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Abstract: Both (2S, 1'S,2'S)- and (2S, l'S,2'R)-isomers of 2-(2-carboxycyclobutyl)glycine (CBG-I, lb) 
and (CBG-III, 2b) are synthesized in a stereoselective manner via a [2+2] photocycloaddition of oc,[3- 
unsaturated-y-lactam 3 with ethylene in acetone. The extended type of isomer lb showed a weak 
activity on group II metabotropic glutamate receptors (mGluR2) of rat brain. 
© 1998 Elsevier Science Ltd. All rights reserved. 

Conformationally restricted glutamate analogs represented by L-2-(2-carboxycyclopropyl)glycines 

(CCGs) have proven to be potent and selective pharmacological reagents which play a crucial role in investigation 

of neurobiological functions of glutamate receptors, l e.g., CCG-I ( la)  is a potent agonist of metabotropic 

glutamate receptors, and CCG-III (2a) is a potent inhibitor of glutamate transporters. 2 Relevant to the studies 

regarding conformational requirements of glutamate receptors, the syntheses of a series of glutamate analogs 

possessing a carbocyclic ring have been a subject of our current investigation. In this report, we wish to 

describe the synthesis of the 4-membered ring analogs, (2S,1'S,2'S)- and (2S,1'S,2'R) isomers of 2-(2- 

carboxycyclobutyl)glycine ( l b  and 2b), structurally related amino acids to l a  and 2a, respectively. Their 

neuropharmacological profiles are briefly disclosed. 

, ,  CO H 

HOzC H~ . NH 2 H H NH2 

l a  CCG-I (n = 1, mGluR2 agonist) 
l b  CBG-I (n = 2) 

2a CCG-III (n = 1, transport inhibitor) 
2b CBG-III (n = 2) 

The key to the synthesis was a stereosetective construction of the 4-membered ring onto the known 

y-lactam 3, 3 since photocycloaddition of ~,[~-unsaturated-y-lactam with an olefin has not been well documented 
, 4 except the Meyers protocol. Fortunately, this process was accomplished by irradiation (450 W high-pressure 
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mercury lamp, Pyrex filter) of 3 with ethylene in acetone to give a mixture of cycloadducts in 68% yield (4a : 

1S,5R-isomer 4b = 11 : 1). The structure of the major isomer 4a was determined to be (1R,5S)-isomer by its 

IH NMR data and extensive NOE experiments, s In view of the stereoselectivity, it was of interest to examine 

the cycloaddition of T-lactam 56 possessing a fused bicyclo[3.3.0]octane system. The reaction proceeded 

smoothly under the same reaction conditions as above to give a mixture of cycloadducts 6a and 6h albeit with 

somewhat disappointing stereoselectivity (6a : 6h = 3 : 1).7'8 These results suggest that the cycloaddition of 

ethylene occurred from the sterically less hindered 13-face. The poor stereoselectivity observed in 5 would be 

attributed to the presence of a planar amide bond which increased the degree of the attack of ethylene from 

the sterically more hindered concave face. Photoenolization of the CC-double bond to y,8-position is rarely 

observed in the carbocyclic systems. 9 Contrary to Meyers' example, 4a both 3 and 5 possess an enolizable 

proton at the T-position. Therefore, we examined whether the reaction was accompanied by racemization (i.e., 

photoenolization) at the T-position. Thus, the reaction of 3 was quenched after 2 h, and was found to be 

composed of a mixture of the cycloadducts 4 (48%) and the starting material 3 (31%). The optical rotation 

value of the recovered 3 [[tx]280 -175.2 ° (c 0.8, CHC13)] was identical with the starting 3 [[tz]25 D -175.6 ° (c 

0.9, CHCI3)]. 3 In the case of 5, 6 the major adduct 6a was converted into 4a whose [ct] D value was completely 

identical with the authentic material 4a derived from 3. 7 These facts clearly indicated that an unfavorable 

racemized product was not involved in the cycloadducts.10 
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a(a) CI-I2--CH 2, hv, acetone, 0 °C, 6 h. (b) catalytic amount of LiOH, MeOH, room temperature, 21 h. (c) Dowex 50W x 4 (H ÷ 
form), MeOH, room temperature, 18 h. (d) (1) PDC, DMF, room temperature, 21 h; (2) CH2N 2, Et20, room temperature. (e) 
catalytic amount of d/-camphorsulfonic acid (CSA), 2,2-dimethoxypropane, CHzC12, reflux, 8 h. (f) 1.3 equiv KN(SiM%)2, TI-IF, 
-78 °C, 30 min, then -5 °C, 5 h. (g) (1) 1 NNaOH, THF, room temperature, 20 h; (2) TFA, CH2Ct 2, 0 °C, ! h; (3) Dowex 50W x 4 
(H ÷ form), elution with 1 N NFI4OH. 
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Next, we turned our attention to the syntheses of the target amino acids from the major isomer 4a. 

Methanolysis of 4a underwent smooth lactam-opening to give in 93% yield methyl ester 7 which, upon acidic 

treatment (Dowex 50W x 4, H + form), afforded 8, a common synthetic intermediate for both l b  and 2b. Then, 

the alcohol 8 was converted into dimethyl ester 9 with (i) pyridinium dichromate (PDC) in DMF and (ii) 

diazomethane (73% in three steps). Finally, the protecting groups were removed by a routine procedure ((i) 1 

N NaOH and (ii) trifluoroacetic acid (TFA)) to give in nearly quantitative yield the folded type of a glutamate 

analog, CBG-III (2b): mp 164-165 °C; [~]2° D +3,7 ° (c 0.49, H20). II To synthesize the extended type lb ,  we 

attempted an inversion of the configuration of the carbomethoxy group starting with 8. Since the presence of 

the unprotected amide proton and a hydroxyl group was found to prevent the inversion, t the compound 8 was 

initially protected with an acetonide group to give 10. The inversion was achieved with KN(SiMe3) 2 in THF 

to give the desired trans-substituted cyclobutane 11. This was converted to CBG-I ( lb)  in the same manner as 

those of 2b. lb :  mp 258-263 °C (dec); [~]2° o +97.1 ° (c 0.49, HzO). II 

Preliminary pharmacological assays of the synthetic glutamate analogs, l b  and 2b, were performed 

using cloned rat mGluR2, expressed on CHO cell. The extended type lb  inhibited intracellular cAMP 

production with ECs0 of 130 ~tM which was almost 17 times less potent than that of L-glutamate and was 

much less than that of CCG-I. l'2b'12 Although further pharmacological and conformational studies are needed, 

the present result suggests that the puckered conformation of the cyclobutane ring with a greater bond angle 

than the 3-membered ring places its polar binding functionalities to a little different position in comparison 

with those of CCG-I, resulting in a pronounced decrease of the activity. 

In summary, it was found that the photocycloaddition of the lactams 3 and 5 with ethylene proceeded in 

a stereoselective manner to give the [2+2] cycloadducts in good yield. The cycloaddition was successfully 

applied to the synthesis of conformationally constrained glutamate analogs l b  and 2b. Studies regarding 

conformational requirements of glutamate receptors using CCGs, CBGs and other carbocyclic analogs are in 

progress in our laboratories. 
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