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Abstract: 4-Methylene-L-glutamk acid (1) snd its cyclopmpyl snalogue 2 were obtained from ethyl N-Boc- 
pyroglutamate (3) ln 2 and 3 steps, respeaively. The key intermediate, ethyl N-Boc4mtXhyle~pyroglutamate 
(4) was prepa& by reaction of the lithium lactam enolate with Eschenmoser’s salt. Cyclopropyl derivative 2 
was also prepllied from (S)-2-(re~-butyl>3-methyl-4-imidazolidin (7) in 3 steps. The iotwmediate 9 was 
obtained by diaskx~~&&ve reaction of the litbhn enolate of 7 with butyl(2-tosylmetltylWylste (8). 

INTRODUCTION: 4-Methylene-L-glutatnic acid (1) was first isolated from germinated peanuts1 

The same compound has since been found in several other plants2 and exhibits a potent Central Nervous 

System (CNS) activity.3 Preliminary accounts of electrophysiological experiments by Ohfune4 showed that 1 

was 10 times more potent than L-glutamate as a depolarizing agent on the newborn rat spinal cord. The 

cyclopropyl analogue 2 was twice as potent. This depolarization was due to the activation of NMDA 

receptors. The biological importance of thii natural product has recently attracted attention and synthesis of 

1475 and 24 have recently been reported. Compound 1 has been prepared in optically active form by: (a) 

reaction of homochiral aziridine-2-carboxylatcs with stabilized Wittig reagent.@, (b) a 15 step synthesis 

starting from iV-Boc-L-aspartate acid y-bcnzyl ester‘t and (c) reduction5a of the enaminonee~7 prepared by 

reaction of tert-butyl N-Boc-pyroglutamate with the non-commercially available Bredereck reagent698. 

Compound 2 has been obtained by Ohfune methodology4. In relation with our program concerned with the 

synthesis of these amino acids for nemobiological testings, we report here our approach to compounds 1 and 2 

through a straightforward three-step synthesis starting from ethyl N-Boc pyroglutamate9 and also other 

alternative route for compound 2 starting from Seebach’s homochiral imidazolidinone derived from glycine. 

RESULTS AND DISCUSSION: The deprotonation of ethyl N-Boc pyroglutamate (3). prepared by 

standard procedures*o, with LHMDS (2 equiv.) at -78°C in ‘II-F for 1 h afforded the lithium lactam enolatco, 

which reacted with commercially available Bschemnoser’s salt between -78T and rt to give compound 4 

(Scheme 1). Subsequent in situ quatemization with methyl iodide in MeOH followed by elimination with 

NaHC0311 led to ethyl N-Boc-4-methylenepymglutamate (5) in 46% overall yield. Adduct 4 was isolated in 

65% yield as a single diastereomer with rruns stemochemistry.12 
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4-Methylene-L-glutamic acid (1) was isolated as its hydrochloride salt after hydrolysis of compound 5 

with LiOH13 in THF followed by treatment with saturated HCl in EtOAc at rt*4. Final reaction of 1.HCl with 

propylene oxide in MeOH at rt gave 4-methylene-L-glutamic acid (1) in 80% yield, [(x]D = +12.8 (c = 0.53, 

5M HCl). l5 

Cyclopropanation4 of ethyl N-Boc-4-methylenepyroglutamate (5) was performed with a freshly 

prepared ethereal solution of diazomethane in the presence of Pd(OAc)z (1%) for 1 d at rt. yielding the 

spyrocyclopropyl pyroglutamate 6 (82%). The cyclopropyl analogue 2 of compound 1 was obtained, 

following the same hydrolysis procedure above described for compound 5, in 54% yield: [a]~ = +13.0 (c = 

0.50, H20)_1’5 

Compound 2 has heen also prepared by alternative route starting from the commercially available 

homochiral glycine derivative 717. When lithium enolate of imidazolidinone 7 (2 equiv.), generated with LDA 

at -78°C in THF, was allowed to react with butyl 2-(tosylmethyl)acrylate (S)t**20 for 1 h in the presence of 

DMPU*yc between -78°C and -50°C compound 9 with 98% of d.e. (capillary GC analysis)22 was obtained. 

Purification of 9 (flash chromatography) afforded only the IUZ~S diastereoisomer in 56% yieldm and starting 

imidazolidinone 7 was recovered (6O%)z (Scheme 2). Compound 9 could not be transformed into amino acid 

1 by standard hydrolysis conditions with HCl 14. Cyclopropanation of compound 9 with CH2N2 catalysed by 

Pd(OAc)z led to the formation of product 10 (50%), which after treatment with 6N HCl under reflux gave 

quantitatively the cyclopmpyl glutamic derivative 2 (Scheme 2). 
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We conclude that the procedures described here for the synthesis of compounds 1 and 2 have 

advantage over other published routes due to the shortness, simplicity and accessibility of starting materials. 
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EXPERIMENTAL PART: General. Melting points were obtained with a Reichert Thermovar 

apparatus and are uncorrected. Optical rotations were measured using a Optical Activity AA-10 polarimeter. 

IR spectra were obtained as films on a Pye Unicam SP3-200 spectrophotometer. tH and I? spectra were 

recorded on a Bruker AC-300 spectrometer with SiMe4 as internal standard and using CDC13 as solvent. 13C- 

NMR assignments were made on the basis of DEPT experiments. MS spectra were measured in a Hewlett- 

Packard 5988A (EI, 70eV). High resolution mass spectra were measured at the University of Zaragoza. 

Elemental analyses were performed by the Microanalyses Service of the University of Alicante. 

Chromatographic analysis (GC) wem determined with a Hewlett-Packard HP-5890 instrument equipped with 

a 25 m WCOT capillary column (0.22 mm diam.. 0.2mm film thickness OV-101 stationary phase) using 

nitrogen (2 ml/mm) as the carrier gas. Tinjector=27o’C, Tcolumn=6O”C, and 60-270 (15”CYmin). Thin layer 

chromatography (TLC) was carried out on Schleicher JzSchuell F15OO/LS 254 plates coated with a 0.2 mm 

layer of silica gel and UV visualization. Column chromatography was performed using silica gel 60 of 230- 

400 mesh. All starting materials were commercially available (Aldrich, Fluka, Janssen) of the highest purity 

and were used without further purification. THF and ether were dried with LiAlIQ under argon atmosphere. 

Synthesis of Ethyl (2S, 4S>l-(tert-Butoxycarbonyl)-4-(dimethylaminomethyl) pyroglutamate (4). 

To a solution of (Me$Si)zNH (0.215 mL, 1 mmol) in dry THF (0.5 mL) at -78’C was added a 1.6 M of BuLi 

(0.625 mL, 1 mmol). After 10 min a solution of ethyl N-Boc-pyroglutamate (0.129 g, 0.5 mmol) in THF (1.5 

mL) was added and stirred for additional 40 min at -78°C. Then, Eschenmoser’s salt (0.189 g, 1 mmol) was 

added and, after 15 min at -78°C the reaction mixture was allowed to rise t-t overnight. The resulting solution 

was hydrolysed with Hz0 and extracted with EtOAc. The organic layer was washed with brine, dried 

(Na2SO4) and evaported (15 Torr) to give 0.102 g (65%) of pure compound 4 as oil*‘? [cz]r$’ = -20.1 (c = 

1.1, CHCl3); Rf 0.13 (hexane/EtOAc:l/l); v (film) 1790, 1740 and 1720 cm-1 (C=O); 8H (CDC13) 1.30 (t. J= 

7.1 Hz, 3H, CH3CH2). 1.59 [s, 9H, (CH3)3C], 2.15-2.57 (m with 2s at 2.18 and 2.24, 1 lH, 2xCH3N and 

CHzCHCHz), 4.21 (q. J= 7.1 Hz, 2H, CH20) and 4.62 (dd, J= 8.4, 5.6 Hz, lH, CH); 6C (CDCl3) 14.0 

(CH$H& 27.7 [(CH3)3C], 28.05 (CHzCHN,CHCON), 47.15, 47.7 (2xCHsN), 57.1 (CHCHzN), 61.05 

(CH$I), 62.85 (CH20). 82.95 (COzC), 149.25 (NCOz), 171.45 (NCHC@) and 177.05 (CHCON); m/z 313 

(M+, 0.5%). 58 (100) and 57 (22). 

Synthesis of Ethyl (2S)-l-(lert-ButoxycarbonyI)-4-methylenepyroglutamate (5). A solution of 

compound 4, prepared according with the above procedure before quenching, was evaporated (15 Torr) and, 

to the resulting residue, MeOH (2 mL) and an excess of Me1 (1.5 mL) were added. The reaction mixture was 

stirred at rt for 48 h and the solvent was evaporated (15 Torr). To the residue a sat. aqueous solution of 

NaHCQ (2mL) was added. The solution was extracted with EtOAc, the organic layer was washed with brine, 

dried (Na2S04) and evaporated (15 Torr). The residue was purified by flash chromatography 

(hexanelEtOAc:1/5) to give 0.062 g (46%) of compound 5 as an oil: [a@ = -13.9 (c = 1.5, CHCI3); Rf 0.38 

(hexane/EtOAcQ/l); v (film) 3040,166O (HC=C). 1780.1740 and 1710 cm-t (GO); 6H (CDCl3) 1.29 (t. J= 
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7.2 Hz, 3H, CH3CH2). 1.52 [s. 9H, (CH3)3C], 2.72 (ddt. 1=17.4,3.3,2.4 Hz, IH, HCHCN), 3.09 (ddt, J= 17.4, 

10.1, 3.0 Hz, lH, HCHCHN). 4.23 (q. J= 7.2 Hz, 2H, CH20), 4.62 (dd, J= 10.1, 3.3 Hz, 1H. CH), 5.53 and 

6.23 (2dd. J= 3.0,2.4 Hz, 2H, CH2=C); 8C (CDC13) 13.95 (CH~CHZ), 27.65 (CHCH2), 27.7 [(CH3)3C], 55.6 

(CH), 61,55 (CH20). 83.55 (Co;?C), 120.6 (CH&), 136.45 (CH2=C), 149.65 (NC@), 171.35 (CHCO) and 

175.15 (CH2CCO); &z 268 (M+-15,0.3%), 97 (14) 96 (67) 69 (11). 68 (15) 57 (lOO), 54 (11). 52 (12). 43 

(20) and 41 (71). 

Synthesis of Ethyl (25)-1_(tert-ButoxycarbonyI)-4,4ethylenepyrogl{6). To a suspension of 

5 (0.269 g, 1 mmol) and Pd(OAc)z (2.6 mg, 1%) in ether (1 mL) was slowly added at O’C an ethereal solution 

of freshly distilled CH2N2 (16 mL, prepared from Diazaldm). The reaction mixture was stirred at rt for 1 h 

and then evaporated (15 Torr). The residue was purified by flash chromatography to give 0.232 g (82 %) of 

compound 6 as an oil: [a]D” = -29.3 (c = 1.5. CHC13); Ef 0.38 (hexane/EtOAc:2/1); v (liq.) 1780, 1740 and 

1710 cm-* (GO); 6H (CDC13) 0.86,‘1.28 (2m, 4H, CHzCHs), 1.30 (t. J= 7.0 Hz, 3H, CH3CH2), 1.51 [s. 9H, 

(CH3)3C]. 1.96 (dd, J= 13.3,3.4 Hz, lH, HCHCN). 2.55 (dd, J= 13.3, 10.0 Hz, lH, HCHCN), 4.25 (q, J= 7.0 

Hz, 2H, CH20) and 4.68 (dd, J= 10.0, 3.4 Hz, lH, CH); 8C (CDC13) 14.0 (CH$Hz), 16.9, 22.7 (CH2CH2). 

27.75 [(CH3)3C]. 29.85 (CHzCH), 56.55 (CH), 61.45 (CH20). 83.25 (Co;LC), 149.35 (NC@), 171.35 

(CHCO) and 175.15 (CHZCCO); nt/z 268 (M+-15,0.3%), 210 (13). 110 (100) and 57 (35). 

Hydrolysis of Pyroglutamate Derivatives 5 pnd 6. Synthesis of Glutamic Acid Derivatives 1 and 

2. General Procedure. To a solution of compounds 5 or 6 (1.2 mmol) in THF (8 mL) was added a 2.5 M 

aqueous solution of LiOH (7.8 mL, 19.5 mmol). The reaction mixture was stirred for 2 d at rt, then acidified 

with 2 N HCl until pH = 2 and extracted with EtOAc. The organic layer was dried (Na2SO4) and evaporated 

(15 Torr). To the residue was added a sat. solution of HCI in EtOAc (2mL) and the mixture was stirred for 1 h. 

The solvent was evaporated (15 Ton) and the residue was washed with ether and filtered off. The solid was 

dissolved in MeOH (1 mL) and propylene oxide (lml) was added. The suspension was stirted at rt for 1 h and 

evaporated. This last treatment was repeated and to the residue a mixture of H20 and ether was added. The 

aqueous layer was evaporated (15 Torr) and the residue was washed with absolute EtOH and filtered off to 

give pure amino acids 1 or 2 (80 or 54% yield, respectively): 

2(S)-4-Methyhe-L-glutamic acid (1): [ab = +12.8 (c = 0.53, 5M HCl), [Lit.4 [a]~ = +13.2 (c = 

0.56, 5M Ha)]. Mp 192-194°C (Lit. 5b 192-195°C); v (KBr) 3550-2200 (OH and NH), 1670 and 1590 cm-1 

(C=O); 8H (DzOldioxane) 2.55 (dd, J= 14.6, 8.2 Hz, lH, HCHCH), 2.76 (dd, J= 14.6, 5.0 Hz, lH, HCHCH). 

3.76 (dd, J= 8.2, 5.0 Hz, lH, CH), 5.66 and 6.24 (2s. 2H, CH2=C); 8C (D2OIdioxane) 34.35 (CH$ZH), 55.05 

(CH), 131.8 (CHz=C), 136.35 (CHz=C), 171.7 (CCO) and 174.4 (CHCO); m/z (M+-18, 3%) 98 (12), 96 

(lOO), 74 (lo), 68 (18). 52 (49), 43 (33). 44 (26), 43 (lo), 42 (10) and 41 (29). 

2(S)-4,CEthylene-L-glutamic acid (2): [a]~ = +13.0 (c = 0.5, H20). [Lit4 [CL]D = +13.0 (c = 0.5. 

HzO)]. Mp 174-179°C (Lit.4 175-185°C); v (KBr) 3550-2200 (OH and NH), 1690 and 1580 cm-t (GO); 8H 

(DzOIdioxane) 0.69, 1.28 (2m, 4H. CHZCH~), 2.05 (dd, J= 6.0, 3.9 Hz, 2H, CH2CN) and 3.90 (t. J= 6.0 Hz, 

lH, CH); 8C (DzO/dioxane) 16.7, 17.7 (CHzCHz), 22.0 (CCOz), 35.95 (CHzCH), 55.3 (CH), 175.45 (CHCO) 

and 181.35 (CCO); m/z @I+-18,3%), 111 (17). 110 (lOO), 82 (21), 81 (14), 80 (13). 67 (27). 55 (21). 54 (13). 

53 (23). 45 (29) and 41 (13). 

Synthesis of Butyl ~(Tosylmatbyl)acrylate (8) R21a To a solution of butyl methacrylate (4.82 g, 30 

mmol) in CH2Cl2 (100 mL) was added sodium p-toluenesultinate (8.82 g, 48 mmol) and iodine (7.61 g, 30 

mmol). The reaction mixture was stirred at rt for 3 d and then Et3N (19 mL, 136 mmol) was added and stirred 

for 7 d at rt. The reaction mixture was acidified with a 2 N aqueous solution of HCI and the organic layer 
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decanted, washed with sat. NaHC03, dried (Na2S04) and evaporated (15 Torr). The resulting residue was 

purified by flash chromatography (hexane/EtOAc:18/1) yielding 7.64 g (86%) of compound 8 as yellow oil: 

Rf 0.28 (hexantYEtOAc: 4/l); v (film) 3010.1620, (C=CH), 1315 and 1140 cm-l (S=O); 6H (CDC13) 0.92 (t, 

J= 7.3 Hz, 3J-L CHQ-Jz), 1.33 (m, 2H, CH$H2), 1.53 (m, 2H, CHZCH~O), 2.43 (s. 3H, CH+C), 3.98 (t, 

J= 6.6 Hz, 2H CH201, 4.14 (s, 2H. CH2S). X89.6.48 (2s 2H, CHz=C), 7.32 and 7.72 (2d, J= 7.9 Hz, 4H, 

ArH); 6c (CDC13) 13.5 (CH~CHZ), 18.9 (CHsCHz), 21.55 (CH$=C), 30.25 (CH~CHZO), 57.4 (CHzs), 

65.15 (CH20), 128.6, 129.5, 135.35, 144.7 (Arc), 129.1 (C=CH2). 132.95 (CHz=C) and 164.7 (c=O); m/z 

232 (M+-64, 17%). 223 (13). 176 (21), 155 (63), 139 (18), 130 (15), 92 (14). 91 (RIO), 89 (ll), 85 (17), 68 

(20), 65 (36) and 41 (26). 

Synthesis of ( 2 S, 5 S ) - I-Benmy - 2 - ( fert - butyl ) - 5 - ( 2 - butoxycarbonyl -2 - propenyl ) -3 - 

metWimk.hzolidin - 4- one (9). To a solution of (i-Pr)zNH (0.427 mL, 2.20 mmol) in dry THF (1.5 ml) was 

added at 0°C a 1.6 M solution of BuLi (1.38 mL, 2.20 mmol). After stirring for 10 min the solution was 

cooled at -78°C and a solution of compound 7 (0.526 g, 2 mmol) in dry THF (10 mL) was added. The reaction 

miXtUm was stirred for 15 min at -78°C and then a solution of compound 8 (0.296 g, 1 mmol) and DMPU 

(0.244 mL, 2 mmO1) in dry THF (5 mL) was added. The reaction was allowed to warm to -50°C for 1 h and 

then an aqueous sat. solution of NH&l was added. The solution was extracted with ether, the organic layer 

was decanted, washed with brine, dried (NazSO2) and evaporated (15 Torr). The resulting residue was 

purified by flash chromatography (hexan&tOAc:Wl) to give 0.225 g (56%)24 of compound 9 as white s&j 

(0.154 g of compound 7 was also recuperated): [U]D 25 = +78 (c = 1.5, CHC13); mp 107-108’C; Tr 20.93 

@MS) and 21.38 (cis)) min; Rf 0.51 (hexane/EtOAc:l/l); v (CDC13) 1700 and 1625 cm-t (GO); 8H 

(CDCJ3) 0.85 (t, J= 7.3 Hz, 3H, CHsCHz), 0.99 [s, 9H, (CH3)3C], 1.26 (m, 2H, CH3CH2), 1.50 (m, 2H, 

CHZCHZO), 2.17, 2.64 (2d, J= 16.4 HZ. 2H, CH$=C), 3.00 (s, 3H, CH3N), 3.94 (m, 2H, CH20), 4.50 (m, 

JH, CHCQ) 5.12, 6.05 (2s, 2H, CH=$), 5.55 (s, lH, HCN2) and 7.48 (m, 5H, ArH); 8C (CDCl3) 13.65 

(CH~CHZ), 19.1 (CH3CJ-W. 26.35 [(CH3)3Cl. 30.5 (CH$H20), 32.0 (CHCO), 32.15 (CHzCH), 41.05 

(CCHNz), 59.25 (CH3N), 64.6 (CH20), 80.25 (CHNz), 125.65 (CH@), 127.85, 128.75, 131.65, 135.2 

(Arc), 136.45 (CH2=C). 166.3 (COz), 170.7 and 171.05 (CON); m/r. 385 (M+-15,0.5%), 344 (19) 343 (92), 

105 (100) and 77 (23). 

Synthesis of (2S, 5s) - 1 - Benzoyl - 2 - (teti-butyl) - 5 - ( 2 - butoxycarbonyl- 2- cyclopropylethyl)- 
3-methylimidazolidin-4-one (10). To a suspension of compound 9 (0.440 g, 1.1 mmol) and Pd(OAc)z (4.4 

mg, 1%) in ether (2 mL) was slowly added an etheralsolution of freshly destilled CHzN2 (18 mL, prepared 

from DiazaJd@). After the same work-up as described for compound 6, 0.228 g of 10 (50%) as white solid 

were isolated: [uID~~ = +38.67 (c = 1.5, CHC13); mp 108-11O’C; Rf 0.51 (hexane/EtOAc:l/l); v (CDCJ3) 

1715, 1695 and 1630 cm-l (C=O); 6H (CDC13) 0.38 (m, 2H, CH~CHZC), 0.85 (t, J= 7.3 Hz, 3H,CH3CH2), 

0.96 [s, 9H, (CH3)3Cl, 1.06 On, 2H CH2CH2C), 1.26 (m, 2H, CH$ZHz), 1.49 (m. 3H, CHgH20, HCHCH), 

1.83 (dd. J= 1W4.9 Hz, lH, HCHCH), 2.97 (s. 3H, CHjN), 3.91 (m, 2H, CH20), 4.49 (dd, J= 8.6.4.9 HZ, 

JH, CHCO), 5.56 (s, H-J, HCW, 7.43 and 7.60 (2m, 5H, ArH); 6c (CDC13) 13.65 (CH3CH2). 14.0, 17.3 

(CHzCCHz), 19.05 (CH3CI-k). 20.25 (CCH2). 26.25 [(CH3)3Cl, 30.45 (CH2CH20). 31.75 (CHCO), 36.65 

(CHzCH), 41.1 (CCHNz), 58.4 (CJW), 64.25 (CHzO), 79.9 (CHNz), 127.55, 128.8, 131.6, 136.6 (Arc), 

170.6.170.95 (NCO) and 173.9 (CO2); m/z 399 (M+-15,0.1%), 358 (20), 357 (100). 105 (80) and 77 (17). 
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Hydrolysis of Compound 10. Synthesis of Amino Acid 2. A solution of compound 10 (0.200 g, 0.42 

mmol) and 6N HCl(5 mL) was heated under reflux for 3 d. The reaction mixture was extracted with ether and 

the aqueous layer was evaporated (15 Torr) to give 0.085 g (97%) of compound 2 as its hydrochloride. 
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