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Abstract* LP-catalyzed hydrolyses of 4-cyanomethyl l-methyl veratry/- and (3-methoxy 
benzyl)succmates lead m high oprical yield to the correspondmg (Ff)-butanolc acrds. HLE- 
catalyzed hydrolyses of various methyl and cyanomethyf veratrykuccmates lead to mutures of 
pmpanoic and butanorc a[;Yds wth medium enanboselectlwty 

We have reported previously that optrcally actrve methyl- and bentylsucctnates could be 
obtamed by a Pig pancreatic kpase (PPL)-catalyzed hydrolyses of their racemates t Smce optically 
active (R)-veratryl-, (R)-(3-methoxybenzyI)succmates and 3-aryl-y-butyrolactones are useful 

Intermediates for the preparation of kgnans and alkaloids 2 we have tned the enzymatic resolution 
of the correspondmg racemlc succinates Up to now (S) and (R)-veratrylsucamc acrds l-methyl 
ester have been obtained by crystalllsatron of their salts with (S)- or (R)-a-methylbenzylamme3a 

and (S)-2-veratrylsuccmrc acrd has been synthetrzed by asymmetrlc hydrogenation of 
veratrylrdenesuccmrc acid usmg a ruthemum-BINAP complex3b Optically achve (3- 
methoxybenzyI)succmates denvatlves are still unknown, however (R)-(+)-3-(3-methoxybenzyl)-p 

butyrolactone has been obtained by tedious procedures 2cs 4 

Racemlc esters 3a,b and 4a,b have been prepared by methylatron (MeOH, H+) and 
cyanomethylahon (CICH2CN, Et3N) of hemlesters 2a and 2b obtamed by a previously described 

sequence 2a using Stobbe condensation of 3-methoxy- and 3,4-dlmethoxybenzaldehydes with 
dimethyl succmate followed by a palladium-catalyzed hydrogenation of the unsaturated esters la 
and 1 b.lsopropyl methyl dlester 5 was obtamed by reaction of hemlester 2a with dmzopropane5 

R 0 CHO 
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R=OMe ( R,S )_3a 
R=H L R,S Wb 
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Transformatlon6 of hemlester la Into Its regloisomer 6a allowed the preparation of the mixed 
ester 8a via the hemlacld 7a 

68 Rd.4 ?a 

R=CH&N Be 
CICH2CN/NEt3 

We found that ester 3a was very poor substrate of PPL, a-chymotrypsm, lipase Amano P from 

Pseudomonas sp (LP) and Candida cylmdracea llpase (CCL) However cyanomethyl esters 4a,b 
underwent a fast hydrolysis in the presence of LP These results are m agreement with the 
increased hydrolysis rate observed by Slh and al 7 in the Iipase-catalyzed reactions of 
cyanomethyl esters For less than 50% hydrolysis at pH=7 2 (pH stat technique) the acids (R)- 
2a,b were isolated with excellent enantiomenc excesses (eels) and the remaining esters (S)- 
4a,b were obtained with 65% ee 6 Our results are reported in table 1 The enantlomeric excess of 

“elmz;&N* 
Me~~;;~~eOJQf”U@(~e 

(R,S)-4a,b (S)-4a,b (Rpta,b 

butanolc acid (R)-2b was improved after another cyanomethylatlon followed by a second LP- 
catalyzed hydrolysis this acid was Isolated with an ee > 95% after 80% conversion 

With PPL, only ester 4b, unsubstltuted at the para position of the aromatic nng, was substrate, 
but the hydrolysis rate and the ee of the products are lower than those observed with LP 

The ee and absolute configuration of compound (R)-2a were determined by comparison of its 
[U]D with the Value of the literature ( lit 3a [a]~= +27O (c= 1 2, EtOH)) The ee was confirmed after 

reaction with diazomethane, by f H-NMR of the dimethyl ester in the presence of (+)-tns[3- 
(heptaftuoropropylhydroxymethylene) camphorate] europlum (Ill) (Eu(hfc)g) 

T&lel.I4~~eh@dysesofgas4s,b 

RfXlnlccndMts Esrs(S)4a,b Acxk(R)-2a,b 
Sutsrra Eqm Tm CmkusunYKkt ee [ati CaIf. Y&I ee [ati ccnf 

% % % % % 

4a Lp 50 42 
4b 47 

: :; : : z ::; R” 

( 1; to 

1: 
4a 

I4b IPPL 
1 I 

85 36 160 35 -22O S 1 30 75 +2a6’ R 
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HLE hydrolyzed mamly the R-isomer of 3a and PLE the S-Isomer In thts HLE-catalyzed 
reactron, each actd results indrscnminately from the hydrolysis of the two enantiomers since the 
hydrolyses of (R)-3a (prepared by reactton of dmzomethane with (R)-2a obtamed m the LP- 
hydrolysis) gave the same ratio of the two regrolsomers (R)-2a and (R)-7a With these two 
esterases, the enantroseiectrvity for hydrolysis of the ester function IS greater in a than in 3 of the 

choral center 
In order to mcrease the regio and the enantloselectnMy of the HLE-catalyzed hydrolyses we 

have examined the behavrour of esters 4a, 3aand 5, where the two ester functtons are different 
(see table 2) The hydrolysis of 4-cyanomethyl l-methyl succmate (R,S)-4a in the presence of 
HLE occurred faster on the cyanomethyl ester No enantroselectivtty was observed m the cleavage 
of this cyanomethyi ester function On the other hand, the hydroiysrs of the more hindered methyl 
ester group was enantloselectrve The hydrolyses of l-cyanomethyl 4-methyl succrnate (R,S)-3a 
led to the remammg diester devoid of optrcal activity This IS the result of the low regioselectlvity of 
the reaction and of the unusual reverse m absolute configumtron dunng the hydrolysm of the 
cyanomethyl ester functron Despite the presence of the carbocyanomethoxy group, the 
carbomethoxy ester group was preferentially hydrolyzed The presence of the larger mopropyl 
group in 4-isopropyl l-methyl succmate 5 favored the reaction at the hindered l-ester function but 
the regroselechvrty was low The enantioselectivrty of the hydrolysis of the two ester functions was 
low and no srgmficant improvement of the ee of the remammg ester was observed. 

In conclusion the absence of regioselecbvity in the esterase-catalyzed hydrolyses of verattyi- 
and (3-methoxybenzyi)succmates make these reactions synthetically useless However for the first 
time we have observed that the substrtution of a methyl group by a cyanomethyl one Inverses the 
HLE enzymatic recognltron of the choral center Besides a good enantroseiectrve resolution was 
obtained by Pseudomonas Ilpase-catalyzed hydrolysis of the corresponding 4cyanomethyi l- 
methyl esters leading to the R-hemiesters necessary to synthesize chlrai natural products 

Toamethanokso~(50ml)ofverabylsumncaodlmelhyles&r2a~(5g,177mnol)we~~addedlive 
dmpsofthronyldknds AkronenrghtatrekxthehMhanciwasckbiied WaW(30ml)wasMsdlothetes&eand 
them~Jrewase~wrthelhergx30ml)TheolganlcphasewaswashedHnlhaqueous5%~((20mL) 
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?-(3~aadl~ 

‘Ihe~aodlbwss~nsdedm~lmIhepresenaeof~u~ (10%) (5 h under 

~ncpressure)usngIhe~~pubWledbrlhe~nofaad2a2bY~kl95%~hemeslsrwas 

a soltd (pnsrns), n-q;: 77-78 “c 
lHNMR(CDC~),t+prn) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

32@3G0(m,2H),2.84-2.6O(m,2H),245(dd,J=2Oand6Hz,lH) 

wQ)(cfd 1745(s) 1720(s) 

MSmk(rd ant%) 252(M+,72),193(38),192(100),175(83),161(69),147(55),121 (83),91(W) 
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The tnmedum dssaibd brthe prepe&on ofsucunab 3a was used EsW3b, oWned tom hemesler 2b, 

waspu~bys~gelcolumnchmmabgraphy(etherhexane) Weld 8O%(oil) 
lHNMR(CDC@,Uppm) 724716(m,lH),6~~(m,3H),380(~3H),370(s,3H),3~(~3H);~ 

(m,2H),2.82-259(m,2H),243(dd,J=l6and4Hz,lH) 

ww(~‘) l~(vs)~l59w 

MSIT&I(IBI 1nt%)~266~,76),~(98),203(33),193(44),192(25),175(69),161 (100);147(53),91 0, 

T7(31) 

4bwasprepamdamoldngbthepmceduredesarkedfx4a StaMghomhemesW2b,esW4bwaslsdaled 

asanollah3rshcagelaUmchnabgfaphy(eiher) Y~ld % 
1HNMR(CDC13),6(ppm) 732(m,lH),695675(m,3H),468and466(ABsyst,J=t6Hz,2H);381 (s,3H), 

372@,3H);32&298(rn,2H),285262(m,2H),255240(m,1H) 

R(CQ)(arrl) 1740(s),1720(s~,~605(m),~590~m) 

MSrr&~(rel ant%) 291 (TW,100),231(50),175(48),161(47),121(99),91(75) 

Toverabylswonlcaod l+nethyies$rPa (lg,3.54mnol)wsaddedsbwiyan eihwal solubn ofdaaopropane 
5 unbl pelsslsnoe of the ted cobr lhe solufon was dned @k&04) and afbr compkle decobnzabon, was 

concenWiedundervaa~umThemxedesbr5 wasusedwlhoutpunk&onMheenqmskreadon Yield 98% 
Anal Calcd RrCl7H24Q,% C,6296,H,740,0,2963.R1und% C,6314,H,729,0,2952. 

‘HNMR(CDC~#@~~I) 6BO(d,J=8Hz,lH),670(d,J=8Hz,2H),5XX)(sepkq&J=5Hz,lH),398(s,3H) 

,3~7(s,3H),368(~3H),3282~(m,2H),276258(m,2H),238(dd,J=l5and5~lH) 

Wnead)(arr’) 17360,1650(w),15950 

tVSrrbb(~~I ant%) 324(M+&2),265(18),222(28),205(11),191(13),152(11),151 (100) 
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TheplDcedutd3dbedkUwsydhessofe5ler4awasussd SWingtomthe monoesBr7a,esW8a was 

Isolalsdasanollalersil~geloolumn~rwnal3graphy(elher) YW 85% 
Anal Cakzd fDrCl6Hl&N, % C, 59.81, H, 532,0,29m, N,4.36 Found % C, 5985, H, 596,0,2976, N, 

460 
1HNMR(CDC13),6(pprn) 685677(m,1H),673664(m,2H),473and47’0(ABsyst,J=16Hz,2H),390(s, 

3H),3~(~,3H),368(~3H),322-2~(m,2H);284-2~(m,2H),2~240(m,lH) 

Wccb)(~‘) 17350,1=(s) 
MSrnb(rel mt%) 291(100),231(53),192(32),161(70),121(94),91(86) 

of(( 

The~umsalt(R)-2cof2-(~~)awxrnlcaadl_methyl~r(R)-2b(ee=82%)was~ 
byaddibonofanaqueouspoassumhyd~~~on(40%)unllbaslclopheno~n Evapodonofthesoluent 
underhgh~umgawanod 

Cakwm chbnde (043 g, 33 mmol) wes c&oh& in metwo (40 ml) and cooled b -10 “c Sodium 
bonhydnde(036g,9~mmol)wasaddedin30mnulesat~~~Rl~bythesdubnofthepoBssum 
salt2c(prepafedRmlgof2b,39mnol)m5mLofe#anol(in~mnules)lhemxbrewadmed3hat-lOOCand 
2 h atroomlemperalrre Aisraarliccamon @H2)thesolventswe~~~,Iheresduewastakenupby~r(50 
mL)andIheprodude~~ether(5x20ml).Theorgarncphasewasdried(Na12SOq)aKfcoroenbaled~glve 

the kbne 9 which was punted by sltca gel akmn chfwnabgfaphy (ether) yield 0 660 g (80%) bb=1-52 (c= 2, 
CHC13,ee=82%),Et4[~~~4~(~12,CHCb,ee 

lHNMR(CDCl3),6(ppm) 725(m,lH),6.68(m,3H),415(dd,J=9and63Hz,lH),4D4(dd,J=9and62Hz, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
IR(neat) (cm-l) 1770 @VW hcbne) 
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