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Abstract - Both enantiomers of title acids 5 were synthesized from mono-ester rat-1. An alternative approach via PLE 

catalyzed hydrolysis of a meso diester is described too. 

Camphor derived C-3 substituted biiyclo[2.2.l]heptan-2-01s have proven to be very efficient chiral auxiliaries for 

asymmetric synthesis I. 

Searching for chiral conducting salts which would be able to act as nucleophiles towards electrcchemically generated 

radical cations 2, there was interest in having access to carboxylic acids structurally analogous to the alcohols mentioned 

above. Since it was envisioned to synthesize these acids by ring-opening of ylactone9a4, chiralitycould beset up by resolution 

of a suitablediacid mono-ester precursors, by discrimination between enantiotopicgroupsof a meso starting compound, using 

an enzymatic 3, as well as a non-enzymatic e procedure, or via a Diets-Alder reaction of cyclopentadiene with a chiral 

dienophile ‘vl. The need to have both enantiomers of 9 available in large amounts was decisive in applying the resolution 

approach and in examining the potential use of a hydrolase 8. 

Scheme 1 shows the synthesis of the desired acids (+)-a and (+)-a from mono-ester (-)-I, prepared by resolution 

of rat-1 with ephedrine 6. 
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a: Na, NHJ, EtOH, -76 ‘C, acidic workup, 61 %. b: H,. 10 % Pd on C, MeOH, tt, 100 %. c: RS-Na, DMF; for R = Ph: 

100 ‘C. 61 %; for R = i-Pr: tt, 64 %. d: oxone, MeOH I H,O. pH 6. rt; for R = Ph: 96 o/o; for R = i-Pr: 100 %. 
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Chemoselective metal-ammonia reduction 5of (-)-lwith [cI],~ = -8.1’ (Ccl,, c = 4.9), followed by acidic workup yielded 

u nsabl-&& +&a~ {+*Z.23”X, w\tiLh ~ph?s h&~*i~* ;u {+ j-3 3.? R&TEl_nti ,+~0ti~5& {+>a ~UIX&& s,tih+j 

and without concomitant epimerization a to the hydroxycarbonyl group when one equivalent of a sodium thiolate 9 in DMF 

was applied. Inorderto havea bulkyandoxidativelystable3-endosubstituent, (+)-hand (+)-&weretransformed tosulfones 

(+)-&XX&+&&, f&Y?,XG+&& &&&$Y?X~ ‘? &a, ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

medium. Conversion to the corresponding tetrabutylammonium salt was exemplified in case of acid (+)-a. Stirring this acid 

with one equivalent of tetrabutylammonium hydroxide in methanol at room temperature and subsequent concentration 

furnished the pure salt of (+)-3 quantitatively. Starting from (+)-Is, (-)-a and (-)-a were prepared by the same route. 

A peculiar observation was made when (+)-I with [a],20 = +8.2’ (Ccl,, c = 4.9) was treated successively with oxalyl 

chloride at room temperature, sodium borohycfride in ethanol at -40 ‘C. and 6N HCI at room temperature. Here, la&one 

(+)-2 was obtained reproducibly with ee = 0 - 2 %. Whatever the reason for this unexpected result, the intermediate methyl 

(2s. 3R)-cis-endo-3-(hydrmethyl)~~yc~2.2.l]hept-5-e~-2-~~xytate can be isolated in opttitty pure term 5. 

The catalytic approach towards the enantioselective preparation of lactone 3 with the aid of a hydrolase is illustrated 

in Scheme 2. 

Scteme 2 

a: pig liver esterase. aqueous phosphate buffer pH 7 / acetone, rt, 77 %. b: H,, PtO,, EtOAc, rt, 87 %. 

c: Na, NH,, EtOH, -7s ‘C. acidic workup, 75 %. 

Meso diester 6 I1 was subjected to PLE catalyzed hydrolysis. Maintaining pH 7 throughout the reaction course by 

drcqwise aa?i&~~ OI’ZN Naff~,cam~&e carrwersia~ta (- (-~~2wasac~iwed wtiW~5(ratmamkmr@mttm. H&qmzrham 

of (-)-Zto (+)-a I3 was always accompanied by some production of a trans-isomer of a j4, the best conditions found being those 

m~~~b_csJCIpJrrRi?~~~b8:~~-~~=-B1: :s5.1W~~-~~~~~~j-8rlrb~~~3-.~~~.~~ 

enantiomeric excess, thus making the resolution method the route of choice. 
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It is interestingtocomparethepig liveresterasecatalyzed transfonnationoffiwlththecorresponding reactionsof mesc 

diestets 9 and jQ with PLE. While cis-endc S suffers no hydrolysis at all I6 and cis-exo 1p is saponified virtually non- 

stereoselectively j5, a geometrically intermediate disposition of the ester groups as in 6 now allows for fast hydrolysis with 

significantdiscriminationbetweentheenantiotopicesterfunctions.ThestereochemicaloutcomeofthePLEcatalyzed reaction 

of 6 to (-)-Z illustrates the enzyme’s sensitivity towards a structural modification of a substrate far from the reactive site, since 

Lla is known to yield (-)-u lo under similar conditions. 

With the acids (+)-5 and (-)-sat hand, some experiments were run to see as to whether the carboxyl group could be 

derivatlzed without epimerization at C-2. 

Scheme 3 
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a: Ph,P, EtO,C-N=N-CO,Et, (E)-2-butenol, THF. rt. 66 %. 

Accordingto Scheme3, acid(-)-awas esterified totrans-crotylester(-)-j2. Usingthefvtitsunobu method”, pureendo- 

ester (-)-a was obtained, whereas application of the DCCIDMAP procedure ‘a to (+)-a and (E)-Bbutenol gave 10 % exo- 

ester along with the desired product. 

EXPERIMENTAL 

General remarks - Flash chromatography was performed on silica gel 40 - 63 urn (Merck). HPLC separations were performed 

with a Knauer 64 pump, a Knauer differential refractometer and a 25 cm Knauer Polygosil60 (5 pm) column, 3.2 cm i.d.. 

Capillary GC analyses were performed with a Shimadzu GC-SA, a Shimadzu CRBA integrator and a 25 m OV 225 CB column, 

0.25 mm i.d., 0.25 urn film. Melting points were determined on a Kofler microscope-desk. Optical rotations were measured 

with a Perkin-Elmer 241 polarimeter. 

IR spectra (Shimadzu R-408): absorption frequencies reported in cm-‘, solvent CHCI,. ‘H NMR spectra (Bruker WM 300,300 

MHz) and 13C NMR spectra (Bruker WM 300, 75.47 MHz): chemical shifts in ppm relative to tetramethylsilane, coupling 

constants J in Hz, solvent CHCI,, 13C multiplicitiesweredetermined using INEPTpulsesequences. Massspectra(Varian MAT 

CH-7A, Finnigan MAT 8230, Finnigan MAT 312; 70 eV): signals given in m/z with relative intensity (%) in brackets. 

Pig liver esterase (EC 3.1 .l .l) was obtained from Sigma. 

(2S, 3R)-cis-endo-3-(Hydroxymethyl)bicyclo(2.2.1]hept-5-ene-2-carboxylic acid lactone ((+)-a: A solution of (-)-I 5 

(1 .OO g, 5.10 mmol) in ethanol (3 ml) was added to liquid ammonia (30 ml, distilled from sodium) at -78 ‘C. Sodium (0.80 g, 

34.8 mmol) was added in small pieces and the resulting mixture was stirred for 30 min at -78 ‘C. After addition of NH,CI, the 

ammonia and ethanol were evaporated and the residue was stirred with 6N HCI (10 ml) for 30 min at room temperature. The 

mixture was extracted with ether (3 x 20 ml) and the organic layers were dried over Na.$O,. The solvent was removed in vacua 

and the crude product was purified by HPLC (ethyl acetate I CH,CI, 1 : 9) to yield (+)-2 (470 mg, 61 %) as a white solid: 
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m.p. 120 - 122 ‘C (lik3 m.p. 120 - 122 ‘C; lif 7 m.p. 65 - 67 ‘C). - [aIDa = +145’ (CHCI,, c = 5.2) [liL9 [a],,= = +143.2’ (GHCI,, 

c = 5.2); fit.* [aIDs = +136’ (CHCI,, c = 1 .OO); fit. ’ [a&= = +147.52’ (CHC4, c = 0.52)]. - IR: 1745 (C-O). - ‘H NMR: 1.47 (br. 

d, J=6.6,1 H), 1.65(br.d, J=6.6,1 H),3.05-3.16(m, 2H) including3.lO(br. s),3.25(dd, J ~9.2, J=4.6,1 H),334(br. 

s, 1 H), 3.60 (dd, J = 9.7, J = 3.1,l H), 4.29 (dd, J = 9.7, J = 6.5, 1 H), 6.26 - 6.34 (m, 2 H). - MS: 150 (9, M*), 91 (26), 65 

(63), 67 (42), 66 (loo), 65 (42). 

(2S, 3R)cls-endo-3-(Hydroxymethyl)blcyclo[2.2.l]heptsn~2~a~o~lic acid lactone ((+)a: (+)-2 (300 mg, 2.00 

mmol) in methanol (10 ml) containing a catalytic amount of 10 % Pd on C was hydrogenated under H, (1 atm) at room 

temperature overnight. After filtration through cefite to remove the catalyst, evaporation of the solvent in vacua left (+)-a (303 

mg, 100 %) as a white solii. HPLC (ethyl acetate I CH,CI, 1 : 9) provided an analytical sample: 

m.p. 140 - 142 ‘C (lit3: m.p. 145 - 146 ‘C). - [alD2O = +152’ (CHCI,, c = 0.65) [lit.? [a],= = +123.7’ (CHCI,, c = 0.64); lit. 4 

[a],,= = +153.26’ (CHCI,, c = l.Ol)]. - IR: 1755 (C=O). - ‘H NMR: 1.40 - 1.65 (m, 6 H), 2.37 (br. s, 1 H), 2.67 (br. s , 1 H), 

2.62 - 2.93 (m, 1 H), 2.96 (dd, J = 11.4, J = 5.6, 1 H), 4.21 - 4.34 (m, AB of ABX with 6, = 4.30,6, = 4.25, J,, = 10.0, J, = 

6.4, J,, = 2.7.2 H). - MS: 152 (0.6, M+), 65 (50), 60 (25), 67 (25), 66 (100). 

(2S, 3R)cigendo-3-(Phenylthiomethyl)blcyclo[2.2.l]he~a~-2~~oxyl~ acid ((+)a: Thiophenol (1.05 ml, 10.2 

mmol) was added at 0 ‘C to a suspension of sodium hydride (240 mg of 99 % purity, 9.90 mmol) in DMF (5 ml). After stirring 

at room temperature for 10 min, the resufting solution was treated with a solution of (+)-a (1.52 g, 9.99 mmol) in DMF (5 ml). 

The mixturewasstirred at 100’Cfor4 h,cooled toroomtemperature, andthencold 2N HCI (50 ml) was added. Afterextraction 

with CH,CI, (4 x 30 ml), the organic layers were dried over Na$O,. The solvent was removed in vacua and the crude product 

was purified by flash chromatography (ethyl acetate I hexane 1 : 2) to yield (+)-& (2.13 g, 61 %) as a white solii: 

m.p.64-65’C.-[a],20=+55.8’(CCI,,c=1.6).-IR:1710(C~O). -1HNMR:1.3-1.5(m,4H),1.56-1.66(m,1H),1.73- 

1.64 (m, 1 H), 2.24 - 2.37 (m, 1 H), 2.41 (br. s, 1 H), 2.56 (br. s, 1 H), 2.66 (br. dd, J = 4.1, J = 11.2,l H), 3.06 (dd, J = 9.4, 

J = 12.9, 1 H), 3.42 (dd, J = 7.1, J = 12.9,l H), 7.1 - 7.4 (m, 5 H). - MS (GUMS of methyl ester prepared by treatment of 

(+)-&with CH,N,): 276 (6, M+), 245 (2). 166 (9). 167 (loo), 135 (14), 107 (45), 79 (37). - MS (high resolution): 262.1030 (M+) 

(calculated for C,,H,,O,S : 262.1027). - Analysis: C,,H,,O,S (262.4) Calcd. C 66.66 H 6.92 Found C 66.52 H 6.92. 

(2S, 3R)cissndo-3-(2-P~pyIthlomethyl)blcyclo[2.2.l]heptan~2~a~~lic acid ((+)-9b): Isopropyl thiol(310 d, 3.34 

mmol) was added at 0 ‘C to a suspension of sodium hydride (76.3 mg of 99 % purity, 3.23 mmol) in DMF (1.5 ml). After stirring 

at room temperature for 15 min, the suspension was treated at 0 ‘C with a solution of (+)-a (492 mg, 3.23 mmol) in DMF (1.5 

ml). The mixture was stirred at room temperature overnight and then worked up as described for (+)-&. The crude product 

was purified by HPLC (ethyl acetate ! hexane 1 : 3) to yield (+)-a (474 mg, 64 %) as a waxy material: 

[a&m = +20.7’ (Ccl,, c = 1.6). - IR: 1705 (C-0). - ‘H NMR: 1.25 and 1.26 (2 d, J= 6.7 each, 6 H), 1.35 -1.55 (m, 4 H), 1.55 - 
1.69 (m, 1 H), 1.71 -1.65 (m, 1 H), 2.20 - 2.32 (m, 1 H), 2.37 (br. s, 1 H), 2.54 (br. s, 1 H), 2.69 (dd, J = 9.6, J = 12.1, 1 H), 

2.63 - 2.99 (m, 3 H). - MS (GCNS of methyl ester prepared by treatment of (+)-a with CH,N,): 242 (32, M*), 199 (37), 167 

(loo), 139(46), 107 (47), 79(42), 43 (69),41 (96).-MS (highresolution):226.1164(M+) (calculated forC,,H,O,S: 226.1164). 

- Analysis: C,,H,O,S (226.4) Calcd. C 63.11 H 6.63 Found C 63.22 H 6.77. 

(2S, 3R)cisendo-3-(Phenylsulfonylmethyl)blcyclo[2.2.l]heptan~2~a~o~llc acid ((+)-a): A solution of oxone (6.63 

g, 22.2 mmol KHSO,) in water (30 ml) was buffered to pH 6 with Na,HPO, and then added to a solution of (+)-a (1.94 g, 7.39 

mmol) in methanol (30 ml), cooledto ‘C. Afferthe mixturewas stirredat roomtemperaturefor4 h, water (100 ml) was added, 

and methanol was removed in vacua. The aqueous residue was extracted with CH,CI, (3 x 60 ml) and the organic layers were 

dried over MgSO,. Removal of the solvent in vacua left (+)-a (2.06 g, 96 %) as a waxy material. The corresponding methyl 

ester (CH,N,) was homogeneous by capillary GC. Flash chromatography (ethyl acetate I hexane 4 : 1) provided an analytical 

sample of (+)-a: 

[aIDa = +43.6’ (Ccl,, c = 1.9). - IR: 1715 (C=O), 1320 and 1160 (SO,). - ‘H NMR: 1.3 - 1.7 (m, 6 H). 2.40 (br. s, 1 H), 2.57 - 
2.74 (m, 2 H) including 2.61 (br. s), 3.02 (dd, J = 4.3, J = 11.0, 1 H), 3.20 (dd, J = 5.7, J = 14.0, 1 H), 4.03 (dd, J = 6.5, J = 

14.0,1 H),7.5-7.75(m,3H),7.65-6.05(m,2H).-13CNMR:21.72(CH,),24.13(CH,),35.27(CH),39.~(CH,),41.76(CH), 

41.91 (CH),45.26(CH),54.55(CHz), 127.66(CH), 129.26(CH), 133.57(CH), 139.65(C), 179.16(C). -MS(GC/MSof methyl 
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ester prepared by treatment ot (+)-&with CH,N,): 308 (0.2, W), 277 (6), 276 (4), 167 (loo), 136 (21), 107 (69), 79 (45). 

-Analysis: C,,H,,O,S (294.4) Catcd. C 61.20 H 6.16 Found C 61.33 H 6.12. 

(2S, 3R)-cisttndo-3-(2-Propylsulfonylmethyl)bicyclo[2.2.l]hsptan~2~a~~iic acid ((+wh): (+)a (278 mg, 1.22 

mmol) was oxidizedas described for (+)-&to yield (+)-a (316 mg, 100 %J as a white solid. The corresponding methyl ester 

(CH,N,) was homogeneous by capillary GC. HPLC (ethyl acetate I hexane 4 : 1) provided an analytical sample of (+)-a: 

m.p. W- ?DO‘IZ -ja),p=&Z ?‘&V.Z& c= 7.92 -1W?TZz5&+> ?Z@Sa?d??29~~z> -WNA#S~?.39&j 3=&a SAjJ 

1.42 -?..SE+n; S-!+, PlE+r.. c? ?. X); 3.u. $I: 3 ?* !q; 3.M -2.n $I?; ?. !.?j; LX+& -S?G$n; BXj; S&g!& :.=3+ L-?&3; 

1 H). -‘%CNMR: 15.13 (CH,). %29{CH,}, 21.31 (CH,}, 24.09ICH,},33.W(CH},34.31 {CH,}, 41.6D(CH}, 4~.85~CH},45.23 

(CH), 46.63 (CH,), 53.86 (CH), 179.15 (C). -MS: 243 (0.9, M - OH), 217 (0.8) 153 (100) 107 (54) 79 (47) 67 (41) 43 (68) 

41 (61). - Analysis: C,,H,O,S (260.4) Cafcd. C 55.35 H 7.74 Found C 55.51 H 7.78. 

Tetrabutylammonium aah of (+)-a: A solution of tetrabutylammonium hydroxide in methanol (0.81 M, 500 ul, 0.405 mmol) 

was a&i!& to a Q&&W Qt {+)-5a $553 m, 0.404 rnmQV in QWXIYQ~ $1.5 ti>, Q&Q& $0 0 ‘C. A%05 warrn\n9 $0 TQQm 

temperature, the mixture was concentrated in vacua to leave the tetrabutylammonium salt of (+&a (216 mg, 100 %) as an 

oil: 

[alD20 = +0.9’ (CHCI,, c = 1.0). - IR: 1565 (C=O). - ‘H NMR: 0.97 (t, J = 7.3, 12 H), 1.22 - 1.49 (m, 12 H), 1.52 - 1.73 (m, 

10 H), 2.34 - 2.50 (m, 3 H) including 2.37 and 2.46 (2 br. s), 2.78 (dd, J = 3.7, J = 11.4.1 H), 3.24 - 3.37 (m, 8 H), 3.63 (dd, 

J = 10.8, J = 14.8, 1 H), 4.19 (dd, J = 3.4, J = 14.8, 1 H), 7.45 - 7.65 (m. 3 H), 7.85 - 7.95 (m, 2 H). - j3C NMR: 13.23 (CH,, 

NBu;), 19.26 (CH,, NBu;), 22.20 (CH,), 23.51 (CH,, NBu;), 23.91 (CH,). 34.45 (CH), 39.41 (CH,), 40.28 (CH), 40.86 (CH). 

50.42><W.,55.3< ,~~~~..~.~s\~~~~~~~.,.. 4 i27.94>K+$ i26.54$&$ ?32.~$W,<.. i*.sS~K$ i7627$23. 

(ls).s{~~r~~{2.2.~j~2~~2-OEPTIW~~ e?cU {{-1-3: Tu a so&W. ut 6 ” {i .a4 g, 5.00 

mmcl[ in a&one (2~7 mr] and aqueous phosphate butYer pri 7 {a.a75M, Ma ml[ was added (IQ river esreraae (ra rng, 1600 

units). The mixture was stirred at room temperature for 5 h, while the pH was kept between 6.9 and 7.0 by dropwise addition 

of 2N NaOH. After acidification with 2N HCI (30 ml), the mixture was extracted with ethyl acetate (5 x 50 ml). The organic layers 

wersC4aeredCo,s~e~he~~~~~~~~,.E~~~~~the~~bn~~~~G~2(?50~,rT”~~~ 

a white solid. HPLC (acetone I hexane 3 : 1) provided an analytical sample: 

m.p. 100 -102’C (lit 12for rat-l.m.p. 108- 109’C). -[al0 2o = -9.3’ (CHCI,. c = 1.07). - IR: 1720 (C=O). - ‘H NMR: 2.12 - 2.21 

(m, f HI, X2- 2.5r prr, f i+, X55&, WI, $. rzt& s, r ?$, 4.28jti s, r i?j, &3i- 5Xr{nr, ,zHj. - iMSt?r@rrwso~~orr~:- rg+r,uT 

(M+) (calculated for C,,H,,O,: 194.0579). - Analysis: C,,H,,O, (194.2) Calcd. C 61.85 H 5.19 Found C 61.69 H 5.30. 

(2R, 3S)cissndo-3_(Methoxycarbonyl)bicyclo[2.2.l]heptane-2~a~oxylic acid ((+)-a: (-)-z (97.1 mg, 0.500 mmol) in 

ethyl acetale (5 ml) containing a catalytic amount of PtO,was hydrogenated under H, (1 atm) at room temperature overnight. 

After filtration to remove the catalyst, evaporation of the solvent in vacua left an oily product (94.0 mg, 95 %) consisting of 

91 % (+)-8 (see lit. I3 for rat-8) and 9 % trans-isomer(s) 14: 

[a]Dzs=+~.6’trZrXr,,c= f.Ur?jforffiemixfure.- ~WiWfR:f.35-~.rX(m.4ii~, ~.7-~.85(in.2H(,255andZ.~(2br.s, 

2 H), 2.96 (dd, J = 3.6, J = 11.8, 1 H), 3.03 (dd, J = 3.6, J = 11.8,l H), 3.63 (s, 3 H). - MS: 180 (19, M - H,O), 167 (36). 148 

(37) 132 (64) 114 (70) 67 (84) 66 (100). 

(_)-a from (+)a: The above mixture containing 91 % (+)-8 was subjected to sodium-ammonia reduction as described for 

(-)-1. HPLC (ethyl acetate / CH,CI, 1 : 9) yielded (-)-a (75 % on cis-endo starting compound) as a white sotii: 

[alD20 = -55.1’ (CHCI,, c = 1.09). - Spectral data as for (+)-a. 

(EWButenyl (2R,3S)cis-endo-3-(2p~pylsulfonylmethyl)bicyc~~2.2.l]heptan~2~~~l~e (0: To a solution 

of (-)-a (260 mg. 1 .OO mmol). tdphenylphosphine (262 mg, 1 .OO mmof), and (E)-Bbutend (108 mg, 1.50 mmol) in THF (4 

ml) was added a solution of diethyl azodicathoxylate (174 mg, 1 .OO mmol) in THF (1 ml). After stirring the mixture at room 

temperature for 17 h, the solvent was removed in vacua. Flash chromatography (ethyl acetate I hexane 1 : 3) of the residue 

yieldel, )-)-2 )2>3 mp, S990> as a cd~oufiess 6: 
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[alDm= -4l.&l’(CHCI,, C= 1.1). - IR: 1720 (C=O), 1295and 1120 (SO,),960 (C-C). -lH NMR: 1.34- 1.58 (m, 12H) including 

1.38 and 1.39 (2d, J = 6.9 each), 1.72 (dd, J = 6.4, J = 1 .l, 3 H), 2.44 (br. s, 1 H), 2.55 (br. s, 1 H), 2.69 (mO, 1 H), 2.95 - 3.13 

(m, 3 H) consisting of 2.99 (ddd, J = 11 .l, J = 4.3, J = 1.4) and 3.06 (sept, J = 6.9) and 3.06 (dd, J = 13.4, J = 6.5). 3.82 (dd, 

J = 13.4, J = 7.8, 1 H), 4.46 (br. d, J = 6.4,2 H), 5.57 (dtq, J, = 15.3, J, = 6.4, J, = 1.5, 1 H), 5.78 (dqt, J, = 15.3, J, = 6.4, 

J,= l.l,l H).-MS(GC/MS):243(64,M -OCH,-CH=CH-CH,), 153(100), 107(94),79(43),55(77),43(48),41(30).-Analysis: 

C,,H,O,S (314.4) Calcd. C 61.13 H 8.34 Found C 61.13 H 8.42. 
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