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Abstract- LP-catalyzed hydrolyses of 4-cyanomethyl! 1-methyl veratryl- and (3-methoxy
benzyl)succinates lead in high optical yield to the corréesponding (R)-butanoic acids. HLE-
catalyzed hydrolyses of vanous methyl and cyanomethyl! veratrylsuccinates lead to mixtures of
propanoic and butanoic acids with medium enantioselectivity

We have reported previously that optically active methyl- and benzylsuccinates could be
obtained by a Pig pancreatic ipase (PPL)-catalyzed hydrolysis of their racemates 1 Since optically
active (R)-veratryl-, (R)-(3-methoxybenzyl)succinates and 3-aryl-y-butyrolactones are useful
intermediates for the preparation of kgnans and alkaloids 2 we have tned the enzymatic resolutron
of the corresponding racemic succinates Up to now (S) and (R)-veratrylsuccinic acids 1-methyl
ester have been obtained by crystallisation of their salts with (S)- or (R)-a—methylbenzylamine3a
and (S)-2-veratrylsuccinic acid has been synthetized by asymmetnc hydrogenation of
veratrylidenesuccinic acid using a ruthenium-BINAP complex3b Optically active (3-
methoxybenzyl)succinates denvatives are still unknown, however (R)-(+)-3-(3-methoxybenzyi)-y—
butyrolactone has been obtained by tedious procedures 2C, 4

Racemic esters 3a,b and 4a.,b have been prepared by methylation (MeOH, H+) and
cyanomethylation (CICH2CN, Et3N) of hemiesters 2a and 2b obtained by a previously descnbed
sequence 22 using Stobbe condensation of 3-methoxy- and 3,4-dimethoxybenzaldehydes with
dimethy! succinate followed by a palladium-catalyzed hydrogenation of the unsaturated esters 1a
and 1b.Isopropyl methyl diester 5 was obtained by reaction of hemiester 2a with diazopropane®

wO-oro
COOMe Me X COOMe |, Me COOMe
MeO » 2

COOMe MeONa R COOH Pd/C R COOH

R=OMe 1a ( RS )2a
R=H 1b ( RS )>2b
MeOI@/\(COOMe Meomcm Meji@/\l:coom
R COOMe R COOCH,CN Me COOQIPr
R=OMe ( RS )3a ( RS )4a 5
R=H (.R,S )3b (RS )b
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Transtormation® of hemiester 1a into its regioisomer 6a allowed the preparation of the mixed
ester 8a via the hemiacid 7a

COOH Me COOR
O
COOMe MeO' COOMe

R=H 7a
6a
ReCH,CN  8a :| CICH,CN/ NEt5

Wae found that ester 3a was very poor substrate of PPL, a—chymotrypsin, ipase Amano P from
Pseudomonas sp (LP) and Candida cylindracea lipase (CCL) However cyanomethyl esters 4a,b
underwent a fast hydrolysis in the presence of LP These results are in agreement with the
increased hydrolysis rate observed by Sih and al 7 in the lipase-catalyzed reactions of
cyanomethyl esters For less than 50% hydrolysis at pH=7 2 (pH stat technique) the acids (R)-
2a,b were 1solated with excellent enantiomeric excesses (ee's) and the remaining esters (S)-
4a,b were obtained with 65% ee 8 Our results are reported in table 1 The enantiomeric excess of

MeO. COOMe Lp Me COOMe COOMe
[
pH=7 2
R COOCH,CN R COOCH,CN R

(R,S)-4a,b (S)-4a,b (R)-2a,b

butanoic acid (R)-2b was improved after another cyanomethylation followed by a second LP-
catalyzed hydrolysts this acid was isolated with an ee > 95% after 80% conversion

With PPL, only ester 4b, unsubstituted 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 companson of its
[o]p with the value of the literature ( it 32 [aJp= +27° (c= 1 2, EtOH)) The ee was confirmed after
reaction with diazomethane, by TH-NMR of the dimethyl ester in the presence of (+)-tris[3-
(heptafluoropropylhydroxymethylene) camphorato] europium (lll) (Eu(hfc)3)

Table 1. Lipase hydralyses of esers 4a, b
Reaction condmions Esers (S)-4a,b Acads (R)-2a,b
Substra | Enzyme Time — Conversion | Yidd e (o Conf. | Yied e [0}  Conf
% % % % %

4a Lp 50 12 55 65 S0 S 40 >95 +256° R
4b 1p 40 47 42 68 47 S 35 .94 +22.0° R
4a | pL b
4b PPL 85 36 a0 35 22 S 0 75 +20.6° R

2)c=2, THE _b)nohydrolysss afier 2 hours.
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Optically pure butanoic acid (R)-2a was cyanomethylated without racemization (CICH2CN,
NEt3,CH2CI2) to give (R)4a the antipodal 1somer of (S)-4a ( [a]p=+7 7°, c=2, THF) € The
resulting [a]p allowed to calculate (S)-4a'ee 10 The enantiomeric excesses of esters (S)-4b
were determined by 1H-NMR in the presence of Eu(hfc)3 and those of the corresponding acid (R)-
2b by the same method after transformation into its dimethyl ester (CHaN2) The absolute
configuration of these monomethoxy derivatives were determined by chemical correlation
butanoic acid (R)-2b (ee=82%) was reduced, via its potassium salt (R)-2¢, by calcium
borohydnde 22 and lactonized in acidic conditions into the known (R)-(+)-3-(3-methoxybenzyl)-y-
butyrolactone 9 (yield=80%) ( [a]p=+5 1°, c=2, CHCI3, ee=82%) This preparation of optically
active lactone 9 appears to be easier than those already published 2. 4

'.,{COOMG 1) Ca(BHy)o

H '0'
cooke e
MeO

{R)-2¢

Ester 3a was not substrate of lipases, but in the presence of Horse liver esterase (HLE) or Pig
liver esterase (PLE) a fast hydrolysis was observed However these reactions were not
regioselective and we have obtained the two possible regioisomenc acids (see table 2)

R COOR, Esterase  R~s_-COOR, P~¢ —COOH R<&_—coon,
\E . t . .
pH =72 COOR, COOH

COOR; COOR,
o-acid ﬁ-acd
R = veratryl
R,=Rz2=Me (R,S)-3a (R or S)-3a (S or R)7a (S or R)-2a
R;=Me,R2=CH,CN (R,S)-4a (S)-4a (R)-10 (R,S)-2a
R,=CH:CN,R,=Me (R,S)-8a (R,S)-8a (S)-7a (R)-11
R,=Me,Rz=1Pr (R,S)-5 (S)-5 (R)-12 (R)-2a
Table 2 Esterase hydrolyses of esters 3a,4a,5 and8a
Reaction conditions | Remaining diester Products
Substrat (E Time Conversion| Yield Yield o/p a-acid p-acid
ubstrat |Enzyme T 1 ee Conf ie ee Conf | ee Conf
(h) (%) (%) (%) (%) (%) (%)
(R,S)-3a| PLE 20 60 35 40 R 55 37/63 | 24 S |18 S
(R,S)-3a| HLE 25 40 55 40 S 35 46/54 | 66 R | 48 R
(R,S)-4al HLE 25 70 25 25 S 65 23/77 | 25 R |0 -
(R,S)-8a| HLE 30 60 3 0 - 55 33/67 | 25 S |13 R
(R,S)-5 HLE 43 80 20 61 S 75 80/20 | 24 R | 19 R

Determinations of absolute configurations and ee's are explained in the experimental section
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HLE hydrolyzed mainly the R-isomer of 3a and PLE the S-isomer In this HLE-catalyzed
reaction, each acid results indiscnminately from the hydrolysis of the two enantiomers since the
hydrolysis of (R)-3a (prepared by reaction of diazomethane with (R)-2a obtained in the LP-
hydroiysis) gave the same ratio of the two regioisomers {R)-2a and {(R)-7a With these two
esterases, the enantioselectivity for hydrolysis of the aster function is greater in a than in § of the
chiral center

In order to increase the regio and the enantioselectivity of the HLE-catalyzed hydrolysis we
have examined the behaviour of esters 4a, 8aand 5, where the two ester functions are different
{see table 2) The hydrolysis of 4-cyanomethyl 1-methyl succinate (R,S)-4a in the presence of
HLE occurred faster on the cyanomethyl ester No enantioselectivity was observed in the cleavage
of this cyanomethyl ester function On the other hand, the hydrolysis of the more hindered methy!
ester group was enantioselective The hydrolysis of 1-cyanomethyl 4-methyl succinate {(R,S)-8a
led to the remaining diester devoid of optical activity This 1s the result of the low regioselectivity of
the reaction and of the unusual reverse in absolute configuraton dunng the hydrolysts of the
cyanomethyl ester function Despite the presence of the carbocyanomethoxy group, the
carbomethoxy ester group was preferentially hydrolyzed The presence of the larger isopropy!
group in 4-isopropyl 1-methyl succinate 5 favored the reaction at the hindered 1-ester function but
the regioselectivity was low The enantioselectivity of the hydrolysis of the two ester functions was
low and no significant improvement of the ee of the remaining ester was observed.

In conclusion the absence of regioselectivity In the esterase-catalyzed hydrolyses of veratryl-
and (3-methoxybenzyl)succinates make these reactions synthetically useless However for the first
time we have observed that the substitution of a methyl group by a cyanomethyl one inverses the
HLE enzymatic recognition of the chiral center Besides a good enantioselective resolution was
obtained by Pseudomonas lipase-catalyzed hydrolysis of the corresponding 4-cyanomethy! 1-
methyl esters leading to the R-hemiesters necessary to synthesize chiral natural products

Bpenmental secion

Nudlear magnefic resonance specira were recorded on a Brucker AM 250 All chemical shifls were reporied in
ppm in deuterochioroform, IRspectra were recorded on a Perkin-Eimer 682 specfometer GC-MS was camedouton a
Nemmag R10-10 (70 eV). Rotalons were determined on a Perkin-Elmer 240 polanmeter The lipase P fom
Pseudomonas species was obtained fom Amano (30 unis per mg). Porane pancreas lipase, used in crude form
(steapsin), Horse iver esterase and Pig liver esterase, used as acsione powders, were obtained fom Sgma. Al
reactants and solvents were punfed and disilled before use

Toamehanoicsnluion (50 ni.)ofverans.mmcaad 1-me1hy| ester2a 2 (5, 177 mmol ) were added fve
dropsofthionyl chionde Aflerone nightat reflux the methanol was distiled Water (30 mL) was added to the residue and
the mdure was extracied with ether (3 x30 mL) The organic phase was washed with aqueous 5% NaHCOz3 (20 mL)
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anddned (NapSOj4) The solventwas removed and the crude product disiiled. bp 154 °C (0.05 mm Hg). Yield: 40 g
Wz\nal Calod. for C15H200g, % C,6078,H,681 Found %.C,6093;H,6 75

THNMR(CDClg), 5 (ppm) *6.75 (d, J=7Hz, 1H) 666 (d,J=7 Hz, 1H) 663 {d,J=2Hz,1H) 372 (5,3H) ; 371 (s,
3H),363 (s,3H) 360 (s, 3H),3 15-288 (m,2H) ,272-252 (M, 2H) ,2.36 (dd, J= 135 and 45 Hz, 1H)

R(neat) o) 1740 (vs), 1610 (w), 1600 (m), 1520 (s)

MS mé (rel lnt%) -206 (M+,31) ;236 (8) mm 222(14) 191(8), 177(6) 152(10) 151 (100),107(8),91(8)

Ammraofmdvybmne(aAg.mmrd)andmlomacetnﬂle(2.549,40nmn|)wasaddedbamehylene
chionde soksion (10 mL) of veraryisucdnic aad 1-methyl ester 2a 20(2.82 g, 10 mmol) maintained at 0 °C Afer one
might at room femperat.re the midure was poured info water (20mi) Afer ether exiraciion (3 x 20 mL), the omganic
phase was washed with 0.5 M hydrochioric aod solution (10 mL), 10% aqueous sodium bicarbonate soluton (10 mL)
and water (10 mL) Afer drying (NaoSO4) and evaporafon the resdue was punfed by siica gel colunin

chromatography (ether) Yield 27 g (96%)
Anal Calad for C1gH190gN, % C,59.81,H,592,0,2990,N,4.36 Found % C,59560,H,593,0,3017,N,

430

THNMR(CDCla),5 (ppm) 681 (d,J=10Hz,1H),6.69 (dd,J=10and 3Hz, 1H) 667 (d,J=3Hz, 1H) 469 and
467 (ABsyst,J=16 Hz,2H),390(s,3H),385 (s,3H) ; 372 (s, 3H) , 322-3.12 (m, 2H) , 282-266 (m, 2H) , 255240
(m,1H)

R(neat) (cmr1) 1760 (s) ;1740 () ;1610 (w) , 1595 (M), 1520 ()

MS mé (rel Int %) 321 (M+,19),181 (15),151 (100),106 (6) 91 (7)

Theprevnouslydesmbedprooednebrhe preparaion of2-(3.4-dmel’noxybenzyl|dene)s.mmcaad 1-methyl
esierwas used 20 Staring fom 0 1 mole of 3-methoxybenzaldehyde we obtained tb asan ol Yield 11.5g(84%)

THNMR(CDCl3),8 (ppm) 113 (broad's, 1H), 7.80 (s, 1H) , 740-7 15 (m, 1H) ,6.906 75 (m, 3H) , 3.80 (s, 3H) ,
375(s,3H),260 (m,2H)

R(CCly) (1) 1740(s),1720 (s),1640 (m), 1610 (m)

MS mv (rel Int %) 250 (M+,23),218(11),206 (16) 174 (30) ;147 (38) , 146 (100) 145 (36) 131 (22), 115 (34)
,103(39),102(19),91 (19); 77 (41)

ThebJBnocaoMbwashydmgenmd n methanol mthe presencs of Palladium-charcoal (10%) (5 h under
aimosphenc pressure) using the procedure published forthe preparaton ofacd2a 2P Yield 95% This hemiesier was
asohd (pnsms), mp=77-78°C

THNMR(CDCl3),5(ppm) 870 (oroad's, 1H), 7.30-7 10 (m, 1H) , 685665 (m, 3H) , 380 (s,3H) ,370 (5, 3H),
320-300 (m,2H),2.84-260 (M, 2H) 2 45 (dd,J =20 and 6 Hz, 1H)

R(CClg)(cnv1) 1745(s) 1720(s)

MS mé (rel Int %) 252 (M+,72),193(38),192(100),175 (83) 161 (689), 147 (55),121 (83),91 (66)
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prooedl.:rarﬂ'le prapataioofsuoanab a was used Eser 3b, obtained fom hemiester 2b,
was puniied by silica gel column chromaiography (ether-hexane) Yield 80% (oil)

THNMR(CDCla), 5 (ppm) 729-7 16 (m, 1H),6.80-6.68 (m,3H) ,3.80 (5,3H) 370 (s,3H) 365 (s,3H) ;323298
(m,2H),2.82-259 (m,2H),243 (dd,J =16 and 4 Hz, 1H)

IR(CCly)(cmr1) 1735(vs),1590(s)

MS mé (el Int %) * 266 (M, 76) ,206 (98) ,203 (33),193 (44) , 192 (25) ,175(69) , 161 (100) ; 147 (58) , 91 (57) ,
77(31)

4bwasprapa;ad armttingbthe proceduredesmbedbr43 Siaring iom hemesier 2b, ester 4b was isolated
asan oil aer silica gel column chromatography (ether) Yield 90%
THNMR(CDClg),5(ppm) 7.32(m, 1H),6.95-6 75 (m,3H) 468 and 466 (AB syst,J =16 Hz, 2H) ;381 (s, 3H),

372(s,3H);328-298 (m,2H) ,285-262 (m,2H) ,255-240 (m, 1H)
IR(CCly) (crr1) 1740(s),1720(s), 1605 (M) , 1590 (m)

MS mée {rel Int %) 291 (M*,100),231 (50),175 (46),161 (47),121 (89) .91 (75)

Toveralryisnmmcaod 1-mehy|eaer2a (19, 3.54mml)wasaddedslowly an etheral solulion of diazopropane
5 untl persistence of the red color The soluon was dned (NapSOj4) and afler complete decolonzaton, was
concentraied under vacuum. The mixed ester5 was used without punication forthe enzymaic reaction Yield 98%.

Anal Calod forCq7H240g, % C,6296,H,7 40,0,2963.Found % C,6314,H,729,0,29.52.

THNMR(CDClg), 5 (ppm) 6.80 (d,J=8Hz, 1H),6 70 (d,J =8 Hz,2H) ,5.00 (sepiuplet,J=5Hz, 1H) ,398 (s, 3H)
,397 (s,3H),368 (s,3H),328-294 (m,2H) ,278-258 (m, 2H) ,2.38 (dd, J=15and 5 Hz, 1H)

R(neat) () 1735(vs), 1650 (W), 1595 (w)

MS mie (el Int %) 324 (M*62),265 (18) 222 (28),205(11),191(13),152(11) 151 (100)

Theunaalurabdnnnoeslena(wg 35mmo|)wasireabd 24 hoursatroombnperamewm 1N NaCH (100
mL) and ethanol (100 mL) The soluiion was extracted with ether, andified and extracied with ether (4 x 60mL). After
concentration the residue was treated with boiling acetic anhydnde (150 mL) and concentrated A methanolic solion
(150 mL) ofthe crude anhydnde was refiuxed 6 hoursand concentrated The residue was taken up in 10% NaHCOg3,
acdifed and extracied with ether (3x 50mL) leading 1o monoesier6a after concentraiion. Yield.9g,90%.

THNMR(CDCl3),3(ppm) 798 (s, 1H),708-6.90 (m,3H),395(s,3H),391 (s,3H),3.77 (5,3H) ,365(s,2H)

13C NMR(CDCl3),(ppm) 1735,1712,1502,1488,1442,1275,1230,1229,1125,1110,559 ,522,

335
IR(neat) cr1) 1740 (s, vop esier) , 1686 (s, vop acd)

Starting iomthe unsamabd monoesarSa the prooedure desmbed brihe prepa:aion of hemiester 2b was
used Yield 93%
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Anal Calod forC14H180g, %.C, 5957, H,642,0,3400.Found % C,5997,H,610,0,3372

1HNMR(CDCH), 5(ppm) 684-667 (m,3H), 388 (5,3H) 367 (5,3H), 367 (5,3H) 323304 (m,2H) ,2.82-260
(m,2H),250-238 (m, 1H)

13C NMR(CDClg),(ppm) 1800,1723,1490,1479 1304 ,1212,1121 113,558,517 ;428,389
43

R(neat) (cr1) 1740 (s, vop ester) , 1715 (s, vop ad)

MS mée (rel mt%) 191(3),178 ), 152(11) 151 (100)

Theprooed.:redesuibedbrhesyrﬁressofesbrh wasused Siaringiomlhe monoester 7a, esier 8a was
isolated as an oil afersilicagel column chromatography (ether) Yield 85%

Anal Calad for C1gH1g0gN, % C,59.81,H,592,0,2990, N, 4.36 Found % C,59.85,H,596,0,2976, N,
460

THNMR(CDCl3),5(ppm) 685677 (m, 1H),6 73-664(m,2H) ,473and 4 70 (ABsyst,J = 16 Hz, 2H) ,390 (s,
3H),388 (s,3H),368(s,3H) ,322-295 (m, 2H) ;284262 (m,2H) ,260-2 40 (m, 1H)

R(CCl) (cr) 1735 (vs), 1580 (s)

MS mée (rel int %) 291 (100) 231 (53) 192(32) 161 (70) 121 (94),91(86)

The polassum sﬁh(ﬂ)-zcofz-(s-mehoxybenzyl)s.mmcaad 1-methyl ester (R)-2b (ee = 82%) was prepared
by addkton ofan aqueous potassium hydroxde soluiion (40%) unil basic fo phenolphtalein Evaporation of the solvent
under high vacuumgave an oil

Calaum chionde (043 g, 39 mmol) was dissoived in methanol (40 mL) and cooled 1o -10 °C Sodium
borohydnde (0.36 g,9.36 mmol ) was added 1n 30 minutes at this femperature followed by the solution of the potassium
salt2¢ (prepared from 1 g of2b,3 9 mmol ) in 5 ml of ethanot (in 30 minutes) The midure wasstired 3 h at-10 °C and
2hatroomiemperature Aferaodifcation (pH 2) the solvents were evaporaied, the resdue was taken up by water (50
mL) and the product extracted with ather (5 x 20 mL). The organic phase was dried (NaxSO4) and concentrated o give
the lacione 9 which was punfied by silica gel coumn chromatography (ether) Yield 0660 g (80%) fop=+52° (=2,
CHCl3, 60 =82%), it4 [a)p=+6 4° (0= 1.2,CHCl3,80 = 100%)

THNMR(CDClg), 8 (ppm) 725(m, 1H),6.68 (M,3H) 4 15(dd,J=9and6.3Hz, 1H) 404 (dd,J =9 and 62 Hz,
1H),302 (s,3H),2 95280 (m, 1H) ,275(m,2H) 262 (dd,J=186 and 75 Hz, 1H),2.30 (dd,J=16 7 and 7.5 Hz, 1H)
IR(neat) (cm’1) 1770(s,voo lacbne)

PPLHLEand PLEwemused&neoewed bipase Amano P (1 75g) was suspended in water (10 mL) containing
045 MCaClo The pH was adusted 1o 72 by addion of 2 M NaOH aqueous soluton Afier 5 minutes stmng, the
heterogeneous midure was centrfugated and the soluton was taken for hydrolyses.

The mixture ofthe ester (0.5 g) in water (10 mL) conuning 0 45 MCaCly and the enzyme (175 g for LP,0.5¢g for
PPLand 1 gforHLE and PLE) was maintained at pH 72 by addibon of 2 M NaOH untl one equivalent of base was
consumed (pH siat) Then 1 g of Celite was added and the mixure was filered Ether extrackon of the aqueous phase
and ofthe Celite cake (3x 20 mL) removed the remaining ester The aqueous phase and the Celte were acdified (pH
2)and extracted with ether (3x20 mL) The etheral phases were dned (NapSO4) and respecively evaporaied to give
the esterand the acd fracions.
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Theenmiormmewessesofme&rsweradebmmdby 1H NMR(solventCDCla) in the presence of
Eu(hcfi3. Wee needed ~ 40% (in mole) of Euhcls for all esters studied but esters 5a 8a for which 100% Euthcliz were
used Inthecase ofesierSa , detlerminaions were made in CgDg

The af aad raios were determined on the mudure by TH-NMR The absolute configuration of the major
enanfiomer of esier (R or S }-3a was deduced fom fis optical rotaion sign Methylaion (CH2N2) of the aod 2a,7a
mxdures gave the dimethyl esiers whose ee's and absolute confguraions, detenmined by NMR, were respecively 52%
(R)for HLE and 20% (S) for PLE-catalyzed reacions these mean values indicate in each case a smilar confguragon for
the acids 2a and 7a which is obviously opposie 1 that ofthe remaining ester3a Moreoverthe ee'sof acds 2a and 7a
were delermined, afler reacion with 2-diazopropane, on the comasponding mudure of isopropyl methyl esiers by 1H-
NMR(Eufhc)3 CeDg)-

The enaniiomenc excesses and absokute configuratons of acds 2a, 3a , 7a , (R)-10 and (R)-11 were
determined by TH-NMRafier ransiormation Into the dimethyl ester (CHaN2).The remaining esier of the HLE-catalyzed
hydiolysis ofcyanomethyl ester (R,S)-8a was racemic- thisimphiesthatthe S configuration of acd 7a 1s opposiie b the
coniguraiion ofacd 11 The absolule configuraiion of ester 5 was aiributed by comparison of its TH-NMR specium, in
the presence of Eu(hic)3, with that of he ester obtained fom a sample of acd 2a of known configuration (diazopropane)
The same procedure was used with the acd 12 afler reacion with diazomethane
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