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A series of racemic 4-aryl-S¢t-butoxycarbonyl)-6-methyl-3,4-dihydro-2f)-pyridones hav
been prepared by means of a modified Hantzschioeaasing commercially availabktarting
materials. An easy removal of thert-butyl group of these pyridonesd subsequent react
with cesium carbonate and chloromethyl 2-methylprajate provided us suitable substrates
(+)-5 to be used in lipase-catalyzed hydrolysis reastidtipase B fromCandida antarctica
(CAL-B) was the most adequate lipase in the hydislyof (+)5. Despite thelow
enantioselectivity values obtaineH £ 12), several optically active pyridone derivatiwvesre
finally isolated with high enantiomeric excessesX&1%) and moderate yields.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The 3,4-dihydro-2(#)-pyridone (3,4-DHP-2-one) core is
present in natural products such as the homoclausee
alkaloids1," and the structural analogy of these heterocyclés wi
1,4-dihydropyridines making them good candidates floe
development of calcium channel modulatorén addition,
different functionalized 3,4-DHP-2-ones have beenduss
precursors in the synthesis of biologically actin®leculed
(Figure 1). For instance, several carboxamide dévigs2 have
shown to be potent and selectiog, receptor antagonists, and
they could be used for the treatment of benign tptims
hyperplasia. In this case, tHe){(-) enantiomer was significantly
more active than its§f-(+)-counterparf®
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1: Homoclausenamides 2

Figure 1. Some representative 3,4-dihydro-Bjipyridone derivatives.

Given that the biological activity of a compoundciesely
related to the configuration of its chiral centrdg synthesis of
optically active 3,4-DHP-2-ones is necessary to itigate their
pharmacological activities. In this sense, methdds the
preparation of enantioenriched 3,4-DHP-2-ones arerceca
Among them, the resolution by preparative enantextizle
HPLC of a racemic mixture allowed to obtain an opiycactive
precursor of2.*® Recently, the asymmetric synthesis of gp4-(
fluorophenyl)-5-carboxy-3,4-DHP-2-one derivative imgans of
an organocatalyst has been publishas,well as the preparation
of a wide variety of optically active 4-substituted-
(alkoxycarbonyl or cyano)-3,4-DHP-2-ones derivatives N-
heterocyclic carbene catalyzed aza-Claisen reaction

Taking the importance of the development of green
procedures into account, we decided to investigageutility of
hydrolytic enzymes for the resolution of 3,4-DHP-Zon
derivatives. Nowadays, enzymes are recognized aflentc®ols
for preparing optically active compounds, either kipetic
resolution (KR) of racemic mixtures or by desymirzetion of
meso compoundS. We report herein an efficient method to
prepare a set of racemic 4-aryl-5-carboxy-3,4-DHR@sp
which have been subsequently converted into adeguatgrates
to carry out its resolution via lipase-catalyzeddtwyysis
reactions. The resulting optically active compourmsld be
used as precursors of benzodiazepine-dihydropwidigbrid
molecules with potential activity as neuroprotectgents®

OCorresponding author. Tel.: +34 985 102 982; f&d 985 103 446; e-mail: frv@uniovi.es.



2. Results and discussion

2.1. Preparation of racemic 3,4-DHP-2-one derivatives.

)L
The syntheses of some racemic 4-aryl-6-methyl-5- Y\Of

Tetrahedron

acetone mixture. Although in almost all cases theddgi of this
last step were high (>75%), the poor results offifst step cut
down the overall yields of the products @J15-59%).

(methoxycarbonyl)-3,4-DHP-2-ones (®)-and their ethyl ester )< NH,OAc aoQ on |- NeOH ArQ
analogues (% have previously been publishédome initial 6 , AoOH 110%C | 07T 2. H0" MOH
attempts to carry out the hydrolysis of these egising different o] 17-66% 07 N 60-94 % P\
lipases (Enz-OH) were unsuccessful (Figure 2). Thigeace of oR H H
reactivity may be due to both steric and electrdators. The o (+)-8a-h (+)-9a-h

steric congestion around the ester function couldica the
adequate fitting of the substrate in the active eftthe enzyme.
In addition, the high electronic density at the fioile C-5
position® could diminish the electrophilic character of the
adjacent carbonyl carbon. These facts agree wittdiffieulties
previously found in the enzymatic hydrolysis ofateld esters
derived from 4-aryl-1,4-dihydropyridinds Similarly to those
cases, the hydrolysis resistance could be circutederby
introducing a spacer such as, for instance,
isobutyryloxymethyl unit beyond the carboxyl groMgith these
new substrates (8- (Fig. 2), the enzyme could be able to
catalyze the reaction of the outer ester group,pgreone ring
being accommodated in the nucleophile binding site] not in
the acyl donor site. Moreover, this outer estercfiom is

thé

7a: R = CHoCH,CN

Scheme 1. Synthesis of £)-9a-h from 2-cyanoethyl esterg)-8a-h. The Ar
groups for8 and9 are the same shown in Table 1.

With the idea to enhance the yields of acids9yve decided
to check other esters whose conversion into acids dot imply
nucleophilic attack to the carbonyl group. Thus,planned to
access to compounds (%)-through the tert-butyl esters
derivatives (+)10 (Table 1).

Table 1. Synthesis of#)-9 andtert-butyl esters#)-10.%

activated because it contains an optimal leavirgugyr which Q ) A TFA
spontaneously loses formaldehyde with the concomitang |, ﬁo/ " NH4OAc _PhOMe_
formation of the corresponding non-racemic 4-argaooxy-6- o AcOH “CHCl, 0
methyl-3,4-DHP-2-on9. 8oC
7b (:).10 (+)9
o™ O Entry  Ar (%)-10 Yield ()-9 Yield (%)
\)/—\ (%)
Enz-OH
EnZ'OH 1 Ph 10a 61 9% 52
(i)‘?’: R=Ms (i)'5 2 2-NO-CeHs 10b 69 9 52
(+)-4: R = Et
3 3-NG-CeH4 10c 72 9c 58
Figure 2. 4-Aryl-5-carboxy-6-methyl-3,4-DHP-2-one estersidatives. 4 4-NO-CeH, 10d 73 ad 50
To obtain diesters (#J-the corresponding carboxylic acids ° 2-CI-5-NQ-CeHs 10e 74 % 53
(¥)-9 are required as start_lng mater!als. Ho.wever,. sever 4-Br-GHa 10f 88 of 65
attempts to carry out the basic hydrolysis of theilg available
compounds (B and (+)4 failed. Thus, the treatment at room 7 3-CHO-CeHq 10g 84 99 76
temperature with NaOH or LiOH in a water-methanol mixtureg 1-Naphthyl 10h 9 oh 83

was ineffective and the starting materials were reoey

unaltered after 48 h of reaction. Higher reactiongeratures led
to a complex mixture of products. On the other hauine of
these acids have been prepared on a small scal@ rfimol) by
means of a four-step solid-phase synthesis.

With the idea to develop a straightforward and ekjad
alternative to the synthesis of carboxylic acidsJtwe initially
decided to prepare the 2-cyanoethyl ester derigati(+)8
(Scheme 1). In the presence of a base this kindestérs
experiences @-eliminatiori® (initiated by the removal of the

®Reactions were carried out using an equimolecutauat of6, 7b, and
the aldehyde, and 50% excess of ammonium acet#®eQH as the solvent.
Plsolated yields for (£}t0 after recrystallization or flash-chromatography.
“Overall two-steps yields for (19-

The four component reaction amo@gert-butyl acetoacetate
7b, the corresponding aldehyde, and ammonium aceddtef
them commercially available, happened at lower feact
temperature (80 °C) than the reaction usiagConsequently, the
formation of side compounds decreased drasticafiy, thetert-

proton a to the cyano group) affording the correspondingbutyl esters (£)t0 were obtained in higher yields (Table 1) than
carboxylate. Synthesis of (8)-was carried out similarly to the those of ()8 (Scheme 1). After testing several reaction
preparation of (£88 or (1)-4, by means of a modified Hantzsch conditions for the removal of thert-butyl group of ()10, the
reaction using the Meldrum’'s acif.'* The four-component best results were obtained at 0 °C using triflucetiacacid and
reaction among equimolar amounts d, 2-cyanoethyl anisole as a cation scavendeiThus, acids (+8 were finally
acetoacetat@a, and the appropriate aromatic aldehyde, as well asolated in 50-83% overall yields (Table 1).

1.5 equivalents of ammonium acetate in acetic atid10 °C,
gave the corresponding 2-cyanoethyl esters8(yjith low to
moderate yields (Scheme 1). The removal of the asthyl
group, and thus the conversion of esters8do acids ()9,
easily took place by treatment with NaOH (4 equiv) iwater-

Transformation of carboxylic acids (8)into the diesters (%)-
5 was easily carried out in one pot process by treatreth
cesium carbonate (1.6 equiv) in DMF, and subseqeaation of
the carboxylate with a slight excess of chlorometbgbutyrate,



at room temperature (Scheme 2). Isolated yielder afthe

3

Next, the best enzymatic hydrolysis conditions wemgliad

purification of ()5 by flash-chromatography were very high to all the diesters (¥3a-h (for the nature of each Ar substituent,

(78-91%).
Ar O (e]

1.Cs,C03 , DMF, RT rﬁo/\o)H/
(#)-9a-h |
2 ? 07N
CI/\O)H/ H
(+)-5a-h

Scheme 2. Synthesis of diesterg)-5a-h.

2.2. Enzymatic hydrolysis of (-

In order to check the enzymatic kinetic resolutairdiesters
(¥)-5, the 3-nitrophenyl derivativgt)-5c was chosenas a
substrate model. To improve the dissolution of diester, the
enzymatic hydrolysis reactions were carried out mgaaic
solvents. Several combinations of lipases (PSL, CBAL-A,
and CAL-B) and organic solvents were tested and eceh of
the results obtained is included in Table 2, estfies. The best
results were achieved with CAL-B itert-butyl methyl ether
(TBME), at 28 °C (entry 3). In these conditiong #nantiomeric
excess (ee) of either the remaining substrate legroduct was
only moderate, the enantioselectivity value beaw (E = 12)**

Table 2. Enzymatic hydrolysis of diesters)(Sc and ¢)-11.2

N02
< o
H,0
o J\R _CALB _ | OH
(e} Solvent O N
(*)-5¢ (R =i-Pr) S) -5¢ (R =i-Pr) (R) -9¢c
(_) 11 (R = Me) (511 (R = Me)
(#)12 (R = t-Bu)
Entry R Solvent t,h ea(%) ee®)S & E°
1 i-Pr 1,4-Dioxane 9 58 32 64 3
2 i-Pr DIPE 24 78 42 65 5
3 i-Pr TBME 9 80 67 54 12
4 i-Pr TBME 9 44 64 41 7
5 i-Pr TBME® 3 44 72 38 9
6 Me 1,4-Dioxane 2 35 13 73 2
7 Me TBME 2 91 49 65 9

*Reactions were carried out at 28 °C and 200 rpmgus mg of substrate
and the following solvents: water-saturated diispgt ether (15 mL) or
TBME (2.5 mL); or a mixture of 1,4-dioxane (1.0 mahd HO (50 pL).
®The ee of remaining substratds or 11 (eq) was determined by
enantioselective HPLC analysf@he ee of the produced ac®d (ee) was
determined after treatment with diazomethane, dreh tenantioselective
HPLC analysis of the resulting methyl ester denratc. “The degree of
conversion (%) was calculated fromse®d eg c = 100ee/ (eg + €). *See
Ref. 13.'Reaction was carried out at 10 %A two-phase 3:1 v/v system
TBME-H,0 was used.

Other diesters such as the acetyl 13)and pivaloyl ()12
derivatives (Table 2) were also prepared and chedhkethe
enzymatic hydrolysis. Whereas pivaloyl derivative swaot
transformed, the enzyme catalyzed the hydrolysishefacetyl
derivative (x)41 quicker than that oft)-5c, but with a slightly
lower E value (Table 2, entry 7)Besides hydrolysis, several
enzymatic transesterifications and aminolysis ieastof (+)5c
were essayed in the presence of CAL-B, but the mesudire
always poorer than those attained in the hydrohgsistion.

see Table 1). Some of the results obtained areatetl in Table
3. Reactions using ($9b,d,eh as starting materials happened
with E < 2 and therefore were not included in Table 3. Ehe
value obtained in the reaction with substrate 5&)¢Ar = Ph)
was also very low (Table 3, entry 1), the ee for la@aining
substrate $)-5a and the productR)-9a being very low (32% and
47% ee, respectively). However, taking advantagaeflifferent
solubility of the racemic diester (Ba and the enantiopure form,
it was possible to access t8)-ba with very high ee after a
simple recrystallization of the moderately enantiehed
sample (see below in the text).

Results achieved in the CAL-B-catalyzed hydrolysfig+)-5f
and (x)bg (Table 3, entries 3 and 4) were similar to those
obtained with5c, the ee for both substrate and product being
moderate at a degree of conversion near to 58% (10).
Nevertheless, from these reactions happening Bithlues near
to 10, the remaining substrates can be reached higth ee at
degrees of conversion around 65%. Effectively, wlemymatic
hydrolysis of (+)5c,f,g were conducted to longer reaction times
(Table 3, entries 5-7) substrat&-bc,f,g were isolated with high
ee (93-95%) and moderate yields (30-31%), consigethe
maximal 50% yield of a kinetic resolution. It is wlonoting that
isolation of optically active compound$){ and R)-9 was
easily carried out by base-acid extraction.

On the other hand, we also try to enhance the edadet
compounds by recrystallization of the enantioergitisamples,
seeing as the racemates usually crystallize betian the
corresponding optically active samples. Based ois fact,
substrate 9-5c (ee = 73%), isolated from the enzymatic
hydrolysis reaction (Table 3, entry 2), was rectiiged in
diethyl ether. After a slow crystallization, the idoWas filtered
and the enantiomeric excesses of both the solidtlmgroduct
recovered from the filtrate were measured by enselgztive
HPLC. Whereas the crystallized solid (22% of recmgrwas
almost racemic (ee = 2%), the ee of the compoudebq
obtained from the filtrate (71% of recovering) wasry high
(95% ee). This highly enantioenricheg)-bc was obtained as a
viscous oil, with an overall yield (taking the twegs, enzymatic
hydrolysis and crystallization, into account) of 982 These
values (ee and yield) are similar to those obtaifredh the
kinetic resolution at ¢ = 64% (Table 3, entry 5). dddition,
recrystallization of §-5a with 32% ee (Table 3, entry 1) allowed
us to access to a 13% overall yield of almost eopate §)-5a
(99% ee). However, when this method was applied to
enantioenrichedS)-5f,g of 71 and 69% ee, respectively, the same
trends was observed in both cases, but the ee ofethdting
samples were lower than 90%. From these results we can
conclude that the most adequate method to obtai th
enantioenriched estersS){tc,f,g (ee >90%) is by means of
enzymatic hydrolysis to degrees of conversion aildibo.

Several attempts to enhance the ee of the carlocagilils R)-
9 isolated from the enzymatic reactions were alseigzhrout.
Since the recrystallization attempts failed for pomnds R)-9,
we decided to convert the enantioenriched sampe8df,g into
the esters R)-5¢,f,g and submit these substrates to enzymatic
hydrolysis again. Thus, after 2-3 h of reactior, tiew acidsK)-
9c,f,g were isolated with very high ee (>90%) and moderate
yields (Table 3, entries 8-10). Considering the¢hsteps (KR-
esterification-KR), the overall yields for thesddscwere in the
20-25% range-'
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Table 3. Enzymatic hydrolysis of diesters)(5.?

Ar O o} Ar O o Ar O
07N TBME 07N 07N
H H H

(+)-5 (S)-5 (R-9
Entry Starting  Ar Time Remaining substrate Product c(%) E
diester (h)
Substrate Yield (%) ed%)° Product Yield%) ee (%)
1 (x)-5a Ph 9 ©-5a 56 37 (R)-%a 39 47 41 4
2 (+)-5¢ 3-NO,-CeH,4 9 (S)-5¢ 47 73 (R-9c 48 71 51 12
3 (2)-5f 4-Br-CeH, 11 ©-5f 46 71 R)-of 46 64 52 10
4 ()59 3-CHO-CgH4 7 9-59 48 69 R)-9g 48 66 51 10
5 ()-5¢ 3-NO»+CeHs 16 ©-5c¢ 31 95 (R-9¢c 62 53 64 11
6 (+)-5f 4-Br-CeHs 18 ©-5f 31 93 (R)-of 59 48 66 9
7 ()-59 3-CH0-CeH, 12 ©-59 30 95 (R-99 61 50 65 10
8 (R)-5¢' 3-NO»-CgHa 3 ®)-9c 52 (24) 95
9 (R)-5f 4-Br-CeH, 25 R)-of 41200 93
10 ®)-5¢" 3-CH,0-CeHs 2 ®)-9 49 (25) 91

®Reactions were carried out at 100-1000 mg scalaian{eee Experimental Section) using TBME saturatigll water as solvent, at 28 °C and 200 rpm. The
degree of conversior,(%) and theé values were calculated as in Table 2.

Determined by enantioselective HPLC analysis (e &14). High ee values are bolded.

‘Determined by enantioselective HPLC analysis afeatment of produc®with diazomethane (see Sec. 4.14). High ee valtebolded.
9(9-5a almost enantiopure (99% ee) was isolated aftemittibg this sample to crystallization (see Set041).

°Recrystallization of this sample afforded 8-bc with 95% ee (see Sec. 4.11.1).

An enantioenriched sample @)(5c with eg = 67% was used as substrate.

9ANn enantioenriched sample dR)(5f with ee = 62% was used as substrate.

"An enantioenriched samplB)(5g with e = 57% was used as substrate.

"The corresponding overall yield calculated fromerait 5 is given between brackets.

Finally, optically active estersS(-5 were smoothly converted acyloxymethyl esters, but th& values obtained for these
into the acids -9 by conventional basic hydrolysis (ag 3N processes were low. The remoteness between the asymmet
NaOH, acetone, RT). No racemization took place in thesearbon and the reactive carbonyl function couldhgereason for
reactions as proven by enantioselective HPLC. this poor enantioselectivity.Nevertheless, compounds with high
enantiomeric excesses and moderate yields were rpoepsy
combining either the enzymatic resolution with aestle
crystallization process or two consecutive KRs. Assult, both
enantiomers of the pyridone-carboxylic acids haveerb
achieved. The biological activities of these ogljcaactive
pyridone-carboxylic acids as well as some of thlenivatives are
currently under study.

In order to establish the enantiopreference of lipase in
these process, produét (ee = 93%, see Table 3, entry 9) was
treated with cesium carbonate in DMF and then withhglet
iodide. The resulting methyl esten{3f ([a]p?° = -100.6 € 1.05,
CHCly)) retained the ee as shown by the enantioseleEliRleC
analysis. Comparison of the sign of the opticahtioh of this
ester with the published vafuestablishes theRj configuration
for (-)-3f and thus, for the aci@f proceeding from the enzymatic 4. Experimental section
reaction. That means that CAL-B preferently cate$yzthe
hydrolysis of the R) enantiomer of the diestéf. Based on the Lipase B fromCandida antarctic CAL-B, Novozyme 435,
structural resemblance among all the substratestegphere, we available immobilized on polyacrylamide, 7300 PLUAgps
have tentatively assigned th&®)(configuration to the other gifted by Novo Nordisk Co. Immobilized lipase A fraGandida
produced acids9. In addition the $ configuration for the antarctica (CAL-A, NZL-101, 6.2 U/g) was purchased from

remaining optically active substratés,c,g was also assigned. Codexis. Immobilized lipase froBurkholderia cepacigPSL-
) IM, 783 U/g), which previously was classified Bseudomonas
3. Conclusion cepacia was purchased from Amano Pharmaceutical Co.

Melting points were taken on samples in open capiliabes and
are uncorrected. For the enzymatic hydrolysis readert-butyl
methyl (TBME) saturated with water was used. IR speatere
recorded using KBr pelletsH NMR and proton-decoupletfC
NMR spectra (CDGlsolutions) were obtained using AC-300 or

We have developed an efficient method to obtain esom
carboxylic acids derived from 3,4-DHP-2-ones, as wall
several acyloxymethyl ester derivatives which ardtable
substrates to be used in lipase-catalyzed hydmolgsactions.
Lipase B fromCandida antarcticacatalyzed the hydrolysis of the



DPX300 (H, 300.13 MHz andC, 75.5 MHz) spectrometers
using thed scale (ppm) for chemical shifts. Calibration waslea
on the signal of the solven]ﬁ(:: CDCL, 76.95; DMSO-¢ 39.52
ppm) or the residual solvent partially or non-deatied {H:
CHCl;, 7.26; DMSO-¢, 3.50 ppm).

In Figure 3 we show the 4-aryl-3,4-DHP-2-one unit whb t
numbering used in the assignation of the NMR signals

(+)-8: R = CH,CH,CN
(#)-9:R=H

(#)-10: R = C(CH3)3

(#)-5: R = CH,OC(O)CH(CHa)»
(#)-11: R = CH,0C(0)CH,
(#)-12: R = CH,0C(0)C(CHa)s

Figure 3. 4-Aryl-3,4-DHP-2-one derivatives.

4.1. 2-Cyanoethyl 2-oxobutanoatéd).

A solution of 1,3-dioxin-4-one (10.0 mL, 76.5 mmaeid 3-
hydroxypropanonitrile (5.5 mL, 80 mmol) in toluef&5 mL)
was heated at reflux during 24 h. Elimination of gwvents
under reduced pressure yieldéal (11.3 g, 95%). Spectroscopic

5
148.6 (C-2'), 150.9 (C-6), 165.5 (CO), 168.9 (C-BIRMS
(ESI: MH", found: 330.1084. GH1gN3Os5 requires 330.1069.

4.2.3.(3)-5-[(2-Cyanoethyl)oxycarbonyl]-6-methyl-
4-(3-nitrophenyl)-3,4-dihydro-2(#)-pyridone [(#)-
8c]

Reaction time: 16 h. White solid; m.p.: 158-160 $@:Id
51%; vima{KBr) 3213, 1707, 1687, 1623, 1527, 1485, and 1350
cm™*: oy (300.13 MHz, CDG)) 2.49 (s, 3H, CH), 2.63 (m, 2H,
CH,CN), 2.73 (br d, 1H2J| 16.6 HzHH-3), 3.03 (dd, 1H3J 7.6,
[4J] 16.6 Hz, HH-3), 4.28 (m, 2H, O-CH), 4.38 (br d, 1H3J 7.6
Hz, H-4), 7.60-7.43 (m, 2H, H-5’ and H-6’), 7.79 @&rlH, NH),
8.03 (t, 1H,3 1.7 Hz, H-2"), 8.11 (dt, 1H3J 7.7,%J 1.4 Hz, H-
4'); & (75.5 MHz, CDCJ) 18.2 CH,-CN), 19.8 (CH), 37.8 (C-
3), 37.9 (C-4), 58.8 (O-CHi 105.0 (C-5), 116.9 €N), 121.8
(C-47), 122.6 (C-27), 130.2 (C-5’), 133.2 (C-6")44.1 (C-1),
148.8 (C-3’), 149.2 (C-6), 165.7 (CO), 169.6 (C{2 (El), m/z
(%) = 329 (M*, 83), 312 (100), 259 (64), 231 (93); HRMS
(ESI): MH", found: 330.1084. gH16NsOs requires 330.1094.
4.2.4.(1)-5-[(2-Cyanoethyl)oxycarbonyl]-6-methyl-
4-(4-nitrophenyl)-3,4-dihydro-2(H)-pyridone [(2)-
8d]

Reaction time: 13 h. White solid; m.p.: 118-119 S8@zId

data for 7a are in good agreement with those previously27%;vm.(KBr) 3220, 1697, 1631, 1567, 1417, and 1349'cm

published'®

4.2. General procedure for the synthesis of 2-cyanoethyl
esters §)-8.

To a solution of 2,2-dimethyl-1,3-dioxane-4,6-diof#e73 g,
32.8 mmol) in acetic acid (9.5 mL), the aromatideddyde (32.8
mmol), 2-cyanoethyl 3-oxobutanoate (5.09 g, 32.8afmand

4y (300.13 MHz, CDG)) 2.46 (s, 3H, CH), 2.75-2.50 [m + br d,
3H, CHCN and doublet centered to 2.68 correspondinigHie3
(3] 16.7 Hz)], 3.02 (dd, 1H3J 8.3, fJ| 16.6 Hz, HH-3), 4.43-
4,15 [m + br d, 3H, O-CHand doublet centered to 4.37
corresponding to H-43{ 8.1 Hz)], 7.36 (d, 2H% 8.3 Hz, H-2’
and H-6"), 8.15 (d, 2HJ 8.4 Hz, H-3" and H-5’), 8.54 (brs, 1H,
NH); &c (75.5 MHz, CDCJ) 18.2 CH,-CN), 19.6 (CH), 37.7

ammonium acetate (3.78 g, 49.1 mmol) were added.r Afte(C-3), 38.0 (C-4), 58.8 (O-Clj 104.9 (C-5), 117.0 (€N), 124.4

refluxing during 7-16 h, the reaction mixture wasip into ice-
water, and the precipitation of (8){ook place. The solid was
filtered and successively washed with water and caédhy
ether yielding the corresponding est&)-8, which was purified
by flash chromatography (hexane/ethyl acetate masfu

4.2.1.(3)-5-[(2-Cyanoethyl)oxycarbonyl]-6-methyl-
4-phenyl-3,4-dihydro-2(#)-pyridone [(z)-8a]

Reaction time: 14 h. White solid; mp 110-111 °Gl¢il17%;
Vma KBF) 3226, 1705, 1690, 1635, and 1525 &ndy, (300.13
MHz, CDCk) 2.43 (s, 3H, Ch), 2.77-2.47 (m, 3H, CKCN and
HH-3), 2.96 (dd, 1H%J 8.2, fJ| 16.6 Hz, HH-3), 4.33-4.15 (m,
3H, O-CH and H-4), 7.36-7.12 (m, 5H, Ph), 7.83 (br s, 1H, NH);
3 (75.5 MHz, CDCJ) 17.9 CH,-CN), 19.0 (CH), 37.8 (C-4),
38.1 (C-3), 58.4 (O-C}), 105.8 (C-5), 117.0 (€N), 126.6 (CH),
127.1 (C-4’), 128.8 (CH), 141.9 (C), 148.4 (C), 16§CO),
171.4 (C-2); HRMS (ES): MH", found: 385.1234. GH:N,O;
requires 385.1219.

4.2.2.(3)-5-[(2-Cyanoethyl)oxycarbonyl]-6-methyl-
4-(2-nitrophenyl)-3,4-dihydro-2(H)-pyridone [(2)-
8b]

Reaction time: 14 h. White solid; m.p.: 146-149 S@:ld
26%; Vina(KBr) 3223, 1710, 1698, 1636, 1522, 1491, and 134
cm™; &y (300.13 MHz, CDG) 2.58-2.42 [m + s, 5H, CIEN
and singlet centered to 2.49 corresponding tg]CH84 (br d,
1H, fJ| 16.5 HzHH-3), 3.09 (dd, 1H%J 9.2, fJ| 17.2 Hz, HH-3),
4.16 (m, 2H, O-Ch), 4.74 (br d, 1H%J 9.0 Hz, H-4), 7.33-7.19
(m, 1H, H-6"), 7.40 [td, 1H>J 7.7 (t),"3 1.1 (d) Hz, H-4'], 7.52
[td, 1H,%1 7.7 (1),3 0.9 (d) Hz, H-57], 7.84 (dd, 1H) 8.1,31.0
Hz, H-3%); & (75.5 MHz, CDCJ) 17.2 CH»-CN), 18.5 (CH),
33.3 (C-4), 37.1 (C-3), 58.9 (O-GK1103.0 (C-5), 118.1 (€N),
124.7 (C-3'), 127.8 (CH), 128.3 (CH), 133.7 (CH), B6C-1"),

(CH), 127.8 (CH), 147.3 (C), 149.2 (C), 149.5 (C)556(CO),
170.2 (C-2); HRMS (ES): MH", found: 330.1084. GH;N5O5
requires 330.1071.

4.2.5.(x)-4-(2-Chloro-5-nitrophenyl)-5-[(2-
cyanoethyl)oxycarbonyl]-6-methyl-3,4-dihydro-
2(1H)-pyridone [(#)-8€]

Reaction time: 13 h. White solid; m.p.: 161-163 $@:Id
66%; vima{ KBr) 3222, 1705, 1685, 1643, 1525, and 1350 m
Oy (300.13 MHz, CDG) 2.79-2.49 [m + s, 5H, Ci&N and
singlet centered to 2.55 corresponding tos]CH.72 (br d, 1H,
[4J] 16.8 Hz,HH-3), 3.01 (dd, 1H2J 8.6, fJ| 16.8 Hz, HH-3),
4.30-4.15 (m, 2H, O-C}), 4.78 (br d, 1H3J 8.3 Hz, H-4), 7.60
(br d, 1H,%) 8.7 Hz, H-3"), 7.86 (d, 1HWJ 2.6 Hz, H-6'), 8.07
(dd, 1H,%3 2.6,3J 8.7 Hz, H-4’), 8.16 (br s, 1H, NH} (75.5
MHz, CDCk) 18.1 CH,-CN), 19.6 (CH), 35.4 (C-4), 35.9 (C-3),
58.9 (O-CH), 103.8 (C-5), 116.6 &N), 122.4 (CH), 123.8
(CH), 131.5 (C-3’), 140.4 (C), 140.4 (C), 147.1 (3-250.6 (C-
5, 165.3 (CO), 169.2 (C-2); HRMS (E$I MH", found:
364.0695. GH1sCIN;Os requires 364.0687.

4.2.6.(1)-4-(4-Bromophenyl-5-[(2-
cyanoethyl)oxycarbonyl]-6-methyl-3,4-dihydro-

2Z(lH)-pyridone [(#)-8f]

Reaction time: 14 h. White solid; m.p.:144-146 9t@jd 47%;
VmaKBF) 3209, 1705, 1690, 1630, and 1487 &nd, (300.13
MHz, CDCL) 2.44 (s, 3H, Ck), 2.72-2.50 (m, 3H, CCN and
HH-3), 2.95 (dd, 1H3J 8.2, fJ| 16.6 Hz, HH-3), 4.35-4.15 (m,
3H, O-CHand H-4), 7.06 [d, 2H.J 8.4 Hz, H-2' and H-6'], 7.41
[d, 2H,3%) 8.5 Hz, H-3" and H-5], 8.00 (br s, 1H, NHJ; (75.5
MHz, CDCk) 18.2 CH,-CN), 19.6 (CH), 37.6 (C-4), 38.1 (C-3),
58.7 (O-CH), 105.7 (C-5), 117.0 (€N), 121.1 (C), 128.6 (C-2’
and C-6’), 132.2 (C-3' and C-5'), 141.0 (C), 148G), 165.9
(CO), 170.6 (C-2); HRMS (ESt MH*, found: 363.0339.
C,6H16BIrN,O; requires 363.0339.
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4.2.7.(x)-5-[(2-Cyanoethyl)oxycarbonyl]-4-(3- 4.3.2.(1)-4-(4-Bromophenyl)-5-carboxy-6-methyl-
methoxyphenyl)-6-methyl-3,4-dihydro-2{}- 3,4-dihydro-2(H)-pyridone [(#)-9f]
pyridone [(#)-89] White solid, m.p.: 199-201 °C; vyield 94%;,.(KBr) 3414;

Reaction time: 14 h. White solid; m.p.: 123-124 S@zld 1694; 1676; 1639; 1488 cm 3, (300.13 MHz, DMSO-¢) 2.31
34%; Vo KBr) 3550, 3475, 3414, 3224, 1705, 1692, 1620,(s, 3H, CH), 2.36 (d, 1H,%)| 16.1 Hz,HH-3), 2.92 (dd, 1H3J
1579, and 1489 ci &, (300.13 MHz, CDG) 2.42 (s, 3H, 7.8, }J| 16.2 Hz, HH-3), 4.08 (d, 1H3J 7.2 Hz, H-4), 7.10 (d,
CHy), 2.74-2.47 (m, 3H, C}CN andHH-3), 2.94 (dd, 1HJ8.2,  2H, %) 8.4 Hz, H-2', H-6"), 7.48 (d, 2HJ 8.5 Hz, H-3', H-5),
[J] 16.6 Hz, HH-3), 3.77 (s, 3H, O-CH, 4.33-4.15 (m, 3H, O- 9.84 (s, 1H, NH), 12.01 (s, 1H, COOHY; (75.5 MHz, DMSO-
CH,and H-4), 6.73-6.69 (m, 1H, Ph), 6.80-6.73 (m, 2H, P21  d,) 18.2 (CH), 37.1 (C-4), 38.2 (C-3), 105.0 (C-5), 119.5 (G4’
(t, 1H, %) 7.9 Hz, H-5"), 8.27 (br s, 1H, NHYc (75.5 MHz,  129.0 (C-2' and C-6'), 131.4 (C-3' and C-5'), 14%2-1'), 148.0
CDCl;) 18.2 CH,-CN), 19.5 (CH), 38.1 (C-4), 38.3 (C-3), 55.3 (C-6), 168.1 (CO), 169.6 (C-2); MS (APQIm/z (%) = 266
(O-CHy), 58.6 (O-CH), 105.9 (C-5), 112.0 (CH), 113.0 (CH), ([(M+H) - COJ", 100). Anal. calc. for GH;,BrNO;: C, 50.34;
117.1 (&N), 119.1 (CH), 130.1 (CH), 143.7 (cl)E,S148.3 (C), H, 3.90; N, 4.52. Found: C, 50.12; H, 3.99; N, 4.78.

160.0 (C-3'), 166.1(C0O), 170.8 (C-2); HRMS (EBIMNa’,
found: 337.1159. GH;N,NaO, requires 337.1151. . g’tﬁyl(i% ,Asf-gi%rybdc;)(())-/;éﬂ:l()?)- p”;ﬁhhoonxg?&‘if‘gyé]) 6

4.2.8.(%)-5-[(2-Cyanoethyl)oxycarbonyl]-6-methyl- White solid m.p.: 204-205 °C; vield 76%:;,.(KBr) 3448,
4-(1-naphthyl)-3,4-dihydro-2(#)-pyridone [(z)- 3212, 1695, 1673, 1639, 1599, 1489, and 1367;d¥p (300.13
8h] MHz, DMSO-&) 2.31 (s, 3H, Ch), 2.39 (d, 1H,?| 15.9 Hz,

Reaction time: 7h. White solid; m.p.: 197-198 °@ld¢/52%;  HH-3), 2.90 (dd, 1H2J 7.8, {J] 16.1 Hz, HH-3), 3.71 (s, 3H,
Vima{KBr) 3227; 1707; 1695; 1633; 1527 Tndy (300.13 MHz,  OCHy), 4.07 (d, 1H3J 7.3 Hz, H-4), 6.80-6.65 (m, 3H, H-2’, H-
CDCly) 2.58-2.20 [m + s, 5H, C}N and singlet centered to 4’, and H-6’), 7.20 (t, 1H3J 7.9 Hz, H-5'), 9.78 (s, 1H, NH),
2.52 corresponding to GH 2.80 (br d, 1H,%J| 17.3 Hz,HH-3), 11.96 (s, 1H, COOH)p¢ (75.5 MHz, DMSO-g) 18.2 (CH),
3.09 (dd, 1H 8.6, fJ] 17.3 Hz, Hi-3), 4.14-3.97 (m, 1H, O- 37.5 (C-4), 38.4 (C-3), 54.9 (OGH 105.3 (C-5), 111.3 (CH),
CHH), 4.27-4.14 (m, 1H, O-CH), 5.14 (br d, 1H2J 8.3 Hz, H-  112.9 (CH), 118.7 (CH), 129.6 (CH), 144.4 (C), 14T}, (L59.4
4), 7.18 (d, 1H3 7.7 Hz, H-2’), 7.35 (t, 1H}J 7.7 Hz, H-3),  (C-3"), 168.2 (CO), 169.7 (CO); HRMS (ESI MH", found:
7.66-7.43 [r?, 2H, H-6' and H-77], 7.75 (d, 1B1 8.2 Hz, H-4),  262.1074. GH1eNO, requires 262.1060.

;4819|-(|2 1|_|;|_,8J’).7.68CH(z7,5H55I\)A,H72.960(qus), ig'gNIghégz)(d'l%ﬁi 4.3.4.(x)-5-Carboxy-6-methyl-4-(1-naphthyl)-3,4-

) ! ' ; ' ) 2 ’ ) dihydro-2(1H)-pyridone [(#)-9h]

(CH,), 33.7 (C-4), 37.5 (C-3), 58.5 (O-GH 105.7 (C-5), 116.8 yd , |
(C=N), 122.7 (C-8"), 123.1 (C-2), 125.5 (C-3’), 125(8-6"), White solid, m.p.: 200-201 °C; yield 90%;,.,(KBr) 3550,
126.6 (C-7’), 128.1 (C-4), 129.4 (C-5"), 130.6 (C)34.6 (C), 3478, 3414, 3219, 1691, 1640, 1606, and 1486;dn (3Q0.l3
136.4 (C), 149.1 (C), 166.1 (CO), 170.7 (C-2); HRMES[): MHz, DMSO-d¢) 2.74-2.13 _(m + s, 4HHH-3 agd singlet
MH*, found: 335.1390. H,dN,O; requires 335.1554. centered to 2.43 corresponadlng to §5H8.10 (dd, 1H2J 8.4, {J|
16.1 Hz, HH-3), 4.97 (d, 1H%3 8.0, H-4), 7.14 (d, 1HJ 7.0 Hz,

4.3. General procedure for the hydrolysis of 2-cyanoethyl H-2), 7.41 (t, 1H,2J 7.5 Hz, H-3'), 7.73-7.48 [m, 2H, H-6' and

esters £)-8. H-7"], 7.80 (d, 1H,%) 8.2 Hz, H-4"), 7.96 (d, 1H3J 7.5 Hz, H-
5%, 8.17 (d, 1H3J 8.2 Hz, H-8"), 9.86 (s, 1H, NH), 11.92 (s, 1H,
COOH); & (75.5 MHz, DMSO-¢) 18.3 (CH), 33.6 (C-4), 37.8
(C-3), 105.0 (C-5), 122.7 (CH), 123.1 (CH), 125.5 (Ck35.6
(CH), 126.3 (CH), 127.2 (CH), 128.9 (CH), 130.2 (C)}4IB8(C),
137.1 (C), 148.7 (C), 168.2 (C-2), 169.5 (CO); HRMES():
MH", found: 282.1125. GH,(NO; requires 282.1121.

To a solution of the cyanoethyl este)-8 (5.0 mmol) in
acetone (70 mL), ag 3 M NaOH (20 mmol) and water (40
were added. The solution was stirred at room temperatntil
disappearance of the starting material (TLC coptrdhen,
acetone was eliminated under reduced pressure andbasbic
aqueous phase extracted with dichloromethane (2 xmBD

After, ag 3 M HCI was added to the aqueous phase pifitivas 4.4, Synthesis of tert-butyl esterg{10.
1-2. The resulting acid aqueous phase was extragitbdethyl
acetate (3 x 60 mL). The organic layers were conthin@shed tert-Butyl esters (£)10 (up to a scale of 5.0 mmol) were

with brine (50 mL), dried with N&Q,, and evaporated under Prepared from tert-butyl acetoacetate 7) following the
reduced pressure to give the corresponding carlwoagld ¢-)-9 ~ Procedure described for the synthesis of g+)except that
as a pure product. Spectroscopic data9ted (white solids) are ~ reactions were conducted at 80 °C.

in good agreement with those previously publisHetields 4.4.1.(+)-5-(tert-Butoxycarbonyl)-6-methyl-4-

obtained wereda (90%),9b (88%),9c (60%), anddd (78%). phenyl-3,4-dihydro-2(#)-pyridone [(#)-10a]
4.3.1.(+)-5-Carboxy-4-(2-chloro-5-nitrophenyl)-6- Reaction time: 11 h. White solid; mp 155-156 °@I|¢i61%;
methyl-3,4-dihydro-2(H)-pyridone [(z)-9€] Vmad KBF) 3414, 3218, 1690, 1634, 1483, 1384, and 1866,

White solid, m.p.: 220-221 °C; yield 90%;..(KBr) 3245;  On (300.13 MHz, CDG) 1.35 (s, 9H, B, 2.36 (s, 3H. Ch,
1709; 1676; 1622; 1525 cin &, (300.13 MHz, DMSO-g 2.33  2.68 (dd, 1H732.7,1J] 16.5 HzHH-3), 2.92 (dd, 1H.J 8.1, fJ]
(d, 1H, 13| 16.3 Hz,HH-3), 2.42 (s, 3H, CH), 3.10 (dd, 1H3J 16.5 Hz, HH-3), 4.18 (br d, 1H;J 7.8 Hz, H-4), 7.32-7.12 (m,
8.3, {J| 16.5 Hz, HH-3), 4.54 (d, 1H2%) 8.0 Hz, H-4), 7.76 (d, 5H. Ph), 7.56 (br s, 1H, NH§ (75.5 MHz, CDCJ) 19.1 (CH),
1H, 3 2.7 Hz, H-6"), 7.82 (br d, 1H) 8.7, H-4), 8.13 (dd, 1H, 28.3 (3 x CH)), 38.3 (C-3), 38.6 (C-4), 80.6 (C), 109.1 (C-5),
‘3 2.7,1 8.7 Hz, H-3), 10.10 (s, 1H, NH), 12.17 (br s, 1H, 126.8 (CH), 126.9 (C-4), 128.9 (CH), 142.7 (C), TA4C),
COOH); & (75.5 MHz, DMSO-¢) 18.1 (CH), 35.4 (C-4), 35.8 166.3 (CO), 17_1.0 (C-2); HRMS (ES$I MH", found: 288.1594.
(C-3), 103.6 (C-5), 121.7 (CH), 123.7 (CH), 131.63§-139.5  Ci/H22NO; requires 288.1595.
(C), 141.3 (C), 14?-7 (C), 149.8 (C), 167.6 (CO)S-BG(CfZ)? 4.4.2.(2)-5-(tert-Butoxycarbonyl)-6-methyl-4-(2-
HRMS (ESI): MH", found: 311.0429. GH,,CIN,Os requires nitrophenyl)-3,4-dihydro-2(H)-pyridone [()-10b]
311.0399. Reaction time: 7 h. White solid; mp: 193-194 °Cc(jteyield

69%; Vima KBF) 3480, 3416, 3220, 1699, 1671, 1638, 1524, and



1365 cm’; &y (300.13 MHz, CDG)) 1.20 (s, 9H, Bi); 2.44 (s,
3H, CHy), 2.83 (dd, 1H%J 2.7, 1J] 17.1 HzHH-3), 3.09 (dd, 1H,
%39.2, 13| 17.1 Hz, H1-3), 4.67 (br d, 1H3J 9.1 Hz, H-4), 7.28
(dd, 1H,%3 1.4,33 7.9 Hz, H-6"), 7.38 [dt, 1HJ 1.4 (d),*) 8.1
(t), H-4", 7.52 [dt, 1H,%3 1.4 (d),%3 7.9 (t), H-57], 7.79 (br s, 1H,
NH), 7.89 (dd, 1H,"J 1.4, °J 8.1 Hz, H-3"); 3¢ (75.5 MHz,
CDCl;) 18.9 (CH), 28.1 (3 x CH), 34.6 (C-4), 37.4 (C-3), 80.9
(C), 107.7 (C-5), 125.0 (CH), 128.0 (CH), 128.4 (CHI®3.5
(CH), 137.8 (C), 146.8 (C), 149.1 (C), 165.5 (CO)).47(C-2);
HRMS (ESN: MH®, found: 333.1445. GH,.N,Os requires
333.1427.

4.4.3.(1)-5-(tert-Butoxycarbonyl)-6-methyl-4-(3-
nitrophenyl)-3,4-dihydro-2(#H)-pyridone [(#)-10c]
Reaction time: 9 h. White solid; mp: 173-173.4 9i@jd 72%;
Vil KBr) 3554, 3470, 3414, 3227, 1701, 1640, 1618,6152
1366, and 1347 ci &, (300.13 MHz, CDG)) 1.38 (s, 9H, Bl;
2.40 (s, 3H, Ch), 2.69 (dd, 1H3J 1.7, {J] 16.7 Hz,HH-3), 2.99
(dd, 1H,%3 8.2, 3] 16.7 Hz, HH-3), 4.29 (br d, 1H3] 8.2 Hz, H-
4), 7.57-7.40 (m, 2H, H-6' and H-5), 7.71 (br s, INH), 8.14-
8.02 (m, 2H, H-2" and H-4")d (75.5 MHz, CDCJ) 19.3 (CH),

28.3 (3 x CH), 37.8 (C-3), 38.3 (C-4), 81.2 (C), 107.9 (C-5),

122.1 (CH), 122.2 (CH), 129.9 (CH), 133.0 (CH), 1443, (
145.9 (C), 148.6 (C), 165.8 (C0O), 170.2 (C-2); HRMES():
MH?, found: 333.1445. GH,,N,Os requires 333.1435.

4.4.4.(1)-5-(tert-Butoxycarbonyl)-6-methyl-4-(4-
nitrophenyl)-3,4-dihydro-2(H)-pyridone [(#)-10d]

Reaction time: 9 h. White solid; mp 230-232 °C;|d/i&3%;
Vmad KBI) 3413, 3223, 1698, 1637, 1521, and 1349ty
(300.13 MHz, CDGJ) 1.36 (s, 9H, Bl); 2.40 (s, 3H, Ch), 2.65
(dd, 1H,%3 1.6, fJ] 16.6 HzHH-3), 2.98 (dd, 1H%J 8.3, {J] 16.6
Hz, HH-3), 4.29 (br d, 1H%J 8.2 Hz, H-4), 7.35 (d, 2H,J 8.6
Hz, H-2" and H-6), 7.71 (br s, 1H, NH), 8.16 (d, 28,8.6 Hz,
H-3' and H-5"); 8¢ (75.5 MHz, CDCJ) 19.3 (CH), 28.3 (3 x
CH,), 37.7 (C-3), 38.6 (C-4), 81.2 (C), 107.8 (C-R42 (CH),
127.8 (CH), 145.8 (C), 147.1 (C), 150.3 (C), 165®J, 170.1
(C-2); HRMS (ESI): MH', found: 333.1445. GH,N,Os
requires 333.1449.

4.4.5.(1)-5-(tert-Butoxycarbonyl)-4-(2-chloro-5-
nitrophenyl)-6-methyl-3,4-dihydro-2H)-pyridone
[(#)-10¢]

Reaction time: 5 h. White solid, mp 226-228 °C;d/ig4%;
Vima(KBr) 3551, 3473, 3413, 3224, 1700, 1630, 1523, 4343
cm’; 3y (300.13 MHz, CDG) 1.31 (s, 9H, Bl); 2.49 (s, 3H,
CHy), 2.66 (br d, 1H2J| 16.8 HzHH-3), 2.96 (dd, 1H3J 8.6, fJ|
16.8 Hz, HH-3), 4.68 (br d, 1H%J 8.2 Hz, H-4), 7.57 (d, 1H)
8.7 Hz, H-3"), 7.59 (br s, 1H, NH), 7.89 (d, 1H,2.6 Hz, H-6"),
8.06 (dd, 1HJ 2.6,%3 8.7 Hz, H-4");3¢ (75.5 MHz, CDCJ) 19.1

(CHs), 28.2 (3 x CH), 35.97 (C-3), 36.02 (C-4), 81.1 (C), 106.6

(C-5), 122.5 (CH), 123.4 (CH), 131.1 (CH), 140.4 (Q)1.4 (C),
147.1 (C), 147.4 (C), 165.4 (CO), 169.6 (C-2); HRMESK):
MH", found: 367.1055. GH,,CIN,Os requires 367.1063.

4.4.6.(2)-4-(4-Bromophenyl)-5-{ert-
butoxycarbonyl)-6-methyl-3,4-dihydro-2if)-
pyridone [(#)-10f]

Reaction time: 4 h. White solid, mp 186-187 °C;d/i88%;
Vmad{ KBr) 3216, 1687, 1630, 1484, 1380, and 1365 ‘¢
(300.13 MHz, CDGJ) 1.36 (s, 9H, Bi); 2.36 (s, 3H, Ch), 2.62
(dd, 1H,%3 1.9, {J] 16.5 HzHH-3), 2.91 (dd, 1H%J 8.1, fJ] 16.5
Hz, HH-3), 4.14 (br d, 1HJ 8.1 Hz, H-4), 7.05 (d, 2HJ 8.4
Hz, H-2' and H-6"), 7.39 (d, 2H) 8.4 Hz, H-3' and H-5'), 7.64
(br s, 1H, NH);3¢ (75.5 MHz, CDCJ) 19.3 (CH), 28.3 (3 x
CH;,), 38.06 (C-3), 38.11 (C-4), 80.9 (C), 108.6 (CH)0.8 (C),
128.6 (2 x CH), 131.9 (2 x CH), 141.6 (C), 144.9 (096.1

7
(CO), 170.3 (C-2); HRMS (ESt MH®, found: 366.0699.
C,7H,:BrNO; requires 366.0683.

4.4.7.(x)-5-(tert-Butoxycarbonyl)-4-(3-
methoxyphenyl)-6-methyl-3,4-dihydro-2{}-
pyridone [(#)-109]

Reaction time: 10 h. White solid; mp: 145-146 °@]d/84%;
Vma(KBr) 3480, 3414, 3219, 1699, 1686, and 1634 't
(300.13 MHz, CDGJ) 1.36 (s, 9H, Bl); 2.35 (s, 3H, CH), 2.67
(dd, 1H,%3 2.6, fJ] 16.5 HzHH-3), 2.90 (dd, 1H%J 8.1, {J] 16.5
Hz, HH-3), 3.77 (s, 3H, O-CH), 4.16 (br d, 1HJ 8.1 Hz, H-4),
6.81-6.69 (m, 3H, H-2', H-4’, and H-6"), 7.19 (t, 1&,7.9 Hz,
H-5'), 7.53 (br s, 1H, NH)dc (75.5 MHz, CDC)) 19.2 (CH),
28.3 (3 x CH), 38.2 (C-3), 38.6 (C-4), 55.3 (O-GH 80.6 (C),
109.0 (C-5), 111.9 (CH), 113.0 (CH), 119.2 (CH), 12a@8i),
144.3 (C), 144.7 (C), 159.9 (C-3’) 166.3 (CO), 170®@B2);
HRMS (ESI): MH*, found: 318.1700. @H,,NO, requires
318.1704.

4.4.8.(1)-5-(tert-Butoxycarbonyl)-6-methyl-4-(1-
naphthyl)-3,4-dihydro-2(H)-pyridone [(#)-10h]
Reaction time: 6 h. White solid, mp: 235-236 °Gl¢i92%;
Vma(KBr) 3216, 1694, 1645, 1526, 1366, and 1347 't
(300.13 MHz, CDGJ) 1.15 (s, 9H, BY; 2.46 (s, 3H, CH), 2.76
(dd, 1H,%3 2.6, fJ] 16.4 HzHH-3), 3.05 (dd, 1H31 8.7, {J] 16.4
Hz, HH-3), 5.06 (br d, 1H%J 8.7 Hz, H-4), 7.21 (d, 1HJ 6.9
Hz, H-2’), 7.35 (dd, 1H3J 7.3, 8.0 Hz, H-3'), 7.60-7.44 (m, 2H,
H-6' and H-7"), 7.62 (br s, 1H, NH), 7.73 (d, 14,8.1 Hz, H-
4'), 7.86 (dd, 1H33 7.8,3 1.5 Hz, H-5), 8.06 (d, 1HJ 8.4 Hz,
H-8'); & (75.5 MHz, CDCJ) 19.1 (CH), 28.1 (3 x CH), 34.3
(C-4), 37.6 (C-3), 80.5 (C), 108.7 (C-5), 122.8 (CH)3.2 (CH),
125.6 (2 x CH), 126.3 (CH), 127.7 (CH), 129.3 (CH), .B3T),
134.5 (C), 137.2 (C), 145.6 (C), 166.2 (CO), 17@&2f; HRMS
(ESI): MH", found: 338.1751. GH,,NO; requires 318.1745.

4.5. General procedure for tert-butyl group removing 8y (
10.

A solution of the correspondingert-butyl ester £)-10 (1.0
mmol) in dichloromethane (2.0 mL) was cooled at Q &8d
anisole (0.48 mL, 4.4 mmol) and trifluoroaceticca¢i.89 mL)
were added. The solution was stirred at 0 °C urgépfiearance
of the starting material (TLC monitoring). Thenganic solvent
and trifluoroacetic acid were eliminated under reglipressure.
The resulting residue was dissolved in dichloromagh@5 mL)
and extracted with aq saturated NaHC@ x 10 mL). The
organic phase was discarded. Conc. aq HCI was addéuketo
aqueous phase until pH was 1-2. The resulting acite@s
phase was extracted with dichloromethane (3 x 15 rihge
organic layers were combined, washed with brine (20, mhtied

with NaSQ,, and evaporated under reduced pressure to give the

corresponding carboxylic acidt)}9 as a pure product. Yields
obtained were9a (85%), 9b (76%), 9c (81%), 9d (68%), 9e
(72%),9f (74%),99 (91%), anddh (90%).

4.6. General procedure for the synthesis of diestey<(

Carboxylic acid £)-9 (5.18 mmol) was dissolved iN,N-
dimethylformamide (15.5 mL). Cesium carbonate (4mirhol)
was added to the solution and the suspension wasdsturing
2-3 min after which chloromethyl 2-methylpropanod&73
mmol) was added. After stirring at room temperaturend 18-
24 h, dichloromethane (30 mL) was added to the mex&und the
resulting organic phase was successively washed wittr (& x
20 mL) and brine (3 x 20 mL). Organic solvent wasneiated
and the residue was submitted to flash chromatograph
(hexane/ethyl acetate mixtures) to yield the cquwesing diester
(#)-5.
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4.6.1.(+)-6-Methyl-5-[(2-
methylpropanoyloxy)methyloxycarbonyl]-4-phenyl-
3,4-dihydro-2(H)-pyridone [(#)-5a]
Reaction time: 22 h. White solid, mp 157-160 °@|di83%;
Vma KBP) 3210; 1758; 1716; 1690; 1628; 1492 ¢ndy, (300.13

Tetrah

edron

system, | 5.7 Hz, O-CH-0), 7.34 (d, 2H%J 8.6 Hz, H-2" and
H-6"), 8.12 (br s, 1H, NH), 8.14 (d, 2F] 8.6 Hz, H-3" and H-
5; & (75.5 MHz, CDCJ) 18.7 (CH), 19.8 (CH), 33.8 (CH),

37.5 (C-3), 37.8 (C-4), 79.1 (GH 104.9 (C-5), 124.3 (CH),
127.9 (CH), 147.3 (C), 149.46 (C), 149.50 (C), 164CD),

MHz, CDClL) 1.13-1.02 [6H, two overlapped d centered to 1.09169.9 (C-2), 175.9 (CO); HRMS (ESI): MHound: 377.1343.

(3J 7.0 Hz) and 1.06°) 7.0 Hz), CH-(®,),], 2.52-2.39 [m + s,
4H, CH(CHs), and singlet centered to 2.42 corresponding t
CHg], 2.71 (br d, 1H,%J| 16.6 HzHH-3), 2.94 (dd, 1H%1 8.2, {J|
16.6 Hz, HH-3), 4.26 (br d, 1H>J 7.9 Hz, H-4), 5.75 (AB
system,?)| 5.5 Hz, O-CH-0), 7.30-7.11 (m, 5H, Ph), 7.80 (br s,
1H, NH); 8¢ (75.5 MHz, CDCJ) 18.7 (CH), 19.5 (CH), 33.8
(CH), 37.7 (C-4), 38.1 (C-3), 79.0 (GH 106.0 (C-5), 126.8
(CH), 127.2 (C-4’), 129.0 (CH), 141.9 (C), 148.7 §};-165.3
(CO), 171.1 (C-2), 175.9 (CO); HRMS (EBI MH", found:
332.1492. GH,,NOs requires 332.1446.

4.6.2.(x)-6-Methyl-5-[(2-
methylpropanoyloxy)methyloxycarbonyl]-4-(2-
nitrophenyl)-3,4-dihydro-2(H)-pyridone [(#)-5b]

Reaction time: 18 h. White solid, mp 155-156 °@ldi78%;
Vmad KBr) 3436; 3312; 1745; 1714; 1703; 1624; 152T]crﬁH
(300.13 MHz, DMSO-g 1.00-0.88 [6H, two overlapped d
centered to 0.96°] 7.0 Hz) and 0.93°] 7.0 Hz), CH-(®,),,
2.50-2.33 [m + s, 5H, B(CH,),, HH-3, and singlet centered to
2.39 corresponding to GH 3.18 (dd, 1H.2J 8.9, fJ| 16.5 Hz,
HH-3), 4.50 (br d, 1H3J 8.6 Hz, H-4), 5.57 (AB systenfJ] 5.9
Hz, O-CH-O), 7.25 (dd, 1H! 1.3,%) 7.7 Hz, H-6"), 7.50 [dt,
1H, %3 1.3 (d),%1 8.0 (t), H-4"], 7.64 [dt, 1H?J 1.4 (d),% 7.7 (1),
H-57, 7.93 (dd, 1H,%J 1.3, °J 8.0 Hz, H-3'), 10.26 (br s, 1H,
NH); & (75.5 MHz, DMSO-¢g) 18.2 (CH), 18.4 (CH), 32.8
(CH), 33.2 (C-4), 37.0 (C-3), 78.8 (GH 102.3 (C-5), 124.8
(CH), 127.8 (CH), 128.3 (CH), 133.7 (CH), 136.5 (C)844(C),
152.3 (C), 164.4 (CO), 168.9 (C-2), 174.6 (CO); M9),(E/z
(%) = 259 (M- OCH,OC(O)Pr], 97), 197 (100), 71 (98). Anal.
calc. for GgH,N,O;: C, 57.44; H, 5.36; N, 7.44. Found: C,
57.72; H, 5.27; N, 7.53.

4.6.3.(%)-6-Methyl-5-[(2-
methylpropanoyloxy)methyloxycarbonyl]-4-(3-
nitrophenyl)-3,4-dihydro-2(#H)-pyridone [(#)-5c]

Reaction time: 24 h. White solid; m.p. 126-127 yi@|d 85%;
Vma KBF) 3229; 1749; 1719; 1631; 1531 &ndy, (300.13 MHz,
CDClL) 1.07 [m, 6H, (®3),CH], 2.59-2.39 [m + s, 4H,
CH(CH,), and singlet centered to 2.47 corresponding tg]CH
2.71 (br d, 1H2J 16.7 Hz,HH-3), 3.03 (dd, 1H%) 8.3, fJ| 16.6
Hz, HH-3), 4.38 (br d, 1H%J 7.9 Hz, H-4), 5.73 (AB systenf]|
5.7 Hz, O-CH-0), 7.57-7.47 (m, 2H, H-5' and H-6"), 8.01 (s,
1H, H-27), 8.09 (dd, 1HJ 7.7,%3 0.9 Hz, H-4"), 8.16 (br s, 1H,
NH); 8¢ (75.5 MHz, CDCJ) 18.7 (CH), 19.7 (CH), 33.8 (CH),
37.6 (C-4), 37.8 (C-3), 79.2 (GH 104.9 (C-5), 121.8 (C-4),
122.5 (C-2'), 130.1 (C-5'), 133.2 (C-6"), 144.1 (C); 148.8 (C-
3"), 149.7 (C-6), 164.9 (CO), 170.0 (C-2), 175.8 (CMS (EI),
miz (%) = 376 (M", 11) 259 (M- OCHOC(O)Pr]", 100);
HRMS (El): M* found: 376.1281. GH,N,O; requires
376.1271.

4.6.4.(+)-6-Methyl-5-[(2-
methylpropanoyloxy)methyloxycarbonyl]-4-(4-
nitrophenyl)-3,4-dihydro-2(H)-pyridone [(#)-5d]
Reaction time: 22 h. White solid, m.p. 155-156 yield 84%;
Vi KBr) 3318; 1753; 1735; 1692; 1634; 1516 ¢ndy (300.13
MHz, CDCk) 1.12-1.00 [6H, two overlapped d centered to 1.0
(33 7.0 Hz) and 1.05%) 7.0 Hz), CH-(®s),], 2.54-2.40 [m + s,
4H, CH(CHs), and singlet centered to 2.46 corresponding t
CHg), 2.70 (br d, 1H7)| 16.8 HzHH-3), 3.01 (dd, 1H3J 8.4, {J|
16.8 Hz, HH-3), 4.36 (br d, 1H2) 8.3 Hz, H-4), 5.74 (AB
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C,gH,:N,0; requires 377.1335.

04.6.5.(i)-4-(2-Chloro-5-nitrophenyl)-6-methyl-5-
[(2-methylpropanoyloxy)methyloxycarbonyl]- 3,4-
dihydro-2(1H)-pyridone [(#)-5€]

Reaction time: 23 h. White solid, 154-155 °C, yi@ti%;
Vmad KBr) 3420; 1759; 1709; 1681; 1636; 1524_3:1T!T>H (300.13
MHz, DMSO-d) 0.97-0.85 [6H, two overlapped d centered to
0.93 £J 7.0 Hz) and 0.90%) 6.9 Hz), CH-(®5),], 2.51-2.31 [m
+ s, BH, ®(CH), HH-3, and singlet centered to 2.44
corresponding to Cif 3.16 (dd, 1H23 8.5, 1] 16.7 Hz, HH-3),
4.55 (br d, 1H3J 8.1 Hz, H-4), 5.62 (AB systent,)] 5.8 Hz, O-
CH,-0), 7.72 (d, 1H!J 2.7 Hz, H-6"), 7.81 (d, 1HJ 8.7 Hz, H-
3’), 8.13 (dd, 1H!J 2.7,%1 8.7 Hz, H-4’), 10.35 (s, 1H, NHJc
(75.5 MHz, DMSO-¢) 18.2 (CH), 18.3 (CH), 32.8 (CH), 34.9
(C-4), 35.6 (C-3), 78.8 (Ch 101.4 (C-5), 121.5 (CH), 123.6
(CH), 131.6 (CH), 139.4 (C), 140.9 (C), 146.6 (C)215(C),
164.3 (CO), 168.6 (C-2), 174.7 (CO); HRMS (BSIMH",
found: 411.0954. ¢H,»CIN,O, requires 411.0931.

4.6.6.(x)-4-(4-Bromophenyl)-6-methyl-5-[(2-
methylpropanoyloxy)methyloxycarbonyl]- 3,4-
dihydro-2(1H)-pyridone [(z)-5f]

Reaction time: 24 h. White solid, 134-135 °C; yi&d%;
VmaKBP) 3418; 1760; 1721; 1695; 1626; 1490 ¢ndy, (300.13
MHz, CDCk) 1.14-1.00 [6H, two overlapped d centered to 1.09
(33 7.0 Hz) and 1.07%) 7.0 Hz), CH-(®s),], 2.55-2.39 [m + s,
4H, CH(CHs), and singlet centered to 2.43 corresponding to
CHg), 2.66 (br d, 1H7| 16.6 HzHH-3), 2.94 (dd, 1H3J 8.1, {J|
16.6 Hz, HH-3), 4.21 (br d, 1H>J 7.8 Hz, H-4), 5.74 (AB
system, )| 5.6 Hz, O-CH-0O), 7.03 (d, 2H2J 8.3 Hz, H-2’ and
H-6"), 7.38 (d, 2H,) 8.5 Hz, H-3' and H-5"), 7.69 (br s, 1H,
NH); &¢ (75.5 MHz, CDCJ) 18.7 (CH), 19.6 (CH), 33.8 (CH),
37.3 (C-4), 37.9 (C-3), 79.0 (GH 105.5 (C-5), 121.1 (C), 128.6
(2 x CH), 132.0 (2 x CH), 140.9 (C), 149.0 (C), 16%CD),
170.8 (C-2), 175.9 (CO); HRMS (ESI): MHound: 410.0598.
C,gH,:BrNOs requires 410.0606.

4.6.7.(x)-4-(3-Methoxyphenyl)-6-methyl-5-[(2-
methylpropanoyloxy)methyloxycarbonyl]- 3,4-
dihydro-2(1H)-pyridone [(#)-549]

Reaction time: 18 h. White solid; mp 105-107 °Gl¢i91%;
Vmad KBP) 3412; 1752; 1714; 1694; 1629; 1585 ¢nd, (300.13
MHz, CDCk) 1.14-1.03 [6H, two overlapped d centered to 1.09
(33 7.0 Hz) and 1.07%] 7.0 Hz), CH-(®s),], 2.42 (s, 3H, Ch),
2.25 [septet, 1H3J 7.0 Hz, GH(CHy), ], 2.71 (br d, 1H,%)| 16.6
Hz, HH-3), 2.93 (dd, 1H%3 8.1, {J| 16.6 Hz, HH-3), 3.77 (s, 3H,
O-CHs), 4.24 (br d, 1H%J 8.1 Hz, H-4), 5.75 (AB systeni)])] 5.6
Hz, O-CH-0), 6.80-6.65 (m, 3H, H-2", H-4', and H-6"), 7.18 (t
1H,3% 7.9 Hz, H-5), 7.65 (br s, 1H, NHJi (75.5 MHz, CDCJ)
18.7 (2 x CH), 19.5 (CH), 33.8 (CH), 37.7 (CH), 38.1 (C-3),
55.2 (O-CH), 79.0 (CH), 105.8 (C-5), 111.9 (CH), 113.1 (CH),
119.1 (CH), 129.9 (CH), 143.5 (C), 148.9 (C), 15T93) 165.3
(CO), 171.1 (C-2), 175.9 (CO); HRMS (ESI): [M+Nafound:
384.1418. @H,3NNaG; requires 384.1426.

4.6.8.(1)-6-Methyl-5-[(2-
methylpropanoyloxy)methyloxycarbonyl]-4-(1-
naphthyl)-3,4-dihydro-2(H)-pyridone [(#)-5h]

0 Reaction time: 24 h. White solid, mp 164-166 °@ldi79%;
VmadKBr) 3413; 1750; 1710; 1703; 1675; 1631_(]:D6H (300.13

MHz, CDCk) 0.96-0.81 [6H, two d centered to 0.92 7.0 Hz)



and 0.87 {0 7.0 Hz), CH-(®),], 2.27 [septet, 1H3J 7.0 Hz,
CH(CHs), ], 2.50 (s, 3H, CH), 2.81 (br d, 1H2J| 16.4 HzHH-
3), 3.07 (dd, 1H31 8.6, {J| 16.4 Hz, HH-3), 5.13 (br d, 1H3J 8.6
Hz, H-4), 5.63 (s, 2H, O-CHO), 7.15 (d, 1H2J 6.6 Hz, H-2'),
7.33 (dd, 1H%) 7.2, 8.2 Hz, H-3'), 7.64-7.43 (m, 2H, H-6" and
H-7), 7.73 (d, 1H3J 8.2 Hz, H-4’), 7.87 (dd, 1HJ 7.9, 1.4
Hz, H-5"), 8.04 (d, 1H3) 8.4 Hz, H-8'), 8.14 (br s, 1H, NHfic
(75.5 MHz, CDCJ) 18.5 (CH), 19.6 (CH), 33.56 (CH), 33.62
(CH), 37.4 (C-3), 79.3 (Cy), 105.5 (C-5), 122.8 (CH), 123.1
(CH), 125.5 (CH), 125.7 (CH), 126.6 (CH), 128.1 (CH)9R
(CH), 130.6 (C), 134.7 (C), 135.9 (C), 149.5 (C)5B6(CO),
170.5 (C-2), 175.6 (CO); HRMS (ESI): MHound: 382.1649.
C,H,4NOs requires 382.1650.

4.7. (£)-5-(Acetoxymethyloxycarbonyl)-6-methyl-4-(3-
nitrophenyl)-3,4-dihydro-2-#)-pyridone [(#)-11]

It was obtained from (¥pa (1.1 mmol) and chloromethyl
acetate (1.4 mmol) following the general proceduoe the
synthesis of diesters (H- Flash chromatography (hexane/ethyl
acetate 2:1) yielded pure (3} (230 mg, 60%) as a white solid;
mp 131-132 °C;v,a{KBr) 3229; 1752; 1720; 1628; 1517 Sm
oy (300.13 MHz, CDG) 2.01 (s, 3H, Ch), 2.48 (s, 3H, Ch),
2.72 (br d, 1H2J 16.7 Hz,HH-3), 3.02 (dd, 1H%1 8.2, {J] 16.7
Hz, HH-3), 4.37 (br d, 1H3) 7.9 Hz, H-4), 5.73 (s, 2H, O-GH
0), 7.57-7.46 (m, 2H, H-5" and H-6’), 7.86 (br s, 1§H), 8.01
(s, 1H, H-2), 8.09 (br d, 1HJ 7.9 Hz, H-4'); 3 (75.5 MHz,
CDCl;) 18.5 (CH), 20.3 (CH), 36.9 (C-4), 37.7 (C-3), 78.7
(CH,), 102.5 (C-5), 121.3 (C-4’), 121.8 (C-2’), 130.2-%"),
133.4 (C-6"), 1449 (C-1'), 148.0 (C-3’), 151.8 @J; 164.7
(C0), 169.2 (C), 169.3 (C); MS (Eln/z (%) = 348 (M, 14),
259 (M - OCH,OC(O)CH]*, 100); HRMS (Cl): MH found
349.1035. GH1/N,0; requires 349.1036.

4.8. (#)-5-[(2,2-Dimethylpropanoyloxy)methyloxycarbonyl]-
6-methyl-4-(3-nitrophenyl)-3,4-dihydro-2{)-pyridone [(#)-
12]

It was prepared as described for &)-from (x)-9a (0.60
mmol) and chloromethyl 2,2-dimethylpropanoate (Orighol).
Flash chromatography (hexane/ethyl acetate 2:1ljigde pure

(¥)-12 (103 mg, 44%) as a white solid; mp 168-170 °C;

Vmad KBr) 3211; 1749; 1725; 1631; 1510 ff'm5H (300.13 MHz,
DMSO-d;) 0.97 (s, 9H, BY), 2.38 (s, 3H, CH), 2.55-2.44 (m,
1H, HH-3), 3.05 (dd, 1HJ 8.0, {J] 16.6 Hz, HH-3), 4.28 (br d,
1H, 3J 7.7 Hz, H-4), 5.67 (AB systentJ| 5.8 Hz, O-CH-0O),
7.65-7.55 (m, 2H, H-5" and H-6’), 8.01 (br s, 1H, H;3.08 (m,
1H, H-4’), 10.20 (br s, 1H, NH),%¢ (75.5 MHz, CDC}) 18.4
(CHy), 26.3 (3 x CH), 36.9 (C-4), 37.8 (C-3), 38.0 (C), 78.9
(CH,), 102.4 (C-5), 121.2 (C-4), 121.8 (C-2), 130.2-"),
133.4 (C-6'), 144.9 (C-1'), 147.9 (C-3), 151.7 @) 164.7
(CO), 169.2 (C-2), 176.2 (CO); MS (EH/z(%) = 390 (M, 8),
259 ([M - OCH,0OC(0)Bu]*, 100), 57 'Bu’, 54); HRMS (ClI):
MH" found 391.1517. GH,3N,0; requires 391.1505.

4.9. General procedure for the enzymatic hydrolysis
reactions.

Compound £)-5 was dissolved intert-butyl methyl ether
(TBME) previously saturated with water. CAL-B was added
this solution, and the mixture was shaken at 28 200 rpm.
After the time collected in Table 3, the enzyme whsréd and
thoroughly washed with methanol. Solvents were eliteitha
under reduced pressure and the residue was disseitkeethyl
acetate. The organic solution was extracted thraestiwith aq

9
the other hand, the basic aqueous phase contdh@rmoduced
carboxylic acid R)-9 was acidified with aqg 3 M HCI (pH = 1-2)
and subsequently extracted with ethyl acetate (ttinees). The
normal work-up of this new organic phase gave
corresponding acidR)-9.

the

4.10. Enzymatic hydrolysis offf-5a (Table 3, entry 1).

To a solution of £)-5a (100 mg, 0.30 mmol) in TBME (10
mL), CAL-B (100 mg) was added and the mixture waskshat
28 °C and 200 rpm during 9 h. After, the generatedore was
followed. Thus, the remaining substrag-%a was isolated with
56% yield (56 mg) and 32% ee. The prodirRjtda was isolated
with 39% vyield (27 mg) and 47% ee.

4.10.1.Enantioenrichment of the enzymatically
produced (S)5a and (R)9a.

Substrate $-5a (55 mg, 32% ee) was dissolved in diethyl
ether (2.0 mL) at room temperature. After cooling-46 °C
during 30 min, the formed solid was filtered. Theoé¢his solid
(40 mg) was 5%9). In addition, from the removal of the solvent
of the filtrate, 13 mg of enantioenriche8)-6a (99% ee) was
recovered as a viscous dit],>° +64.9 € 0.65, CHC)).

The product R)-9a (26 mg, 47% ee) was dissolved in
methanol (3.0 mL). After cooling atl5 °C during 4 h, the
formed solid was filtered. The ee of this solid (§)mvas 31%
(R). In addition, from the removal of the solventloé filtrate, 17
mg of slightly enantioenrichedR]-9a (55% ee) was recovered as
white solid,[a]p*® -17.4 € 0.85, DMSO), ee 55%.

4.11. Enzymatic hydrolysis off-5c (Table 3, entry 2)

To a solution of £)-5¢ (1.00 g, 2.66 mmol) in TBME (100
mL), CAL-B (1.00 g) was added and the mixture waskehaat
28 °C and 200 rpm during 9 h. After following thengmal
procedure, the remaining substrafe-%c was isolated with 47%
yield (470 mg) and 73% ee. The produR)-9c was isolated with
48% yield (352 mg) and 71% ee.

4.11.1.Enantioenrichment of the enzymatically
produced (S)5c and (R)9c.

A solution of §-5c (469 mg, 73% ee) in diethyl ether (13
mL) was maintained at room temperature during 36The
crystallized solid was filtered (90 mg, 2% ee). Realwf the
solvent of the filtrate gave 319 mg of compou8g5c with 95%
ee; p]p* = +101.5 ¢ 1.0, CHCY).

A partially enantioenriched sample of produg}-9c (408 mg,
1.48 mmol, 67% ee) was converted inR)-5c (484 mg, 87%
yield) as described for the racemic mixture. Aftesubation of a
solution of R)-5c (482 mg, eg= 67%) in TBME (48 mL) with
CAL-B (482 mg) during 3 h (Table 3, entry 8), theda(R)-9c
(184 mg, 52% vyield) was isolated with 95% e#of° = -142.6
(c 0.50, MeOH).

4.12. Enzymatic hydrolysis offf-5f (Table 3, entries 3 and 6)

To a solution of £)-5f (200 mg, 0.488 mmol) in TBME (20
mL), CAL-B (200 mg) was added and the mixture waskshaat
28 °C and 200 rpm during 11 h (Table 3, entry 3)teAf
following the general procedure, the remaining sabstg)-5f
was isolated with 46% yield (92 mg) and 71% ee. Tiuelyct
(R)-9f was isolated with 46% yield (70 mg) and 64% ee.

When the enzymatic hydrolysis oft)(5f (100 mg) was
maintained during 18 h (Table 3, entry 6), the riaing

saturated NaHCQ The organic phase was successively washedubstrate 9-5f (31 mg, 31% yield) was isolated with 93% ee;

with water and brine, dried with BBO, and concentrated in
vacuoto give the optically active remaining substre®g. On

[a]p®° = +73.6 € 1.0, CHCY).
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4.12.1.Enantioenrichment of the enzymatically
produced (R)9f.

A partially enantioenriched sample of acR)-9f (99 mg, 0.32
mmol, 62% ee) was converted in&®)-6f (106 mg, 81% vyield) as
described for the racemic mixture. After incubat@ira solution
of (R)-5f (105 mg, eg= 62%) in TBME (10 mL) with CAL-B
(105 mg) during 2.5 h (Table 3, entry 9), the g&9f (33 mg,

. . . 20 _ 3. (a) Danieli, B.; Lesma, G.; Martinelli, M.; Pasd&geD.; Silvani,
41% yield) was isolated with 93% ee]p™ = -82.3 € 0.40, A’ J. Org. Chem.1997, 62, 6519-6523. (b) Nantermet, P. G.:
MeOH). Barrow, J. C.; Selnick, H. G.; Homnick, C. F.; Eieger, R. M;
. . . Chang, R. S. L.; O'Malley, S. S.; Reiss, D. R.; erg T. P.;
4.13. Enzymatic hydrolysis off-5g (Table 3, entries 4 and Ransom, R. W.: Pettibone. D. J.: Olah, T For@yBioorg. Med.
7) Chem. Lett.2000, 10, 1625-1628. (c) Goodman, K. B.; Cui, H,;
. . Dowdell, S. E.; Gaitanopoulos, D. E.; lvy, R. Let®n, C. A;
To a solution of £)-5g (100 mg, mmol) in TBME (10 mL), Stavenger, R. A.; Wang, G. Z.; Viet, A. Q.; Xu, We, G.; Semus,
CAL-B (100 mg) was added and the mixture was shakeg &C S. F.; Evans, C,; Fries, H. E.; Jolivette, L. JirkKatrick, R. B.;
and 200 rpm during 7 h (Table 3, entry 4). Afteddaling the Dul, E.; Khandekar, S. S.; Yi, T.; Jung, D. K.; 'ght, L. L.; Smith,
general procedure, the remaining substr&e5¢ was isolated G. K.; Behm, D. J; Bentley, R3\Doe, C. P.; Hu, l[ee. D.J. Med.
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I. General procedure for the derivatization of thelmaxylic acids with diazomethane.

An excess of a solution of diazomethane in a meuifrdiethyl ether/methanol (40 mM) was added to a
sample of 1.0 mg of the corresponding carboxylid.agfter 2-3 min. solvents were evaporated and the
resulting methyl ester was analysed by enantioseée¢iPLC. The optically active carboxylic acids

(isolated from the enzymatic reactions) and thehgletsters derivatives are collected in Scheme I.

G G
& &

~ 0 ~ 9

: | OH CHoN, Zﬁwe
07N 07N

H H
(R)-9a (G = H) (R)-3a (G = H)
(R)-9¢ (G = 3-NOy) (R)-3¢c (G =3-NOy)
(R)-9f (G = 4-Br) (R)-3f (G =4-Br)
(R)-99g (G = 3-OMe) (R)-3g (G = 3-OMe)

Scheme . Methyl esters derivatives
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[1. Enantioselective HPL C conditions and chromatograms:

1. Enzymatic hydrolysis o#)-5a and recrystallization of the resulting (S3and (R)9a.

HPLC conditions for remaining substr&a Chiralpak IA; hexane/propan-2-ol 95:5, 0.8 mL/n2564
nm, 30°C; tr = 22.0 R) and 29.3 % min; Rs = 5.0.

(¥)-5a (9-5a with ee = 32% (Table 3, entry 1)
DADT B, Sig=254, 16 Ref=360,100 (ST\STADO076.D) e DAD1 B, Sig=254.16 Rel=360,100 (ST\ST000023.0) B
mAU g i E
125 q 3 ] A
100 | a I \
75 N I /
50 I '\ | \\ \ ‘
25 I [ Fa g |
07‘ = e e / 3 - —_— T T — 7\ = Y\7 ——— — \7‘
| - = — = ; : [ 5 10 15 20 25 30 min
0 5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
Peak RetTime Type Width Area Height Area # [min] [min] [mAU*s] [mAU] ¥
#  Imin] [min]  [mAU*s] [maU] % i ittty |;=sa=] sy | st [ g \
——mm | - - _-_u‘_lk__#,‘ e oE R T e [P = e 1 23.544 BB 0.5655 6573.82715 177.74718 33.59080-
1 22.020 BB 0.5247 5185.01855 150.22017 49_7737 2 30.298 BB 0.8057 1.28134e4 190.26399 66,0920
2 29.348 BB 0.9318 5231.11475 77.27405 50.2213

(9-5a with ee = 99% (isolated from the filtrate
of the crystallization step

DADT B, 5In=254.16 Ref=360.100 (ST\ST000032.0)

AU L]
00 §.
150 T\
100 | ‘ \"
i 3 FA
50 @ [\
g /
g — i e— ~—
T T " T i T T T
0 5 10 15 20 25 30 35 min
Peak RetTime Type Width Area Height Area
# [znln} [minl [mAU*s] EmAU] %

B e B L ]
1 23 604 BB 0.4338  98.16917 2 85071 0.5175
2 25.817 BB 1.1086 1.88727e4d 230.65884 99.4825

Product9a was transformed into the methyl es3ar(Scheme 1)

HPLC conditions foBa: Chiralpak IA; hexane/propan-2-ol 95:5, 0.8 mL/p245 nm, 30C; tr = 18.3
(R)and 19.79 min;Rs = 1.4.

+)-
(#)-3a (R)-3a with ee = 47% (Table 3, entry 1)
i ‘DADWC Sig=215 ¢ Ref=360,100 (ST\ST000164.0) - DADI D, Sig=215,16 Ref-330,700 [STETO00030 ) ]
400 mAU 5
350 | 200 3
300 | 150 - ei -
250 | a
200- 100 [\ &
150 {3
100 50] [ A
@d o= ‘ —— T T e B
L e s e 0 5 10 15 20 - min
0 25 5 75 10 125 15
Peak RetTime T i
Peak RetTime Type Width Area Height Area ez T ITE YEe ‘fli‘ﬂ; Arfa Helight Area
#  min] [min)  (mAU*s)  [mAU] . RN W B Rt TR e D
h ;l iy 274|V{, "';j;;;;‘;'_;;;;;;;' iar. Eiana ';;'345;‘ 1 18.857 BV 0.5037 7B12.32813 240.01505 73.6600
2 19.695 VB 0.5129 1.49504e4  446.17844 50.6578 2 20.374 VB 0.5015 2793.60010 84.11493 26.3400

(R)-3a with ee = 55% (isolated from the filtrate
of the crystallization step)

DADT D, Sig=215.16 Rel=360, 100 (ST181600045.0)
mAU ]

% 8
1250 a3
1000 [i
| 750 8
500 | ﬁ
250 i (AN
03 e = e
0 5 10 15 20 m|
Peak RetTime Type Width Area Height Area
# [min] | [min] [mAU*s] [mMJ] %
B e e e |
1 18.420 PV 0.4671 4. 53536&4 1431 53284 77.4050
2 20.0%88 VB 0.5293 1.33B49%e4 376.04913 22.5350

S2



2.:Enzymatic hydrolysis reactions e){6¢c and (R)5c¢ (ee, =67%).

HPLC conditions for remaining substr&e Chiralcel OD; hexane/propan-2-ol 70:30, 0.8 mlodn#54

nm, 20°C;tr = 11.2 § and 18.3R) min; Rs = 6.4.

(x)-5¢

DAD1 B, Sig=254,16 Ref=360,100 (YV\YV000076.0)

mAU 3
1000 §
@
800 ]
600
400
20 8
o
| 0-f — Toy—— =
0 5 10 15 2 min
RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mAarT] %
_______ |____ S —— . ‘ - ,‘,,,,,,,,
11.184 VB 0.4185 3.44227e4 1276.90735 48.5035
12.621 EB 0.4833 148.33438 4.400086 0.20%90
18.324 BB 0.6206 3.42078e4 T60.72662 48.2006

mAU

3
300
200
100 o
o o
o 2ls s 7s 10 Tas s s 0 min
RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mAU] %
e e s [-ome o |- |-
11.50 BP 0.3924 1.28235e4 478.93378 86.1842
18.552 BB 0.6862 1968.61670 43.98365 13.2306

(9-5c with ee = 73% (Table 3, entry 2)

~DADT B, Sig=254,16 Ref=350,100 (YW\YVO00213.0)

(9-5c with ee = 95% (Table 3, entry 5)

BADT A

AU 3
1750 ;
|
1250 ‘
750 |
G o
RetTime Type Width Area Area
[min] [min] [mAUT*s ) %
----- el R I Bl el
10.000 BB 0.3667 4.56417ed4 1897.13293 96.1450
14.336 BB 0.4322 135.94363 4.40332 0.2864
15.769 BB 0.5562 1268.88733 34.08512 2.6729

Sig=254,4 Ref=360.100 (YVAYVOO0016.0)

Product9c was transformed into the methyl es3e(Scheme 1)
HPLC conditions foBc: Chiralcel OD; hexane/propan-2-ol 70:30, 0.8 mlan#54 nm, 20C;tg = 9.4

(9 and 19.2R) min; Rs = 9.5.

(£)-3c

DAD B, Sig=264,16 Raf-360,100 (YVWWO00166 D)

——gan

19.198

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s]) [mAU] %
e e e et ey | | | s |
1 5.305 BB 0.2031 94.68458 6.69163 0.3612
2 9.411 PB 0.3287 1.30981e4 595.30481 49.9713
3 19.199 BB 0.6974 1.30185e4 2B81.58432 49.6674

mAU

250 -
200 |
150 |

100

Peak
#

(R)-3c with ee = 71% (Table 3, entry 2)

DAD1 B, $ig=254,16 Ref=360,100 (YV\YV000112 1)

®
&
&
8
8
o
§ §
g A E
5 0 15 20 min
RetTime Type Width Area Height Area
[min] [min] | [mAU*s] [mAU] %
——————— e B B el
4,192 BB 0.2066 23.68604 1.60143 0.1487
9.895 BB 0.3209 2288.15186 106.39953 14.3672
11.278 PB 0.3564 49,52195 2.03124 0.3109
20.018 BB 0.6757 1.35649e4 290.00415 85.1731

S3



Lot (R)-3e with

DADT B. Sig=254,16 Rel=360.100 (ST\STO00042.0)

mAU,
‘ 754 . i
504 b 8
25 n o
e J\”——‘T—“ —
0 5 10 15 0 i
Peak RetTime Type Width Area Height Rrea

# | [min] [min] | [mAU*s] [mAU] | ¥
1 5.817 BP 0.1517 193.23401 18.23020 2.8931
2 9.643 BB 0.3277 176.92209 7.88745 2.6489
3 20.384 EB 0.7722 6308.92529 122.23524 94.4580

S4



3.i[Enzymatic hydrolysis reactions a)<6f and (R)5f (e =62%).

HPLC conditions for remaining substrdte Chiralpak IC; hexane/propan-2-ol 90:10, 0.8 mlodn#15
nm, 30°C; tg = 19.4 § and 23.7R) min; Rs = 4.0.

(x)-5f
DAD1 D, Sig=215.16 Rel=360 100(57’ml'uﬂuﬁf¢ 0]
mAU 2] 2
400j 3 E
300 ﬂ ﬂ
200 | il f
100+ [ I
0*1.:,. = : - e "T e
0 5 10 15 20 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| e i |remmmmass e
1 19.446 BB 0.4818 1.44277e4 462.71384 49.9663
2 23.708 BB 0.5981 1.44472e4 367.94470 50.0337

(9-5f with ee = 71% (Table 3, entry 3)

DADT B, Sig=215.8 Ref=360,100 (ST\ST000134 D)

200 (|
|| 2
100 R b
i 3
o . e o
0 E‘i I‘O 15 2‘0 2‘5 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e e e | =mmmmm e | -mmmens e |-=mmmee
1 19.939 BB 0.4852 1.09557¢e4 350.03357 85.518B0
2 24.473 PB 0.6049 1855.29553 47.37258 14.4820

(9-5f with ee = 93% (Table 3, entry 6)

DAD1 D, Sig=215,16 Rel=360, 100 (ST\ST000076.D)

mAUJj g

500 a

400 [

300 - {

200 I &

100& ’ P R N
07 —— — G 2 T [ —rrt—peiy
0 - 5 10 15 20 25

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maU] %

] B |===mfmmm e |ommmmenses |ommmemn e [=wmmmmes
1 19.819 PB 0.4943 2.13817e4 662.96161 96.3290
2 24.596 BB 0.5725 B814.82910 20.64551 3.671¢C

Product9f was transformed into the methyl es3€fScheme 1)
HPLC conditions foBf: Chiralpak IC; hexane/propan-2-ol 90:10, 0.8 mlan#15 nm, 30C;tg =17.9

(S and 21.1R) min; Rs = 3.6.

(£)-3f

DAD1 D, Sig=215,16 Ref=380,100 (ST\STO00073.0)

mAU g 5 \
300 = 5
| 1
200 | |
| [
100 | J |
J \ A
03 L — . — ==
0 5 10 15 20 i
Peak RetTime Type Width Area Height Area
# [min] [min] | [mAU*s] | [mau] % |
SN R I SR | = W O MU STV (S ——
1 17.806 BB 0.4067 9923 .40234 380.00369 50.0141
2 21.051 EB 0.4816 9917.7919% 319.99875 49.9855

(R)-3f with ee = 64% (Table 3, entry 3)

DAD1 D, Sig=215,16 Rel=360,100 (511510000 16.0)

mAU 3
509—*; g
400 @ Il
300 £ I\
- 21
1003 "\ IR
0:_ I : _ P/ — S
0 5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
4 | [min] | | [min] [mAU*s] [mau] %
1 18.759% BB 0.4198 4262.73730 157.46225 18.1059
2 21.896 VB 0.5088 1.92807e4 550.74359 B1.8941

(R)-3f with ee = 93% (Table 3, entry 9)

DADT D, Sig=215,16 Ref=360.100 (ST\S 1000104 L3)
mAU |

(-3
300 2
200 “'\
{
100 | g B
4 J
o3 — — S
0 5 10 15 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]) | %
1 18.462 BB 0.4093 454.70847 16.93338 3.5090
2 21.34% VB 0.4818 1.25037e4 400.99399 96.4910
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4..[Enzymatic hydrolysis reactions @)6g and (R)59 (e& =57%).

HPLC conditions for remaining substrd&ig: Chiralpak IC; hexane/propan-2-ol 75:25, 0.8 mlond54

nm, 20°C;tr = 14.9 § and 17.3R) min; Rs = 2.6.

($)-59

DAD1 B, Sig=2534,16 Ref=360,100 (ST\ST000090.D)

mAU | B b E
200 3«.' )f:‘\ = -
3 | [ [\ o
100= [ \ | i s
L 3% \ b o ./J \ S
0 5 10 5 ‘ 5 i 10 15
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# | [min] ‘ | [min] | [mAU*s] | (mAU] | % # [min] [min] [mAU*s] [mAU] %
1' 1488735  0.4253 7567.0s333 737w w0.0811 | U1l nggenmm | D.aash 1.a155nen | 43553117 Bi.4764
2 17.345 BB 0.5354 7559.45703 213.32549 49.9089 2 17.471 BB 0.5246 2240.72632 65.25600 15.5216

(9-5g with ee = 69% (Table 3, entry 4)

DAD1 B, Sig=254.16 Ref=360, 100 (ST\ST000096.D)

(9-5g with ee = 95% (Table 3, entry 7)

........................

DAD1 B, Sig=254,16 Ref=360,100 (ST\ST000062.D)

mAU [
1 T
150 4 B
100 |
1 o
%0 3
-
0 5 10 15 20
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
| |
e PR [ B | -mmmmme e s oommeee \
1 15.119 BB 0.4374 5638.01318 198.46317 97.2975
2 18.040 BB 0.4555 156.60188 4.31412 2.7025

Product9g was transformed into the methyl es3gr(Scheme 1)
HPLC conditions foBg: Chiralpak IC; hexane/propan-2-ol 75:25, 0.8 mldn#15 nm, 20C; tg = 15.1

(S and 18.4R) min; Rs = 3.9.

(+)-3g9

DADA D, Sig=215,8 Ref=360,100 (S T\STOODGAG D)

mAU 8 8
1000 8 b
500 | f\
\ \
0 ~ — Lt S ]
| = — = =t
0 5 10 15 2
Peak RetTime Type Width Area Height Area
# [min] [min) [mAU*s]

) [mAU] | %

1 15.075 PB 0.4014 3.60888e4
2 1B.428 BB 0.5289 3.61749e4

1387.85526 45.5404
1052.63049 50.05%96

(R)-3g with ee = 66% (Table 3, entry 4)

DAD1D, Sig=215,16 Ref=360,100 (5TST000097 D)

mAU | g
mj s A
400 6 [
- |
200 \ ! \
M o P
0 5 10 15 20
Peak RetTime Type Width Area Height Area
# [min] [{min] | [mAU*g] [maU] %
1 15.138 VB 0.3879 6191.68066 247.46048 17.2026
2 18.410 BB 0.5132 2.98011e4  893.25208 82.7974

(R)-3g with ee = 91% (Table 3, entry 10)

DAD1 D, Sig=215,T6 Ref=360,100 [ST\S1000101.0) |
mAU 3 |
300 B ‘

M
200 I
100 §
0t 7 ———— __\ - — —— %‘ T
0 5 10 15 20 mirJ
Peak RetTime Type Width Area Height Area
# } [min] | [min] | [mAU*s] | [mAU] | %
,,,,,,,,,,,, e e
1 15.065 VV 0.3921 541.04089 20.89438 4.6413
2 18.064 VB 0.4820 1.11161le4 352.45908 §5.3587
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