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Kinetic resolution of chiral racemic alcohols by
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hydrogenation’
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Chiral allylic secondary alcohols have been
resolved efficiently by catalytic hydrogenation
with ruthenium complexes derived from the new
chiral atropisomeric (R)- and (S)-BITIANP.
These catalytic sistems have been applied to
the resolution of NCS-382, a selective antagonist
of the y-hydroxybutyric acid (GHB) receptors.
NCS-382 may play a role as a central neuromo-
dulator and possesses several neuropharmaco-
logical properties that can be investigated in
detail only if both eutomer and distomer are
available in bulk. Copyright © 2000 John Wiley
& Sons, Ltd.
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Kinetic resolution is the result of a process in which

one of the enantiomers of a racemic mixture reacts

with a chiral catalyst more readily than the other to

give the product with the consequence that, if the
reaction is stopped at some stage before 100%

conversion, either the starting material or the

product can be enriched in one stereoisofmer.
Chemical kinetic resolution by transition-metal

complexes is a well-established tool to obtain

optically active compounds and it can now compete
with the other chirotechnologies based on classical

resolution methods or on enzymic and microbial
techniques.
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Examples of extremely successful chemical
kinetic resolution are the epoxidation of secondary
allylic alcohols by titanium complexésor the
homogeneous hydrogenation of unsaturated sub-
strates with coordinating groups in theposition
catalysed by optically active phosphine=Rbr
—RU* complexes.

We have recently developed a new class of chiral
chelating phosphines characterized by an atropiso-
meric backbone composed of two interconnected
five-membered heteroaromatic ringSithe ruthe-
nium complexes derived from these ligands give
very promising results in asymmetric homogeneous
hydrogenation of carbon—carbon and carbon—
oxygen double bonds and show an enantioselection
ability quite similar to that exhibited by more
popular ligands, such as BINAPbut with easier
synthetic access.
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The resultsin asymmetrichydrogenationhave
induced us to extend the investigationsto the
kinetic resolutionof other substratef consider-
ableinterestandapplicability.

Here we report on the use of the new chiral
ligands (R)—(+)- and (S)-(—)-2,2-bis(diphenyl-
phosphino)-3,3bis(benzof] thiophene){[( R)-BI-
TIANP], R-1, and[(S)-BITIANP], S-1} (Schemel)
in the catalytic kinetic resolutionby asymmetric
hydrogenatiorof the well-known cyclic substrates
()-3-methyl-2-cyclohexen-Bl 4 and (+)-terpi-
nen-4-ol 6 (Scheme 2, top) and, due to the
encouragingesults,of the substratg5-hydroxy-6,
7.8,9-tetrahydre5H-benzocycloheptes-ylidene)
aceticacid NCS-382(Scheme2, bottom).

Copyright© 2000JohnWiley & Sons,Ltd.

The asymmetrichydrogenationsare performed
with BITIANP—Ru(OCOCH), 2,” or with BI-
TIANP-RuChL(DMF), 3,” with methanolassolvent
at different temperaturewith a substrate/catalyst
moleratio (S/C) of 300:10r 600:1.

Theresultsof theasymmetrichydrogenatiorand
of the kinetic resolutionarereportedin Table 1.

When the racemic4 is hydrogenatedvith (R)
—(+)-3 at 30°C, at 21% conversiornthe unreacted
substratel showsa 26% ee (enantiomeriexcess);
at 70% conversionthe (S)—(—)-3-methyl-2-cyclo-
hexenol4 can be recoveredalmostoptically pure
dueto an enantiomewifferentiations higherthan
70 (Table1, entry 1).

The hydrogenationof 4 affords (1R,3R)- and
(1R,39)-3-methylcyclohexanob in a ratio higher
than 99:1. This very high diastereoselectivity
confirmsthat the hydrogenatiorof allylic alcohols
occursvia chelationto the metal of the hydroxy
group.

When the catalyst (S)-(—)-3 is employed(R)-
(4)-3-methyl-2-cxlohexenoH is recoveredTable
1, entry 2).

The degree of kinetic resolution is largely
influencedby the temperatureof the reaction;thus
the rise of the temperatureto 60°C reducesthe
enantiomedifferentiationparametesto 13 (Table
1, entry 2).

The cyclic homolallylic (+)-terpinen-4-ol6 is
reducedto the trans-l-isopropyl-4-methylcyclo
hexan-1-ol7 (Scheme2) with a selectivity higher
than 100:1. The enantiomerdifferentiation, how-
ever,is lower comparedwith that obtainedin the
hydrogenationof the allylic alcohol 4; (R)-(—)-
terpinen-4-ol6 canbe recoveredwith a 15% eeat
70% conversion, indicating a stereoselectivity
factorsof 1.2 (Tablel, entry 3).

These encouraging results prompted us to
investigatethe kynetic resolution by asymmetric
hydrogenation of (5-hydroxy-6,7,8,%etrahydro-
5H-benzocycloheptes-ylidene)aceticacid, here-
after calledNCS-382.

NCS-382° is a selective antagonistof the 7-
hydroxybutyricacid (GHB) receptorand constitu-
tes a major tool in the investigationon the GHB
system. GHB is an endogenousconstituent of
mammalian brains synthesizedlocally from y-
aminobutyric acid (GABA),**"*3 it might play a
role as a central neuromodulatorand possesses
several neuropharmacologicaproperties. It has
beenusedin anaesthesi&: sleepdisorder$® and
recently in alcohol dependencevhereit reduced
voluntary ethanol intake and suppressedwith-
drawal symptomatologyin both selectively bred,
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Table 1 A symmetrichydrogenatiorandkinetic resolutionof unsaturatedgilcoholsby BITIANP—Ru complexe8

Substrate
Entry Substrate Catalyst S/C Temp.(°C) Recovery(%)®  ee(%)° s
1 (+)-4 (R)-(+)-3 300 30 79 26 76
30 >99
2 (+)-4 (9-(-)-3 300 60 62 48 13
50 70
3 (+)-6 (9-(-)-2 600 30 21 15° 1.2
4 (+)-NCS-382 (R)-(+)-3 300 30 29 75° 3.9
5 (4+)-NCS-382 (9-(-)-3 300 60 32 43 2.2
6 (4)-NCS-382 (9-(-)-2 300 30 30 83 5.0
7 (+)-NCS-382 (R)-(+)-3 300 15 53 57° 8.3
28 92

2 The reactionsarecarriedout in 0.03M methanolsolutionsat 10.1MPa (100atm).

b Determinedby 300MHz *H NMR and/orGC analysis.

¢ The enantiomericexcesss deternined by GC or HPLC with chiral stationaryphases.

4 GC: MEGA DacTbuSIilBETA,25m, i.d. 0.25mm., 0.25um, He.

¢ HPLC: DAICEL Chiralcel OD; hexane/2-propanol/GEOOH=90: 10:1.

The concentratiorof the substratas 0.15M in methanol.

9 sis the stereoselectivitfactor kx/ks, wherekg andks arethe overall rateswith which the chiral catalystreactswith the R andS

enatiomersit is calculatedaccordingto Refs' and®.

Sardinian alcohol-preferringrats® as well as in
alcoholics®’

However,high dosesof GHB areneededo exert
its pharmacologicaffectsand,accordingto recent
experimental data, it appearsto be a risk for
addiction. It has becomea popular new drug of
abuse,which implicates repeatedself-administra-
tion, tolerance,craving, compulsivedrug seeking
andwithdrawal®*°

The demonstratedibility of NCS-382to block
GHB effects in vivo and in vitro suggeststhe
possibility of usingit bothin alcoholism,compared
with naloxonin heroineabuseandin the preven-
tion of recreationalGHB use.

In orderto deeperour knowledgeof the eutomer
and distomerof NCS-382and their behaviourin
GHB, a practical method of resolution of its
racemic mixture is needed.The (R)-(+)- or (9-
(—)-3 catalysedchydrogenatiorof (+)-NCS-382at
10.1MPa in methanolaffords the y-hydroxyacid,
which spontaneouslgvolvesto the cyclic lactone
3,3,4,5,-tetrahydro-BA-benzo[6,7]cyclohepta[l,2-
bJfuran-2-one8 (Scheme2) with a trans/cisratio
higherthan 80:20. The diastereoselectivitghould
be related,asin the otherallylic substratesto the
coordinationof the hydroxyl group to the metal
atom during the hydrogentransferto the double
bond. The higherenantiomerdifferentiationis 8.3
with the catalysts(R)-(+)-3 at 15°C; s is strongly
influencedby the reactiontemperature(Table 1,

Copyright© 2000JohnWiley & Sons,Ltd.

entries4, 5 and 7) and, to a lesserextent, by the
natureof the catalyst(Table 1, entries4 and6).

At 15°C the enantiomerdifferentiationis high
enoughto obtain NCS-382optically pure and in
sufficient quantities to allow pharmacological
assays.Entry 7 (Table 1) describesa kinetic
resolutionperformedon the scaleof grams;after
15h (R)-(+)-3 givesaconversiorhigherthan72%.
After preparativeflashchromatographysilica gel;
hexane/ethylacetate= 1:1), (—)-NCS-382is ob-
tainedoptically purein 25%yield. Thesameresults
areobtainedwith (§)-(—)-3, which affordsoptically
pure (+)-NCS-382.The pharmaceuticaproperties
of (+) and (—)-NCS-382 are currently under
investigation and the results will be published
elsewherehoweverthis new classof ligandshas
proved to give very effective catalystsable to
performkinetic resolutionby homogeneoubydro-
genationof chiral racemic substrateswork is in
progresgo investigatethe enantiomerdifferentia-
tion ability of these catalytic systemson other
substratesf greatrelevanceandindustrialinterest.
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