.4 144.0 143.0 

112.0 109.4 110.5 

129.4 130.0 128.9 

124.4 124.3 124.0 

122.1 121.5 120.7 

125.6 125.3 124.6 

114.8 115.6 115.4 

136.9 138.5 139.0 

136.2 140.0 138.0 

127.1 127.9 126.4 

129.8 129.8 129.2 

134.4 134.5 133.8 

56.5 56.1 

51.6 47.4 

110.9 110.0 

36.2 31.5 

44.2 43.9 

64.9 64.0 

65.5 64.2 

14.8 14.5 
19.1 17.6 

_____ _---_ 
_____ _____ 

61.1 

47.2 

211.1 

30.6 

49.8 

63.8 

64.3 

14.9 

18.8 

54.5 

58.1 

137.5 

112.5 

129.1 

123.9 

120.8 

124.6 

115.3 

137.0 

139.0 

126.6 

129.2 

134.0 

56.4 55.8 61.5 

56.3 55.5 40.6 

108.0 210.4 211.9 

28.9 30.2 29.5 

41.9 40.9 41.8 

_____ _____ _____ 

-_--_ _____ 

12.1 11.6 
22.9 19.0 

____ _____ 

_--_- 

140.8 

112.1 

128.9 

124.0 

121.0 

125.1 

115.1 

137.5 

138.7 

126.0 

129.2 

133.8 

_____ 

138.8 

112.8 

128.6 

123.9 

121.1 

125.2 

114.9 

133.9 

137.4 

126.0 

129.3 

133.8 

_____ 

13.8 

22.0 

56.3 

60.7 

140.0 

112.1 

128.9 

124.1 

121.2 

125.1 

115.1 

137.0 

138.0 

126.2 

129.4 

134.1 

a. Recorded at 50.3 MHz in CDC13. Assignments were aided by DEPT sequence experiments. Chemical shifts are given in 6 units 
(downfield from TMS). 

On the other hand, treatment of piperidine 16 with potassium rerr-butoxide only furnished, in any 

case, the pyridopyrazinoindole 23 resulting from the cyclization upon indole 1 position. The axial disposition 

of the C-7 ethyl group can be inferred from the deshielding effect (0.2 ppm) observed upon the axial proton 

on C-7a and by the existence of a small coupling constant between 7-H and 7a-H (Wt, 6 Hz) in the lH-NMR 

spectrum. Moreover, in the I3C-NMR spectrum, the shielding effect observed for C-5 (AS -4.1 ppm) can be 

explained by the “y-gauche” effect due to the axial ethyl group . 
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Finally, acid hydrolysis of the acetal function of quinolixidine 21 afforded imlolo[2,3-u]quinolixklin-2- 

one la in 68% yield which was identified by comparison of spectral data with the already reported.9 

Similarly, deprotection of keto groups of pyridopyraxinolndole 22 provided tetracyclic ketone 24. 

Table 3. 13C-NMR Spectral Dataa of Hexahydropyrido[l’,2’;1.2] 
pyraxino[4,3-alindoles 

Carbon W Compounds 

22 23 24 

C-l 42.0 

c-2 51.7 

c-4 53.1 

c-5 34.8 

C-6 106.9 

c-7 39.4 

C-7a 57.7 

C-7b 135.9 

C-8 95.4 

C-8a 128.2 

c-9b 119.7 

c-lob 120.1 

c-lib 120.7 

c-12 108.6 

C-12a 138.0 

OCH2 64.4 

cH3CH2 

CH3’=2 

41.4 

51.4 

53.4 

30.7 

110.0 

48.0 

62.4 

135.6 

95.0 

128.2 

119.6 

120.0 

120.3 

108.4 

137.0 

64.1 

64.2 

21.1 

15.6 

41.6 

51.2 

54.1 

41.1 

207.4 

45.4 

59.0 

136.5 

96.1 

128.5 

120.2 

120.5 

121.3 

108.8 

138.0 

_____ 

_-_-- 

a. Recorded at 50.3 MHz in CDC13. Assignments were aided by DEF’T sequence 
experiments. Chemical shifts are given in 6 units (downfield from TlvB); b. The 
assignment may be interchanged. 

In summary, the obtention of 21 from 4 with a 48% yield and the effect of a nonpolar solvent to 

orientate the cyclixation upon indole 3 position rather than upon the indole nitrogen atom, has once again been 

demonstrated. Nevertheless, the presence of a substituent on piperidine 3-position leads to the corresponding 

1,2,5,6,7,7a-hexahyd4Wpyrido[ 1’,2’;1,2]pyraxino[4,3-alindole 23 even in less polar solvent conditions, 

due to the steric hindrance. These results allow us to consider the KtBuO cyclixation method as a general one 

to prepare little hindered indolo[2,3-alquinolixidines, and any hexahydropyrido[lJ’: 1,2]pyraxino[4,3-ulindole 

in a short and efficient way. 
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Table ~.~H-NMR Spectral Dataa of Hexahydtopyrido 
[ 1’,2’: 1,2]pyraxino[4.3-u]indoles 

Proton N* compounds 

22 

1-H 

l-Ha 

2-He 

2-Ha 

4-HC 

4-Ha 

5-He 

5-Ha 

7-He 

7-I-H 

7a-H 

8-H 

9-H 

10-H 

11-H 

12-H 

OCI-lz 
Cff3CH2 

CH3Cff2 

4.19 ddd (12, 4.5, 1.3) 

3.95-4.10 m 

3.19 ddd (12. 4.5, 1.3) 

2.80 td (12.4.5) 

3.02 ddd (11.4. 4.5. 2.6) 

2.58 ddd (12.3, 11.4, 2.6) 

1.80 dq (12.3, 2.6) 

1.90-2.05 m 

2.34 dt (12.3, 3) 

1.90-2.05 m 

3.53 ddd (10, 3, 1.3) 

6.19 dd (1.3, 0.9) 

7.55 ddd (7. 1.8, 0.9) 

7.09 td (7, 1.8) 

7.17 td (7. 1.8) 

7.27 br d (7) 

3.9-4.1 m 
____-_ 

23 24 
.____-____-__-_----- 

3.8-4.1 m 4.0-4.3 m 

3.8-4.1 m 4.0-4.3 m 

3.03 brd (11) 3.2-3.4 m 

2.58 td (11.6) 2.4-3.0 m 

2.92 ddd (11.6, 2) 3.2-3.4 m 

2.45 td (11, 2) 2.4-3.0 m 

16Obrd(ll) 2.4-3.0 m 

2.21 td (11. 6) 2.4-3.0 m 

2.00 dd (6,2) 2.95 m 
_____ 2.4-3.0 m 

3.75 br s (WI@ HZ) 3.65 dd (12.3) 

6.15 s 6.20 s 

7.54 d (7) 7.55 d (7) 

7.0-7.2 m 7.0-7.3 m 

7.0-7.2 m 7.0-7.3 m 

7.23 d (7) 7.0-7.3 m 

3.8-4.1 m ______ 

1.3-1.5 m ______ 

0.94 t (7) ______ 

a. 1H-NMRspcctrawaerecordcdat200MHzinCDCl~; I valucsinpamnthesesarcmportedinktz 
and chemical shifts am given in 6 units (downfAd from TMS). 

Experimental 

Melting points were determlned in a capillary tube on a BUchi apparatus and are uncorrected lH-NMR 

spectra were mcorded on a Varian XL200 instrument or, when indicated on a Perkin-Elmer R-24B (60 MHz) 

spectrometer. 13C-NMR were tecorded with a Varian XL-200 spectrometer. Unless otherwise noted. NMR 
spectra were measured in CDC13, and chemical shifts are expmssed in parts per milion (8) relative to internal 

Me4Si. IR spectra were recorded on a Perkin-Elmer 1430 spectrophotometer. Mass spectra were determined 

on a Hewlett-Packard 5930A mass spectrometer. Flash column chromatography was carried out on SiO2 

(silica gel 6OJO-63 pm, Macherey-Nagel). TIC was performed on SQ (silica gel 60 P254. Merck) using the 

same eluant than for the cormsponding flash chromatography, and the spots were located with UV light or 
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aqueous KOH and extracted with CH2C12. The organic layers were dried and the solvent removed by 

distillation under atmospheric pressure to yield I-amino-3-hexanone ethylene acetal(9) as a pale oil (6.47 g, 
78 %) which was used without further purification; IR (NaCl) 3500-3200 cm-1 (NH2); lH-NMR (60 MHz) 

0.90 (m, 3H, CH3), 1.40 (broad s, 2H, NH2). 1.50 (broad s, 4H, CH3CH2CH2). 1.70 (t, J=7Hz, 2H, 

CH2CH2N), 2.70 (t. J= 7H2, 2H. NCff2), 3.70 (s, 4H. OCH2). 

Operating as for compound 11, from aminoacetal 9 (6.47 g, 40.7 mmol) and IO29 (12.75 g, 44.7 mmol) in 

dry benzene (200 ml), imine 12 was obtained (17.1 g. 97 %), which was used without further purification; IR 

(NaCl) 1620 (N=C), 1370 and 1170 cm-l (S02); lH-NMR (60 MHz) 0.90 (m, 3H, CH3), 1.30-1.60 (m, 

4H, CH3CH2CH2), 2.00 (t. J=7 Hz, 2H. W2CH2N), 3.60 (t. J=7 Hz, 2H. NCH2). 3.81 (s. 4H, OCH2), 

6.90-8.00 (m. 10 H, Ar-H), 8.60 (s, lH, HC=N). 

2-[1-(Phenylsulfonyl)-2-indolyll-4-piperidone Ethylene Acetal (13). A stirred solution of the 

imino acetal 11 (17 g, 30 mmol) and anhydrous p-TsOH (10.32 g, 89 mmol) in dry benzene (300 ml) was 

refluxed under N2 for 1 h. The cooled mixture was poured on ice-water and basified with Na2C03. The 

organic layers were separated and the organic phase was washed with aqueous Na2C03. dried and evapomted 

to give piperidine 13 (10.1 g, 84 %) after purification by flash chromatography (99: 1 Et20-DEA); IR (NaCl) 

3500-3200 (NH), 1370 and 1160 cm-l (SO2); MS (m/z, %) 398 (M+, 2). 352 (30), 283 (13). 257 (58). 212 

(19), 142 (41), 99 (47), 87 (69), 77 (100). The hydrochloride melted at 212-214 ‘C (acetone). Anal. Calcd 

for C2lH23ClN204S: C,57.99; H, 5.33; N, 6.44; Cl, 8.15. Found: C. 57.87; H, 5.26; N, 6.54; Cl, 8.14. 

3-Ethyl-2-[l-(phenylsulfonyl)-2-indolyl]-4-piperidone Ethylene Acetal (14 and 15). 

Operating as above, from imine 12 (16.5 g, 38.7 mmol) and anhydrous p-TsOH (13.4 g. 60 mmol) a 2:1 

mixture of piperidines 14 and 15 , respectively, was obtained, which was purified by flash chromathography 

(98:2 E120-DEA). 14 (Lower Rf, rrans isomer, 8.32 g, 51 %): IR (CHC13) 3300-3200 (NH), 1370 and 1170 

cm-l (S02); MS (m/z,%) 426 (M+, 6). 381 (7), 285 (24), 283 (23), 228 (22). 185 (lo), 171 (18). 157 (39). 

130 (74), 115 (61), 99 (50). 77 (100). 15 (Higher Rf, cis isomer, 4.16 g, 25 %): IR (CHC13) 3300-3200 

(NH), 1370 and 1170 cm-* (SO2); MS (m/z,%) 426 (M +, 4), 381 (7), 285 (24), 283 (23). 228 (22), 185 

(lo), 171 (18), 157 (39), 130 (74), 115 (61), 99 (50). 77 (100). The hydrochloride melted at 209-21(X 

(acetone). Anal. Calcd for C23H27ClN204S: C, 59.67; H. 5.88; N, 6.05; Cl, 7.66. Found: C, 60.02; H, 

6.32; N, 5.54; Cl, 7.41. 

N-(2-Hydroxyethyl)-2-[l-(phenylsulfonyl)-2-indolyl]-4-piperidone Ethylene Acetal (4). 2- 

Bmmoethanol (1.61 ml, 23 mmol) was added dropwise to a mixture of piperidine 13 (9.2 g. 21 mmol) and 

anhydrous K2CO3 (10 g) in absolute ethanol (200 ml). The resulting mixture was refluxed under N2 for 15 h. 

Ethanol was evaporated, the residue was dissolved in CH2Cl2 and washed with brine. The dried organic 

phase was evaporated and purified by flash chromatography (99.5:0.5 E120-DEA ) to give pure alcohol 4 (8 

g, 86 %); IR (NaCl) 3500-3200 (OH), 1370 and 1170 cm-1 (So;?); MS (m/z, %) 442 (M+, 0.4). 411 (18), 

410 (37). 296 (7), 215 (5). 156 (7), 142 (11). 128 (100). 115 (lo), 99 (53), 87 (29). 77 (27). The 

hydrochloride melted at 187-190 “C (EqO-acetone). Anal. Calcd for C23H26ClN205S: C. 57.80; H, 5.44; 

N, 5.86; Cl, 7.43. Found: C, 57.75; H, 5.64; N, 5.83; Cl, 7.76. 
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cis-3-Ethyl-l-(2-hydroxgethyl)-2-[l-(phenylsulfonyl)-2-indolyl]-4-piperidone Ethylene 

Ace&l (16). Operating as above, from piperidine 15 (4.34 g. 10.2 mmol). 2-bromoethanol (1.1 ml, 15.3 
mmol), K2CO3 (4 g) and absolute ethanol (100 ml), and after flash chromatography (955 CH2C12-CH30H), 

alcohol 16 was isolated (3.30 g, 63 %). IR (CHC13) 3300-3150 (OH), 1370 and 1170 cm-* (SO2); MS (m/z, 

8) 470 (M+, 0.2). 439 (20), 329 (20). 329 (3). 298 (4), 215 (4). 156 (13), 128 (94). 115 (19), 99 (60). 77 
(100). The hydrochloride melted at 194 “C (acetone). Anal. Calcd for C25H3IClN205S: C, 59.22; H, 6.16; 

N, 5.52; Cl, 6.99. Found: C, 59.29; H, 6.11; N, 5.52; Cl, 7.09. 

truns-3-Ethyl-2-[l-(phenylsulfonyl)-2-indolyl]-4-piperidone (17). A solution of ethylene acetal 

14 (370 mg. 0.8 mmol) in a 1:l mixture of 4N hydrochloric acid and methanol (60 ml) was refluxed for 3 h. 
The reaction mixture was cooled, basified with Na2C03 and extracted with CH2C12 to provide ketone 18 

(243 mg, 80%), after purification by flash chromatography (98:2 Et20-DEA); IR (NaCl) 3450 (NH), 1730 

cm-l (GO) ; MS (m/z, 46) 382 (M+, 55), 367 (71), 325 (21), 311 (14) 285 (3) 241 (48). 212 (14), 171 

(70), 156 (43) 130 (64), 77 (100). The hydrochloride melted at 142-143’C (acetone-methanol). Anal. Calcd 
for C2lH23ClN203S: C, 60.20; H, 5.53; N, 6.68; Cl, 8.46. Found: C, 60.23; H, 5.94; N, 6.65; Cl, 8.24. 

cis-3-Ethyl-2-[l-(phenylsulfonyl)-2-indolyl]-4-piperidone (18). Operating as above from a 2:l 

mixture of ace& 14 and 15 (200 mg, 0.47 mmol), 4N hydrochloric acid (20 ml) and methanol (20 ml) a 2:l 

mixture of piperidones 18 was obtained which was separated by flash chromatography (98:2 ether-DEA). 

truns-18 (Higher Rf, 53 mg, 30%) was identified by comparison of its spectral data with those of the sample 

previously obtained. cis-18 (Lower Rf; 100 mg, 56%): IR (NaCI) 3450 (NH), 1730 cm-l (C=O); MS (m/z, 

%) 382 (M+, 6) 367 (9), 353 (I), 325 (2), 311 (2). 241 (9), 171 (17), 130 (21), 77 (lOO), 51 (25). Anal. 
Calcd for C2lH23ClN203S: C, 60.20; H, 5.53; N, 6.68. Found: C, 60.34; H, 5.84; N, 6.63. 

N-(Hydroxyethyl)-2-[1-(phenylsulfonyl)-2-indolyl]-4-piperidone (19). Operating as above from 

acetal4 (60 mg, 0.135 mmol), 4N hydrochloric acid (10 ml), and methanol (10 ml), piperidone 19 (45 mg, 
83%) was obtained, after purification by flash chromatography (95:5 CH2Cl2CH3OH) ; IR (CHC13) 3500- 

3350 (OH), 1720 cm-l (GO); lH-NMR 3.00-3.90 (m, 6H), 4.10-4.40 (m, 2H, NCH2), 4.50-4.60 (m, lH, 

6-He), 5.65 (t. J= 10 Hz, lH, 2-H), 7.20 (s, IH, In-3H), 7.70-8.20 (m, 7H, Ar-H), 8.32 (d, J=7 Hz, lH, 

In-4H), 8.70 (d, J=7 Hz, lH, In-7H); CIMS (m/z, %) 399 (M++l, 3), 355 (l), 257 (73) 240 (lOO), 223 (6), 
177 (3), 147 (8). Anal. Calcd for C2lH22N2S04.HCl: C, 57.99; H, 5.33; N, 6.44. Found: C, 58.23; H, 

5.45; N, 6.34. 

cis-3-Ethyl-N-(hydroxyethyl)-2-(l-phenylsulfonyl)-2-indolyl-4-piperidone (20). Operating as 

above, from acetal 16 (1.4 g, 2.98 mmol) 4N hydrochloric acid (40 ml) and methanol (40 ml) piperidone 20 
was obtained (0.65 g, 51%). after flash chromathography (93:7 CH2C12-CH30H); IR (CHC13) 3500-3350 

(OH), 1730 cm-l (C=O); lH-NMR 1.05 (t, J=7 Hz, 3H, CH2CH3), 1.60-2.00 (m, lH, wACH3), 5.12 

(d, J=5 Hz, lH, 2-H), 6.77 (s, lH, In-3H), 7.20-7.50 (m, 7H, Ar-H), 7.62 (d, 5=7 Hz, IH, In-4H), 8.23 
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(d, J=7 Hz, 1H. In-7H); CIMS (m/z, 96) 428 (M+. 1). 383 (3), 260 (2). 240 (3), 203 (5). 147 (100). 130 (4). 

Anal. Calcd for C22HH2O4S: C, 63.73; H, 6.32; N. 6.78. Found: C. 63.87; I-i, 6.43 ; N, 6.89. 

KtBuO Cyclization of N-Hydroxyethylpiperidine 4. To a solution of piperidine 4 (1.3 g, 2.9 mmol) 

in dry 1:l hexaneBt20 (40 ml) freshly sublimed K&IO (670 mg, 6 mmol) was added under N2. After being 

stirred at 0°C for 30 min. the reaction mixture was poured into an aqueous NIQCl solution and extracted with 

Et20. Evaporation of the dried organic extracts gave a 1.5: 1 mixture of compounds 21 and 22, respectively, 

which were separated by flash chromatography (99:l Et20-DEA).rruns-6,6-(Ethylenedioxy)- 

1,2,5,6,7,7a-hexahydro-4H-pyrido[l’,2’:1,2]pyrazino[4,3-~]indole (22) (Higher Rf, 264 mg, 

32 %): MS (m/z, %) 284 (M+. lOO), 241 (30). 197 (51), 170 (30). 115 (13), 99 (26). 77 (6). The 

hydrochloride melted at 242-245°C (acetone). Anal. Calcd for Cl7H2lClN202: C, 63.64, H. 6.59; N, 8.73; 

Cl, 11.05. Found: C, 63.16; H, 6.51; N, 8.21; Cl, 11.13. trons-2,2-(Ethylenedioxy). 

1,2,3,4,6,7,12,12b-octPhydroindolo[2,3-a]quinolizidine (21) (Lower Rf; 396 mg, 48%): IR 

(CHC13) 3460.2800 cm-l (NH); lH-NMR 1.80 (dq, J=12 and 3 Hz, lH, 3-He), 1.91 (t, J=12 Hz, 1H. l- 

Ha), 2.04 (td, J=12 and 5 Hz, lH, 3-Ha), 2.21 (dq, J=12 and 3 Hz, lH, l-He). 2X0-2.80 (m 2H, 6-Ha and 

7-He). 2.72 (td, J=12, 4 Hz, lH, 4-Ha), 3.02 (ddd, J=12, 6 and 2 Hz, lH, 4-He), 3.05-3.25 (m, lH, 6-He), 

3.64 (br d. J=12 Hz, 1H. 12b-H), 3.90-4.10 (m, 4H, OCH2). 7.00-7.30 (m. 2H, 9-H and 10-H) 7.35 (d. 

J=7 Hz, 1H. 8-H), 7.50 (d, J=7 Hz, 1H. 11-H), 8.05 (br, lH, NH); l3C-NMR 21.6 (C-7). 34.8 (C-3), 39.1 

(C-l), 52.3 and 52.8 (C-4 and C-6). 57.0 (C-12b), 64.4 (OCH2), 107.2 and 108.1 (C-2 and C-7a). 110.8 

(C-11), 118.1, 119.4 and 121.4 (C-8, C-9, and C-lo), 127.2 (C-7b). 134.1 (C-lla), 136.0 (C-12a); CIMS 

(m/z, %) 285 (M++l. lOO), 283 (2), 236 (I), 207 (3), 190 (2), 155 (1). 117 (1). The hydrochloride melted at 

267-270°C (acetone). Anal. Calcd for C17H2lClN202: C, 63.65; H. 6.59; N, 8.73; Cl, 11.05. Found: C, 

63.57; H, 6.64; N, 8.73: Cl. 11.05. 

7-Ethyl-6,6-(ethylenedioxy)-1,2,5,6,7,7a-hexahydro-4~-pyrido[l’,2’:1,2]pyrazino[4,3- 

alindole (23). Operating as above, from piperidine 16 (500 mg, 1.0 mmol), freshly sublimed K&O (0.24 

g, 2.0 mmol) and anhydmus 1:l hexane-Et20 (25 ml) compound 23 was obtained (237 mg, 76 %) after a 

flash chromatography (99:l Et20-DEA) purification; CIMS (m/z, 8) 313 (M++l, lOO), 267 (2), 152 (l), 108 

(2). The hydrochloride melted at 248-251’C (acetone-methanol). Anal. Calcd for Cl9H25ClN202.1/2H20: 

C, 63.77; H, 7.32; N, 7.82. Found: C, 64.09; H, 7.31; N, 7.75. 

1,2,3,4,6,7,12,12b-Octahydroindolo[2,3-a]quinolizin-2-one (la). Operating as above, from 1:l 

mixture of acetals 21 and 22 (1.43 g, 5.9 mmol), 4N hydrochloric acid (34 ml) and methanol (34 ml), a 1: 1 

mixture of ketones la2-9 and 1,2,5,6,7,7a-hexahydro-4H-pyrido[ 1’,2’; 1,2]pyrazino[4,3-alindole-6-one 

(la) was obtained which was purified by flash chromatography (92:3 CH2Cl2-CH30H). la (Higher Rf, 

967 mg, 68%) mp: 180-182°C (lit.2 181-182 “C); IR (CHC13) 3460 (NH), 1720 cm-* (CO); IH-NMR 1.69 

(t,J=l2 Hz, lH, l-Ha), 2.11 (dq,J=12 and 3 Hz, lH, 3-He). 2.48 (dt. J-11 and 3 Hz, 1H. I-He), 2.6-2.9 

(m, 3H, 4-Ha, 6-Ha. 7-He), 3.0-3.1 (m, 2H, 4-He and 7-Ha), 3.32 (ddd, J=ll, 6 and 3 Hz, lH, 6-He), 

3.66 (br d, J=ll Hz, lH, 12b-H), 7.12 and 7.16 (2 br I, J=7 Hz, 1H each , In-9H and In-lOH), 7.32 (dt, 

J=7 and 2 Hz, IH, In-11H). 7.47 (dd, J=7 and 2 Hz, lH, In-8H). 7.73 (br, lH, In-NH); l3C-NMR9 21.9 
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(C-7), 41.8 (C-3), 45.8 (C-l), 52.0 (C-6), 54.4 (C-4), 58.7 (C-12b), 108.7 (C-7a), 111.4 (C-l I), 119.9 (C- 

8), 121.8 (C-9), 122.2 (C-lo), 127.3 (C-7b). 133.6 (C-lla). 136.7 (C-llb), 208.8 (C-4); CIMS (m/z, %) 

241 (M++l, 100). 200 (5). 166 (4), 142 (lo), 125 (70), 108 (24). The hydrochloride melted at 220-223OC 

(acetone). 24 (Lower Rf, 384 mg, 27%): IR (CHC13) 1720 (CO); CIMS (m/z, 8) 241 (M++l, RIO), 191 

(40), 127 (9), 110 (7), 107 (7). The hydrochloride melted at 219-221°C (acetone). Anal. Calcd for 

Cl5Hl7ClN20.H20: C, 61.12; H, 6.49; N. 9.50. Found: C, 61.05; H, 6.80; N, 9.21. 

ACKNOWLEDGMENTS 

Support for this research was provided by the DGICYT (Spain) through Grant PB-88/03 16. Thanks 

are also due to the “Departament d’Ensenyament“, Generalitat de Catalunya, for a fellowship given to one of 

us (C. V.). 

REFERENCES AND NOTES 

1. Rubiralta, M.; Diez, A.; Bosch, J.; Solans, X., J. Org. Chem., 1989.54, 5591-5597. 

2. Groves, L. H.; Swan, G. A., J. Chem. Sot., 1952, 650-661. 

3. Kline, G. B., J. Am. Chem. Sot., 1959, 81, 2251-2255. 

4. Potts, K. T.; Nasri, I. D., J. Org. Gem., 1964,29, 3407-34411. 

5. Novak, L.; Szantay, Cs., Chem. Ber., 1969,102, 3959-3962. 

6. Kametani, T.; Hirai, Y.; Kajiwara, M.; Takahashi, T.; Fukumoto, K., Chem. Pharm. Bull., 1975,23, 

2634-2642. 

7. Vacca, J. P., Tetrahedron Lett., 1985,26, 1277-1280. 

8. Kardos, J.; Blask6, G.; Simonyi, M.; Szantay, Cs., Eur. J. Med. Chem., 1986.21, 151-154. 

9. Rrsnrli A . rrsrrn r . cllsmn A . c-t; A . f-nr~ara c. nn, ~~-1,. c r /I”” PLn- ,ncm c2 YIYIIUI, 1 s., Uull”, Y., “UuIII(I, rl., U”II, rl., L”‘“n,,“, 1 ., UC, Uczll”, I ., J. vrg. L,K,,‘., 17OO,Jd, 

2430-2434. 

10. Szantay, Cs.; Tijke, L., Tetrahedron Lett. ,1963, 251-253. 

11. Openshaw, H. T.; Whittaker, N., J. Chem. Sot., 1963, 1449-1460. 

12. Sdntay, Cs.; Tijke, L.; Honty, K.; Kalaus, G., J. Org. Chem., 1967,32, 423-427. 

13. Maiti, B. C.; Pakrashi, S. C., Heterocycles, 1984,22, 2043-2046. 

14. Szantay, Cs.; Token, L.; Honti, K., Tetrahedron Lett., 1965, 1665-1670. 

15. Nov& L.; Rohaly, J.; Szantay, Cs., Heterocycles, 1977,6, 1149-l 156. 

16. Imbert, T.; Thal, C.; Husson, H.-P.; Potier, P., Bull. Sot. Chim. France, 1973, 2705-2709. 

17. Sdntay, Cs.; Blasko, G.; Honty, K.; Szabo, L.; Tijke, L., Heterocycles, 1977, 7, 155-160. 

18. Weisbach, J. A.; Kirpatrick, J. L.; Williams, K. R.; Anderson, E. L.; Yim, N. C.; Douglas, B., 

Terahedron Lett., 1965, 3457-3463. 

19. Stintay, Cs.; Birczai-Beke, M., Tetrahedron Lett., 1968, 1405-1407. 

20. Szantay, Cs.; Tijke, L., Acta Chim. Acad. Sci. Hung., 1963,39, 249-251. 

21. Bosch, J.; Rubiralta, M.; Moral, M.; Bolbs, J., J. Chem. Sot., Perkin Trans, I 1984, 1459-1464. 

22. Bosch, J.; Rubiralta, M.; Moral, M.; Ariilo, J., J. Chem. Sot., Perkin Trans. 1, 1986, 1533-1539. 

23. Rubiralta, M.; Diez, A.; Balet, A.; Bosch, J., Tetrahedron, 1987,43, 3021-3030. 



4456 M. RUBIRALTA et al. 

24. Bosch, J.; Rubiralta, M.; Moral, M., Heterocycles, 1982,19, 473-476. 

25. Bosch, J.; Rubiralta, M.; Moral, M.; Valls, M., J. Heterocyclic Chem., 1983,20, 595- 605. 

26. Giralt, E.; Feliz, M.; Rubiralta. M.; Bosch, J., J. Heterocyclic Chem.. 1984,21, 715-720. 

27. Rubiralta, M.; Feliz, M.; Jaime, C.; Giralt, E., Terrahedron. 1986,42, 3957-3966. 

28. Rubiralta, M.; Marco. M.-P.; Feliz, M.; Giralt, E., Heterocycfes. 1989.29, 2121-2129. 

29. Saulnier, M. G. ; Gribble, G. W., J. Org. Chem.. l!R?2,47. 757-761. 

30. Bennasar. M.-Ll.; Torrens. A.; Rubiralta, M.; Bosch, J.; Grierson, D. S.; Husson, H.-P., Heterocycles, 

1989.29, 745-760. 

31. Kom Mogto. J.; Wiemann. J; Kossanyi, J.. ‘Ann. Chim., 1970.5, 471-480. 


