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Abstract: The Michael addition of lithium or magnesium organocuprates and sodium dimethyl
malonatc to 2-alkylated 3,4-didehydropyroglutamates 7, prepared from the corresponding 4-subslituted
sulfoxides pyroglutamates or from benzophenone imine of glycine ethyl ester or nitrile, takes place in a
stereoselective manner affording cis-2,3-disubstituted pyroglutamates 9. Final hydrolysis of 9eb gives
syn-2,3-disubstituted glutamic acid 10. © 1998 Elsevier Scicnce Ltd. All rights reserved.

INTRODUCTION

L-Glutamate is the most important excitaiory neurotransmiiier in the veriebraie central nervous syst
7R TN 1
1

(CNS) and its excitotoxic effect appears to play a crucial role in certain neurodegenerative disorders.! The
biological importance of L-giutamic acid has promoted a great cffort to modify its siructure in order o modulate
its activity. Monosubstituted L-glutamates at the C-32 or C-4? positions have been widely studied. However,
disubstituted glutamatcs have received much less attention due to the dificulties to control the stereoselectivity
and only 3,4-4 and 2,4-disubstituted> derivatives have been described.

As part of our interest concerning the synthesis of selective agonist and antagonist for the various
glutamate receptors, we report here the stereoselective preparation of cis-2,3-dialkylated pyroglutamates
precursors of syn-2,3-disubstituted glutamic acids. We have recently described the alkylation at the C-2 of ethyl
pyroglutamateS and the alkylation at the C-3 position has been achicved by Michael addition to 3,4-
didehydropyroglutaminol derivatives 16 and 2.7 This methodology needs the reduction of the carboxylic group
and its regeneration after the alkylation process. However, the didehydropyroglutamate 38 has a big tendency to
isomerize to the corresponding 2,3-didehydropyroglutamate and has been only trapped with cyclopentadiene in a
Diels-Alder reaction. Our strategy for the preparation of 2,3-dialkylated pyroglutamates is based on the
preparation of 2-substituted 3,4-didehydropyroglutamates 4 in which the carbon-carbon double bond can not
s and could be stereoselectively alkylated by Michael addition of nucleophiles at the C-3
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RESULTS AND DISCUSSION

The 2-alkylated derivatives 6, prepared by double deprotonation of ethyl pyroglutamate (5) with lithium
hexamethyldisilazide (LHMDS) followed by reaction with alkyl halides,5 were transformed into the
corresponding 3,4-didehydropyroglutamates 7 by thermal elimination of the 4-substituted sulfoxides as it was
previously described for compound 38 (Scheme 1 and Table 1).
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Scheme 1.
Table 1. Synthesis of 3,4-Didehydropyroglutamates 7.
product
RiHal no. R1 yield %)a R

CH3il 7a CH; 23 0.50
CH»=CHCH;Br 7b CH,;=CHCH, 15 0.50
(CH3),CHCH,I 7c (CH3),CHCH, 32 0.38
PhCH,Br 7d PhCH; 61 0.35
PhCH,CH,l Te PhCH,CH; 42 0.48

2 Bascd on compound 6, after column chromatography on silica gel. b Hexane/EtOAc: 2/1.

Alternatively, compound 7e was prepared from benzophenone imine glycine ethyl ester (8) by
successive alkylation with 2-phenylethyl iodide and potassium ters-butoxide as base and Michael addition to
cthyl propiolate with sodium ethoxide as base, followed by final hydrolysis with aqueous 1N HCI at room
temperature for 1 d and protection as N-Boc with di-rert-butyl dicarbonate (Scheme 2). The overall yield,
around 15%, is similar to the route of pyroglutamate but in less number of steps.
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Scheme 2.
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Michael addition of hthmm or magnesium alkylcuprates, prepared in ether, to didehydropyroglutamates
7 was carried out in THF at -30°C in the presence of trim ilyl ch

Q-

compounds 9 (Scheme 3 and Table 2). In the case of lithium di phenylcupra the reactio
h - PNy rit

dimethyl malonate, prepared with sodium hydride in
presence of trimethylsilyl chloride.

N 2 NaCH{COsMe)o IN 2
1 MesSiCl |
Boc Boc
7 9
Scheme 3.

Table 2. Michael Addition to 3,4-Didchydropyroglutamates 7.

product
didehydre
entry pyroglutamate nucleophilea T (°C) no. R1 R2 yield %)  mp (°C) or R
1 7d Me,CuLi -30 9da PhCH; Me 73 76-79d
2 Te Me,CuLi -30 9ea PhCH,CH; Me 75 0.26
3 7d Bun,CulLi -30 9db PhCH; Bun 76 0.57
4 Te BunyCula -30 9eb PhCHCH; Bun 78 50-92e
5 7d Ph,CulLi -30 9dc PhCH, Ph 0
6 7d Ph,CuMgBr -30 9dc PhCH; Ph 28! 0.54
7 7d Ph,CuMgBr 0 9dc PhCH> Ph 21f 0.54
8 7d {allyl),CuMgBr 0 S%dad PhCH; allyl 41 79-81k
9 Te PrnyCuMgBr -30 Yee PhCH,CH; Pm 58i 0.50
10 Te NaCH(CO;Me),i 1t ef PhCH,CH,; CH(CO;Me), 74¢ 0.25

aFive equiv were usced. b Isolated pure yield of pare product, based on compound 7. ¢ Hexane/EtOAc: 2/1. 4 CHaClp. € EtOAc.

f A 30% of starting product 7d was also isolated. 8 Aftcr column chromatography. i Hexane/TtOAc. | A 35% of starting product 7 e
was also isolated. } Generated with NaH in THF.
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In all cases the addition of nucleophiles was stereoselective and compounds 9 beare th su
R! and R2in a trans relative position determined by NOE difference experiments carried out with compound

9da in which H-3 gave 2% and 8% enhancement with the thylexc and phenyl groups of the benzyl
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treatment with 2N NaOH at 140°C in a pressure tube, followed by hydrogen cioride in EtOAc and propylene
oxide in MeOH in 41% overall yield (Scheme 4).
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the benzophenone imine giycine niirile 11, which was prepared in 43% overall yield by succesive alkylation
with methyl iodide and potassium ters-butoxide as base and nucleophilic substitution of ethyl (Z)-bromoacrylate
and LDA as base tollowed by hydrolysis with 1N HCI at room temperature!0 and N-Boc protection with di-rert-
butyl dicarbonate. The addition was carried out with lithium dimethylcuprate at -10°C providing a mixturc of the
cis-derivative 13 together with deprotected product 14, which after protection was transformed into compound
13 which was obtained in 60% overall yield (Scheme 5). The relative configuration of both methyl groups in
compound 13 was stablished by means of its NOESY spectrum in which H-3 correlates with the methyl group
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As conclusion, 2-subsituted 3,4-didehydropyroglutamates bearing a carboxylate or a nitrile function are
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General. Melting points were obtained by a Reichert Thermovar apparatus and are uncorrected. FT-IR
spectra were obtained on a Nicolet 400D spectrophotometer as neat liquids. NMR spectra were recorded on a
Bruker AC-300 (300 MHz for 'H and 75 MHz for C) using CDCl; (otherwise stated)as solvent and TMS as
internal standard; chemical shifts are given in & (ppm) and coupling constans (J) are measured in Hz. "*C
NMR assignments were made on the basis of DEPT experiments. When D;0 was used as solvent, methanol
was used as internal standard. Mass spectra (EI, 70 eV) were obtained on a Hewlett-Packard 5988A
spectrometer. High resolution mass were measured in the Mass Spectrometry Service at The University of
Zaragoza, in all cases compounds lost the N-Boc group. Elemental analyses were performed by the
Microanalyses Service at the University of Alicante. Thin layer chromatography (TLC) was carried out on a
Schleicher & Schuell F1400/LS 254 plates coated with a 0.2 mm layer of silica gel with UV or iodine
visualization. Column chromatography was performed using silica gel 60 of 70-230 mesh and hexane/EtOAc
as eluant. All starting materials were commercially available (Aldrich, Fluka, Acros), of the best grade and
were used without further purification. THF was dried with LiAlH, under an argon atmosphere and distilled

Synthesis of N-BOC «-Alkylated Ethyl Pyroglutamates (6): The synthesis and physical data for
compounds 6 are described on the literature” with exception of 6b which was prepared according with the
described procedure. Yield and physical, analytical and spectral data follow

1-(tert-Butyl) 2-Ethyl 2-Allyl-5-oxo0-1,2-pyrrolidinedicarboxylate (6b): Yield, 57%; Rr 0.38
(hexane/EtOAc: 1/1); v 3078 (HC=CH), 1790, 1743 and 1719 cm ! (C=0); 6y 1.28 (t, /= 7.0, 3H, CH3), 1.51
[1s, 9H, (CHs);], 2.11, 2.54, 3.07 3m, 6H, CH,CH,CCH,), 4.21 (q, J = 7.0, 2H, CH>CH3), 5.19 (m, 2H,
CH=CH) and 5.70 (m, 1H, CH,=CH); é¢ 13,8 (CH 2’ 6 (CH2C0‘), 276 (CH3)3], 30.6 (CH,C), 39.0

(CH,CH=CH,), 61.4 (CH;0), 67.2 (CN), 83.4 (CO),
and 174.0 (CON); m/z 224 (M*-73, 7%), 156 (41), 124 ( ) and 41 (14).

~

Synthesis of Didehydropyroglutamates 7. General Procedure. To a solution of hexamethyldisilazane
(0.44 ml, 2.1 mmol) in dry THF (2 ml) at -78°C was added a 1.6M solution of n-butyllithium (1.31 ml, 2.1
mmol) in hexanes. The mixture was stirred for 10 min at -78°C and a solution of product 6 (1 mmol) in THF
(2 ml) was added. After 1 h stirring at -78°C, was added a solution of diphenyl disulfide (0.459 g, 2.1 mmol) in
THF (1 ml), and the mixture was stirred for an additional hour at -78°C. Then, the reaction mixture was
allowed to reach room temperature overnight. The reaction was quenched with saturated NH,4Cl and extracted
with EtOAc (3x20 ml). The organic layers were washed with brine, dried (Na;SO4) and the solvents removed.
The residue was purified by column chromatography to yield the corresponding phenylsulfanyl derivative, as a
diasteromeric mixture, which was dissolved in chloroform (2 ml) at 0°C and m-chloroperbenzoic acid (free of
206 g, 1.2 mmol) was added. The reaction was stirred 1 h at 0°C and 1 h at rt, quenched with a
ion of NaHCO; and extracted with EtOAc (3x20 ml), dried (Na;SOs) and the solvents removed.

L8 i ixall i .-- L
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The residue was diluted in toluene (1 ml) and refluxed overnight. The toluene was removed and the residue
was nurified bv column ¢ toeranhv to oive nure nroducts 7. Yields and nhvsical data are included in
was purified by column chromatography to give pure products 7. Yields and physical data are included in
Table 1. spactral and analvtical data follow

I-(tert-Butyl) 2-Ethyl 2-Methyl-5-o0xo-2,5-dikydro-1H-1,2-pyrroledicarboxylate (7a):° v 3084, 1607
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I-(tert-Butyl) 2-Ethyi 2-Allyi-5-oxo0-2,5-dihydro-1H-1,2-pyrroledicarboxylate (7b): v 3082, 1642
(HC=CH), 1783, 1740 and 1717 cm™ (C=0); 8, 1.23 (t,J= 7.2, 3H, CH3), 1.53 [s, 9H, (CHj)3],2.96 (dd, J =
14.5, 6.6, 1H, HCHCH=CH,), 3.17 (dd, J = 14.3, 8.2, 1H, HCHCH=CHy), 4.19 (m, 2H, CH,CHj3), 5.08 ( m,
2H, CH=CH), 5.45 (m, 1H, CH,=CH), 6.21 and 6.91 (2d, J = 5.8, 2H, CH=CH); 8¢ 14.0 (CH3), 28.0
[(CH3)3], 36.6 (CH,C), 62.4 (CH,CHj3), 72.6 (CN), 83.6 (CO), 128.04 (CHC), 148.1 (CHCO), 148.1 (NCO,),
168.3 (CON) and 168.8 (NCCO,); m/z 280 (M'-15, <1%), 195 (21), 154 (36), 123 (14), 122 (100), 57 (83) and
41 (24) (Found: M' 195.0890. Calcd. For CoH;3NOs: 195.0895)

1-(tert-Butyl) 2-Ethyl 2-Isobutyl-5-o0xo-2,5-dihydro-1H-1,2-pyrroledicarboxylate (7¢):° v 3082, 1603
(HC=CH), 1783, 1743 and 1717 ecm™ (C=0); &y 0.86 [d, J = 6.4, 6H, (CH3),], 1.23 (t, J = 7.2, 3H, CHjs), 1.39
[m, 1H, CH(CHj3),], 1.52 [s, 9H, (CH3)3], 2.16, 2.39 (2dd, J = 14.8, 6.0, 2H, CH,CH), 4.15 (m, 2H, CH,CH3),
6.21 and 6.94 (2d, J = 5.8, 2H, CH=CH); é¢ 13.8 (CH3), 23.2 (CH), 23.7, 24.6 [(CHa),], 27.8 [(CH;)3], 40.1
(CH,CH), 62.2 (CH,CHs), 73.2 (CN), 83.3 (CO), 127.4 (CHC), 148.4 (NCO,), 149.2 (CHCO), 168.6 (CON)
and 169.3 (NCCOy); m/z 256 (M- 55, <1%), 212 (29), 211 (15), 159 (10), 139 (12), 138 (100), 96 (92), 57

alg 1v 7]

(47) and 56 (11).
I-ftert-Rutvl) 2-Fthvl 2_-Renzvl-5-oxo-2 5-dihvdro-1H-1 2-nvrroledicarhoxviate (7d): v 3086, 3065
ET{IVARTIR RSy STRLEEY sy o~UAURS, 44 LAy 4 24 e SV, JV02,

3003. 1607 (HC=CH). 1789 and 1732 cm™ (C=0): &x 1.25 (t. J=7.3. 3H. CH4). 1.60 [s. 911 (CH:):1. 3.51

s IUV/ \HIVT LIl 1/07 @il 1774 v A\ 2 jy UH 1.40 4y v ey JHRy X3y, 1.0V |5, Taa, (a3 )3y, J-J1,

27704 T=1A47 29T LAY A1 (v Y CHOCHNY §0Y 7004 T=A1 25U O and 700 (my ST

o VA V& B 19,4, axi, LnigAal), al Ui, <f1, vadipeai3), J.74, 10U (2G, 0 = Our, 21, Lrn Ly alia /.vo (i, o,

ArCHY); 8¢ 13.7 (CHs), 27.7 [(CHa)s], 38.0 (CH,Ar), 62.2 (CH,CHs), 73.1 (CN), 83.3 (CO), 127.0, 1275,

Y A4 ) 140 A YT A N 1T AD AT N 1770 1 AATMAMN N\ 1 120 0 FWYATY 4 AL sa gt n ~10D/ NAL /11N

127.8, 148.0 (AL, )s 140 (INLUp), 108.1 (NLLUp) dNld 1006.0 (VVUIN), M/Z D30 (M - 7, ~170), L4940 (11),

172 (17), 91 (100), 57 (11) and 41 (12).

I-(tert-Butyl) 2-Ethyl 5-Oxo-2-phenethyi-2,5-dihydro-IH-1,2-pyrroledicarboxylate (7e):9 v 3086,
3065, 3027 (HC=CH), 1784, 1743 and 1716 cm™ (C=0); &y 1.24 (t, J = 7.2, 3H, CH3), 1.53 [1s, 9H, (CH3)3],
2.38 (m, 2H, CH,Ar), 2.53, 2.77 (2m, 2H, CH,CH,Ar), 4.17 (m, 2H, CH>CH3), 6.23, 6.93 (2d, J = 6.0, 2H,
CH=CH) and 7.20 (m, 5H, ArCH); 8¢ 14.0 (CHs), 28.0 [(CHs)3], 29.9 (CHAr), 33.8 (CH,CH:Ar), 62.35
(CH,0), 73.2 (CN), 83.6 [C(CH3)s]), 126.2, 127.95, 128.2, 128.5 (ArCH, CHCO), 1404 (ArC), 148.4
(CHCCN), 148.5 (NCO,), 168.45 (NCCO,) and 169.0 (CON); m/z 286 (M'-73, <2%), 156 (11), 155 (100), 91
(55), 57 (71)and 41 (18).

Michael Addition to Didehydropyroglutamates 7. Synthesis of Compounds 9. General Procedure.
A) Addition of Organocuprates: To a suspension of Cul (0.305 g, 1.6 mmol) in dry ether was added at
-20°C, the corresponding organolithium or organomagnesium reagent (3.2 mmol). After 15 min, the reaction
was cooled at -78°C and a solution of the corresponding didehydro derivative 7 (0.32 mmol) and Me;SiCl

(0.08 ml, 0.64 mmol) in dry THF (3 ml) was added. The mixture was stirred 1 h at -78°C and then, the reaction
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was allowed to warm to -30°C and auenched with a sat
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tnen, quencnea with a saturated solution 1, extracted with
FtOAc (3x20 ml). After dryxn and evaporation of the organic phase in both cases, the resulting oil was
purified by column chromatography to give pure products 9. Yields and physical data are included in Table 2,
analytical and spectrai data foliow:

I-(tert-Butyl) 2-Ethyi 2-Benzyi-3-methyi-5-o0xo-1,2-pyrrolidinodicarboxylate (9da): v 3086, 3063,
3020, 1605 (HC=CH), 1786, 1736 and 1720 cm™ (C=0); &y 1.03 (d, J= 6.7, 3H, CH;C), 1.31 (t,J = 7.1, 3H,
CH,CH;), 1.59 [s, 9H, (CH:):], 2.14 (dd, J = 9.6, 3.2, 2H, CH,CH), 2.34 (m, 1H, CHAr), 3.20, 3.70 (2d, J=
14.8, 2H, CH,Ar), 4.27 (g, /= 7.1, 2H, CH;0), 7.08 and 7.25 (2m, SH, ArCH), &¢ 14.2, 14.6 (2xCH3), 27.9
[(CH3)3], 36.6 (CH,CH), 37.2 (CH), 38.05 (CH»Ar), 61.5 (CH;0), 72.2 (CN), 83.75 (CO), 127.1, 128.5, 130.6
(ArCH), 135.1 (ArC), 149.9 (NCO,), 171.1 (NCCO,) and 173.8 (CON); m/z 361 (M',<1%), 305 (10), 188
(49), 170 (100), 91 (53), 57 (34) and 41 (14) (Found: C, 66.75; H, 7.49; N, 3.56. Calcd. for C3oH»7NOs: C,
66.46; H, 7.53; N, 3.88).

1-(tert-Butyl) 2-Ethyl 3-Methyl-5-o0xo-2-phenethyl-1,2-pyrrolidinedicarboxylate (9ea): v 3086, 3063,
1604 (HC=CH), 1790, 1755 and 1719 cm™ (C=0); &y 1.04 (d, 3H, J = 6.1, CH3CH), 1.27 (t, 3H, J = 7.0,
CH;CH,0), 1.51 [s, 9H, (CH3):], 2.12,2.49 (2m, 7H, CH,CHCCH,CH,Ar), 4.20 (q, 2H, J = 7.0, CH,0) and

7.23 (m, 5H, ArCH); 8¢ 14.3, 14.6 (2xCH3), 27.9 [(CHs)s], 29.7 (CH,CO), 32.1 (CHCH;), 34.2 (CH,CH),
38.3 (CH,AT), 61.4 (CH,0), 71.5 (CN), 83.6 [C(CHa)s], 126.1, 128.2, 128.5 (ArCH), 140.8 (ArC), 149.5

(NCO,), 171.2 (NCCO;) and 174.0 (CON); m/z 319 (M*-56, <2%), 202 (72), 171 (46), 155 (12), 125(39), 105
(NCO»), (NCCO;) and 174.0 (CON); 319 (M-536, <2%), 202 (72), 171 (46), 155 (12 25(39), 105
(70Y 97 (10Y Q1 (100) 57 (9 43 (17} 42 (10) and 41 (35) (Found- M 275 1521 Caled Far O .H..N).-
\&TJy 7L \1V]Jy, 7L \AVUVUJy JI \FJJy, T \14), T (1VU) G F1 \JJ) T VWIL VI LiJaadLd. vailbia, T UL CjpraZiivvi.
D78 18710
&0 IJLI}
1-(tert-Butyl) 2-Ethyl 2-Benzyl-3-butyl-5-0xo-1,2-pyrrolidinedicarboxylate (9db): v 3087, 3063, 1604
TTY el f N -y AN 11~ _...‘l Iﬁff\\; C N N rs TT Jy e T N FIYTY MTY MATT N 1 NN 1 o /i~ NDITT
C 743 and 1717 cm™ (C=0); 6y 0.90 (t, 3H, J = 7.0, CH;CH,CH,), 1.00, 1.28 (2m, SH,

1 ror ntr el ATTY Y )

~

Z

1.58 [s, 9H, (CHj)s3), 2.20 (m, 3H, CH,CH), 3.19, 3.70 (2d, /= 14.7, 2
(2xCh 2 29. .0,

IE)

420 (m, 2H, CH;0), 7.06 and 7.10 (2m, 5H, ArCH); ¢ 13.8, 14.2 (2xCHs), 22.5, '
(CH,CH,CH,CHCH,, CH,Ar), 27.9 [(CHs)3], 35.6 (CH), 61.5 (CH,0), 71.7 (CN), 83.7 [C(CH3)3], 127 0,
128.5, 130.7 (ArCH), 135.2 (ArC), 150.0 (NCO,), 171.3 (NCCO,) and 173.8 (CON); m/z 348 (M'-55, 1%),
303 (11), 230 (63), 212 (100), 138 (15), 91 (42), 57 (60) and 41 (21).

1-(tert-Butyl) 2-Ethyl 3-Butyl-5-oxo-2-phenethyl-1,2-pyrrolidinedicarboxylate (9¢b): v 3062, 3027,
1603 (HC=CH), 1791, 1743 and 1720 cm™ (C=0); 8y 0.90 (t, 3H, J = 6.7, CH;CH,CH3), 1.00, 1.28 (2m, 9H,
CH,CH,CH,, CH;CH,0), 1.51 [s, 9H, (CH3);], 2.40 (m, 7H, CH,CHCCH,CH,Ar), 4.21 (m, 2H, CH,0) and
7.24 (m, 5H, ArCH); 8¢ 13.8 (CH;CH,CH,), 14.2 (CH3CH;0), 22.5, 29.7, 29.75, 30.1 (CH,CH,CH,CHCH,,
CH,Ar), 27.8 [(CHas)s], 34.3 (CH,CH,Ar), 37.3 (CH), 61.4 (CH,0), 71.2 (CN), 83.6 [C(CH3)3], 126.1, 128.2,
128.5 (ArCH), 140.9 (ArC), 149.5 (NCOy), 171.4 (NCCO,) and 174.0 (CON); m/z 402 (M'-15, <1%), 245
(18), 244 (100), 213 (21), 167 (12), 91 (45), 57 (26) and 41 (10) (Found: M" 317.1995. Calcd. For C;9H,;NO;:

317.1991).
I-(tert-Butyl) 2-Ethyl 2-Benzyl-5-oxo-3-phenyl-1,2-pyrrolidinedicarboxylate (9dc): v 3068, 3030,
3002, 1604 ( CH) 1,91, 1748 and 1717 em™ (C=0); 8y 0.99 (t, J = 7.1, 3H, CH,CHj;), 1.58 [s, 9H,

HCHCON), 2.72 (dd, J=17.7, 7.5, H, HCHCON), 3.34 (d, J = 15.0, 1H

Aiy ix ix AWy 1Ak,

.._.
E(
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HOHA® 158727t J=00 1H CHAR 1M (mwithdat 3790 J=150 I CH.CIL HCOHAT® and 7 10 {m
l.l\_/llm}, T L \L’ (74 FUy LAy NRESM Py J. P T A WILL U QL J.T T, S LUy JLE, Ndd/N 113, 11\_/11.’1.1} a7 .0u \lll,
10 ACIN. £ 129 (CH.ILY Y7 & (O 26 65 (CHL.ONY 212 & (CLIADY A0 (CLL A £1 1 (OO
111, mbll}, UC 1.4 \\./112\/113", Lo b NS l\\.rll}}]], SJUNUD (ClipVVU ), JO0.Y \\Au-u), LV \\/112111}, vi.1l \bﬂzu),
MY LAY O £ OMY 1T A 1T L 190N 1708 12N 12 12A 7T FATIIN 1247 12£ 77 FALNY TAD A NAIMMN N
73.0 (LIN), 05.0 (LU, 127.V, 147.0, 1£40.U, 120.0, 13VU.D, 134,/ (ATLn), 134.7, 150.7 (AIU), 147.4 (NUUy),
169.9 (NCCO,) and 173.1 (CON); m/z 350 (M*-73, 1%), 250 (15), 232 (59), 104 (25), 103 (10), 91 (45), 57
1 41 /"N [+] 1_ 13 h P AT s Xatal

I-(tert-Butyi) 2-Ethyi 3-Aliyi-2-benzyi-5-oxo-1,2-pyrrolidinedicarboxylate (9dd): v 3064, 3028, 1605
(HC=CH), 1790, 1759 and 1718 cm™ (C=0); 8y 1.32 (t, J= 7.0, 3H, CH3), 1.59 [s, 9H, (CH3)3], 1
CH), 2.21 (m, 4H, CH,CH, CH,CH=CH), 3.23, 3.72 (2d, J = 14.7, 2H, CH,Ar), 4.27 (q, J = 7.0, 2H, CH;0),
5.09 (m, 2H, CH,=CH), 5.66 (m, 1H, CHCH,), 7.07 and 7.26 (m, 5H, ArCH); 8¢ 14.2 (CH;), 14.2
(CH3CH,0), 28.0 [(CH3)5], 34.3 (CH;(), 35.5 (CH), 36.2 (CH,CO), 37.6 (CHzAr), 61.7 (CH,0), 71.5 (CN),
83.9 [C(CH3)3], 117.6 (CH=CH), 127.2, 128.6, 130.8 (ArCH), 134.5 (CH,=CH), 135.1 (ArC), 150.0 (NCO,),
171.2 (NCCO,) and 173.5 (CON); m/z 346 (M -41, <1%), 287 (10), 246 (59), 214 (33), 196 (71), 172 (11),
122 (21), 91 (55), 57 (100), 43 (13) and 41 (37) (Found: C, 66.12; H, 7.77; N, 3.05. Calcd. for C2H29NOs: C
66.20; H, 7.54; N, 3.61).

1-(tert-Butyl) 2-Ethyl 5-Oxo-2-phenethyl-3-propyl-1,2-pyrrolidinedicarboxylate (9ee): v 3063, 3028,
1603 (HC=CH), 1790, 1766 and 1748 cm’ (C=0); &y 0.92 (t, 3H, J = 7.1, CH;CH,CH,), 1.02 (m, 2H,
CH;CH-CH,), 1.27 (1, 3H, J=17.1, CH;CH,0), 1.39 ( m, 2H, CH3CH,CH>), 1.52 [s, 9H, (CH3);], 2.15, 2.49
(2m, 7H, CH,CHCCH;CH,Ar), 4.20 (m, 2H, CH;0), 7.19 and 7.30 (2m, 5H, ArCH), 8¢ 13.9, 14.2 (2xCHa),
21.2 (CH,CH,CH3), 27.9 [(CH3)3], 29.7 (CH, CH,CHj3), 32.1 (CH2CH»Ar), 34.3 (CH,CH), 36.8 (CHyAr),
), 71.1 (CN), 83.6 [C(CH3);], 126.1, 128.2, 128.5 (ArCH), 140.8 (ArC), 149.4 (NCO,),

37.1 (CH), 61.4 (CH,O), 71.1 R 2,
SR A Y \ LM A L <
171.4 (NCCO>) and 174.1 (CONY: m/z 330 (M'-73. <1%). 230 (37). 199 (16). 153 (16). 91 (67). 57 (100). 55
P41 UV U7 ) QUL L 7T \NNVUN g T & STV (472 oy L/70), LIV \J iy 27T (AU )y 22T (A, A \Vigy i AV ), S
(10Y amd A1 (AAN (BEaund: A N7 1220 (Caled Far F..,'LL-'P\TFL- 202 124N
\lU} aliu r1i \‘l"?j \1 VUi, ivi SJUI. 100V, wvalvilde 1 UL N RLIJJINNS Y. JUJ. R OJI7T )
1-(tert-Butyl) 2—Eth yl 3-[Di(methyloxycarbonyl)methyl[-5-oxo-2-phenethyl-1,2-pyrrolidinedi-
FE AP o W N TNNTT TLNA (TTHMTTIN 17710 L 17&0 1"7AA -1 170 ... I V4 o o W~ 1 VL 7+ y¥— "7 1
CarDa.xyla[e (yeI) V Ou 3, UL/, 10U (IIL—LI1), 1/70, 1/07, 1 /44 anda 1 /26 CmM (L=, 0 1.LO L J — 7.1,
3H, CH;CH,), 1.52 [s, 9 (CH3)3], 2.20, 2.39, 2.64 (3m, 6H, CH,CO, CH,CH:Ar), 3.35 [m, 2H, CHCH,,
CH(COyMe),], 3.75 (s, 6H, 2xCO,Me), 4.21 (q, J = 7.1, 2H, CH;CH3) and 7.22, 7.28 (2m, 5H, ArCH); &c¢

14.1 (CHy), 27.9 [(CH3)3], 29.7 (CH,CO), 34.4 (CHyAr), 34.6 (CH,CHyAr), 352 (CH,CH), 52.6
[CH(CO:Me)y], 53.1, 53.15 (CO,CHs), 62.1 (CH,CHj), 70.8 (CN), 84.2 (CO), 126.2, 128.5 (ArCH), 140.7
(ArC), 149.2 (NCO,), 167.2, 167.5, 170.8 [CH(CO,Me),, NCCO;] and 172.1 (CON); m/z 393 (M'-103, 1%),
149 (12), 105 (10), 101 (15), 91 (15), 77 (20), 69 (31), 58 (100), 57 (19), 56 (14), 55 (15), 51 (15), 45 (18), 44
(13), 42 (13) and 41 (20) (Found: M' 391.1627. Caled. For CaH,sNO7: 391.1631).

Hydrolysis of 9eb. Synthesis of 2-Amino-3-butyl-2-phenethylpentanedioic acid (10): A solution of
2M NaOH (3.2 ml) was added to compound 9eb (0.066 g, 0.16 mmol) and heated for 14 h in a pressure tube at
140°C. The reaction was diluted with EtOAc (5 mi) and 0.5M HCI was added until pH<1. The product was
extracted with EtOAc (3x20 ml), dried (Na;SO;) and the solvents removed. To the residue, EtOAc saturated
with HClg, (1 ml) was added, and the mixture was stirred 1 h at rt. The solvent was removed and the resulting

ail} a> duUldid, ailld

solid was dissolved in MeOH (2 ml) and propylene oxide (1 ml) was added. The mixture was stirred 1 h at rt.

The aenlvente were remaved and the reculting cnlid wag triturated with ether. The susnension was filtered to
L1I%W OWULIVYWLIILD VYwliw LIWwillVU Y Wl Gl Wiw AVUULLAIA& [ AV [N L e AVAR NraiwA 4 LAV DO RIRASLR =4
sive N 020 o of 10 (4104 vield) ag a white solid: mp 230-234°C (MeOH): v (KBr) 3219-2366 (NH:'. CO»)
EIVC U.UZU g UL LU (71 /0 yICIUJ ad a4 WIIL SULU. 1Y 4JUTL07 W UVIVLL), V WD) JL3 JTe VY \iNLls 5 M7 )
ANEE 2NN 1AM (LIC=CINN 1720 and 1487 aml (C=O) S MLOY 076 (m 2 CHY 100 (Sm 4
JUQD, JULe, 10VUL (IIL—LUn), 1/0U allu 1VJ2 il (WU, O \1r2vuy v iU i, Sra, oiijy, 1.v7 (Jill, i,
CH,CH,CHy), 1.21, 1.47, 1.84, 2.10, 2.51 (5m, 9H, 4xCH,, CH) and 7.26 ( m, 5H, ArCH); 8¢ (D;0) 14.3
T Am A AR AT A A1 L AL O AT T VITY AAT FOITN IY A 1071 100 A 190 7 142 2 AL A LM
(CH3y), 22.3, 30.5, 31.U, 31.6, 30.8, 41.1 (LH2), 44.1 (L11), /5.4 (L), 12/.1, 1254, 127.7, 145.0 (AL, AL,
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179.1 and 181.4 (CO); m/z 245 (M"-62, 11%), 244 (56), 184 (10), 91 (100), 57 (11), 55 (19), 42 (15) and 41
(18) (Found: C, 66.30; H, 8.41; N, 4.27. Calcd. for C|7H,sNO4: C, 66.43; H, 8.20; N, 4.56).

solution of N-(dinhenvimethvlene)amin 44 2 mmol) and nota rf-butoxide (0 o
RS EARLARAAE R S AN f b J AREREERE REASE S sEREEEE 3 SRR SEARRS P hataininiid APPSR ANMRT A (Ve &0
2.4 mmol) in dry THF (5 ml) was stirred at rt for 20 min. Then, a solution of methy! iodide (0.38 ml, 2.6
mmol) in THF (5 ml) was added and the resulting mixture was stirred for 45 min at rt. The reaction was
quenched with saturated solution of NH4Cl and extracted with EtOAc (3x30 ml). The organic layers were
washed with water and dried (Na;SOs). The solvent was removed and a thick oil was obtained. To a solution
of LDA (1.2 mmol, previously prepared) in dry THF at -78°C, was added a solution of the previously obtained

oil (0.264 g, 1.1 mmol) in THF (2 ml). The mixture was stirred for 30 min at -78°C and then, a solution of
ethyl cis-bromoacryiate (1 mmoli) in THF (2 mi) was added. The cool bath was removed and the reaction was
stirred for 1 h. Water was added and the mixture was extracted with ether (3x30 ml), dried (Na,SO,), and the
solvents evaporated. To a solution of cis-ketimine (1 mmol) in ether (4 ml) at 0°C, was added a solution of 1M
HCI (1.1 ml). The mixture was stirred vigorously overnight at rt. The two phases were separated. The aqueous
phase was washed with ether (3x20 ml), dried (Na;SOs) and the solvents removed. The residue was digested
with hexane and then purified by column chromatography. To a solution of the deprotected product in
acetonitrile (6 ml), di-fert-butyl dicarbonate (0.65g, 3mmol) and 4-(dimethylamino)piridine (0.049g, 0.045
mmol) were added. The reaction mixture was stirred for 12 h and the solvent was removed. Water was added
to the residue and the mixture was extracted with EtOAc (3x15 ml). The organic layers were washed
sequentially with IN HCI, saturated NaHCO; and brine, dried (Na,SO4) and the solvents removed to give
0.182 g of product 12 (41% yield): Rf 0.50 (hexane/EtOAc: 2/1); v 3177 (CN), 3075, 3019, 1611 (HC=CH),
1777 and 1698 cm™ (C=0); 8y 1.62 [s, 9H, (CHs)3], 1.92 (s, 3H, CH;C), 6.29 and 7.14 (2d, 2H, J = 5.6,

'N), 127.4 (CHCO), 147.4 (CHC)
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above described for
product was obtained as a mixture of compounds 13

procedure as above to give 0.064 g (60% yield) of 13 after column chromatography: Rr 0.22 (hexane/EtOAc:
2/1); mp 101-104°C (hexane/ EtOAc); v 1771 and 1728 cm™ (C=0); &y 1.35 (d, 3H, J= 6.1, CH;CH), 1.59 [s,
9H, (CH3)s], 1.82 (s, 3H, CH;C), 2.27 (m with dd at 2.29, 2H, J = 16.5, 11.0, CHMe, H;CH) and 2.65 (dd,
1H, J=16.5, 6.8, HyansCH); 8¢ 15.0 (CH;CH), 24.4 (CH;C), 27.9, 28.2 [(CH3)3], 37.6 (CH), 38.0 (CH»), 85.1
(CO), 117.4 (CN), 148.4 (NCO,) and 171.5 (NCO); m/z 239 (M"+1,<1%), 183 (28), 165 (35), 139 (25), 122
(10), 94 (12), 57 (100), 56 (11), 43 (16), 42 (18) and 41 (32) (Found: C, 60.92; H, 7.70; N, 10.82. Caled. for

C]2H18N2032 C, 6049, H, 761, N, 1076)
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