
Tetrahedron Leuers. Vol. 38, No. 13, pp. 2295-2298, 1997 
8 1997 Elsevier Science Ltd 

All rights reserved. Printed in Great Britain 

PII: scMl4o-4039(97)00280-3 oo40-4039/97 $17.00 + 0.00 

Diels-Alder Reactions of 5,6-Dihydro-2(B)-pyridones. Preparation of Partially Reduced 
cis-Isoquinolones and c&3,4-Disubstituted Piperidines 

Ndria Casamitjana,O Angela Jorge,a Caries G. Ptrez ,a Joan BoschP Enric Espinosa,b and Elies Molins” 

a Laboratory of Organic Chemistry, Faculty of Pharmacy, University of Barcelona, 08028-Barcelona, Spain 

b Institut de Cibncia de Materials (CSIC). Campus UAB, 08193-Cerdanyola, Spain 

Abstract: The Diels-Alder reactions of 5,6-dihydro-2( lH)-pyridones with a variety of diversely 
substituted butadienes to give partially reduced isoquinolones is reported. Reductive ozonolysis of the 
resulting octahydroisoquinolones gave cis-3,4-disubstituted piperidines. 
Q 1997 Elsevier Science Ltd. 

Both the reduced isoquinoline ring system and the 3,4-disubstituted piperidine moiety are present in a 
large number of alkaloids. We present here a common, straightforward synthetic entry to these structural units 
that involves the Diels-Alder reaction of 5,6-dihydro-2(lH)-pyridones as dienophilesl with subsequent 
oxidative cleavage of the resulting partially reduced isoquinolones. 

The required dihydropyridones 2a,b and 4a,b were prepared from either I-tosyl-2 or I- 
methoxycarbonyl-2-piperidone,*a as outlined in Scheme 1. All of them incorporate an electron-withdrawing 
group on the piperidine nitrogen because it is known 1a.C that this kind of substituent increases the reactivity of 
the carbon-carbon double bond as a dienophile. In dihydropyridones 4 an additional activating 
benzyloxycarbonyl group has been introduced at the 3 position.3 

The results of the Diels-Alder reactions between dihydropyridones 2 and 4 and dienes 5-11, under a 
variety of experimental conditions, are summarized in Table 1. Thermal induced Diels-Alder reactions of 2 
only worked, although in moderate yield, with the N-tosyldihydropyridone 2a and the highly reactive 
Danishefsky’s diene 5 in refluxing p-cymene. Treatment of the initially formed adduct with camphorsulfonic 
acid brought about both the hydrolysis of the silyl enol ether functionality and elimination of methanol to give 
12 (entry 1). When using either 2b or other dienes or solvents with a lower boiling point, the reactants were 
recovered unchanged.4 In contrast, 3-(benzyloxycarbonyl)dihydropyridones 4 satisfactorily reacted with 
dienes S-11, both under thermal conditions and when using Lewis-acid catalysis5 (ZnBr2, ZnClz, or EtAlCl2). 
In general, the yields of the Lewis-acid catalyzed reactions were higher. However, with dienes 6,7. and 8 a 
Michael-type addition of the diene upon the conjugate double bond of the dienophile occurred to some extent 
(entries 7, 9, 14, and 18) to give the unsaturated aldehydes 16. As Table 1 indicates, the reaction allows the 
preparation of a variety of cis-octahydroisoquinolones bearing different substituents and functionalization at 
the carbocyclic ring. On the other hand, the presence of easily removable substituents at the N and C-&I 
positions makes these azabicyclic derivatives attractive synthons for alkaloid synthesis. 

The expected cis fusion in the resulting partially reduced isoquinolones was confirmed by 1 H-NMR 

from the J values of H-4a, which indicate the existence of only one trans-diaxial coupling. Usually. epimeric 
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R 
1. LiHMDS or LDA 1. LiHMDS (2.2 eq) I 

0 PhSeCI, -78% 0 2. CIC02Bn (1 eq) 0 
2. MCPBA, 0% 3. PhSeBr (1 eq) MCPBA, 0% 

SePh 

CO,Bn 

2 a,b 8 R=Ts la,b 3a,b 4 a,b 
b R=CO&4e 

Scheme 1 

Table 1. Diels-Alder Reactions of 5,6-Dihydro-Z(lU)-pyridonesa 
Entry Dienophile Diene Conditions Products (yield)b 

1 243 OMe 1. p-cymene, A, 6 h 12 (34%) 
\ b 2. CSA 

2 2b 
OTMS 

1. p-cymene, A, 6 h no reaction 
2. CSA 

5 

3 4a 

4 4a 

5 4b 

OMe 1. A, p-cymene, 1 h 
2. CSA (endo:exo = 2: 1) 

OTMS 1. benzene, A, 30 13a endo (4 1%) 

5 F&A 

1. benzene, A, 1 h 13b endo (17%) 0 0 
2. CSA 14b (62%) a R=Ts 

b R = C02Me 

6 4a 

7 4a 

8 4b 

OTMS 

6 

1. p-cymene, A, 2 h 
2. CSA (endo:exo = 3:2) 

ZnBr2, CH2Cl2, 
r.t., 30 min 

p-cymene, A, 2.5 h 
(endo:exo = 1: 1) 

9 4b EtAIC12, CH2Cl2, 
0°C 1 h, r.t., 
30 min 

16b (45%) a R=Ts 
b R = CO&le 

I1 4a OMe p-cymene, A, 2 h 17a (48%) R 
(endo:exo = 3:2) 

12 4a 

13 4b 

ZnBr2, CH2C12, 17a (89%) 
r.t., 1 h 

7 
(emfo:exo = 1: 1) 

p-cymene, A, 4 h 17b (12%) 
(endo:exo = 1: 1) a R=Ts 
17c endo(24%)C b R=COzMe 

14 4b ZnBr2, CH2C12, 
r.t., 7 h 

16b (34%) 
17b (32%) 

(endo:exo = 1: 1) 

c R=H 
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Entry Dtenophle Diene Condthons products (yield) 

15 4a OAC 

I\ 

p-cymene, A, 5 h l&l (38%) 
(endo:f?xo = 1:3) 

16 48 

17 4b 

ZnCl2, CH2C12, 18a (51%) 7 
r.t., 5 h (endo:exo = 1:2) 

8 
EtAlC12, CH2C12. 18b (67%) 
WC, lh, r.t., (endo:exo=6:1) 
30 min 

18 4b ZnBrz, CH2C12, 
r.t., 7 h 

18b (31%) 
(endo:exo = 3:2) 

16b (14%) 

19 4a 

x 

Me 
p-cymene, 

A, 5 h 19s (25%) 7 
20 4a ZnBr2, CH2C12, 19a 

r.t., 2.5 h 
(69%)d 

N 0 

Me /C02Bn 

21 4b 9 
p-cymene, 

A, 4 h 
19b(ll%) 

I+-- 5 
/ Me a R=Ts 

22 4b ZnBr2, CH2C12, ~~ 19 b R =COzMe 

r.t., 3 h 
19b (73%) 

23 4a 

24 4b 

Me 

Me 

10 

ZnBr2, CH2Cl2, 
r.t., 2.5 h 

Znh, CH2CI2, 
r.t., 2 h 

2oa (70%)e 

2Ob(63%) 
(1:l)e a R=Ts 

b R=COzMe 

25 4a 

26 4b 

Me ZnBr2, CH$& 21a (65%) 7 
r.t., 2 h 

ZnBrq, CH2C12, 21b (67%) 
11 r.t., 2 h a R=Ts 

Me b R = C02Me 

o All compounds gave satisfactory analytical and spectroscopic data. b All yields are from material purified hy column 
chromatography. c Formed during purification by column chromatography. dsimilar results were obtained using ZnCI,. 
e Undetermined relative configuration at C-5 and C-8. 

mixtures of endolexo adducts were obtained. Except in some cases (entries 23 and 24). the relative 
configuration at C-8 in these isomers was assigned from their NMR data, with the aid of t H-tH decoupling 
and NOE difference experiments.6 Diagnostic 13C-NMR signals were those corresponding to C-3. C-4a and 
C-5 (see Table 2). The assigned relative configurations of endo-17c were confirmed by X-ray crystallography. 

Finally, oxidative cleavage of octahydroisoquinolones 19a,b and 21a,b by reductive ozonolysis 
afforded the respective cis-3,4_disubstituted 2-piperidones 22a,b and 23a,b (Scheme 2) in excellent yield in 

most cases. The same reaction from a pure diastereomer of 20a led to an unstable dialdehyde (nearly 
quantitative yield) that, on standing, underwent condensation reactions to give a complex mixture. 

The Diels-Alder-ozonolysis approach constitutes an efficient and flexible route for the 
stereocontrolled preparation of highly functionalized 3,4-cis disubstituted piperidines. 
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Table 2. Significant 1%NMR Data of Diels-Alder Adducts 
1-c 3-C 4-c 4a-C 6-C 6-C 7-c a-c 6a-C 

end*1 3a 169.2 44.5 26.2 36.5 42.3 207.0 41.3 82.5 58.8 
excel 3a 166.6 44.1 28.4 31.6 40.4 206.2 42.1 80.6 60.8 

endel3b 169.8 44.6 25.6 36.6 42.5 41.3 82.6 59.6 
endo-15a 169.4 46.1 23.8 31.7 27.6 124.8 127.0 66.0 60.5 
exe1 Sa 167.3 41.5 26.1 26.2 30.6 124.8 127.0 66.0 61.2 

endo-15b 170.1 46.2 23.5 32.1 27.8 124.8 127.2 66.5 60.7 
exe1 5b 168.1 41.7 25.4 26.3 30.5 127.4 127.6 66.4 61.5 

end*1 7a 169.3 46.3 24.0 31.7 27.7 123.5 125.8 74.9 59.7 
exe1 7a 167.5 41.5 26.1 26.7 30.6 123.4 125.7 73.3 60.3 

endcA7b 169.1 46.2 23.5 31.9 27.8 123.7 125.9 74.9 60.4 
exo-l7b 168.0 41.6 25.4 26.7 30.7 123.8 125.9 73.9 60.6 

endo-17c 170.6 41.3 23.3 32.0 28.1 124.0 125.9 74.3 57.7 
endo-16a 169.0 48.0 24.1 31 .a 27.5 122.9 127.8 66.9 59.5 
exe-1 8a 169.3 41.6 25.8 27.2 30.2 123.2 130.5 67.0 59.0 

endo-16b 169.1 46.0 23.7 32.2 27.7 123.2 128.3 67.6 59.3 
exe-1 6b 169.4 41 .a 25.1 27.2 30.2 123.5 133.6 67.6 59.1 
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