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Summarv: A short synthesis of the conformationally rigidiced spirocyclic-kainic acid 
analogue 2 is described starting from kainic acid. This relatively conservative change in 
the structure of kainic acid has been found to lead to a loss of affinity for glutamate 
recognition sites. 

Kainic acid is a potent excitotoxic agent which is capable of inducing brain lesions 
closely resembling those seen in Huntington’s disease and several other 

neurodegenerative disorders. 1 hair& acid, like other neuroexcitotoxins, appears to act 

via postsynaptic receptors, causing the neuron to depolarize repeatedly or persistently. 
While excitotoxtn induced neuronal cell death has been attributed to ATP depletion, 
such changes may occur downstream from initial cytosolic Ca++ increases which occur 

through voltage-independent ion channels. The dramatic changes in intracellular Ca++ 

levels may in turn overactivate certain ktnases and proteases resulting in eventual cell 

death.2 

In order to learn more about the kainic acid recognition site with the intention of 

discovering potent and selective kainic acid receptor antagonists, we have begun a 

program to prepare several derivatives of this molecule. Specifically, we have chosen to 

examine the preparation of analogues modtied in the vicinity of its isopropenyl group. 
Since a-allo-kainic acid (possessfng a reversed orientation of the isopropenyl side 

chain) and dihydrokainic acid possess less than 2% of the excitatory potency of kainic 

acid at the crustacean neuromuscular junction, it can safely be assumed that the 
isopropenyl appendage plays a critical role in binding and functional activation at the 
kainic acid recognition site.3 

Dihydmkainic Acid a-Allo-kainic A&d Kainii Acid (1) Oxotane 2 
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Consequently, we became interested in examining the effect of freezing the rotational 

motion of the isopropenyl group by constructing the spirocyclic oxetane 2. Selectton of 
this conformationally rigidi@ed analogue for synthesis was guided by the notion that the 

rot&tonal motion of the isopropenyl group mfght play an essential role in the signal 

transducing event, and that accordingly the rigid structure 2 mfght be incapable of 

eliciting a biological response through a complementary change in &and and receptor 

conformation.4 

Herein we describe an efficient synthetic route to the optically pure oxetane 
analogue 2 starting from kainic acid. Thts mute fs based on our dtscouery that the allylfc 

hydroxylation of a fully protected kalnic acid derivative proceeded with complete 

retention of stereochemistry at the C-4 stereocenter. 

Accordingly, kainic acid was first converted to the t-Boc protected diester 3 by 
reaction with t-Boc anhydride followed by diazomethane treatment.5 Next, the diester 

was reacted with tert-butylhydroperoxide and a catalytic amount of selenium diotide in 
CHzClz at room temperature for 40 h. A 55O/6 yield of the tertiary alcohol 4 was obtained 

as the major product (Scheme l).s 

Scheme 1. Synthesis of the Oxetane 2 

, 

(SO% overall) 
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Since the olefinic protons of the isopropenyl appendage appeared as two broad 

singlets in the 1H NMR. we assumed that the hydroxylation reaction had taken place 
with a-stereochemistry. This assignment is in accord with a suggestion that the cfs- 
relationship of the isopropenyl group and the acetic acid side chain results in steric 

compression which, in turn, is responsible for the different chemical shifts of the 
olefinic protons.7 In the 1H NMR of a-allo-kainic acid, these protons appear as a singlet. 
While we were unable to gather any substantive N.O.E. data in support of the 
stereochemical assignment, our speculation was fully confirmed by an X-ray analysis 
(Figure 1) of the diacid 8 prepared from 5 (uide tn34 by aqueous KOH/MeOH 
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Flolve l-A- Drawing of Alcohol 8 
With Hydrogen Atoms omitted for Clarity. 

treatment. The stereochemical outcome of the allylic hydroxylation reaction can be 

rationalized by assuming that 12.31 sigmatropic rearrangement of the initially formed 
ene product, the seleninic acid 9. occurs exclusively opposite the bum P-oriented C-3 

appendage.6 

Se02 

3 t_BuOOH 

To procure the diol 5 required for preparation of the oxetane 2. the tertiary 

alcohol 4 was resubjected to the selenium dioxide/tert-butylhydroperoxide reaction 

conditions for seven days. The desired diol 5 was isolated from this reaction in 48% 

yield (66% based on consumed starting material). From diol 5. a facile route to the 

oxetane was now achieved. The diol was treated with methanesulfonyl 

chloride/triethylamine in methylene chloride at -25 ‘C. The resulting mono-mesylated 

product 6 was reacted in turn with potassium teti-butoxide in t-butanol/THF at 0 l C. 
The ring closed product 7 was isolated in 65W yield. The fully deprotected oxetane 2 
was generated by sequential treatment with aqueous potassium hydroxide to effect ester 

hydrolysis and then with formic acid to cleave the ted-butyloxycarbonyl group.**9 
To our knowledge, the present work provides the first recorded attempt of the 

synthesis of a conformationally rigidifled kalnic acid analogue. lo In binding experiments 

carried out to evaluate the afBnity of oxetane 2 for glutamate receptors of the kainate, 
NMDA (N-methyl-D-aspartate). or quisqualate/AMPA (a-amino-3-hydroxy-5-methyl-4- 
isoxazolepropionic acid) type, compound 2 exhibited an IC5o of > 100 m at each of 

these three sites. I1 Accordingly, it is clear that rigidification of the isopropenyl group 
by introduction of a single oxygen atom impairs receptor recognition for reasons 
relating to conformational. steric, or electronic factors. Other analogues of kainic acid 
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are now being synthesized in order to gain a better understanding of the topographical 

properties of kainate recognition sites which contribute to the loss of binding affinity of 

2. 
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