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Abutmct: Trimethylsilylamines, Me$WiR2, react with N-Cbz-L-serine-~lectonc in acetonitrilc primarily by ekyl 
oxygen cleavage of the lactonc ring to give optically pure N-Cbz-~amino-L&nine derivatives in good yields. Use of 
halogen&d solvents such as chloroform alters the regiospecificity to give primarily acyl oxygen cleavage and geeemte 
amides of N-Cbz-Gserine. The latter arc also obtained by reaction of aluminum-amine reagents with the B-lactone. 

Derivatives of p-amino-Galanine ((2S)-2.3-diaminopropanoic acid) occur in nature both as free amino 

acids and as constituents of peptides with antibiotic or antitumor activity.l.2 Many such compounds contain 

hcterocyclic rings at the f&carbon. and display neurotoxic effects. 1-3 Synthetic derivatives of $-amino alanine and 

peptides containing them have also proved useful for enzyme inhibition studies4 and for construction of metal 

chelating peptides. Among the methods available for synthesis of such optically pure cr-amino acids,617 the ring 

opening of serine f$-lactones with nucleophiles (Scheme 1) is attractive because it avoids the elimination to 

dehydmalanine derivatives which often plague attempts to displace a leaving group at the p-carbon.68 However, 

reactions of nitrogen nucleophiles with serine-p-lactones9Tln or p-propioIactone* 1 can generate a mixture of 

products; namely, the amide arising from acyl-oxygen cleavage (Scheme 1, path a) and the amino acid arising 

from alkyl-oxygen cleavage (Scheme 1, path b). The mode of ring-opening appears to be very sensitive not only 

to the particular nucleophile, but also to solvent and reaction conditions, and hence more reliable control over 

regiochemistry of attack is clearly desirable. The present study describes the ring opening of optically pure 

N-Cbz-L-serine-@lactone (1) by aluminum-amine reagents and by N-silyl amines to afford good yields of 

L-serinamidcs and f.$-amino-L-ala&e derivatives, respectively. 
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Since Lewis acid or metal ion catalysis can direct nucieophiiic attack on N-protected se&e f%lactones,t2 

aluminum-amine compounds13 appeared likely to cleave 1 with high regiospecificity. As seen in Scheme 2. 

reagents derived from Et2AlCI and an amine ‘3 react smoothly at the carbonyl of 1 to afford high isolated yields 

of the corresponding L-serluamides.t4 

Scheme 2 
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Itoh ef al. reported that trimethylsilyl dialkyl amines react with 5-propiolactone preferentially with alkyl- 

oxygen cleavage to give trimethylsilyl esters of @iminopropionates. 15 However, the mode of condensation of 

N-Cbz-L-serine+-la&one (1) with ~~-~~~yl-~(~~~ylsilyl)~ is solvent dependent (Table l), and in 

Table 1. Solvent Effects on Reaction of ~~-~me~yl-~-(~~~ylsilyl)~ne with p-Lactone 1. 
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Entry Conditions 

Product ratio 

Amide Amino Acid Yield (%) 

1 CHC13,20”C,3h 60 20 68 

2 CH&t, ,2O*C, 1 h 65 35 66 

3 (CH,),C!, ,20 “C ,I h 35 65 90 

4 THF,20°C,8h 20 60 92 

5 CH&N ,20°G.4h 5 95 95 

1,24ichloroethane (the solvent used by Itoh for the ring opening of p-propiolactonelsa) selectivity is poor and a 

mixture of of both ammo acid and amide is obtained after aqueous treatment of the reaction mixture (entry 3. 

Table 1). Use of aeetouhrile gives the best selectivity for amino acid formation via alkyl-oxygen cleavage and 

also affords an excellent overall yield (entry 5, Table 1). The cause of these solvent effects is presently 

unknown, but it may be due to enhanced stabilization of charge separation in the transition state by a more polar 

aprotic medium such as acetonitrile. 

A variety of other N-trimethylsilyl aminesfJ8,16 react analogously with the &lactone 1 in acetonitrile to 

give good yields of the corresponding 5-amino-L-alanine derivatives (Table 2).17 The reaction conditions are 
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mild and organic extraction of the aqueous layer during workup allows facile isolation of the optically pure 

amino acid uncontaminated by any minor amounts of amide which may be formed. Medium pressure liquid 

chromatography (h4PLC) of the crude product on a reverse phase (C-8) column rapidly gives analytically pure 

Table 2. Ring opening of Lserine @lactone 1 by N-silylamines. 
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’ Purchased or prepared from amine (2 equiv.) and TMSCI; see ref 16. ’ Polymerized material was also 

obtained. For direct reaction of NH3 see refs. 9 and IO. ’ Yield of amino acid from direct reaction of parent 

amine with 1; amide is also generated. d See ref. 8. 

material. The method is applicable to trialkylsilyl derivatives of ammonia as well as of primary, secondary, and 

heterocyclic arnines. Parent (unsilylated) tertiary amines (e.g. trimethylamine) have previously been shown to 

react exclusively at the p-position of 1 to give the 3-substituted ammo acids (e.g. N-Cbz-g-(trimethylammonio)- 

L-alanine) as internal salts.9 Thus use of aluminum and silyl amine reagents allows effective control of the mode 

of attack on p-&tone 1 and permits specific generation of either L-serinamides or the chiral derivatives of g- 

amino-L-alanine. Studies on the application of this methodology to the synthesis of some biologically important 

heterocyclic &substituted alanines are in progress. 

Acknowledgements 

The authors are grateful to the Natural Sciences and Engineering Research Council of Canada for financial 

support. 



7608 

References and Notes 

:: 

3. 

4. 

For review see: Ikegami, F.; Murakoshi, I. Phytochemistry 1994,35, 1089-I 104. 
For some peptides see: (a) Sakai. N.: Ohfune, Y. J. Am. Chem. Sec. 1992.114,998-1010. (b) Wang, 
M.; Gould, S.J. J. Org. Chem. 1993,58, 5176-5180. (c) Rane, D.F.; Girijavallabhan. V.M.; Ganguly. 
AK.; Pike, RX.; Saksena, A.K.; McPhail, A.T. Tetrahedron L-en. 1993,34.3201-3204. (d) 
Funabashi, Y.; Tsubotani. S.; Koyama. K.; Katayama, N.; Harada, S. Tetrahedron 1993.49, 13-28. 
(a) Subasinghe. N.; Schulte, M.; Roon, R.J.; Koerner. J.F.; Johnson, R.L. J. Med. Chem. 1992,35. 
46024607. (b) Duncan, M.W. Ann. N. Y. Acad. Sci. 1992.648, 161-168. 
(a) Andruszkiewicz, R.; Chmara, H.; Milewski, S. J. Med. Chem. 1990,33,27X5-2759. (h) 
Kucharczvk. N.: Denisot. M.A.: Le Gofflc. F.: Badet. B. Biochemistrv 1990.29. 3668-3676. cc) 

5. 

6. 

7. 

8. 
9. 

::: 

12. 

::: 

15. 

16. 

17. 

Rose&e& &HI; Spina, K.P.; *oods, K.W.; ~olako&ki, J.; Martin;D.L.; ?a&, Z.; Stein, H:I& 
Cohen, J.; Barlow, J.L.; Egan, D.A.; Tricarico, K.A.; Baker, W.R.; Kleinert, H.D. J. ,4&d. Chem. 
1993.36.449-459. (d) Abbott, S.D.; Lane-Bell, P.; Sidhu. K.P.S.; Vederas, J.C. J. Am. Chem. Sot. 
1994,116, in press. 
(a) Ruan, F.; Chen, Y.; Itoh. K.; Sasaki, T.; Hopkins, P.B. J. Org. Chem. 1991,56, 4347-4354. 
(b) Kazmierski, W.M. Tetrahedron Let& 1993.34, 4493-4496. 
For reviews see: (a) Williams, R.M. Synthesis of Optically Active a-Amino AC&, Pergamon: Oxford, 
1989. (b) Duthaler, R. Tetrahedron 1994,X), 1539-1650. 
For recent syntheses of a-amino acids see: (a) Cardillo. G.; Orena, M.; Penna, M.; Sandri, S.; Tomasini, 
C. Tetrahedron 1991.47.2263-2272. (b) Pfamma tter, E.; Seebach, D. Liebigs Ann. Chem. 1991, 
1323-1336. (c) Stanley, M.S. J. Org. Chem. 1992,57, 6421-6430. 
For references see: Pansare, S. V.; Arnold, L. D.: Vederas, J. C. Org. Synth. 1992,70, 10-17. 
Arnold, L.D.; Kalantar, T.H.; Vederas. J.C. J. Am. Chem. Sot. 1985,107, 7105-7109. 
Kucharczyk. N.; Badet, B.; Le Goffic, F. Synrh. Commun. 1989,29, 1603-1609. 
(a) Gresham. T.L.; Jansen, J.E.; Shaver, F.W.; Bankert, R.A.; Fiedorek. F.T. J. Am. Chem. Sot. 
1951, 73.3168-3171. (b) Miyoshi, M.; Fujii, T.; Yoneda, N.; Okumura, K. Chem. Phurm. Bull. 1969, 
17, 1617-1622. (c) Griesbeck, A.; Seebach, D. Helv. Chim. Acta 1987, 70, 1326-1332. 
Arnold, L.D.; Drover, J.G.; Vederas, J.C. J. Am. Chem. Sot. 1987,109, 4649-4659. 
Sidler. D.R.; Lovelace, T.C.; McNamara, J.M.; Reider, P.J. J. Org. Chem. 1994,59, 1231-1233. 
Proceclure: aniline (186 mg, 2 mmol) in dry CH2C12 (5 mL) was treated with Et2AlCl(l.O0 mL, 2 mmol, 
2 M in hexane) at 5 Oc. The mixture was warmed to 20 Oc for 20 min, cooled to 0 Oc, and l(221 mg, 1 
mmol) in CH2C12 (4 mL) was added. This was stirred at 20 OC for 3 h, cooled to 0 Oc, and cold 0.2 M 
HCl(15 mL) was added below 5 Oc. The suspension was stirred at 20 Oc for 30 min. The layers were 
separated, and the aqueous phase was extracted with CH2C12 (3 x 15 mL). The organic phase was washed 
with Hz0 (50 mL), dried (NazSOd), and concentrated to give pure amide (252 mg. 80 46) (Rf = 0.38, 
EtOAc:hexane, 6~4) which crystallized from EtOAc-hexanc: mp 160-161 Oc; IR (KBr) 1698,1686,1662, 
1600 cm-l; IH NMR (400 MHz, CD30D) S 7.55 (m, 2H), 7.0-7.4 (m, 7H), 7.10 (m, lH), 5.15 (s, 2H), 
4.33 (br t, lH, J = 5 HZ), 3.83 (d, 2H. J = 5 HZ); 13C NMR (100 MHz. (CD3)zCO) 6 174.0. 159.8, 
139.8, 138.0, 129.5, 129.2. 128.7. 124.5, 67.0, 63.3; EI MS 314.1257 (314.1266 calcd). Anal Calcd 
for C17HlsN204: C, 64.96; H, 5.77; N, 8.91. Found: C, 65.30; H, 5.79; N, 8.98. 
(a) Itoh, K.; Sakai, S.; I&ii, Y. J. Org. Chem. 1966,3I, 3948-395 1. (b) Itoh, K.; Kobayashi, S.; 
Sal&, S.; I&ii, Y. J. Organomet. Chem. 1967, IO, 451-455. (c) Itoh, K.; Sakai, S.; Ishii, Y. 
Tetrahedron L&t. 1966,494 14945. 
(a) Bailey, D.L.; Sommer, L.H.; Whitmore, F.C. J. Am. Chem. Sot. 1948, 70,435436. (b) Birkofer, 
L.; Richter, P.; Ritter, A. Chem Ber. 1960.93, 2804-2809. (c) Sakakibara, T.; Hirabayashi, T.; Ishii, Y. 
J. Organomet. Chem. 1972,46. 231-242. 
PKE&I~~: I-(trimethylsilyl)pyrrolidine (93.2 mg, 0.65 mmol) in dry MeCN (3 mL) was treated with 1 
(111 mg, 0.5 mmol) in dry MeCN (2 mL) under Ar. The mixture was stirred 1 h, cooled in ice, and cold 
0.1 M HCI (10 mL) was added. The mixture was brought to 20 c and stirred for 30 min. Extraction with 
CH2C12 (3 x 10 mL) and evaporation of the aqueous phase gave 144 mg of a white foam. A portion (69 
mg) was purified by MPLC (RP C-8 30 % MeGH:HzO) to give 52 mg of (2S)-3-(pyrrolidin-l-yl)-2- 
aminopropanoic acid (74 %): mp 158-160 Oc (dec); IR Q&Cl;! cast) 3600-2100,1713,1621 cm-*; 1H 
NMR (360 MHz, D20) 6 7.45 (s, 5H). 5.15 (8, 2H), 4.35 (br t, lH, J = 7 Hz), 3.56 (dd, lH, J = 13, 
4 Hz), 3.50-3.20 (br m, SH), 1.9-2.10 (m, 4H); 13C NMR (100.6 MHz, CD30D) S 174.5. 158.5, 
138.0, 129.5. 129.1, 129.0.67.9, 58.3, 55.6, 53.5, 24.0; EI MS 292.1424 (292.1423 calcd). Anal 
Calcd for C15H2fl204: C, 61.63; H. 6.90; N, 9.58. Found: C, 61.26; H, 6.98; N, 9.40. 

(Received in USA 15 July 1994, revised 22 August 1999, accepted 23 August 1994) 


