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~bstract - ReactLon of 3.4-dlhydro-6-carboline (1) and 3.4-dihydroiso- 

quinoline (7a-b) with ethoxymethyleneacetylacetone (2) and ethyl 

ethoxymethyleneacetoacetate (GI ylelded new tetra- and tricyclic 

compounds (4a-b, 83-d). The enaminone &on NaBH reduct~on led to the 
4 

title compound. 

In connection with our programme of synthesis of some indole alkal.oids with 

trans-quinolizine ring system, we required a convenient method for the preparation 

of 3-acetyl-1.2.3.4.6.7.12.12b-octahydro~ndolo[2.3-a~~quinolizin-2-one (a), a key 

intermediate fmthe synthesis of ajmalicinel and a number of other heterocyclic 

bases. Herein we report an eff~clent two-step procedure to obtain 3 whlch has been 

prepared earller2 through a multi-step process wlth low overall yield. 

3 
Mlchael addltion of 3.4-dihydro-0-carboline (I) with ethoxymethyleneacetylacetone 

or ethyl ethoxymethyleneacetoacetate (*)in ethanol at room temparature afforded 

the tetracycllc products (+or&) directly in E. 90% yield. The attempted 
hydrogenation of the enaminone (&) or of its perrhlorate under different conditions 

5 furnished only a small amount (B. 523%) of the desired dione ( a )  . The reduction 

could, however, be brought about with NaBH4 in excellent yield. The a-axial 

orientation of 12b-H in a was supported frcm the observed (i) Bohlmann bands 
(sharp signals) in its i.r. spectrum and (iil double doublet. wlth J_  = 15.5 and 

5.5 Hz for 12b-H in the n.m.r. spectrum of &. 

we extended this method to the condensation of 3.4-dihydroisoquinolit?es (7a-b) 

with 6-keto-eth~xymeth~lene derivatives ( H I  to ascertain its general applica- 

billty. New tricyclic (E) could indeed be obtained in high yields 

(Table 1). Thus reduction of & with NaEH4 gave E i n  81% yleld. 

That the formation of 5 proceeds y& the intermediacy of 1 became apparent from 

the isolation of the hitherto unknown indole-2-aldehyde derivatives ( e l  as 



CHOEt 

E 
+ M ~ O C /  \COR 

H  
2: R - M e  

I - b '  R = O E I  

~. 

R  ~ e o d ?  R o  Me0 EtOOC COMe 

0 R' 9 - 
80. R = H , R 1 = M e  

b : R  OM^, R ' = M ~  - 
c : R = H ,  R ' = O E ~  - 
d : R  = o ~ e , R ' = o E t  - 



HETEROCYCLES, Vol 22, No. 9, 1984 

Table 1. Physical data of oompounds 14-10) 

Compd. 

4a 

4b 

5bd' * 

6a 

6b 

8a 

8b 

8c 

8d 

9 

lod 

yield In) m . p . ~ - ~ c y ~  Mol. formulab 'H NMRC 6 lppm) 

316-317 (A) 

305-306 (A) 

212-213 18) 

165-166 (8) 

220 (A )  

166 IC), 

158-159 (C) 

196-197 (C) 

154(C) 

194 (C) 

lo8 IC) 

177-178 (C) 

2.34 Is. 3H). 2.58 (d, lH) , 2.80-3.12 
(m.3H). 3.46-3.82 lm, 1H). 4.16-4.42 
lm. lH), 5.16 (dd.lH), 6.90-7.56 
lm, 5H) and 8.48(brs, lH) . 

1. I8 It, 3H). 2.52 (m, 2E). 2.88 (m, 2H). 
3.64(m,lH), 4.081q.2H). 4.32(m,lH), 
5.10 (dd, lH), 6.96-7.54 Im.4H). 
8.40 1brs.lH) and 8.96 lbr, lH) . 
2.16 (s.  3H), 2.24-3.8s (m,9~), 
7.02-7.60(m,4H), 7.74(br,lH) and 
15.601s,lH). 

1.30 (t, 3H). 2.48-3.86 (m, 9H), 4.26 
lq, 2H). 7.04-7.60 (m, 4H). 7.78 
1br.lH) and 12.021s. 18). 

1.84 ( s ,  3H). 2.18 Is, 3H), 3.20-3.52 
lm, 2H). 3.64 It, 2H). 6.94-7.90 
lm, 5H), 9.90 Is, 183, lo. 70 lm, lH) 
and 11.66(brs,lH). 

1.07 (t,3H), 2.27 Is, 38). 3.16-3.56 
(m, 2H) , 3.63 (t, 2H) , 3.97 lq, 2H). 
6.99-7.90 lm, 5H). 9.87 ( s .  lH) , 
10.83(m,lH) and 11.66lbrs.lH). 

2.54 Is, 3H). 2.67 Id, lH) , 2.81 (d, lH), 
2.92-4.04(m, 4H). 4.94(dd, lH), 
7.00-7.561m.4H) and 8.42 (brs, lH) . 
2.52 Is, 3H), 2.54-3.84 (m, 6H). 3.85 
(8,3H), 3.87 Is, 3H). 4.86 (dd, 18). 
6.60(s,lH), 6.671s.18) and 
8.39(brs,lH). 

1.32 (t, 3H). 2.43-4.10 (m, 6H). 4.29 
(q. 2H). 4.94 (dd, lH) , 6.90-7.58 
(m. 4H) and 8.34(brs. lH) . 
1.32 (t.3H). 2.40-4.06 (m, 6H). 3.86 
(s, 3H). 3.90 IS, 3H). 4.28 (q, 2H) , 
4.88 (ad, lH) , 6.62 ( s ,  lH) , 6.67 
1s.lH) and 8.30 lbrs. lH) . 
1.26(t,3H), 2.441~,3H). 3.28lt,2H), 
3.48 (t, 2H). 3.90 (s ,  3H). 3.92 Is, 3H). 
4.16 (q. 2H). 6.66 Is. lH) , 7.30 1s. lH) . 
7.79 Id, lH), 10.00 1s.lH) and 
10.481m. lH). 

2.12 Is, 3H). 2.32-3.80 Im.9H). 3.82 
(s, 3H). 3.84 (5.38). 6.56 ( s ,  lH) , 
6.58(s,lH) and 15.561s. lH). 

a Recrystallisation solvent; A: ethanol: B: methanol; C: chloroform-petroleum ether: 

b ~ l l  compounds gave satisfactory microanalyses: 'solvent d6 DMSO for 4a-b and CDC13 
for 5-10; d~ompounds 5b-c and U exist, in solution. as the en01 tautomers; 
e lit.2 mp 205-206 0 ; f l ~ t . ~  mp 164-165~. 



minor products (4-7%) when the condensation was carried out in the aqueous rather 

than in absolute ethanol. The ildehyde 9 obtained under the same condition from 

implied that similar mechanism operates in the isoquinoline series as well. 

Since ethoxymethyleneacetylacetone or ethyl ethoxymethyleneacetoacetate can also 

be readily prepared, the above method provides a useful synthetic route for 

5-carbollne or benzoqulnollzidine bases. 

Mps are uncorrected. 'H NYR spectra were recorded on a Jeol FX-100 FT NMR 

spectrometer using TMS as internal standard and mass spectra (EI) on a Hitachi 

RMU-6L instrument. 

General procedure for a synthesis of 4 and 8. Typically 3.4-dihydro-6-carboline 

(1.5 g, 0.03 mole) in dry ethanol (250 ml) was stirred under N and a solution of 2 

ethoxymethyleneac6tylacetone (5.45 g, 0.035 mole) in dry ethanol (50 mll was added 

slowly. The solid separated after 4 h was f~ltered and crystallised to furnish &. 

rn cases of isoquinolines a reflux temperature for 4 h was maintained and the 

products were purified by short column chromatography (silica gel). 

NaBH4 reduction of enaminone 4 and @. NaBHq ( 3  x 50 mg) was added at an interval 

cf 2 h to a solution of enaminone (5 mole) in ethanol (300 ml) and the reaction 

mixture was stirred and monitored (tlc) for a total period of 6 h. Usual work up 

followed by crystallisation yielded the saturated dione. 
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