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Enantioselective synthesis of 3-substituted 4-aroyl-y-lactones*
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Summary — Michael addition of the lithinted chival aex] cguivaident 1o 2<bintenolide 2 atforded the ¢HD-arov]-s=lactane
9 with an enantiomeric excess (ee) value of 89700 Achael additions of 1 oto 2 ad subsequent alky lation provided
[ASY-substitnted (PR -inov-scactones 12 aond T4 with am o valoe of GO to 635 and epantiomericalls pave Teranes 10,
11 aned 130 The absolire contignration of the Michacl adduet T wis neguivaci! v established e Xevig ervstol anabvsis and
consequentlv that of all ~-lactones 914 coull be dedueed,

asymmetric Michnel addition-protonation / asymmetric AMichac! addition-a-alkyintion / chival acyl equivalent /
functionalized ~-Inctones

Résumé — Synthdse énnantioséloctive de d-nroyl-~-lnctones substitudes en 3. Lddition de Michael du deécived Tichie
cquivalent diacvle chiral 1 sue le 22butenolide 2 condiit & Parovl-a-lactone 9 avee i oe S 850 addition de Nicliel e 1
sur 2 suivie dalkvlation permet dobtenir les (385 ksubstituces (TR -arovl=-s-lwetones 12 o8 14 avee oo compris ent e G
ot B3 ainsi gque Tes lactopes 100 11 ¢t 18 énantioméricuement pures (ee 5 09900 Laconliguration ahisolue do Padduit ale
Michael n été étabilie sans ambiguite par une analvse oy ravons-X el par conscoguent eelle de fontes Jes -lactones 1 14

addition de Michael asymdétrique - protontion / addition de Michnel asymétrigue a-alkylation / dquivalent d'neyle

chiral / ~<lactones fonctionnnlisdes

Introduction

Functiomalized  ~liwtoanes e nseind hiibding Dloeks
leading Yo o wude variety of compotnds which dis-
plav teresting biclogioal properties (L We D
previaasly shown that Michael addition of Tithinted
Dclimethvianine) -2 atyvbaetoniteile o 2-batenolide
and Zepentennlide followed by the teapping of the intey-
wiediate cnolates wirh varions hadides is 4 ronte of choiee
for the obrention of 3 kdisubstitated <=l S=lactones
respreotiveiv 20 Moteover we Bave reernty extended
this approadch to the ciaatioselective svnthesis of fune
tonabized ¢dactomes (30 nsing as Miclael donor « chi-
rad monsked acvl anion developnsd by Enders ot al 1150
Emantiomenically coriclied substituted <-Lctones B
Beenn obtaitwd by ditferent gromps starting cither from
vharal 2-hutenofides s Michacl acreptors 608 o from
chiral Michiel donors 95 However, the reaction of ¢his
ral aminonitriles with 2-butenolide s not been nvesti-
gated up 1o now. We report herein the cnatitioselective
sviithesis of nnsubstitnred and Sosubstitarod dearovl
=-lactones following this approaci.

[Tesulis

Michael mckduets $ -8 were obtained by conjneade
acledition of Tithiatedd (8081785 V(23 dimethyl
A-phenk Likdioxan-N-v 1V st byl ino]-2- Clmet feox-
vipheuyDoeetonitrile 100) to bufennlide 2 vl
either by pratonation or by alkvlation with metliyl
Bramoacetade, benzvd Iroamiele, S-lrotno=2e it hvl-
propene, bromo-2amet v bt 2eene and [2-Godomethyl)-
Cepropenyt trinethylsilane 107 as oatBined i sehene L

Fhe lthinted peagemt 1 owis gesernted foo the
acominoniteile (SUNCRZSY I THEE ar o an 0 using
Lo a-Bubi i hesone, Afver addition af o stoiehio-
et i sunonnt of 2 Phe teaction wis completed either
(1Y by Jeaving duriog T Lot a0 C then gquetiching o
this l.\'llllil‘t.‘llllll' g st neated agueons NHHET solu-
tion aud subsegquent snal work-up or (23 by adedineg g
Balide i HMEPA solution ot 00 ¢ the teniperatare
of the reaction wedinm being kept ot 30 7C during
1l Afrer hydrolvsis and usual workanp as above. the
crnde prodacrs were analvaed by TR PELannd VRO NAIR
spect roseopy. Fhe resulis e prosnted i table 1

* Dedigcinted to Prof D Secbactn on the nceasion of lis 00t hict heday.
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e predomiant storeoisomer was chavacterized by
ONSIR o the Michael adduets 3-8 Ty the case of
acddicts 30 wd T othese stercoisomers were isolated
atter veervastallization of the corvespotcding erde prod-
RN x5 Hp [ET )‘h‘l(l (1.1‘1]1' 1\‘

The stercochemistey of the Michael adduets wis es-
rabdislied b FHENATR stady oit her on the puure stercoiso-
mers -4 5 ad T oor an the eende pradinees 8 and 8. An
e pected frans gquasi-dinxial relatiouship beteeen the
vicinal sibstituents wios dedueed trom the Y HD
cempling constant values of 10 ap te 403 e the L
totee rineg aedopting an envelope contoriiation as recent Iy
Progrosed T L et ol 1L

e Xevav anadvsis of the Michael adduet T)showu in
Hotre Tosuppotted the stenetieal assienment dedueed
frone THONMR dotas the C,CC,C ) dibedral angle
[RT. T m oareenent with the two substitnents
overpving w fares apaasi-diaxdal positions Moveover, the
cuvelope contorination s contirnped by the C00,07

IN

ditredral ngle of -0 IR a9 welbas Dy the dati presented
in tahle 1

The genoral preference fur suchca conformation is cer-
taindy die to destahilizing ganele interactions involved
in o quasisdivquatorial velationship. Similar favoured
trens diaxial contonnations were previonsly shown hy
s M and others S0

L he absolure contiguration of the wew hival centers
of T was negquivoradle estabiished frome Xeray analvsis:
Coos0 O By 0Ny ROOWe aesnmesd that the
VMichaeh addiets 46 and & presentad the same absolnte
cottfiptiration as T oand that the absolute configiration
ub 3 s thes: (‘V_' 1'11 (.H (CNY .

The wmunasking of the aninonitrile meicty ol ei-
ther the eonde o the stercoisomerieallv pure Michael
adduets was performed by agueous silver titvate freat-

et to pesvent any isomerization aoonding to Welvapt
et ol 1d
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Fig 1. Perspective view of compound 7.

Table IT. Main Xeray dita of T (selected torsionat angles
in degrees),

CaCaCy €y =

= —(l.lg -

— 13683 Oy

- K]
CreCnCyds = 16991 O CaCy = —LLM
CralhnCaCy = =710 Caly, = 2138
NaCn(ChCy = 5160 Cah O, = ~22.07
NyCpnCaUs = ~ 4281 Cus0Ca = = TGS
(‘11.\:-_'(‘“(*;.1 = l;—‘:i-‘l..- “;1('_1(.'.1”.1 = ‘H)T()"

Crude aprovis-lactones 914 abtained from ennde
Michael adducts were fornted in o GU-8E4 vield with wo
enantiomeric excess viorving from Gih to 2 W% (table 1),

Eumnntiomerically pure Inctones 9, 10, 11 and 13
(e 2 D95 were isolated from the corvespoding pure
stereoisomer Michael adducts inoa 70 to 7% vield
{table 1)

The enantiomeric excess valnes were measured by
YH NMR using Eu(bfe)y nnd ensueed by the study of
the correspotding racemic Inctones 9-14 prepared from
2-(dimethyvlatmine)-2-(4-methoxyphenyacetonit rile,

The expected frans stereochemistry of the 3-sub-
stituted l-nrovl-s-lactones 10- 14 was evidenced by the
STHH Y coupling constant values of 7.0 up to 0.3 He,
the two substituents ocenupying o quasi-diequatorial po-
sition aud the lactone ring Iving inan envelope form.
sSuch values are also in agreement with literature data
ML We conhrmed this frens relationship as well s the
ring confornmation by the Xeray analyvsis of the racemic
s-lactone 12 [15].

The absolute conhzuration of enantimnericaily en-
riched y-lactones was deduced from that of the corre-
sponding Michael adducts: (4R) for 9 and (35 4R) for
10-14.

S
Discussion

The conjugate addition of 110 2hitenolide 2 55 highly
stereoselective as oue stereoisower i predominanly
forted. In the saiue way one predoiinant steveoisoney
is detected by conjugate addition folluwed by ulkylation.

The obtention of ennntiometically pure 5y-arovl-
lactones 9-11 and 13 after unmasking either the iso-
lated stereoisorners of the Michael adducts 3-5 aud 7
or the corresponding crude products suggests that the
attack of the lithiated aminonitrile 1 takes place pre-
dominantly or exclusively on one face of 2. This dis-
crimination appears to be less efficient in the case of
lactones 12 and 14, Intermediate complexes botween
the lithiated 1on-pair species and the earbonyl mioiety
of the lactone ving are probably invelved [16.17]. The
absolute configuration assigned to the Michael adducts
3-8 fits with a privileged attack of the Re face of the
2-butenolide. Such an observation is in line with ooy
previous results related to d<lactones [3] and to those of
Enders ot al concerning evelohexanones [5],

Fually, the trapping of the internediate enolates
by the diferent halides oecurs on the opposite side of
the lactone ring leading to feans vicinal disubstinted
Michael adduets,

We have thus demonstrated the efficieney of Michael
addition of the chiral lithiated muinonitvile 1 to five
membered o ud-nnsarurated lactone 2 followed either hy
profonation or by subsequent a-atkylation for the syu-
thesis of enantiomericnlly enriched wnsubseituted atwd
Josubstituted deavovley-lactones 9--140 Fuether investi-
aation of this methedology is muderway,

Experimental section

Renetions were performed in oven-dried gliss nuder argon,
Aminaniteile, LSAS R/ S-CH)-2NV (L2 dimethiy - 1-phenyl-
bad-dioxan- 3wl - N -methylsing |- 2 - methoxyphenyl}
acelonitrile was propired according 1o [ 2+ (dimethyl-
amino)-2-{methoxy phenyDacetonitrile wis olitadned ae-
carding to [I8]. Tetrahydrofuenn wis distillod from sodinm.
Tenzophienone hefore usep =Tl (1.6 83 I hexone) was
purchased from Aldvich. 3-bronwo-2-methylpropene was pre-
pared from the nleahol {ANch). [2- GodomethyDpropeny]
trimethylsilane wis prepared according to (U beaayl bro-
mide, f=bromuo-2-methy lhut=2eene and methy] brooaeetate
wore purchnsed from Acros. Melting points wore uneor-
rected, Columin chromatagraphy was enrtied ont using silica
gel, 1R speetra were recorded on n Perkin:Elmer B39O -
stenment and weee givon in em™ L VH e P'CONAR were
reeorded on Bruker AN200 pned 250 speetronwters; chemi-
cal shifts are given in ppm Greernad stondard tetromethyl-
silane): J values were given in hertz wd nieasured in some
ciwes after jreadiation of protons, Miss spoetra were pers
farmed on n Nermag 1610 mass speetrameter coupled with
capitlary chromatoeraphy (CPSH ecolmnn, 2hmj or I ohein-
ieal ionization with mmmonia (CL N Micronnalyses ware
perfarmed by the Service of Micvoanalysis of € NSRS Optieal
ratation values wore obtained nsing o Perkin-Flme 102811
polarimeier.

Noray crystal structare dete riniation for voatpoitnd

(5.R.R.55)-T

A suitable crvstal, which Delonged to the orthorhiombie
SPACe Lrp P22 witl batiice constats o = 10 RRMIoM
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Supplementary material
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pusitinl as Supplenicntary Material with the British
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mentary prehlication N7 = SUR 90473 and are availahle
ou request from the Dociment Supply Contre,
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