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Abstract: (R)-(+)-7-0x~rhicyclo/2.2.I]hr~~t-5-mr-r.~o-2-carboxylic ucid(ZR), which cun 
bc tmnsformvd into CNrb~)hydr~~tltP-.~ub,~~iINtYd monomer 5 uppropriate ji,r ring opening 
metr~thesis polymerizution (ROMP) was preporud by on mzymlitic kinetic rrsolutinn of7- 
oxrrbicycb[2.2.1]hrpt-5-rnr-~xo-2-cc~rhoxylic NCid mrthyl ester [(?)I] with thr lipcue 
.frOm Cmdi& Ru~o.w. Copyright 0 1996 Elsevier Science Ltd 

7-Oxanorbomene derivatives are readily accessible intermediates that have been used in the synthesis of 
both natural and non-natural biologically active molecules.’ With the advent of new developments in ring open- 
ing metathesis polymerization (ROMP) chemistry,* substituted oxanorhornenes have emerged as important pre- 
cursors for the synthesis of new materials.3.4 For example, ROMP of 7-oxanorhornenes displaying carbohydrate 
residues3*4 results in materials that potently inhibit the function of saccharide-hinding proteins.’ To continue our 
studies of multivalent protein-carbohydrate interactions, we required D 7-oxanorbornene derivative to which 
saccharides could easily be appended. Consequently, we have developed conditions for the synthesis of the non- 
racemic carboxylic acid 2R and its conversion to a suitable substrate for ROMP. 
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Scheme 1. Strurrgy,f?)r genrrrrting o.~~~~lnorO~)r~~cncs ji)r rlispltry of’chirtrl, non-rocrmic ligunrls. 

Several features of target 2R render it ;L utile precursor for the synthesis of carbohydrate-substituted poly- 
mers hy ROMP. The strained alkene in 7-oxanorbomene systems makes them excellent substrates for metathesis 
because their reactions are virtually irreversihle. In addition, hicyclic 12.2.11 systems are readily constructed 
through Diels-Alder reactions. For our studies, the saccharide attachment point for the bicyclic core must he in 
the exe orientation because ROMP of carhonyl-containing norbornene templates of the rntlo configuration fails. 
This failure is presumahly due to unfavorable chelation of the carhonyl oxygen with the metal catalyst.” Mono- 
mers generated from coupling of a saccharide to 7-oxanorhornene templates such as 2R can he used to synthe- 

size carbohydrate-suhstituted polymers. Neoglycopolymers derived from these substrates will have a density of 

one saccharide residue per repeat unit, and these derivatives can possess superior biological activities relative to 
those materials derived from monomers hearing two sacchuridc units.j” Although norhomene derivatives have 
been employed in some studies. we prefer to use the more hydrophilic oxanorhornene core because its increased 
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water soluhility affords polymers more suitable l’or biological studies. 
ROMPreactions using ruthenium catalysts generally produce structurally complex polymers.” The relation- 

ship between two repeat units in the polymer can difi’er by the stereochemistry of the double bond, tacticity of the 
backbone, and head-tail isomerism for the suhstituents in adjacent rings. In our initial studies, we employed 
diastereomeric mixtures of mnnomcrs as substrates in ROMP,‘L’ thereby generating materials that display sac- 
charide residues in B range of different orientations. The relationship between the structural variability afforded 

hy the use of diastereomeric mixtures of monomers and the potent activity of these neoglycopolymers is not 
known. To begin to dissect the various structural features of the neoglycopolymers. we sought to decrease the 

structural heterogeneity of the polymers by preparing ;L single monomer isomer. In previous studies, the attach- 
ment of a single saccharide residue to a bicyclic [2.2. I] system afcorded inseparable mixtures ofdiustcreomers;‘“34 
therefore, B method for generating a chiral, non-racemic oxanorhornene template prior to saccharide attachment 
was devised. Chiral, non-racemic 7-oxanorbornale derivatives have been generated by a variety of methods.‘-’ 
but no practical method was available for the production of derivatives to which saccharides or other recognition 
elements could easily he tethered. Ther&‘ore, we developed conditions for the synthesis of such a compound, 2R. 

Three criteria were important in developing a procedure to genemte the target hicyclic template: the method 
should be highly enantioselectivc, amenable to large scale, and convenient to perform. Enzymatic kinetic resolu- 
tions meet these criteria,“‘but previous workers have had little suxess resolving the related norbornenr: ester.Xd 
Despite these reported difficulties, the advantages ol’a kinetic resolution spurred us to examine this strategy. The 
substrate for resolution, compound 1, is readily produced hy a zinc iodide-catalyzed D&-Alder reaction of 
furan and methyl acrylatc,” which affords a 3: I mixtm’t: of separable c.xo to mrlo diastereomers. A variety of 
enzymes were screened for their ability to hydrolyze 1 cnantioszlectively. I2 Our survey identified a lipase iso- 
lated from Cundida Rugosr/ (also referred to as Crrnditlrr Cylinrlrrrcrrr) supplied hy Meito Sangyo as a suitahle 
candidate. When the hydrolysis reaction was run to 60% completion, un enantiomeric excess of 92% was ob- 
tained for the remaining methyl ester 1R.‘2.17 The progression of the hydrolysis reaction was monitored by 
comparing the intensities of the methyl ester singlets arising from (+)l, as these signals could be separated using 
Europium tris[.?-(tritluorometl~ylhydroxymzthylene)-(+)-camphorate] in a ‘H NMR-shift experimentL4 The ki- 

netic resolution can he run on multigram scale, and the ester 1R can easily he isolated hy extraction with 
dichloromethane; therefore, this protocol provides a convenient method for production of the desired compound 

although the enzyme is only moderately enantioselective (the cnantiomer ratio for the lipase is calculated to be 
ll’““).The desired acid was generated by saponification of 1R with lithium hydroxide in THF to afford 2R in 
84% yield.xd,‘5 

The absolute configuration of‘ 2R was assigned hy its conversion to the known compound (S )-7-m&~- 

oxahicyclo[2.2.l]hept-5-ene-2-carhoxyli~ acid.’ The resolved oxanorhornene derivative, lR, was treated with 
sodium methoxide to epimerizc: the center hearing the ester group. After isolation oC the rnrlo isomer. the result- 
ing ester was saponified to tht: afford (S )- 7-mrl~~-oxabicyclo[2.2.l]hept-5-ene-2-carhoxylic acid as determined 
by its optical rotation. ’ I6 The observed preference for hydrolysis of the 1S enantiomer by the C~ndkfu rllgO.WJ 

lipase is consistent with the empirical rule advanced by Ahmcd rf ml.” 
Chiral acid 2R serves as a precusor for the synthesis of neoglycopolymers, as demonstrated by its efficient 

transformation into the carbohydrate appended ROMP substrate 5 (Scheme 2). Attempts to directly couple 4 to 
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carhoxylic acid 2R were complicated hy the insolubility of 4 in non-polar solvents at low temperatures. When 
2R was activated with I-(3-dicthylaminopropyl)-3-ethylcarhodiimide hydrochloride (EDCI) at room kmpera- 
ture, the desired product was contaminated with those derived from retro Diels-Alder reaction. To circumvent 
this difficulty, 2R was activated and trapped at low temperature using pentatluorophenol to yield activated ester 
3.t’ Further purification of 3 could he achieved hy crystallization, which resulted in material with an enantio- 
merit excess greater than 99%. I’) Subsequent, amide hond formation with 42” proceeded smoothly to obtain 5.2t 
Template 5 can he used for the synthesis of a unique class of materials, which display sulfated saccharide resi- 
dues in a multivalent array. 

2R - 
KMethylmorpholine, DMF 

Scheme 2. Synthesis of crrrl~~)hy~lr~~tr-sul7sritlrtrrl ROMP ,substr~rtr,firr thr prduction of neo~1ycol~~)ly~nrr.s. Abbre- 
vintions nre: F’fiOH, p~nt[~~uorollhmol; EDCI, I -(3-tli~th~~l~~min~~~~~~~~~~~l)-3-rth~~l~~~r~~~~~lii~~~i~l~ hydrnchloridr) 

We have developed a method to synthesize a single cnantiomzr of 7-oxanorhornent: derivatives, such as 3, 
to which chiral non-racemic recognition elements can he appended. The resulting compounds can .serve as useful 
precursors to natural and non-natural products.’ For example, compound 5, which hears a sulfated galactose 

residue, can he used to synthesize neoglycopolymers using ROMP. Materials derived from the reaction of these 
monomer units will facilitate the elucidation of structure/function relationships in multivalent protein - carhohy- 
drate interactions. 
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