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Binuclear and Polynuclear Rhodium
Complexes Containing Chiral Dithiolate
Ligands Derived from Lactic Acid
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Two precursors of the chiral dithiolato ligands,
di-[(2R)-acetylmercaptopropyl] phthalate and
isophthalate, 1 and 2 respectively, were synthe-
sized from (S)-lactic acid. Reactions of 1 and 2
with [Rh 5(u)-OMe),(cod)] (cod = 1,5-cyclo-oct-
tadiene) yielded rhodium thiolato complexes of
different nuclearities. The mixtures of com-
plexes were analyzed by gel-permeation chro-
matography (GPC). The reaction with ligand 1
produced a mixture of oligomeric complexes,
where the binuclear species was the main
component. Higher-nuclearity complexes were
the main products of the reaction with ligand 2.
The rhodium complexes, in the presence of PRh
were tested as catalyst precursors for the
asymmetric hydroformylation of styrene. Mod-
erate activity and regioselectivity were achieved
in most cases, but no enantioselective discrimi-
nation was observed. Copyright© 2000 John
Wiley & Sons, Ltd.
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INTRODUCTION

The study of asymmetric reactions catalyzed by
transition-metal complexes containing homochiral
sulfur ligands is an active research ateginuclear
rhodium(l) complexes containing two bridging
thiolato ligands and different ancilla% ligands have
been being investigated for some timbut dithio-
lato complexes with the same binuclear structure
have only more recently been characteriZed.
Studies with different dithiolato ligands have shown
that the nuclearity of the rhodium(l) complexes
depends on the structure of the bridging ligand.
Thus, 1,2-dithiolates form binuclear spectes,
whereas 1,4-dithiolates may lead to dinuclear as
well as to tetranuclear complexes, the nuclearity
being mainly dependent on the ancillary ligarids.
Binuclear rhodium-thiolato complexes of for-
mula [Rh(u-SR)L(COL(PR3),] were reported to
catalyze the hydroformylation of olefins at moder-
ate pressure and temperatdrtn principle, these
species can be modified at both the phosphane and
rhodium—thiolato backbones and this represents
clear advantage over the classical phosphane
catalytic systems. The true nature of the active
species in the hydroformylation with binuclear
rhodium—thiolato catalytic systems is, however,
controversial and the original assumption of Kalck
has been questionédrecently, it has been shown
that these binuclear species dissociate under syngas
pressure producing a variable amount of classical
mononuclear catalysts such as RhH(ZBIR3)y,
depending on the reaction conditiohd.hese re-
sults strongly suggest that the binuclear systems are
not active themsleves, but are just precursors of
mononuclear catalytic species which no longer
contain the coordinated thiolato ligand. Although
highly informative, these experiments cannot rule
out the possibility that a partial contribution of the

DGR-CICYT; Contractgrant number: djthjp|ato species to the catalytic process may occur

at low syngas pressure, even in the presence of the
classical rhoduim—phosphane catalyst.
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The involvement of rhodium—thiolato species
might be demonstratedy obtaining an enantio-
meric excess(e€ in the reaction product when
using chiral thiolatesas ligands. This strategyhas
been successfully exploited in the asymmetric
hydrogenationof (Z)-a-acetamidocinnamicacid
with  the related complex [Rho(u-Cl)(u-

SR*)(COLP(tBuks] (SR*=neomenthylthiolato).

The presenceof the chiral thiolato in the metal
coordination sphere has been inferred from the
mesurable ee displayed by the hydrogenation
product®

Severalchiral dithiolato complexeshave been

testedin the hydroformylationreaction,but so far
none of them has afforded an ee high enoughto

warrant the contribution of these speciesto the
catalytic reaction. Chiral 1,2-dithiolato binuclear
complexesrequire moderatepressureg30bar) in

order to give an active catalyst’ whereas1,4-
dithiolato complexesproducealdehydesat lower
pressuresVewould expecthat,in orderto prevent
the dissociatiorof the dithiolato ligands,the useof

low pressuress advisable.

Here we report the synthesisof the two long-
chain flexible chiral dithiolato ligands shown in
schemel, the preparationof the corresponding
rhodiumcomplexesandtheir useascatalystsn the
low-pressurenydroformylationof styrene.

This newtype of ligandshasbeendesignedvith
theaim of filling the spaceabovethe openfacesof
the two metalsin the folded binuclear structure,
similarly to the well-known Trost long-chain
diphosphineligands. Upon coordinationa palla-
dium center,theselast provide large chelatering
complexeswhich have beensuccessfullyusedin
an enantioselective palladium-catalyed allylic
substitution-°
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Me
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RESULTS AND DISCUSSION

Ligands

The synthesisof the two dithioacetatesl and 2
which aretheprecursor®f thedithiolatoligands,is
shownin Scheme?.

(29-2-(1-Ethoxyethoxy)propat-ol 7 was ob-
tainedin two stepsfrom (—)-(9-ethyl lactateand
was convertedinto the appropriatephthaloyl ester
by treatmentwith the appropriateacyl chloride.
When this reactionwas performedin anhydrous
pyridine, however,the expectedhydroxyesterss
and6 couldnotbeobtainedn pureform. Phthaloyl
chloride produceda mixture of esterscontaining
only about50% of 5. The otherproductswerethe
estersformed by reactionthrough the secondary
alcohol,aswell asthe ethyl ester,which indicates
partial hydrolysisof the startingethyl acetal.Even
in the stricter anhydrousconditions studied, the
cleavageof the acetalcould not befully prevented.
Under the sameconditions,isophthaloyl chloride
yieldedlessthan5% of product6.

The hydroxyesters5 and 6 could be obtained
successfullyin fairly goodyieldsby reactionof the
protected diol 7 with n-butyllithium in THF-
hexane followed by additionof the corresponding
acid chloride and by removal of the acetal with
aqueous, hydrochloric acid. Compound 5 was
isolatedas an oil andwas contaminatedlessthan
5%) by a productin which one of the two acyl
groupshadreactedvith thesecondangalcohol.This
impurity could not be removedby flashchromato-
graphyand its formation could not be prevented,
evenwhen the reactionconditionswere carefully
controlled. Diol 6 was a solid, which was
recrystallized to yield a pure microcrystalline
product. Diols 5 and 6 were convertedinto the
correspondingosylates3 and 4 by treatmentwith

Copyright© 2000JohnWiley & Sons,Ltd.

tosyl chloride in pyridine. By reaction with

potassiumthioacetatein the minimum volume of

dimethylformamide(DMF)in the presenceof a
catalyticamountof 18-crown-6 thetosylates3 and
4 affordedthe dithioacetatesl and 2 in moderate
yields. *H NMR at 500MHz did not show any
evidence of the mesediasteroisomer,which is

consistent with a complete inversion of the
configurationat the stereogeniccarbonatomsin

the substitutionreaction.

Metal complexes

The rhodium—dithiolatocomplexeswere obtained
by reactionof the correspondingdithioacetatesl

and 2 with [Rhy(u-OMe)(cod),] (Scheme3). The

driving force for the hydrolysisof the dithioacetate
groups is the subsequentcoordination of the

thiolateto themetal.Acyl removalwasremarkably
selective and the phthaloyl groups remained
untouched.

The hydrolysis of the dithioacetategroupswas
monitoredby IR spectroscopyhus,theintensityof
the COS absorption at 1694cm ! decreased
steadily during the reaction, while the initial
absorption of the ester group of the ligand at
1732cm™! increaseddue to the formation of
methyl acetate.The reaction was run until the
thiacetateabsorptiondisappeared.

In additionto the desiredbinuclearcomplexes,
the dithiolato ligandsgeneratedn situ give riseto
rhodium complexesof higher nuclearity. In these
speciesgegachof the two sulfur atomsin the same
ligandarecoordinatedo adifferentpairof rhodium
atoms(Schemes).

In orderto gain aninsightinto the natureof the
rhodiumcomplexeswe analyzedthe nuclearity of
the reaction products by GPC (gel-permeation
chromatography).The column was previously

Appl. Organometal Chem.14, 57-65(2000)
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calibratedwith a seriesof polystyrenestandards.

Figure 1(a) representsthe chromatogramof the
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solution obtained from the reaction of [Rhy(u-
OMe),(cod),] with the ligand precursorl after all
the dithioacetatehad reacted.The Figure showsa
numberof peakswhich correspondo a mixture of
reactionproductsof different nuclearity.lt is clear
thatthe main productof the mixtureis the onewith
lowestnuclearity,sincein GPCthesmallestspecies
is the lastto be eluted.In the caseof 2 (Figure2a),
the smallestspecieseluted at 10.4min. Although
this is not the main componenbf the mixture, this
elution time compareswell with the 10.2min
observedfor the main componentof the reaction
mixture of 1. Theseelution times correspondto
polystyrenecontainingthree to four units of the
monomer A visualinspectionof molecularmodels
revealedthat both the binuclear speciesand the
polystyrene polymer have about the same max-
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Figure 1 GPCchromatogramsf the mixture of complexebtainedwith 1 and[Rhy(u-OMe)(cod),] (all in CH,CI, solution):(a)
solution before the precipitation of the products;(b) recrystallizedin CH,Cl,/MeOH; (c) solid after precipitation and before
recrystallization;(d) after purification by preparativechromatographyThe arrow indicatesthe peak assignedto the binuclear

rhodiumspecies.
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Figure 2 GPCchromatogramsf the mixture of complexebtainedwith 2 and[Rh,(u-OMe)y(cod),] (all in CH,CI, solution):(a)
solutionbeforethe precipitationof the products;(b) recrystallizedin CH,Cl,/MeOH. The arrowindicatesthe peakassignedo the

binuclearrhodiumspecies.

imum length (ca 15A). Furthermore the elution
time of the next-to-lasipeaksin thechromatograms
of the metal complexescorrespondo polystyrene
25A longwhichis far from thelengthof arhodium
binuclear complex. Thus, we assignedthe last-
eluted peaksto the expectedbinuclear rhodium
species.

To corroboratethis hypothesiswe analyzedby
GPC a sampleof [Rhy(u-SPry(cod)] takenas a
model for an unequivocallybinuclearspeciesAs
expected this productgave a single peak with a
elutiontime of 10.5min. This againcorrelateswvell
with the last-eluteddithiolato complexesfor both
theprecursotigandsl and?2. It is worth notingthat
the rhodium complexesderived from 2 show a
greatertendencyto form polynuclearspecieshan
the dithiolato derivedfrom 1. In the latter ligand,
the ortho dispositionof the estergroupsseemsto
favor coordinationto a single pair of rhodium
atoms,yielding mainly the binuclearcomplex.

Whenmethanolwasaddedto solutionscontain-
ing the mixture of the dithiolato complexes,
yellow—orangeprecipitateswere obtainedin both
casesThesesolidsweredissolvedandanalyzedby
GPC. Figure 1(c) showsthe chromatogranof the
solid obtainedfrom 1. It is apparenthat precipita-
tion increaseghe degreeof polymerizationof the
metalcomplexesBoth of thesolids,derivedfrom 1
and 2, were recrystallized in dichloromethane/
methanol(CH,CI,/MeOH). Figure 1(b) andFigure
2(b) show that the amount of high-nuclearity
speciedn the mixture increasedevenmore.

In order to isolate the pure binuclearcomplex,
preparative chromatographyon silica was at-
temptedin the caseof the mixture of complexes

Copyright© 2000JohnWiley & Sons,Ltd.

derivedfrom 1. A samplesomewhaticherin the
binuclearspeciesthan the crudereactionsolution
(seeFig. 1d) wasobtained butin a very low yield
(<5%) becausehe complexesseemto decompose
on the stationaryphase.

Catalytic experiments

The hydroformylationcatalystswere generatedn
situ by addingthe appropriateamountof PPh to
the corresponding.od complexesn the autoclave
undersyngaspressureaspreviouslydescribed:? It
is known that under these conditions a mixed
carbonyl-phosphinespeciesis formed (Eqgn [1];
L = dithiolato)

[Rhp(p-L)(cod),], + 2nPPh + 2nCO
— [Rhp(p-L)(CO)p(PPR),], + 2ncod  [1]

The experimentswere run until the conversion
was almost complete. In all the experiments,
sampleswere withdrawn at abouthalf-conversion
to checkthe stability of the catalyticsystemsSince
the selectivity at this time was the same as at
completeconversionno variationin the natureof
the catalyticallyactivespecieseemedo takeplace
over the entire process.Both the mixture of
oligomeric complexes containing the dithiolato
ligandsderivedfrom 1 and2 aswell asthe purified
binuclearcomplexof theformerligand,weretested
in the hydroformylationof styrene.As is apparent
from Table 1, underidentical reactionconditions
they produced nearly identical results. Entry 1
correspondsto a recrystallized sample (GPC
chromatogranin Fig. 1b);in entry2 theexperiment

Appl. Organometal Chem.14, 57-65(2000)
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Table 1 Hydroformylatiorf of styrenewith 1 Rh complexegseetext)

Entry Conversion(%)° t(min) Regisselectivity(%)° Stereoselectivitee (%)°
1 97 245 87 <3
2 86 140 87 <3
3 96 120 84 <3
4 >99 305 86 <3

2 Reactionconditions:0.025mmol of Rh,0.050mmol of PPh and5 mmol of styrenein 7.5ml of toluene;P = 6 bar; P(CO) = P(H,);

T=60°C.

b Styreneconvertedichemoselectivity>99%.
¢ [Branchedaldehyde]/[totalaldehyde].

4 Enantiomericexcesf 2-phenylpropanal.

wascarriedout with a sampleprecipitatedwithout

further recrystallization (GPC chromatogramin

Fig. 1c); entry 3 refersto the mixture of complexes
obtaineddirectly from 1 and[Rhy(u-OMe)(cod),]

without beingisolated(GPCchromatogranin Fig.

la), and finally, in the run of entry 4 a sample
purified by chromatographywas used (GPC
chromatogranin Fig. 1d), which wasa fairly pure
sampleof the binuclearspecies.

When the mixture of oligomerscontainingthe
dithiolato ligand derived from 2 was usedin the
reactionconditionsdescribedn Table 1, againthe
regioselectivitywas87%andthe enantioselectivity
waszero.Whenthe reactionwasrun at a different
pressurg30bar) or temperaturg80°C), againno
eewasobservedIn all caseghe resultswerevery
similar to thoseobtainedunderthe sameconditions
when[Rh,(u-OMe),(cod)] wasusedinsteadof the
bridgeddithiolatocomplexascatalyticprecursorlt
is known that in the presenceof PPk and under
syngas, this complex is converted into
RhH(CO)(PPh), species.

In summarytheseresultsprovidefurthersupport
for the view that dithiolato ligands are easily
displacedrom rhodiumcenteraunderhydroformy-
lation conditionsand are not directly involved in
the catalytic process.

EXPERIMENTAL

General methods

The metal complexes were handled under a
nitrogen atmosphereusing a vacuum line and
standard Schlenk techniques. The complex
[Rho(-OMe)(cod)] (cod=1,5-cyclo-octadiene)
was preparedas previously reported™? IR spectra
wererecordedon a Perkin-Elmer=T-1710.The H,

Copyright© 2000JohnWiley & Sons,Ltd.

C, N andS analysesvere carriedout with a Carlo
Erba CHN EA-1108 microanalyzerNMR spectra
were acquiredon Bruker AC-250 instrumentsat
250MHz (*H) and63MHz (*3C) andoccasionally
onaVarian500MHz, usingSiMe, asstandardMS
wererecordenaHewlett—Packar€s1800AGCD
Serieschromatographusing an HP-5 (5% phenyl-
methylsiloxane30m x 0.25mmii.d.) column,and
a Hewlett—Packard5989X instrument for the
heaviestproducts.Optical activity of chiral pro-
ductswas measuredvith a PROPOLpolarimeter.
Catalytic reaction conversionsand regioselectiv-
ities were analyzedby GC in a Hewlett—Packard
5890Seriesll usingan HP-5 (5% phenylmethylsi-
loxane) (30m x 0.32mm i.d.) column. Enantio-
meric excessesvere measuredn a Konic HRGC-
3000C instrument using a Supelco -Dex. 120
(30m x 0.25mm i.d.) chiral column.

Catalytic hydroformylation

Hydroformylationexperimentsvere carriedout in

a homemadestainlesssteel autoclavewith mag-
netic stirring. To preventdirect contactwith the
stainlesssteel,the catalytic solutionwascontained
in aglassvesselandthe autoclavecapwasTeflon-
covered. Temperaturewas kept constantby a
preheatedwater bath circulating through an ex-

ternal autoclave jacket. Constant pressurewas
maintainedby connectingthe autoclaveto a gas
reservoir via a gas regulator. The drop in the
pressurereservoirwas measuredwith a precision
manometer,which allowed the evolution of the
reactionto be monitored.

In a typical experiment,the catalystprecursor
(0.025mmol of Rh), PPk (0.050mmol) and
styrene (5mmol) were dissolved in 7.5ml of
toluene. The solution was transferredinto the
evacuatedautoclave,which was then pressurized
with syngago about80% of the reactionpressure.

Appl. Organometal Chem.14, 57-65(2000)
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The pre-heatedvater circuit was connectedo the
autoclave jacket, and when thermal equilibrium
was reached(5-10min) more gas mixture was
introduceduntil theworking pressuravasachieved
andstirring of thesolutionwasbegun At theendof
the reaction, the autoclavewas cooled to room
temperatur@anddepressurized heregioselectivity
wasanalyzedirectly from a sampleof thereaction
solutionand1 ml wasreducedo the corresponding
alcoholswith LiAIH 4 to measureghe enantiomeric
excessn 2-phenylpropanol.

Synthesis of the products

Di[(2 §-hydroxypropyl] isophthalate 6

In a 500ml flask, 10g (167.6mmol) of (29-(1-
ethoxyethoxy)propan-21'® 7 was dissolved in

150ml of dry THF. Commercial2.5 M n-butyl-
lithium in hexane(30ml) wascarefully addedand
the mixture was stirred for 4h. The reaction
mixture turned orange and a white precipitate
formed.Then,100ml of a THF solutioncontaining
7.54g (37.2mmol) of isophthaloyl chloride was
added andthereactionmixture wasrefluxedunder
nitrogenfor 15 h, while a white precipitateof LiCl

formed. This wasfiltered, the solutionwas cooled
in anice-bathand100ml of waterwasadded.The
mixture was acidified with concentratedHCI,
stirred for 0.5h at 60°C and neutralizedwith an
agueous saturated solution of NaHCGQ;. The
organic solvent was evaporatedand the residue
was extractedwith diethyl ether(3 x 75ml). The
organiclayerwasdriedoveranhydrousvigSO, and
the solvent was evaporatedunder vacuum. The
crude product, was dissolved in the minimum
volume of ethylacetateandprecipitatedoy adding
hexaneat 0 °C, producing7.19g (75% yield) of 6
asa white microcrystallinesolid. Analysis: Found:
C,59.41:H, 6.27;Calcdfor C14H,506: C,59.55;H,
6.43%. IR (KBr): 3367cm~ (m) (st. O—H),
1717cm™ (s) (st. C=0). *H NMR (250MHz,
CDCl,): 1.28(d, 6H, J=5.8Hz, CH3); 2.31(s, 2H,
OH); 4.20 (m, 4H, CH(CHs)CHH"); 4.35(m, 2H,
CHH'); 7.52(t, 1H, J=8.0Hz, H5 ring); 8.22(dd,
2H,J=8.0Hz, J=2.2Hz, H4,6ring); 8.67 (s, 1H,
H2 ring). *C NMR (63MHz, CDCly): 19.3(CHy):
66.2 (CHCHy); 70.4 (OCH,); 128.7 (C5 ring);
130.4 (CI,3 ring); 130.8 (C2 ring); 134.1 (C4,6
ring); 165.8 (C=0). [¢]p?® +26.2° (c=3.1,
CH,Cl). MS (m/2: 252 (M — 30), 0.3% 207,
100%;149,91%.

Di[(2 §-hydroxypropyl] phthalate 5
The proceduredescribedcabovefor 6 wasalsoused

Copyright© 2000JohnWiley & Sons,Ltd.

here.The yellow residueobtainedwas purified by
chromatographyethyl acetate/hexane,3 v/v) to
give 6.4g of a colorless liquid (yield 68%).
Analysis: Found: C, 59.89; H, 6.60; Calcd for
Cl4H1806: C, 59.55; H, 6.43%. IR (f|lm)
3424cm* (m) (st. O—H), 1724cm™ (s) (st.
C=0). *H NMR (250MHz, CDCly): 1.31(d, 6H,
J=5.8Hz, CH3); 2.52 (s, 2H, OH); 4.13 (m, 4H,
CH(CH3)CHH"); 4.35(m, 2H, CHH’); 7.55(m, 2H,
H4,5 ring); 7.74 (dd, 2H, J=5.8Hz, J=2.9Hz,
H3,6 ring). *C NMR (63MHz, CDCly): 18.9
(CHs); 65.8 (CHCHa); 71.0 (OCH,); 129.2(C4,5
ring); 131.4(C3,6ring); 131.7,(C1,2ring); 167.8
(C=0). [«]p>° +43.5° (c 7.1, CH,CL,). MS (m/2:
265(M—17), 0.02%;149,100%.

Di[(2 §-tosyloxypropyl]) isophthalate 4

Under a nitrogenatmospherea solution of 1.93g

(20.1mmol) of tosyl chloride was addedto 1.3g

(4.6mmol) of 6 dissolvedin 10ml of dichloro-

methaneand 7 ml of pyridine cooledto 0°C. The

yellow solution was stirred for 24 h, while white

pyridinium chloride precipitated.Then, a further
20ml of dichloromethanewas added and the

organic layer was extractedwith aqueoushydro-
chloric acid (10%) until all the pyridine was
removed.The solution was washedin a saturated
agueoussolutionof sodiumbicarbonatedried over
magnesiumsulfate and finally the solvent was
evaporatedundervacuum.The crudewas recrys-
tallized with ethyl acetate/hexant® obtain 1.76g

(yield 65%) of white solid. Analysis: Found: C,

56.86;H, 5.36; S, 10.80; Calcd for CogH30010S;:

C,56.94;H, 5.12;S,10.86%.IR (KBr): 1735cm *

(s) (st. C=0), 1356cm * (m) (st. as. S=0). *H

NMR (250MHz, CDCl,): 1.37(d, 6H, J=6.6Hz,

CHCHy); 2.28 (s, 6H, CHj5 tosyl); 4.27 (dd, 2H,

J=12.0Hz, J=5.9Hz, CHH’); 4.38 (dd, 2H,

J=12.0Hz, J=3.6Hz, CHH’); 4.95(d quintuplet,
2H, J=6.7Hz, J=3.6Hz, CH); 7.47 (t, 1H,

3)=7.6Hz, H5 ring); 8.10 (dd, 2H, J=7.6Hz,

J=1.9Hz, H4,6ring); 8.50(s, 1H, H2 ring); 7.18,
7.75 (d, 4H, J=8.0Hz, H tosyl). **C NMR

(63MHz, CDClg): 17.5 (CHg); 21.5(CHs tosyl.);

66.6 (OCH,); 76.4 (CHCHg); 127.7 (C5 tosyl);

128.5(C5ring); 129.8(C2ring); 129.9(C1,3ring);

131.1(C3,5tosyl); 133.9(C2,6tosyl); 134.1(C4,6
ring); 144.7(C1tosyl); 165.0(C=0).[«]p*° +8.0°

(c=7.7,CH,CI,). MS (chemicalimpact,NHs, m/z

608 (M + 18),8%; 377,100%:;188,21%.

Di[(2 §-tosyloxypropyl] phthalate 3
The proceduradescribedabovefor 4 wasalsoused
here.The productwaspurified by chromatography

Appl. Organometal Chem.14, 57-65(2000)
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(silica; ethyl acetate/hexane?:3 v/v) to produce
4.8g (yield 70%) of a colorless viscous oil.

Analysis:Found:C, 56.69;H, 5.17;S,10.84;Calcd
for CogH300105,: C,56.94;H, 5.12; S, 10.86%.IR

(film): 1732cm™* (s) (st. C=0), 1365cm* (s) (st.
S=0). 'H NMR (250MHz, CDCl): 1.32(d, 6H,

J=6.6Hz, CHCHy); 2.32(s, 2H, CH; tosyl); 4.21
(dd, 2H, J=11.7Hz, J=6.6Hz, CHH'); 4.31 (dd,
2H,J=11.7Hz,J = 3.6Hz, CHH’); 4.85(d quintu-
plet,2H,J=6.6Hz,J=3.6Hz, CH(CHs); 7.53(m,

2H, H3,6ring); 7.60(m, 2H, H4,5ring);7.16,7.72
(d, 4H, J=8Hz, H tosyl). **C NMR (63MHz,

CDCl;): 17.4 (CHg); 21.5 (CH3 tosyl); 76.4
(CHCHjy); 66.9 (OCH,); 127.7 (C4 tosyl); 129.0
(C4,5ring); 129.7(C3,6ring); 129.7(C3,5tosyl);
131.2(C1,2 ring); 133.9 (C2,6 tosyl); 144.6 (C1
tosyl); 166.6 (C=0). [u]p*° +3.9° (c=10.7,
CH,CI5). MS (chemical impact, NH3, m/2: 608
(M + 18), 74%; 206, 100%.

Di[(2 R)-acetylmercaptopropyl] isophthalate 2
Under a nitrogenatmosphere0.19g (1.66mmol)
of potassiunthioacetatg KAcS) and30mg of 18-
crown-6 were dissolved in 1ml of dimethyl-
formamide. Once the reagenthad dissolvedand
the solutionturnedgreen,0.44g (0.74mmol) of 4
wasadded.The reactionwasstirredfor 10 daysat
room temperature After this, 5ml of water was
addedto the deepbrown solutionand the mixture
wasextractedwith 4 x 10ml of diethyl ether.The
organiclayerwasdriedovermagnesiunsulfateand
the solventwasremovedundervacuum.The crude
was purified by chromatography(silica; ethyl
acetate/hexan€l:4 v/v) to yield 0.16g (53%) of
the productasa colorlessliquid. Analysis: Found:
C,54.1;H,5.63;S,16.09;Caldfor C1gH,506S;: C,
54.25; H, 5.56; S, 16.09%. IR (liquid film):
1726cm * (s) (st. C=0 ester),1693cm* (s) (st.
C=0 thiacetate).'H NMR (250MHz, CDCly):
1.41 (d, 6H, J=7.3Hz, CHCH,); 2.32 (s, 6H,
CH3COS);3.95(sex.,2H, J=6.5, CH(CHy)); 4.38
(d,4H, CHy); 7.53(t, 1H,J =8.0Hz, H5ring); 8.21
(dd,2H, J=8.0Hz, J=2.2Hz, H4,6ring); 8.64(s;
1H, H2 ring). *3C NMR (63MHz, CDCly): 17.5
(CHa); 30.6(CH3COS) 37.9(CHCHy); 67.9(OCHy);
1288 (C5 ring); 130.5(C13 ring); 130.9(C2 ring);
1340 (C46ring); 1658 (COO); 1948 (COS).[«]p
+68.1° (c=7.9, CH.,Cly). MS (m/2: 356 (M—42),
0.0%%; 149,100%; 117,75%; 74, 42%; 43, 88%.

Di [(2R)-acetylmercaptopropyl] phthalate 1

The proceduredescribedabovefor 2 wasalsoused
in this case,but startingfrom the tosylate3. The
yield was50%.Analysis:Found:C, 54.66;H, 5.75;

Copyright© 2000JohnWiley & Sons,Ltd.

S, 16.28;Calcdfor C,gH»,06S,: C, 54.25;H, 5.56;
S, 16.09%. IR (liquid film): 1730cm™* (s) (st.
C=O0 ester),1695cm* (s) (st. C=0 thioacetate).
'H NMR (250MHz, CDCl): 1.35 (d, 6H,
J=7.3Hz, CHCH3); 2.29 (s, 6H, CH3COS); 3.88
(sex., 2H, J=6.6Hz, CH(CHy)); 4.33 (d, 4H,
J=5.8Hz, CH2); 7.52 (m, 2H, H4,5 ring); 7.70
(m, 2H, H3,6 ring). **C NMR (63MHz, CDCly):
17.5(CHs); 30.6 (CH3COS);37.7 (CHCHz); 68.2
(OCHy); 128.3(C4,5ring); 131.2(C3,6ring); 131.7
(C1,2 ring); 167.0 (COO); 194.7 (COS). [«]p*°
+64.6° (C=7.6,CH,Cl,). MS (m/2: 339 (M—59),
0.04%;149,70%;117,72%; 74,100%;43, 88%.

Rhodium complexeslRh and 2Rh

The sameprocedurenvasusedfor both complexes.
Undera nitrogenatmosphere331mg (0.68mmol)

of [Rhy(u-OMe),(cod)] wasdissolvedin 60 ml of

dichloromethane. A  solution of 300mg

(0.75mmol) of ligand 1 or 2 dissolvedin 20 ml of

dichoromethanevas addedslowly, followed by a
further40 ml of the samesolvent.Thereactionwas
monitoredby IR spectroscopthroughthe COSand
COO absorptions After 24h the brown solution
was concentratedunder vacuumto 5-10ml and
methonol was added until an orange solid pre-
cipitated. The solid was filtered, rinsed with

3 x 10ml of methonolat 0°C and dried under
vacuum.Thesolid wasrecrystallizedoy dissolving
in the minimum volume of dicholoromethaneand
addingmethanoldropwise.Both yieldswerein the
range 30—40%. In the caseof the ligand 1 the
product could be further purified by preparative
chromatographysilica; diethtl ether).Althoughthe
yield was only 5%, the sampleallowed product
characterizatiorby NMR and elementalanalysis.
Analysis:Found:C, 48.85;H, 5.70; S, 8.69; Calcd
for R|’12C30H400482: C,49.05;H,5.49;S,8.73%.IR

(in CH,Cl,): 1725cm™* (s) (st. C=0). *H NMR

(250MHz, CD.Cl,): 1.09-1.33(m, CHy); 1.92,
2.27 (s br, CH, cod); 3.8-4.0(m, CH(CH>)); 4.24
(m, CH(CHy); 4.35(m, CH cod); 7.50-7.80(m, H

ring). **C NMR (63MHz, CDCls): 23.2 (CHa),

32.2(CH, cod); 39.0(CHCHj); 72.2(0OCHy,); 81.0
(CH cod); 129.8 (C4,5 ring); 131.9 (C3,6 ring);

132.9(C1,2ring); 167.7(COO0).
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