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Cyclization of N-acrylyl-cis- and -trans-octahydro- 

7 (1H)-quinolones to decahydro-3H,10H-benzo[i,jlquino- 

llzine-3,lO-diones is described. Posslble stereo- 

electronic control in the intramolecular Michael 

addition step of cycllzation, or a requirement for the 

successful ring closure, was discussed on the basis of 

experiments using stereoisomers of the model compounds. 

We have recently reported1 preparation of the tricyclic 

amino alcohol (I) which would serve as a key intermediate for 

lycodoline2 (111, one of the Lycopodium alkaloids. Now, in 

this communication, we wish to describe the synthesis of the 

amido ketone (1111, its attempted cyclization to the tetracyclic 



lactam (IV), and also Stereoelectronic aspects of the cycli- 

zation of the cis- and trans-amido ketones (V and VI). 

IV v VI 

Hydroboration-oxidation of the benzyl carbamate (VII) pre- 

pared from I afforded the diol (VIII) in 70% yield.3 The 'H- 

NMR (PMR) spectrum of its acetate (IX) displayed a multiplet 

(WlI2 = 28Hz) due to the C-7 axial proton. Jones oxidation 

of vIII gave the ketol (X) in 82% yield, which was hydrogeno- 

lyzed to afford the amino ketol (XI) in good yield. Reaction 

of XI with acrylyl chloride in chloroform containing triethyl- 

mine furnished the amide (111) Imp 201-202". 1R v (CHC13) : 

3300 (OH), 1700 (C=O), 1640 (amide) , 1610 (C=C) . PMR 6 (DMSO-d6) : 

5.50(1H, d-d, J = 10, 3Hz, Ha), 5.87(1H, d-d, J = 18, 3HZ, Hb), 

6.60(1H, d-d, J = 18, 10~2, HC)]. In spite of sevekal attempts 

to cyclize I11 to IV under various acidic or basic conditions, 

the desired tetracyclic lactam ketone (IV) could not be ob- 

tained: the base-catalyzed reactions recovered the starting 

material, and the acid-catalyzed ones gave complex products. 
4 

The amido ketone (XII) having a trans-octahydro-7(1H)-quinolone 
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system, however, has been reported5 to be smoothly cyclized to 

XI11 under an acidic condition. The different results for cycli- 

zation, we assumed, were possibly attributable to the difference 

in ring junction of octahydro-7(1H)-quinolone moieties: the 

former is of cis, and the latter is of trans. In order to con- 

firm our assumption, we examined the cyclization of model com- 

pounds available from cis- and trans-octahydro-7(1H)-quinolone 
6 

(XIVa and XIVb) . 

VII VIII: R=H 

IX: R=COCH 3 

X: R=C02CH2C6H5 

XI: R=H 



Treatments of XIVa and XIVb with acrylyl chloride gave the 

corresponding amides, Vloil. PMR G(CDC13): 3.60-5.19(2H, m, 

C2-equatorial H and Cga-H)1 and VIloil. PMR G(CDC13): 3.11- 

3.98(3H, m)], respectively. As expected, cyclization reactlon 

of the trans-isomer (VI) with potassium tert-butoxide in tert- 

butanol at room temperature proceeded smoothly to give two 

isomeric decahydro-3H,10H-benzo~i,jlquinolizine-3,10-diones, 

XV[53% yield, mp 135.5-137'. IR v(CHC13): 1720(C=0), 1625 

(amide). PMR G(CDC13): 4.76(1H, d-d-t, J = 13, 4, 2Hz, C -equa- 5 

torial H)] and XVIL28% yield, mp 119-121°. IR v(CHC13): 1720 

(C=O), 1625(amide). PMR G(CDC13): 4.79(1H, d-d-t, J = 13, 4, 

2Hz, C -equatorial H), 3.28(1H, d-d, J = 11, 6Hz, CIOb-H)I. 
5 

These lactam ketones were isomeric at the C-lOa configuration, 

because the latter isomerized readily to the former during 

chromatography on basic alumina. Final and direct proof of 

stereochemistry of the main product (XV) was obtained by lead- 

ing XV to a known perhydrojulolidine of all-trans backbone 
7 

(XVII). The same products (XV and XVI) were obtained on treat- 

ment of VI with p-toluenesulfonic acid in benzene at room tem- 

perature in 43% and 10% yields, respectively, along with the 

cis-amido ketone (V: 9% yield). On the other hand, attempts 

to cyclize the cis-amido ketone (V) under the same conditions 

as above were unsuccessful, resulting in recovery of the start- 

ing material. A prolonged treatment under the basic condition 

gave complex products. These Michael-type cyclization should 

proceed under the severe stereoelectronic control, that is, 

via a perpendicular attack of the electrophilic center on the 
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XIVb: 

/--h--7 

XIX xv: R=O 
XVII: R=H 

2 

XVI 



enolate, which enables the n-electrons of both reaction centers 

to come into the maximum overlap.9 Inspection of the Dreiding 

model indicates easy fulfilment of the requirement with the 

trans-isomer, while not with the cis-isomer. such a require- 

ment on the cis-isomer can be satisfied only in the conformation 

which forces its A-ring to deform into a strained boat form. 
11 

Treatment of V or VI with p-toluenesulfonic acid in boiling 

toluene gave the same products, XV(47% from V or 60% from VI) 

and XVI(11% from V or 9% from VI). The result is well inter- 

preted by assuming formation of the same intermediate (XVIII) 
12 

from both V and VI followed by a thermal Diels-Alder cyclization 

to the endo-adduct (XVI) accompanying a subsequent isomerisation 

to the all-trans-isomer (XV). It is of great interest that the 

amido enone (XVIII) afforded only the A/B trans-tricyclic 

lactams (XV and XVI) rather than the A/B cis-isomers (XIX). 
13 

L 
\ 

VI XVI 

Here, we have confirmed the importance of a stereoelectronic 

requirement in the cyclization of N-acrylyl-cis- and -trans- 

octahydro-7(1H)-quinolones. 
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