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Abstract : The highly diastereoselective alkylarion of 6-methylperihydropyrinddin-4-ones 1 and 2 has been 
reported. The corresponding lithium enolates have been alkyiated under a variety of condidons with good tram 
selectivi~ and all the reaction products have been easily separated and characterised. 

Recently the enantioselective synthesis of barnino acids has ,attracted considerable interest. In fact &imino acids 

are components of natural biologically active peptides 1 and are useful starting materials in the synthesis of 

p-lactam antibiotics? 

Several diastereoselective syntheses of P-amino acids have been reported and high diastereoselectivity 

has been achieved for substrates containing chiral auxiliaries.3 In the development of chemical methods for the 

production of enantiomerically pure @unino acids, high 1,4-trans selectivity has been recently obtained in the 

alkylation of 2-(tert-butyl)-perihydropyrimidin-4-ones, which provides protected forms of a-substituted 

p-amino acids,4 and high 1,3-trans selectivity has been achieved in the Pd-catalysed addition of aryl iodides to 

enantiomerically pure 2-(tert-butyl)-dihydropyrimidin-4-ones in the synthesis of p-aryl p-amino acids.5 

In a program of our laboratory direct towards the synthesis of a- and p-amino acids,6 we wish to report 

herein the high 1,2-trans selectivity 7 achieved in the alkylation of (l’S,6R)- and (l’S,6S)-6-methyl- 

perihydropyrimidin-4-ones 1 and 2. These compounds can be easily prepared 8 and show versatile applicability 

to the synthesis of polyfunctionalised amino derivatives. 
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The alkylation of (l’S,6R)-1 was performed by treatment of the corresponding lithium enolate,g 

generated with lithium hexamethyldisilazide (LiHMDS) in dry THF, to with ethyl iodide as depicted in Scheme 

1. 

Scheme 1. 
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1) LiHMDS 

(l’S,6R)- 1 
THF, 0 “C 
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2) EtI 

Me 

(l’S,SR,6R)-3 (l’S,SS,6R)-4 (l’S,6R)-5 

The addition of ethyl iodide (1.1 equivalents) was made under a variety of conditions and the 

diastereomeric ratios were determined by means of GLC and GUMS (gas chromatography - mass spectrometer) 

analysis. After aqueous work up the products were separated by silica gel chromatography and the trans 

compound 3 was obtained in 70-7596 yield. *t The 5,6-trans and 5,6-cis relationships of products 3 and 4 have 

been determined by means of tH NMR analysis and NOEDIF experiments.12 The results am reported in Table 

1. 

Table 1. 
Reaction Reaction equiv. UtttZaCted Yield 

Entry temp. (“C) time (h) LiHMDS I(%) 3+4 (%) 
y%y -fmns&s 

ratio a 

1 0 2 0.9 15.8 84.2 87 : 13 

2 0 2 1.1 10.3 78.3 11.4 96 : 4 

3.1 -20 1 1 45.4 53.2 1.4 91:9 

3.2 -20 4 1 7.6 89.3 3.1 91:9 

4 -78 - r. t. 14 1 4.5 85.8 9.7 94 : 6 

a De&mined by GLC analysis. 

As shown in Table 1 both the trans/cis ratio and the amount of dialkyl derivative 5 increase if the reaction 

temperature decreases, moreover, when more than 1 equivalent is present (entry 2), the diastereomeric ratio and 

the amount of 5 increase. Both results suggest that the dialkylation occurs faster on the cis diastereoisomer 4 

than on the trans 3.*3 

In fact when the reaction is performed at -78 ‘C and slowly warmed up at room temperatun (entry 4), a 

good trans/cis ratio is observed, although in the presence of an appreciable amount of dialkylated compound 5. 

Under these conditions the reaction is complete after 14 hours. 

Furthermore if the alkylation is carried out at -20 “C, a 91:9 trans/cis ratio is observed both after 1 hour 

(entry 3.1) and after 4 hours, when the reaction is complete (entry 3.2). This temperature seems to be the 

temperature of choice because a good trans/cis ratio is obtained and only traces of dialkylated derivative S are 

present. 
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In a similar way the lithium enolate of the perihydropyrimidin-4-one (l’S,6S)-2 was generated with 

LiHMDS in dry THF. *o The alkylation was performed by adding different alkylating agents (1 .l equivalents) at 

different temperatures (Scheme 2). 

Scheme 2. 

1) LiHMDS 

(l’S,6S)-2 THF,OT )- 
~.j_~t$$f$~e 

2) Rx 

(l’S,SS,6S).6 (l’S,SR,6S)-7 (l’S,6S)-8 

Some preliminary results where the effects of the reaction temperature, of the employed amount of 

LiHMDS and of the nature of the alkylating agent are reported in Table 2.11 The trans/cis ratios have been 

determined by means of GLC and GCiMS analysis. Products 6.7 and 8 have been easily separated by silica gel 

chromatography and their structures have been assigned by means of tH NMR spectroscopy and NOEDIF 

experiments.l2 

Table 2. 
Reaction Reaction 

Entry temp. (‘C) 
equiv. Alkylating Unreacted 

time (h) LiiS agent 2 (%) 
Yiekl Dia$y$;ed Trans/cis 

6+7 (96) ratioa 

1 0 21 

2 0 ,2 

3.1 -78 - r.t. 4 

3.2 -78 - r.t. 14 

4 0 50 

5 0 5 

a Determined by GLC analysis. 

0.8 Etl 23.2 76.8 - 85: 15 

1.1 EtI - 92.1 7.9 94 : 6 

1 EtI 6.6 87.2 6.2 94 : 6 

1 EtI 1.5 88.5 10.0 97 : 3 

1 i-BuI 43.9 56.1 - 87: 13 

1 BnBr 10.2 89.8 - 93 : 7 

It is worth noting that the diastereomeric ratio increases with the use of a bulkier substituent (entries 1,4, 

5). Furthermore in the presence of more than 1 equivalent of LiHMDS. both the trans/cis ratio and the amount of 

dialkylated compound 8 increase, confiiing that the dialkylation occurs faster on the cis derivative than on the 

trans one (entries 1 and 2).13 Moreover when the alkylation is carried out at -78 ‘C and the reaction is slowly 

warmed up, a good trans/cis ratio is obtained, both after 4 hours (entry 3.1) and after 14 hours (entry 3.2), 

despite the presence of a considerable amount of 8. 

In conclusion this paper describes preliminary results for the synthesis of enantiomerically pure 

a-substituted B-amino acids, useful starting materials in the synthesis of l3-lactams. In fact, after acid hydrolysis 

of the heterocycles,@a the desired P-amino acids can be obtained. 

Acknowledgement 

We thank Italian C.N.R. (Progetto Finalizzato ‘Chimica Fine II’) and M.U.R.S.T. (Fondi 40%) for 

financial support. 



2728 

References and Notes 

1. 

2. 

3. 

4. 

i: 

7. 

8. 

9. 

10. 

11. 
12. 

13. 

See for example: (a) Waisvisz J. M., van der Hoeven M. G., te Nijenhuis B. J. Am. Chem. SOC. 1957, 
79, 4524-4527; (b) Helms G. L., Moore R. E., Niemczura W. P., Patterson G. M. L., Tomer K. B., 
y~;~y. L. J. Org. Chem. 1988,53, 1298-1307; (c) Hecht S. M. ACC. Chem. Res. 1986,19, 

(a) I&n&da T., Nagamatsu T., Higuchi T., Hirobe M. Tetrahedron Left. 1988,29,2203-2206; (b) Kim 
S.. Lee P. H., Lee T. A. J. Chem. Sot. Chem. Comm. 1988, 1242-1243; (c) Tanner D., Somfai P. 
Tetrahedron 1988,44, 613-618; (d) Kim S., Chang S. B., Lee P. H. Terruhedron Letf. 1987,28, 
2735-2736; (e) Gennari C., Venturini I., Gislon G., Schimperna G. Terrahedron Left. 1987,28, 
227-230; (f) Cainelli G., Giacomini D., Panunzio M., Martelli G.. Spunta G. Tetrahedron Lett. 1987, 
28, 3593-3596; (g) Davies S. G., Dordor-Hedgecock I., Sutton K. H., Walker I. C. Tetrahedron Left. 
1986,27, 3787-3790; (h) Shono T., Tsubata K., Okinaga N. J. Org. C/tern. 1984,49, 1056-1059; (i) 
Kobayashi S., Iimori T., Izawa T., Ohno M. J. Am. Gem. Sot. 1981,103, 2406-2408. 
(a) Lube11 W. D., Kitamura M., Noyori R. Tetrahedron : Asymmetry 1991,2, 543-554; (b) Tanner I)., 
Somfai P. Tetrahedron 1988,44,619-624; (c) Perlmutter P., Tabone M. Tetrahedron Lett. 1988,29, 
949-952; (d) Furukawa M., Okawara T., Terawaki Y. Chem. Pharm. Bull. 1977,25. 1319; yg) Davies 
S. G., Ichihara 0. J. Chem. Sec. Chem. Comm. 1990, 1554-1555; (e) Davies S. G., DuPont J., 
Easton R. J. C. Terrahedron : Asymmetry 1990, I, 279-280; (f) d’Angelo J., Maddaluno J. J. Am. 
Chem. Sot. 1986, 108, 8112-8114; (g) Brown J. M., James A. P., Prior L. M. Tetrahedron Left. 
1987.28, 2179-2182; (h) Furukawa M., Qkawara T., Noguchi Y., Terawaki Y. Chem. Pharm. Bull. 
1979.27, 2223; (i) Potin D., Dumas F., d’Angelo J. J. Am. Chem. Sot. 1990, 112, 3483; (m) 
Gmeiner P. Teirahedron Leaf. 1990,31, 57 17-5720. 
Juaristi E., Quintana D., Lamatsch B., Seebach D. J. Org. Gem. 1991.56, 2553-2557. 
Kolopelsky J. P., Chu K. S., Negrete G. R. J. Org. Chem. 1991,56, 1355-1357. 
(a) Amoroso R., Cardillo G., Tomasini C. Terrahedron Lett. 1990,31, 6413-6416; (b) Amoroso R., 
Cardillo G., Tomasini C. Tetrahedron Lett. 1991.32, 1971-1974; (c) Amoroso R., Cardillo G., 
Tomasini C. J. Org. Chem. 1992,000. 

For 1,2 asymmetric induction in acyclic systems in the synthesis of a-substituted P-amino acids see: (a) 
Seebach D., Estermann H. Tetrahedron Left. 1987,28, 3103-3106; (b) Estermann H., Seebach D. 
Helv. Chim. Acta 1988, 71 ii824-1839; (c) McGarvey G. J., Williams J. M., Hiner R. N., Matsubara 
Y., Oh T. J. Am. Chem. Sot. 1986,108, 4943-4952; 
Compounds 1 and 2 have been synthesised in two different ways: by means of mercury 
cyclofunctionalisation of the appropriate unsaturated aminal, see: (a) Amoroso R., Cardillo G., Tomasini 
C. Heterocycfes 1992,000; or starting from the (S)-phenylethylamide of racemic 3-aminobutanoic acid, 
see: (b) Ben-Ishai D. J. Am. Chem. Sot. 1957, 79, 5736-5738; (c) Gut V., Rudiger J. Coil. Czech. 
Chem. Commun. 1963.28, 2953-2967; (d) Scholtz J. M., Bartlett P. A. Synthesis 1989, 542-544. 

For the alkylation of chiral 1,3 dioxanones in the synthesis of a-substituted P-hydroxy acids see: (a) 
Seebach D., Zimmermann J. Helv. Chim. Actu 1986.69, 1147-l 152; (b) Zimmermann J., Seebach D. 
Helv. Chim. Actu 1987, 70, 1104-l 114; (c) Genet J. P., Juge S., Mallart S. Tetrahedron Left. 1988, 
29, 6765-6768, 
In a typical run, to the perihydropyrimidin-4-one 1 or 2 (100 mg, 0.284 mmol) in dry THF (5 ml), 
LiHMDS (sol. 1M in THF) is added at 0 ‘C. After 1 hour the reaction mixture is cooled to the required 
temperature and the alkylating agent is added (1.1 equiv.). When the reaction is complete, water is added 
and the mixture is extracted with ethyl acetate. The organic layer is dried, concentrated and 
chromatographed on silica gel (cyclohexane/ethyl acetate 9:l as eluant). 
All new compounds reported herein gave satisfactory spectral and microanalytical data. 
The relative configuration of the stereogenic centre at C6 of 1 and 2 has been established by means of 1H 
NMR spectroscopy and NOEDIF experiments. In the same way the configuration and the conformation 
of the alkyl derivatives has been determined. While the trans derivatives 3 and 6 have both the methyl 
and rhe alkyl substituent in the equatorial position, the cis derivatives 4 and 7 have the alkyl at C5 in the 
equatorial position and the methyl at (& in the axial position. 
The conformation of the alkyl derivatives may account for the preferential alkylation of the cis derivative. 

(Received in UK 24 February 1992) 


