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NEW ROUTES TO THE SYNTHESES OF CIS-0-(CARBOXYCYCLOPROPYL)GLYCINES FROM
L-GLUTAMIC ACID. CONFORMATIONALLY RESTRICTED ANALOGUES OF THE
EXCITATORY NEUROTRANSMITTER L-GLUTAMIC ACID
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Summary: Potent neuroactive amino acids, {2S,3S,4R) and (25,3R.4S) isomers of «-(carboxycyclo-
propylglycines (CCG-HII and CCG-1V), were synthesized from L-glutamic acid via a palladium(ll) catalyzed
cyclopropanation of the o,B-unsaturated pyrrolidone and y-amino-é-lactone derivatives, respectively.

Recently, the neurobiological actions of L-glutamic acid (L-Glu) are of much interest because of its
neurotransmitter action in the mammalian central nervous system and its excitotoxic action which is
related to various acute and chronic brain dame\ge.1 In our previous papers,2 we described the syntheses of
four diastereomers of L-a-(carboxycyclopropyllglycines (CCG-1~CCG-1V), conformationally restricted
analogues of L-Glu, and the structure-activity relationship of these diastereomers in isolated rat spinal
cord, suggesting that a specific conformation of L-Glu was required for receptor activation. Furthermore,
it was found that the (2S,3R,4S)-isomer (CCG-IV) preferentially activated one of the L-Glu receptor
subtypes (N-methyl-D-aspartic acid (NMDA) subtype receptor)3 more markedly than established agonists.
In addition, CCG-1ll markedly potentiated L-Glu response possibly by an inhibition of L-Glu uptake from the
environment of the synapse.4 Thus, these CCGs are useful tools for the investigation of the mechanism
underlying the glutamate function as well as the design of effective therapeutic drugs of various neuronal
diseases. In the present paper, we focus on the practical syntheses of these useful amino acids, in
particular CCG-1ll and 1V, since the purpose of the previous method was to synthesize all CCG-isomers
based on the non-stereoselective method.

Our approach to these amino acids is a palladium (ll) catalyzed cyclopropanation of the a,f-unsaturated
lactone 4 and of the lactam 8. Although S5-hydroxy-4-aminopentancic acid 2 is a plausible synthetic
intermediate for these synthons, the previous synthetic route from L-Glu required multi-step trans-
formations via pyrroglutamic acid.3 For this problem, we examined an active ester/reduction procedure
from commercially available L-glutamic acid half ester 1. Thus treatment of 1 with HOSu/DCC followed by
NaBH4/THF-EtOH yielded the desired alcohol 2 [83%, mp 40.5-41.5 °C, [a]p -13.2° (¢ 1.0, CHClg)]. This
was subjected to a lactonization with CSA/benzene to give &-lactone 3 [92%, mp 104-104.5 °C, [alp
-37.4° (¢ 1.09, CHCI4)]} which was converted into its o,p-unsaturated 4 using the Saegusa method® [68%,
mp 128-129 °C, [a]p +113° (¢ 1.07, CHCl3)). For the other diastereomer, treatment of the silyl ether 6
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with NaH provided the pyrrolidone in which the Boc group was cleaved under the reaction conditions. This
group was reintroduced with BocoO to give 7 [87% from 3, oil, [a]p -62.2° (¢ 1.23, CHCI3)]. Unsaturated
8 was prepared using the reported method.” Cyclopropanation of 4 and 8 was carried out with CHpoN» in
the presence. of catalytic Pd(OAc)o . From 3-lactone 4, the (3S,4R)-isomer 5 was produced as the major
product (6/1, 46%). This was converted into CCG-IV using reported procedure.za Pyrrolidone 8 gave
predominantly (3R,45)-9 (8/1, 100%). Conversion of 9 Into CCG-lll was carried out by the following
sequence of reactions: (1) removal of the silyl group, (2) cleavage of the amide bond by methanolysis, (3)
oxidation of the primary hydroxyl group, (4) removal of the protecting grcups.2El Overall yield of CCG-III
from 1 was 36% and CCG-IV,14%. Thus, CCG-Ill and IV were synthesized via unsaturated 8 and 4,
respectively, versatile chiral synthons prepared from L-Glu. Further synthetic and neuropharmacological

studies of excitatory amino acid analogues are currently in progress.8
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(a) (1) Di-tert-butyl dicarbonate (Boc,0O), NaHCO,, dioxane/H,O (1/1); (2) N-hydroxysuccinimide (HOSu), 1,3-
dicyclohexylcarbodiimide (DCC), AcQEt; (3) NaBHy,, tetrahydrofuran (THF)/EtOH (3/1), 0 °C, 15 min: (b) d/-10-
camphorsulfonic acid (CSA), benzene, 80 °C, 3 h: (c) (1) 2.2 equiv of Me;SICl, 2.2 equiv of LiN(SiMey),, -78 °C,
15 min; (2) 1.2 equiv of Pd(OAc),, CHaCN, 20 °C, 45 min. (d) CH,N,, catalytic Pd(OAc),, ether: (e} t-BuMe,SiCl,
imidazole, DMF: (f) (1) 1 equiv of NaH, ether,16 h; (2) Boco,O, EtaN, 4-dimethylaminopyridineg (DMAP), THF, 4 h:
(g) {1) CSA, MeOH; (2) LiOH, MeOH,14 h; (3) Jones reagent, acetone, 0 °C, 2 h and 20 °C, 2 h; {(4) 0.5 N NaCH,

0 °C, 3 h; {(5) CF3C0O5H, CHoCly, 30 min. 5~ CCG-IV and 7-=8: see, ref 2a and 7.
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