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Catalvtic asymmetric reactions using organomeclallic reagents
have been convenicnt ways (o produce usclul levels of ecnan-
tiosclectivity on both naturally occurring and non-naturally
occurring organic compounds.' For higher enantiomeric excess
and sclectivity. many chiral ligands and catalyst systems
using transition mectals have been studied and structurally
characterized = The usc of well known transition mctal cala-
Iysts (c.g. Vaska's complex cic.) and chiral bidentate ligands
having C; svmmetry component arc widely aceepted for this
purposc. Among many transition mctal catalyst systems. uli-
lization of the ruthenium(ll) complexes in homogencous
reactions appears 1o grow cxponentially. And there have
been tremendous advances in the arca for a wide range ol
reactions including unsaturated organics.’

The complex. RuHCI(CO)(PPh3);. first reported by Vaska
and Diluzino in 19617 has atiracted continuous aticntion.
Interests in the complex RuHCI(CO)PPh;); and related spe-
cics have been further increased by (heir catalytic activity in
a number of important rcactions such as olcelin migration and
hydrogenation of carbon-carbon double bond. aldchydcs.
ketones. . f3 unsaturated aldchydes. nitroarencs. and N- and
S-hetero cveles.”
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We previously reporied that the ruthenium(l1) hyvdndo car-
bony1 complexes containing chelating bidentate diphosphine
ligands showed effective catalytic activities in homogeneous
hvdrogenation of aldehy des and cyclohexene.* ™ and other
research groups reported similar results.* However. there
have been no examples about utilization and application of
chiral bidentate ligands in the RuHCI{CO)(PPhy); system.
though a variety of chiral bidentate phosphine ligands have
been designed and svnthesized.

This document describes the application of chiral biden-
tate phosphine ligands (s.s-chiraphos and R-diop) to the svn-
thesis of ruthenium(Ily hydrido carbonyl complexes and the
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unusual isomcrism observed during the synthesis of these
complexes.

Experimental Section

All synthctic rcactions were carricd out under the N:
strcam using the Schlenk technique. PPhs. RuCl; - xH-O and
s.s<hiraphos were purchased from Aldrich Co. and these
matcrials were used without further purification. R-diop was
synthesized from the litcrature method'™ with slight modifi-
cations (Li mctal was uscd mnstcad of K and Na mctal).
RuHCI(CO)(PPhy); and  |RuH(COYNCMe):(PPhs).|BF,
were prepared following the litcrature method.” All solvents
were purilicd by the standard procedurc, 'H NMR spectra
were recorded on a Bruker 300 MHz spectrometer. The [R
spectra was recorded on a Nicolet Avatar spectromicter and
Elcmental Analysis was perfomed at the Korca Basic Sci-
cnce [nstitute. Scoul Branch Lab.

Preparation of RuHCIKCO)(PPh;)(L-L) (1) and (2); (L-
L = s,s-chiraphos (1) and R-diop (2)). RuHCI(CO)(PPh3);
(0.1 mmol) and ligand (0.1 mmol) were dissolved in toluene
(10 mL) and heated at ca. 80 °C for 5 h. Aficr cooling to
room (emperature. this solution was filtererd and the filtrate
was concentrated to ¢ 2 mL. to which r-pentane (30 mL)
was added. The resulting pale vellow precipitate was col-
Iccled on a sintered glass and washed with #-pentane (10
mL) and cthylether (10 mL). and dricd in vacuo. Yicld: (s.s-
chiraphos 63%. R-diop 72%) EA: For s.s-chiraphos Ci7H -
CIOP;Ru Calcd. C: 66.08, H: 3.19 Found. C: 66.40. H: 5.75.
For R-diop C:;H1sCIOP;Ru Caled. C: 64.83. H: 5.22 Found.
C: 63.10. H: 5.61.

Preparation of [RuH(CO)(NCMe)(PPhs)(L-L)|BF, (3)
and (4); (L-L = s,s-chiraphos (3) and R-diop (4)). [RuH-
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Figure S1. 300 MHz "H-NMR spectra for (1). Hydrido region
onlv
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Figure 52. 500 Mllz 'II-NMR spectra for (2). Hvdrido region
only. Impurnitics are marked as a astensks.,

(COYNCMe):(PPh;):|BF; (0.1 mmol) were suspended in
teluenc (10 mL) and to this reaction mixture was added the
solution of ligand (0.1 mmel) in tolucne (5 mL) and healed
at cat. 80 °C for 3 h. Aficr cooling (o room (cmperaturc. this
solution was filtererd and the filtrale was concentrated (o ca.
2 mL and #-pentane (30 mL) were added. The resulting pale
vellow precipitates were collecied on a sintered  glass.
washed with n-pentane (10 mL) and cthylether (10 mL) and
dricd in vacto. Yicld (s.s-chiraphos 70%. R-diop 73%). EA:
For s.s-chiraphos CawHyBF;NOP;Ru Caled. C: 62.17. H:
5.00. N: 1.48 Found. C: 62.65. H: 3.23. N: 1,94 For R-diop
Cs>H5BF.NOsP;Ru Caled. C: 6131, H: 505 N: 1.37
Found. C: 61.93. H: 3.25. N: 1.87. Auempt to synthesis in
methylencchloride vields oo many isomers (sc¢ Resulls and
Discussion).

Results and Discussion

RuHCI(CO)(PPh;); reacts readily with an cquivalent amount
of the achiral bidentate chelating ligand to form complexes
of the type RuHCKCO)PPh;)(L-L") (L-L' = dppm. dppe. dppp.
dppb. dppv. dpph.©"”
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In a similar way. RuHCICO)(PPhy)(s.s-chiraphos) (1) and
RuHCI(CO)PPh;)R-diop) (2) have been synthesized in our
work with modcratcly good viclds.

11 is noteworthy (hat analogous RuHCI(CO)(PPhs){(L-L"
complexcs usually have two structural isomers. cis- and
trans-isomers. with respeet 10 CO and Cl. except for RuHCI-
(COXPPh:)(dppv) and RuHCI(CO)(PPhy)(dpp). which have
shown 1o vicld the trans isomer only. For dppm. dppe and
dppp. thc complexes in boiling tolucne or stirring at room
temperature in methyvlene chloride have shown 10 posscss
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Table 1. Sclected Spectroscopic Data
'H NMR* IR
compound  § (Ru-11) P e KL v (CO)
ppm 11z 1z cm !
(1) -0.2 ddd 111 21,13 1937
-0.3 ddd 1135 21, NA'
-15. 1 dt 13
-15.3dt 12
(2) =33 ddd 108 25,18 1938
-0.5 ddd 111 20,22
(3) MUY ISOIMCTS 1933
(4 major resonance at-7.1 and unidentified 1948
TCSONANCE

4in CDCla. "KBr pallet. NA — Not available (overlapped)
dilferent isomer ratio,*!”

We werg initially interested in characierizing the gcometry
ol the ruthenium hydrido-carbonyl complexes containing
chiral bidentate] ligands. which may give only the same
isomers that produced for achiral ligands duc to their well
defincd Ca symmctry. [nitially. we have expected that at
Icast two isomers ¢xisted. ¢is and trans for compound (1)
and (2). However. in the case of compound (1). we have
found lour scts of hydride resonance signals around -6 ppm
and -15 ppm and compound (2). two scts of hydride
resonance signals around -3 ~ -6 ppm rcgion from the 'H
nmr spectra, Sclected 'H nmr data and [R data arc collected
in Table 1.

To clucidate this uncxpected isomers obscrved in the solu-
tion. we have recxamined the isomcerism in the RuHCI-
(COY(PPh3)(L-L) system. Finally we have realized that the
compound RuHCI(CO)PPh3)XL-L) have theorctically not
only two geometrical isomers but also two additional optical
isomers. However. these additional isomers could not have
been detected through routine nmr spectroscopy. because
two additional isomers arc in the cnantiomeric relationship.
To obscrye this isomers. chiral bidentate ligands are needed
to convert cnantiomers to diastcromers,

geometrical isomers
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optical isomers optical isomers

To our best knowledge. no other rescarch groups involved
in the study of RuHCI(CO)(PPh)(L-L") systems have so far
pomted out the existence of such optical isomers. From the
basis of optical isomerism and the relationship between cou-
pling constant and ligand gcometry of hydrido phosphine
metal complexes.” the RuHCICO)(PPha)(s.s-chiraphos)
complex seem 10 have four distinet isomers in solution duc
to a chural identate ligand making two cnantiomers and two
diastcrcomers possible.
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diastereomers

For compound (1). the metal hydride signals have been
deteoted at -6.2 ppm as a doublet of doublet of doublet (“/1p
111, 21. 13 Hz). -6.3 ppm as a doublet of doublet of doublct
(3.}11_p 115, 21, (NA =scc Table 1)Hz). -15.1 ppm as a over-
lapped doublet of triplet (</yp 15 Hz) and -15.3 ppm as a
doublet of triplet (/i1 12 Hz). The two scts of hydride reso-
nance signals around -6.2 ppm arc consistent with onc phos-
phorous atom being trans 1o hyvdride as represenied in (1)-a
and (1)-b. The remaining two scts around -13.1 ppm arc con-
sistent with all phosphorous atoms being cis to hydride in
(I-c and (1)-d. Although the alternative stercochemisiry
cannot rigorously be excluded. our assignment is rcasonable
on the basis of the intcrpretation of Santos ef af."”

IR spectra have not been able (o distinguish these lour
tvpes of 1somers. while at Icast two isomer. which have very
similar carbonyl environments. arc expecled Lo exist in solid
statc. since only onc band of carbonyl streiching [requency
(CO) is obscrved.

In the compound (1). two geometrical isomers scts for (1)-
a. (1)-b and (1)-c. (1)-d arc clearly scparated in the chemical
shilt of the hydride resonance because there are definitely
different chemical environments (all phosphorous cis (o hydride
and onc phosphorus trans 10 hyvdride) around hydride. How-
ever between diastercomers. the chemical shift differences
become very small (ce. ppm = 0.1). These very small dilTer-
ences derived from the diastercometic relationship can be
visualized rom the view of the steric crowdedness as shown
below.

more crowded less crowded
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In gencral. a chiral bidentate phosphine ligand imposcs a
rigid C» symmctric cnvironment (o the metal center vier fix-
ing the conformation of the diphosphine- and mctal contain-
ing chelating ring. This conformational ngidity in turn
determinges the chiral dispositions of the four pheny] rings on
the phosphorous atoms: two phenyl rings are onented in
axial dircctions and the others in cquitonal dircctions. These
cquitonal phenyls play a major role to the environment
around the metal center,'”

The diastercomeric differentiation of the two scts of quad-
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rant spacc sectors is made in a way that onc diastereomer is
more crowded in their PPh; containing quadrant spacc scc-
tor. However the chemical shift data to those isomers could
not be precisely assigned because ol the similarity of the
chemical environment on the hydride.

In the case of the complex RuHCI(CO)(R-diop) (2). it is
very inleresting to obscrve that there are only two hyvdride
resonance peaks at -5.3 ppm /ey 108, 25. 18 Hz) and
-6.5 ppm (“/py 111, 26. 22 Hy) as a doublet of doublet of
doublet. respectively. The geometry of the compound (2) is
assigned from the same logic'! as that uscd for the RuHCI-
(CO)(PPh;)(s.s<hiraphos). IR spectra also support such
assignment for compound (2). Slight shift of v (CO) after
substitution shows that the trans position ol the chloride to
the carbony | group was retained. 1f the trans position of car-
bonly group is occupicd by good r-accepting ligand such as
PPh; or chelating -PPh: moicty. Ru (d-orbital)P(z* orbital)
back-donation should result in higher v (CQO) [requency. The
rcason why two isomers at upper ficld arc suppressed is
unclcar.
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For the analogus |RuH(CO)NCMce)(PPhs):|BF; cationic
complexcs ol s.s-chiraphos and R-diop. they show too many
isomers in the solution regardlicess of the reaction condition.
though in solid statc they ¢xhibit only ong band of v (CO).
As we reported carlier. the cationic [RuH(COYNCMe)2-
(PPh;):|BF4 complex gives several isomers when reacted
with bidentate phosphine ligand. Futhermore. they also have
the isomcrization process in the solution. ™

The chiral bidentate ligands uscd in this study have viclded
quitc interestingly more than two isomers during the prepa-
ration of ruthcnium(ll) complexes except for R-diop ruthe-
nium([l) hydrido carbony! system. These obscrvations could
be interpreted as a way that the additional chirality i the
ruthchium hydrido carbonyl system i chiral bidentate
ligands acts as a planc that discriminate carbonyl-side and
chloride-side of the complex. Therefore the s.s-chiraphos
ruthenium(I0) hyvdrido carbonyl system resulls in four iso-
mers compared to the analogous dppe ruthenium hydndo
carbony] system. which gives only two geomctrical isomers,
Interestingly. the R-diop ruthenium(Il) hydrido carbony| svs-
tem. unlike the s.s-chiraphos ruthenium(Il) hydrido carbonyl
svstem. suppresses the up-ficld isomers. In this casc. the
large seven-membered ring of the diop-ruthenum(Il) chela-
tion may play a crucial role. Other ruthenium(IT) cationic
complexes give more complicated results which may be duc
to thewr labile nature of the mitrile ligands causing many
coordination modes. This phenomenon would show ncga-
tive results as a catalyst for asymmetric synthesis. but gener-
ally the “usual catalyst™ is a not an 18 clectron specics but a
16 clectron specics vie one ligand dissociation.”” Under
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these circumstances. the disruption of the molecular symme-
try should give another specics which have different ligand
geometn around a central metal atom.
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