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Abstract- The title compounds l a  and 3 have been synthesized by cydization of 

the N-acyliminium ion generated from I-(3-indoly1ethyl)piperazinedione 7 and by 

Pictet-Spengler condensation between isotryptamine and ester acetal 2a, 

respectively. 

In a previous paper1 we reported the synthesis of a series of 1,2,3,4,6,7,12,12~ahydropyrazino- 

[1'~12lpyido~3,4-blindoles 1 by Pictet-Spengler reaction between tryptamine and ester acetal 2 with 

simultaneous lactamization (Scheme 1). 

Continuing our interest in preparing analogues of the anthelmintic agent praziquantel.2 we proposed (i) 

to explore an alternative synthetic route to the tetracyclic system 1 based on the cyclization of N-acyl- 
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iminium ions generated from appropriate cyclic imides, and (ii) to develop an efficient route for the 

synthesis of the regioisomeric 1ZJ,4,6,7~,12c-octahydropyrazino[l'~:l,2lpdo[4J-blindole system 3. 

The new reaction sequence that we have investigated for the synthesis of l a  is depicted in Scheme 2. The 

key intermediate was piperazinedione 7. Howewer, this compound could only be obtained in 31% 

yield3.4 by reaction between hyptamine and amido diester 66 which, in turn, was prepared in 71% yield 

fromiminodiacetic add (4) by esterification followed by bemylation. The most significant signals in the 

IH-nmr spectrum of piperazinedione 7 were a singlet at 6 4.32 due to the ring methylene protons and 

hvo triplets (6 2.83, p7.8 Hz, and 6 3.87,1=7.8 Hz) attributable to the hyptamine chain. 

The partial reduction of the imide group of 7 was accomplished in 52% yield with sodium borohydride 

in the presence of hydrogen chlorideithanol7. Formation of the intermediate ethoxylactam 8 was 

evident from the 1H-nmr spectrum, in which two triplets (6 1.07,1=8.1 Hz, and 6 4.60, 1=6.5 Hz) due to 

the methyl group and the C d  methine proton, respectively, were observed. As expected, acid cyclization 

of 8 with ptoluenesulfo~c add89 afforded pymzinopyridoindole la10 in 56% yield. Howewer, the 
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Reagents and conditions: (i) 25N HCI-EKJH, reflux, 2 h, 98%; (ii) CsH5CCX1 (1 eq.), I N  aq. K2CQ 
(excess), C H 2 a 2 ,  rt, overnight, 71%; (iii) tryptamine (1 eq.). 175C. ovemight; (iv) NaBm, EKJH, 25N 
HCI-EtOH (4 drops each 15 min), -5T, 4 h, 52%; (v) HOTS (1 eq.), W, mflux, 3 h, 56%; (vi) NaBm 
(excess), EKJH, 2N HOMs-EKJH (4 drops each 15 mid, -ST, 4 h,67% 
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desired tekacyclic lactarn l a  was more efficiently (67% yield) obtained in a one-pot reaction, without 

isolating the intermediate ethoxylactam, by direct reductionqclization of imide 7 with sodium 

borohydride in the presence of methanolic methanesulfo~c a6d.n 

Although this key cyclization reaction takes place in satisfactory yield, the overall yield of the reaction 

sequknce here developed is clearly lower than that obtained by the Pictet-Spengler route.1 

For this reason, the synthesis of the regioisomeric tetracyclic lactam 312 was undertaken by the route 

depicted in Scheme 3, which involves a Pictet-Spengler cyclization as the key step. The required starting 

material, isohyptamine (12), was prepared in five steps from indole (57% overall yield), by a 

modification of the method reported by Harley-Mason.13.14 Thus, condensation of indolecarbaldehyde 

915 with nitromethane under alkaline conditions13 afforded a nearly equimolecular mixture of 

nitrovinylindole 1018 and alcohol 1119 that could be separated from each other. Howewer, this separation 

is unnecessary because when the above mixture was heated in mcuo in the presence of ptoluenesulfonic 

acid20 the nitrovinylindole 10 was obtained as the sole product in 93% yield. Subsequent reduction of 10 

with lithium aluminum hydride occurred with concomitant elimination of the sulfonyl p u p  to give 

isotryptamine (12)21 in 83% yield. 
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Reagents and conditions: (i) CH.3N02 (3.5 eq.), MeOH, 50% aq. NaOH, O T ,  1 h, 79%; (ii) HOTS (0.04 
q.), 90DC, 12 mm Hg, 2 h, 93%; (iii) LAH, EbO, reflux, 7 h, 83%; (iv) 2a (0.8 eq.), 50% aq. HOAc, reflux, 
3 h, 73%. 
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Finally, as expected, treament of isohyptamine (12) with ester acetal 2a1 under Pictet-Spengler reaction 

conditions brought about closure of rings C and D, the latter by lactamization, in a single synthetic step 

to give pyrazinopyridoindole 3u in 73% yield. 
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