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Abstract - Carpamic acid and azimic acid, which are construct- 
ing units of dimeric lactone alkaloids, carpaine and azimine, 

were synthesized stereoselectively from endoperoxide of 2-methyl- 

1.2-dihydropyridine derivative. 

In the recent communication,1 we reported that the endoperoxide of methoxycarbon- 

yl-1.2-dihydropyridine I afforded a condensation product ( 1  with ethyl vinyl 

ether in the presence of SnC12, followed by the addition of EtOH. The same 

treatment starting from the corresponding 2-methyl derivative produced a 

single product (a) in 74% yield, whose regio-structure of carbon and oxygen 
arrangement reminded us of some piperidine alkaloids of 2.6-dialkyl-3-piperidinol 

~tructure.~ We describe herein a stereoselective synthesis of dl-carpamic acid 

( 2 )  and dl-azimic acid (B) .  
Carpamic acid ( 2 ~ ) ~  and azimic acid ( 1  are monomeric constituents of carpaine 

l,fe)3'5 and azimine I,&) ,6 the alkaloids isolated from C a ~ i c a  papaya and Aaima 



7 t e t r a c a n t h o ,  respectively, and conversion of 2% to & as well as the syntheses 
of &' and %9'8b were already recorded. 

We started the synthetic work by assuming the relative stereochemistry of three 

substituents of JQ as shown above, on the basis of the previous experiment. 10.11 

Oxidation of JQ with the Collins reagent12 afforded in 61% yield an unsaturated 

ketone ( f ie ) ,  which was reduced with sodium borohydride to obtain ,& and 8% in 74% 
and 20% yield, respectively, and xe was hydrogenated to & over Raney Ni in 93% 
yield. The saturated acetal (a) was hydrolyzed with acid, oxidized with AgZO, 
and the product was allowed to stand in CH2C12 saturated with HC1 to obtain a 

lactone (2) in 27% overall yield. The structure of 2 was confirmed by its trans- 
formation into an ester acetate (u), establishing the stereochemistry between 
the hydroxyl group and the acetal side-chain in & to be in the cis relationship. 
Either & acetate or a acetate was subjected to catalytic hydrogenation over 
Raney Ni or platinum oxide and the formation of a common product ( A )  was observed 
in 17% or 36% yield, accompanied by a12 (81%) or k<)a (31%). implying that the con- 
figuration of the methyl group remained unchanged during the process by way of the 

enone (&), and the stereoselective inversion of the hydroxyl group was achieved 

in good yield from the compound (a) obtained by our new procedure to the inter- 
mediate (1 or &),  which was suitable for further synthesis. 
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1-Benzyloxycarbonyl-2-methyl-1.2-dihydropyridine (A) prepared from pyridine, 

benzyl chloroformate, and methylmagnesium iodide in 97% yield, was submitted to 

the sensitized photooxygenation, followed by application of the SnCIZ effected 

react& with ethyl vinyl ether. Treatment with EtOH afforded the corresponding 

condenbation product ( 2 )  in 50% yield, and the Collins reagent oxidized & in 

58% yield to the enone ( & I ,  whose NaBH4 reduction proceeded analogously to 

yield a (63%) and & (27%). 
~longatiori of the side chain was carried out by the Wittig reaction, and aldehydes 
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derived from 21; and 1;e were reacted with ylide (Me) ,I3 and the reaction products 
were isolated as ester acetates (&$, and @) in 35% and 34% yield. Judging from 

the appearance of PMR signals of methyl protons as two sets of doublet, these 

products were considered to be E+Z mixtures at the side chain double bond and, 

therefore, both products (J,$ and a) were hydrogenated over Raney Ni to obtain 
15 . free mines (,&$,I4 and ) In 38% and 22% yield, respectively. Compared with a 

small coupling constant value (2.0 HZ) of J in the PMR spectrum of $& the free 
2,3 

mine (4) showed a large value (10 Hz) for trans diaxial relationship between H-2 

and H-3, suggesting that all substituents in the former compound were located in 

the axial configuration as depicted by 42' in order to avoid the planar proximity 

of the alkoxycarbonyl group against two alkyl substituents at C-2 and C-6.16 In 

the latter compound, such interaction no longer existed and the structure ($6') 

represented a stable conformation resulting in a large J value, and this fact 
2.3 

conclusively provided an evidence for the trans nature of the methyl and hydroxyl 

groups in ,,3Q and &. PMR spectrum of ,+J coincided with the structure ($z') .  

Now that all stereochemical problems were settled, syntheses for carpamic and 

azimic acids were carried out without difficulty. ,+z was treated with Ba(OH)2 and 
then hydrogenated over platinum oxide. Benzyloxy~arbon~l-dl-caspamic acid (&,$) 

was once isolated, and further, removal of the protecting group by catalytic 

hydrogenation over Pd-C produced dl-carpamic acid (a), mp 213-21S0, in 58% yield 

from $2. 



The aldehyde prepared from QQ was condensed with the Wittig reagent (&a) and the 

reaction product was isolated as ester acetate (&?) in 57% yield. ;Vt was hydro- 

lyzed with Ba10H)2 and the subsequent hydrogenation over Pd-C afforded dl-azirnic 

acid (ZQ), mp 228-229°(decomp.l, in 58% yield. Our synthetic materials of dl- 

carpamic and dl-azimic acids were identical with samples of Prof. Brown. 

ACKNOWLEDGEMENT 

We express our thanks to Professor Eric Brown of Laboratoire de Synthese Orga- 

nique, universit6 du Maine for spectra of synthetic carpamic and azimic acids. 

A part of this work was supported by Grant-in-Aid for Special Project Research 

from the Ministry of Education, Science and Culture, which is gratefully acknowl- 

edged. 

REFERENCES AND NOTES 

1. M. Natsume, Y. Sekine, M. Ogawa, H. Soyagimi, and Y. Kitagawa, T e t r a h e d r o n  

Lett. , 3473 (1979). 
2. la1 G. Fraenkel, J.W. Cooper, and C.M. Fink, Ang.  Chem. ,  82, 518 11970). (b) 

R.E. Lyle, J.L. Marshall, and D.L. Comins, T e t r a h e d r o n  L e t t . ,  1015 11977). 

3. W.A. Ayer and T.E. Habgood. "The Alkaloids, " Vol. XI, eb. by R.H.F. Manske, 

Academic Press Inc., New York, 1968, p.490. 

4. la) G. Barger, J .  Chem. Soc. ,  97, 466 11910). lb) G. Barger, A. Girardet, 
and R. Robinson, HeZu. Chim. A c t a ,  16, 90 (1933). 

5. (a) M. Greshoff, Be? .  , 2, 3537 11890). (bl M. Spiteller-Fridman and G. 

Spiteller, Mona t sh .  , 95, 1234 (19641. lc) "The Alkaloids," ed. by R.H.F. 

Manske, Academic Press Inc., New York, Vol.1, p.98 and Vol.VI, p.140. 

6. (a) G.J.H. Rall, T.M. Smalberger, H.L. de Wall, and R.R. Amdt, T e t r a h e d r o n  

L e t t . ,  3465 (1967). lb) T.M. Smalberger, G.J.H. Rall, H.L. de Wall, and R.R. 

Amdt, T e t r a h e d r o n ,  3, 6417 (19681. 
7. (a) N.S. Narasimhan, Chem. & I n d . ,  1526 (1956). (bl E.J. Corey, K.C. Nicoleau, 

and L.S. Melvin Jr., J .  Am. Chem. Soc., 97, 654 (1975). 
8. (a1 E. Brown and A. Bourgouin, T e t r a h e d r o n ,  3, 1047 11975). lb) S. Hanessian 

a:d R. Frenette, T e t r a h e d r o n  L e t t . ,  3391 (1979). 

9. E. Brown and R. Dhal, J .C.S .  P e r k i n  I, 2190 (1976). 

10. In the case of l-benzoyl-2-benzoyloxymethyl-5-cyano-l,2-dihydropyridine, 

singlet oxygen approached from the back of the C-2 alkyl group and the subse- 

quent reaction afforded a product having 2.3-trans substituents. M. Natsme, 



HEIEROCYCLES, Vol.  14, No. 2, 1980 

M. Wada, and M. Ogawa, Chem. Pharm. BUZZ., 26, 3364 (1978). 

11. The criterion for determining the stereochemistry between C-3 and C-6 substi- 

tuents was the coupling constant value between H-2(pseudo-axial) and H-3.l but 

the methyl group in &was situated in pseudo-axial configuration. 

12. J.C. Collins and W.W. Hess, O r g .  S y n t h . ,  52, 5 (1972). 

13. A.S. Kovaleva, V.M. Bulina, L.L. Ivanov, Yu.B. Pyatnova, R.P. Evstigneeva, Zh. 

0 q .  K h i m . ,  10, 696 (1974) [Chem. Abst., 81, 37206v (l974)l. 

14. PMR (CDC13) 6: 1.09 (d, J=6.5 Hz, Me), 1.48 (s, NH), 2.06 (s, Ac), 2.33 (t, J= 

7 Hz, CH2COOMe), 2.71 (dq, J=10, 6.5 Hz, H-2). 3.73 ( s ,  COOMe), 4.41 (ddd, J= 

lo, 10. 5 Hz, H-3). 

15. PMR (CDC13) 6: 1.06 (d, J=7 Hz, Me), 1.40 (6, NH), 2.12 ( s ,  Ac), 2.32 (t, J=7 

Hz, CH2COOMe), 2.90 (dq, J=1.5, 7 Hz, H-2). 3.72 (6, COOMe), 4.88 (ddd, J=1.5 

1.5, 1.5 Hz, 8-3). 

16. cf. J. Quick, C. Modello, M. Humora, and T. Brennan, J. Org .  Chem. ,  43, 2705 

(1978). 
Received, 12th November. 1979 


