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AbsUact - Novel 1,3-linked chiral 1,4-dihydropyridines (5a-c) bearing the L- 

tyrosine residue and the long alkyl chains have been synthesized. The ring size 

gave a large influence upon the enantioselcctivc rcduction of methyl 

benzoylformate, where 1,12-oxo-2,20-diaza-3-methoxycarbonyl-11-oxa-20,23- 

dihydro[4.9lmetaparacyclophane (5b) showed the highest enantiomer excess (ee, 

70%). Further, the 13-cyclic structure (5) was demonstrated to be effective on 

the enantioselective reduction compared to the corresponding acyclic one (7). N- 

(I-propyl-l,4-dihydro-3-pyridylcarbonyl)-L-(O-pentanoyl)tyrosine methyl ester. 

Ohno and co-workers have reported the first example of the stereoselective reduction of an achiral 

substrate with a NAD(P)H model. 1 Since then, numerous 1,4-dihydronicotinamide analogues2-l7 

containing various chiral auxiliaries and functional groups have been synthesized in order to investigate 

the feature of the stereospecific reduction and to apply them to synthetic organic chemistry. 

Surprisingly, no paper has been reported on 14-dihydropyridine bearing the cyclic structure at 1- and 3 -  

positions, to the best of our knowledge. It is known that only one of two prochiral hydrogens on the C-4 

posit~on in the dihydropyridine ring of NAD(P)H is transferred to a prochiral substrate, and this 

stereospecificity is attributed to the shielding of one side of the dihydropyridine plane by the protein 

structure. Therefore, we describe herein the synthesis of novel 1,3-linked chiral 1.4-dihydropyndines 

bearing the L-tyrosine residue and the long alkyl chain as components of the cyclic structure, which 
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would be expected to show the shielding effect of one of two sides by the benzene ring by virtue of the 

restricted conformation, and their enantioselectivity upon reduction of methyl benzoylformate. 

The synthetic procedure for 12-linked l,4-dihydropyridine (5a-c) was depicted in Scheme 1. Nicotinic 

anhydride (1) was allowed to react with L-tyrosine methyl ester (H-Tyr-OMe) in the presence of Et3N to 

give nicotinamide (2) in a 72% yield. Treatment of compound (2) with wiodoalkanoyl chlorides and 

subsequent cyclization of compounds (3a-c) in MeCN under the high dilution condition afforded the 1,3- 

iii a: n=5 
b: n=7 
C: n=10 

0 0 

Reagents and conditions: i) HC1.H-Tyr-OMe, Et3N, in dry THF 5 h at rt.; ii) I-(CH2)nCOCII 
Et,N in CHCI, 2 h at 0 "C; iii) reflux in MeCN (20 days for 4a, 7 days for 4b and 4c); iv) 
Na2S2O4/aq. NaHC03 in MeCN/CH2CI,. 5 h in the dark at rt under N2; V) Me(CH2),COCI/ 
Et3N in CHCI, 2 h at 0 "C; vi) Me(CH2),I reflux for 2 days in CHCI,. 

Scheme 1 
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linked pyridinium salts (4a-c) in 30 to 86% yields. On 1~ NMR spectra in DMSO-d6 solutions, the H-2 

proton chemical shift (9.35 ppm) of the pyridinium ring of compound (4c) was very close to that (9.42 

ppm) of acyclic compound (6), while H-2 protons of compounds (4% 8.51 ppm) and (4b, 8.71 ppm) 

were shifted to the upper-magnetic field, indicating the existence of the anisotropic effect of the benzene 

ring of the tyrosine residue by virtue of the restricted conformation. Finally compounds (421-c) were 

subjected to the reduction with sodium dithionite in the presence of NaHC03 to give the desired 1,3- 

linked 1,4-dihydropyridines (5a-e)18 in 33 to 89% yields. 

The acyclic model compound (7119 was also prepared from compound (2) in a similar manner to 

compound (5) as shown in Scheme 1. 

A typical procedure for the reduction of methyl benzoylformate with synthetic NAD(P)H models is as 

follows. A mixture of compound (5a) (80 mg, 0.2 mmol), methyl benzoylformate (33 mg, 0.2 mmol), 

and Mg(C104)2 (45 mg, 0.2 mmol) in dry MeCN (4 mL) was stirred for 72  h at 20 "c' under N2 

atmosphere in the dark. H z 0  (5 mL) and E t20  (50 mL) was added to the reaction mixture and then the 

organic phase separated was driedover anhydrous Na2S04. The chemical yield and the enantiomer 

excess (ee) of the resulting methyl mandelate were determined by means of G C ~ O  and H P L C ~ ~ ,  

respectively, and the results are summarized in Table 1. 

Table 1.  Chemical yield, ee, and configuration of methyl mandelate 

model chemical yield (%) ee (%) configuration 

5a 29 67 S 
5b 46 70 S 
5c 31 40 S 
7 74 10 R 

13-Linked 1,4-dihydropyridine models (5a-c) showed higher ee values than the acyclic one (7), and ee 

values were also affected by the methylene chain length. Further, the influence of temperature and of the 

amount of Mg(C104)2 upon chemical yield and ee value was examined using compound (5b). (Figure 1) 

I t  was ascertained that the chemical yield was remarkably increased with a rise in temperature and with 

an Increase of Mg(C104)2, while the ee value was little affected by both factors. 

In conclusion, the ring size and structure (cyclic vs acyclic) give a great influence upon the 

enantioselective reduction of methyl benzoylformate to methyl mandelate. 
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chemical yield ee 
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Figure 1 Influence of temperature and the amount of Mg(C104)~ upon reduction of 

methyl benzoylformate withcompound (5b) 

REFERENCES AND NOTE 

1. Y.  Ohn~shr, M. Kagamr, and A. Ohno, J. Am. Chem. Soc., 1975,97,4766. 

2. A. Ohno, M. Ikeguch~, T. Krmura, and S. Oka, J. Am. Clrern. Soc., 1979,101,7036. 

3. T. Endo, Y. Hayash, and M. Okawara, Tetrahedron Lett., 1979,23. 

4. M. Seki, N. Baba, J. Oda, and Y. Inouye, J. An. Chern. Soc., 1981,103,4613. 

5. Y. Murakami, Y.  Aoyama, J. fikuchi, and K. Nishida, J. Am. Chent. Soc., 1982,104,5189. 

6. R. M. Kellogg, Top. Curr. Chem., 1982,101, 11 1 and references cited therein. 

7. P. M. T. de Kok and H. M. Buck, J. Chem. Soc., Chem. Cornrnu~r., 1985, 1009. 

8. G. R. Newkome and C. R. Marston, J. Org. Clrem., 1985,50,4238. 

9. A. I. Meyers and T. Oppenlaender, J. Ail. Chem. Soc., 1986, 108, 1989. 

10. P. M. T. de Kok, L. A. M. Bastiaansen; P. M. van Lier, J. A. J. M. Vekemans, and H. M. Buck, 

J. Org. Clrem., 1989,54, 1313. 

11.  S. G. Davies, A. J. Edwards, R. T. Skerlj, K. H. Sunon, and M. Whittaker, J. Clrem. Soc., Perkirr 

Trans. 1,1991, 1027. 

12. 0. Almarsson andT. C. Bruice, J. An. Clrem. Soc., 1993,115,2125. 

13. G. Dupas, V. Levacher, J. Bourguignon, and G. Queguiner, Heterocycles, 1994,39, 405 and 

references cited therein. 



HETEROCYCLES, Vol. 45, No. 8,1997 1445 

14. Y. Toyooka, T. Matsuzawa, T. Eguchi, and K. Kalanuma, Tetrahedrorr, 1995,51,6459. 

15. A. Ohno, N. Yamazaki, M. Okamura, Y. Kawai, A. Tsutsumi, Y. Mikata, and M. Fujii, Bull. Chern. 

Soc. Jpn., 1996,69, 1093. 

16. K. miyashita, M. Nishimoto, H. Murafuji, A. Murakami, S .  Obila, Y. In, T. Ishida, and T. Imanishi, 

Chern. Commun., 1996,2535. 

17. J. Bidat, V. Levacher, G. Dupas, G. Qu6guiner, and J. Bourguignon, Chem. Lea., 1996,359. 

18. Compound (5a): yield: 33 %; IR(KBr): 1737, 1683, and 1630 cm-I; IH NMR(G,270 MHz, CDC13): 

1.45-1.82 (m, 6H, NCHz(CH2)3), 2.46 (m, 2H, CH2C02), 2.57-3.44 (m, 6H, CHCHzPh, NCH2 and 

4CH2),  3.81 (s, 3H. C02CH3),4.66 (dt, IH, J=3 and 8 Hz, 5-Hj, 5.03-5.20 (m, 2H, NH and CH), 
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Hz, Ph), and 7.09 ppm (d, 2H, J=9 Hz, Ph); [ a j ~ :  +3.S0 (c=0.5, in CHCl3). hmax (CHC13): 241 

and 347 nm. 

19. Compound (7): yield: 91 %. IR(KBr): 1751 and 1684 cm-1 ; IH NMR: (6,270 MHz, CDC13) 0.87 

(d, 3H. 5=7 Hz, CH3), 0.92 (d, 3H, J=7 Hz, CH3), 1.38-1.63 (m, 4H, CH2(CH2)2CH3), 1.68-1.79 

(m, 2H, NCHZCHz), 2.54 (t, 2H, J=7 Hz, CHzCOz), 3.00-3.18 (m, 6H, NCH2, CHCH2Ph and 
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hmax (CHC13): 244 and 358 nm. 

20. The chemical yield was determined by means of GC in the following conditions: apparatus: 

Shimadzu GC-8A equipped with a flame ionization detector using a capillary column containing 

DB-5MS (30 m x 0.319 mm x 0.5 mm); carrier gas: N2 (50 mUmin); injector temperature: 250 'C; 

column lempenture: 110 OC; retention time: 19 min (methyl mandelatc) and 20 min (methyl 
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benzoylformate). 

21. The ee value of methyl mandelate was determined by means of HPLC in the following conditions: 

apparatus: Jasco 980-PU and 970-UV equipped with a Jasco 807 IT integrator using an optically 

active column (Daicel CHIRALCEL OJ); solvent: hexane:2-propanol(9: 1) mixture; flow nte: 0.5 

mllmin; retention time: 27 min ((R)-methyl mandelate) and 31 min ((S)-methyl mandelate). 
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