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Abstract: The synthesis of diastereomeric 4.5-methano-L-proline 3-acetic acids is described starting 
from D-serine. The key reactions include a free-radical carbocyclization and an acid-catalyzed 
destannylative cyclopropanatian of an iminium ion intermediate. 
Copyright © 1996 Elsevier Science Ltd 

The synthesis of biologically relevant or-amino acids in which the carbon skeleton has been rigidified 
has been an area of active research for some years. 1 2,3-Methano amino acids, also known as "methanologs" 
have attracted considerable attention in this regard. 2 Many of these compounds were prepared with the 
intention of probing spatial, conformational and functional features of the natural substrates at their 
biological receptor sites. Methano 2,3 and related 4 analogs of L-glutamic acid have been of particular interest 
because of the importance of this amino acid in the CNS. Indeed, the glutamate receptor is considered to be 
an important target in the quest for therapeutically effective drugs in the cardiovascular and related areas 5 
Cyclopropane it-amino acids are also natural products 2 or components of more elaborate structures.6 

Receptors to excitatory amino acids include among others, those that have an affinity to a-kainic acid 
1, 7 which, viewed in a different perspective, can be considered as a constrained L-glutamic acid 3. Indeed, in 
addition to a plethora of total 8 and partial syntheses 8 of ¢t-kainic acid 1 and al lo-kainic  acid 2, there are 
several reports of kainoid analogs8, 9 aimed at finding new bioactive compounds in this series. 

We report in this Letter, the design and synthesis of structurally novel 4,5-methanoproline 3-acetic 

acid analogs 4 and 5 in enantiomerically pure form (Figure 1). Examples of methanoprolines are rare, 10,11 
and to the best of our knowledge compounds like 4 and 5 which are structurally and stereochemically related 
to ¢t-kalnic and a//o-kainic acids, are unprecedented. 

Figure 1 

1, ot - kainic acid 2, allo-kainic acid 3, L-Glutamic acid 4, R=H 5, R=H 
41=, R=vinyl 5It R=vinyl 

In order to have access to both isomers 4 and 5, we chose a method of synthesis that produced 

stereoisomeric intermediates from a common precursor (Scheme 1). D-Serine 6 was elaborated upon by a 
series of standard manipulations to give the diene 8. Treatment with trimethyhin hydride 12,13 led to a 
mixture of pyrrolidinones, which could be separated into the three isomers 9a, 9b, and 9c after conversion to 
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the N-boo derivatives and column chromatography. 14 The stereochemical outcome favoring the major trans- 
isomer 10a has been rationalized based on the prevalence of a late transition state. 11.15 

In a key transformation, the lactam was sequentially reduced to the hemiaminal, then treated with 

acid to give the 4,5-methano derivative 10 via interrnolecular alkylation of the corresponding N-Boc iminium 

ion. 11 Subsequent steps relied on functional group manipulations to afford the diester 11 which was in turn 
hydrolyzed to the crystalline 4S,5S-methano-3S-carboxylmethyl-L-proline, 5. An X-ray crystal analysis 

provided conclusive proof for its structure and stereochemistry. 

The isomeric 4R,5R-analog 4 was prepared in a similar manner, to give an amorphous product, whose 

stereochemistry was rigorously assigned by detailed n.O.e, studies. 

Scheme 1 1. Boc20 
2. CH2N2 1. TFA, CH2C12 \ ' ~  
3. TBDPSCI D-Serine ~ R .,~.~;O2M e 2. acryloyl chloride 
4. Dibal then, " 64 % O N ~ C H 2 O R  
(CsH5 }BP=CHCO2Me ~HBoc H 

[~D+9.4 ° 
6 R = TBDPS 7, 70*/. 8 (c1.1, CHCI3) 

>~nMe3 ?nUe 3 ?nMe3 
1. M~SnCI, t-BuOH, reflux; ~/ .---~.(~..M° 

slow add'n NaCNBH 3 ~ ~ v_~..v ~,. .."--CO:L~Me " . ~ t ~ - - C O 2 M e  
AIBN, MeOH, 76% -- ~ ~ / " ~  "" 

2. Boc20, DMAP ~ O'~"'~I~I./"~CH2OR + O ~ I ~  '~'CI-12OR + O~'"~N,/~"CH2OR 
Et3N, CH3CN, 90*/. Boc I ~  ~oc 

ratio 9a,b,c - 6:1:1 9a 9b 9c 

..--CO2Me 1. TBAF, THF .~'~GO2Me 1. KOH, MeOH 
1. LiEtsBH, THF ~ 2. CrO 3, H2SO4 ~ 2. TFA, CH2CI2 
2. TFA, CH2CI2 ' ~ C H 2 O R  3. CHL~I 2, Et20 ~ ~ c . , , ~ _ , O  3. Ion exchange resin 

911 67 % ~ 71% 2Me 65% 

~.-.CO2H ,-.--.CO2H 

CO2H "-" 9b ~ H 

S 4 

mp 201-205°C (dec.) [O.]D +67 ° (c 0.69, CHCI a) 
[a]D +26.4* (c 0.28, CHCI3) 

The radical carbocyclization reaction can also be done on an extended dicnic system 12a which can 
eventually lead to the functionalized 4,5-methano analogs 4a and 5a (Figure 1). 

The readily available diene 12 was subjected to the free radical carbocyclization reaction to give 
mainly the all-trans-pyrmlidinone which was isolated as the N-Boc derivative 13 (Scheme 2). Quenching 
the potassium dienolate of the all-trans-isomer 13 with dibenzylmalonate 16 as a proton source led to the 

isomeric product 14 as the major product. Formation of the N-Boo iminium ion by the method described 
above led to the vinyl cyclopropane 15 which was in turn converted into the a-kainic acid congener 4a, 
isolated as an amorphous solid. Application of the same methodology to the isomeric 13 gave 5a, also 

isolated as an amorphous solid. The structures in this series were unambiguously established by detailed 
N.M.R. studies and by an X-ray crystal analysis of 16. 
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Scheme 2 
nMe3 I riMe3 

I" "~"~'COLiH ~ 3021Vle 2.1" Me3SnC" NaBH 3CN ~....~ 02MeAIBN,BOc20,I'BuOH'DMAP reflux), ~O:,Me 

1. KHMDS 
12 R = TBDPS 13 1, 14 2. dibenzyl malonate 

1. UEtaBH, THF . . . ¢ ' - - C O 2 M e  1. TBAF, THF ..--CO2Me 1. KOH, MeOH 
2. CrO~, H2SO 4 ~ ,,,,._.~¢" 2. TFA, CH2CI 2 

2. TFA, CH2C~ ~ "l':~ff,1.N. ~ 3. CH2N2, EtL~O 4 P" - ' '~I  • 3. Ion exchange resin 
14 86 % I I-~OR 34 % ~ "~/-"CO-J~e >80% i, 

Boc [~D-14.9 ° Boc [o¢]0-5.0 ° 
15 (c0'7, CHCI3) ° ~  ° 16 (c0.2, CHCI3) 

rap. 66-69°C (dec.) 

...---C02H .----CO:L~-I 

CO.~H O2H 

H 
4a 16 o . ~  Sa 

Compounds 4, 4a, 5 and related amino acids from another series 11 were tested for their binding as 
antagonists and agonists in five receptor assays. 5a Unfortunately, no significant binding affinity was found 
at 1 I.tM in the DCKA (3H-5,7-dichlorokynurenic acid) assay for the glycine recognition site of the NMDA 
receptor. When tested in the AMPA, kainate, and other receptor binding assays at concentrations of 1 I.tM 
and l0 pM, again, activity was surprisingly low compared to standards. 17 

Clearly, the structural requirements for effective binding to these receptors have not been satisfied by 
our methano analogs in spite of their novel structures. The lack of activity in the kainate receptor and the 
glutamate recognition site of N-methyl-D-aspartate receptor (CGP 39653) are reflective of the lack of our 
understanding for specific spatial requirements and hydrophobic interactions of the appended cyclopropane 
in analogs 4, 4a, 5 vis-a-vis the 2-propenyl group in (x-kainic acid itself. 

We are presently developing alternative, highly stereocontrolled methods for the synthesis of 
conformationally constrained analogs of L-proline and L-pipecolic acid. These should find specific 
applications in the design of peptidomimetics aimed at probing enzymatic reactions that involve cis/trans 

amide-bond isomerization 18 such as in the immunophilins, 19 as well as in the study of secondary and tertiary 
local structures of certain peptides. 20 
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