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Terdentate ruthenium(ll) complexes of general formula RuX(CNN)(dppb}(Xhloride, hydride,
alkoxide; dppb= Ph,P(CH,),PPh), where CNN is a deprotonated 2-aminomethyl-6-arylpyridine ligand,
have been prepared. The orthometalated derivative RY@f{pb) (1) has been obtained by reaction of
RuCkL(PPh)(dppb) with N,N-dimethyl-2-aminomethyl-6-(4-methylphenyl)pyridine fHin 2-propanol
and in the presence of triethylamine by elimination of P&md HCI. Similarly, RuCi§)(dppb) @) and
the chiral analogue RuQi)(dppb) @), containing primary amine ligands, have been isolated starting
from 2-aminomethyl-6-(4-methylphenyl)pyridine #Hand R)-2,2-dimethyl-1-(6-phenylpyridin-2-yl)-
propylamine (H), respectively. The synthesis of the functionalized pyridinas-Hc is here described,
whereas the crystal structure®has been determined through an X-ray diffraction experiment. Treatment
of 1—3 with sodium or potassium isopropoxide gives the corresponding hydridesbiRididpb) @),
RuH@)(dppb) 6), and RuH¢)(dppb) 6) from the ruthenium isopropoxide complexes, vigsad
elimination process. Studies in solution show that the isopropoxides bearing a NH donor group are in
equilibrium with the corresponding hydrideS &nd 6). Reaction of5 with benzophenone leads to the
alkoxide Ru(OCHP¥)(a)(dppb) (7), which has been proven to interact with benzhydrol §§; leading
to the adduc?-(HOCHPh), the alkoxide ligand, and the alcohol being in rapid exchange. Compkxes
and3 display a remarkable high catalytic activity for the transfer hydrogenation of ketones to alcohol in
2-propanol using a very small amount of catalyst. With the chiral compigx005 mol %) methyl-aryl
ketones can be quickly reduced (TOF ranging from 5.4 to 1.4 x 10° h™%) with an enatiomeric
excess up to 88%.

Introduction containing a diphosphine, prepared from 2-aminomethyl-6-(4-
. . . methylphenyl)pyridine of formula RuX(CNN)(dppb) (>¢ ClI,
The reduction of ketones using catalytic hydrogen-transfer . _ . . . .
conditions, with 2-propanol as hydrogen source, has been IargerH’ dppb = PRP(CH).PPR), in which the CNN moiety is

. . . . nn he metal vi I—carbon nd and on
investigated in the last years, and several ruthenium complexesc0 ected to the metal via a’spryl—carbono bond and one

have proven to be efficient catalyst precursors in transfer sp* and one spN donor sfte, giving two stable five-membered
prove yst p L cyclometalated ring%.To the best of our knowledge the
hydrogenatiort. Many efforts have been made for designing

highly efficient catalysts for selective transformations, but for ruthenium complex (Figure 1) is the most active transfer
gnly atalysts ) S g hydrogenation catalytic precursor (TOF and TON up to 2.5
large-scale application increasing activity and productivity of

. . o ) ) 10° h™1 and 1.7x 10°) for the reduction of ketones in basic
catalytic reactions is still a target of primary importarice.

In the search for new catalytic systems we have recently 2-propanol reported to dafe.

reported on novel terdentate complexes of ruthenium(ll) The pincer terdentate ligand is designed to combine the
P P ' 2-aminomethylpyridine (ampy) moiety, which shows a particu-
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presence of the-NH; group is crucial in enhancing the activity
of the catalysts, in agreement with the “NH effect” extensively
described by Noyori and co-worke¥s.Evidence has been

which are known to easily give access to CN orthometalated Provided in systems containing the RuH/irotif (bifunctional
ruthenium species. Complexes of monoanionic C-aryl ligands, catalysts) of a mechanism involving a concerted transfer of a

such as2, belong to the class of pincer metal complexes proton and of a hydride to the substrate, without coordination
containiné P- and N-donor atoms (ZCZ, Z' = N, P)8 which of either alcohol or ketone to the metal and without formation

have recently attracted much attention because of their relevance @ ruthenium alkoxidé:-*?It should be noted that in the case
in a number of metal-mediated organic transformatioms. ~ Of complex2 containing the CNN ligand, the corresponding
particular, ruthenium complexes containing monoanionic ter- hydride reacts with ketones to give the corresponding alkoxides,
dentate NCN and PCP ligands of the typesH(CH,ZRy),- thus suggesting a possible different mechanism from that
2,6 (Z = N or P) are active catalysts in base-cocatalyzed Proposed by Noyori. _ _ _
hydrogen-transfer reactions of ketones with 2-propémioithe As part of our current WQr!( deallnglwnh the chemistry of.
ligand the central arytcarbono bond is complemented by two ruthenium complexes containing CNN ligands, we report herein
sp? N- or P-donor atoms. The presence of a metarbon bond the synthesis and characterization of complexes of formula RuX-
generally gives compounds with a high degree of thermal (CNN)(dppb) (X = ClI, H, or alkoxide) prepared from the
stability and prevents to a large extent the metal dissociation 2-@minomethyl-6-arylpyridine-type ligandsaHHc (Figure 2).
from the ligand. Fine-tuning of the catalytic properties of these I addition to the ligand H containing the NH group, the
complexes can also be achieved by controlling the electronic N:N-dimethyl analogue B has been synthesized to prepare the
and steric properties of the substituents of the Z@jand. corresponding ruthenium complex Ru)(dppb) @) (Figure

So far the majority of investigations with nitrogen-containing 1)- With the aim to gain more insights in the mechanism of
pincer ligands have been focused on the NCN-type, while the transfer hydrogenation. Because asymmetric reduction of prochiral
CNN motif has received much less attention. As a matter of Ketones via hydrogen transfer represents an attractive route for
fact, only a few CNN complexes have been described, namely, preparation of optically active alcohols, we have also isolated

Figure 1.

those prepared from BgEBl4(CH,N(Me)CH,CH,NMe;,)-2%2and
more recently the palladium(ll) and platinum (II) derivatives
obtained from 6-phenyl-2-(2-aminoisopropyl)pyridii should

the chiral analogueR)-2,2-dimethyl-1-(6-phenylpyridin-2-yl)-
propylamine (H), by introducing chirality at the C-Njtarbon
atom. The resulting new chiral ruthenium derivative Ra¥I(

be noted that despite the importance that Ru compounds havedPpb) @) (Figure 1), which has also been characterized by a

as mediators and catalysts of organic transformatiéns

structural X-ray analysis, displays a very high catalytic activity

examples of “pincer” CNN Ru catalysts have been reported for asymmetric transfer hydrogenation (TOF up to k410°

before our communicatioh.

As found for several other ruthenium(ll) complexes, the
catalytic activity of2 in transfer hydrogenation is promoted by
addition of a baséRrOH/NaOH), which leads to the formation
of the corresponding hydride, which is an active catalytic
species. It is worth pointing out that for the CNN ligands the
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Chem. Socl1997 119, 840. (e) Liu, F.; Pak, E. B.; Singh, B.; Jensen, C.
M.; Goldman, A. SJ. Am. Chem. So&999 121, 4086. (f) Dani, P.; Karlen,
T.; Gossage, R. A.; Gladiali, S.; van Koten, @ngew. Chem., Int. Ed.
200Q 39, 743. (g) Conner, D.; Jayaprakash, K. N.; Cundari, T. R.; Gunnoe,
T. B. Organometallic2004 23, 2724. (h) Amoroso, D.; Jabri, A.; Yap, G.
P. A,; Gusey, D. G.; dos Santos, E. N.; Fogg, DCEganometallic2004
23, 4047.
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h™1, ee up to 88%) with very low loading (0.005 mol %). The
reactivity of the ruthenium alkoxide complexes Ru(OR)(CNN)-
(dppb) and their role as key species in the catalytic transfer
hydrogenation is discussed.

Results and Discussion

Synthesis of the Ligands Ha-Hc. The asymmetric 2,6-
functionalized pyridine ligands & and Ho were prepared
according to Scheme 1.

Thus, oxidation of 2-(4-methylphenyl)pyridine with hydrogen
peroxide in glacial acetic acid leads to the corresponding
N-oxide, which by treatment with dimethylcarbamyl chloride
and trimethylsilyl cyanide in dichloromethane gives 2-cyano-
6-(4-methylphenyl)pyridine in almost quantitative yield. Sub-
sequent reduction of the cyano group with LiAliih THF—
Et,O leads in 46% yield to the amino pyridine ligand,Hvhich
was finally converted into th&l,N-dimethylamine ligand H
by reaction with formaldehyde in an agueous solution of formic
acid (58% yield). The procedure described herein for the
synthesis of td is more straightforward with respect to the routes
reported for related 2-pyridylamines containing an aryl sub-

(11) (a) Haack, K.-J.; Hashiguchi, S.; Fujii, A.; Ikariya, T.; Noyori, R.
Angew. Chem., Int. Ed. Engl997, 36, 285. (b) Yamakawa, M.; Ito, H.;
Noyori, R.J. Am. Chem. So00Q 122, 1466.

(12) (a) Casey, C. P.; Johnson, J.BOrg. Chem2003 68, 1998. (b)
Alonso, D. A.; Brandt, P.; Nordin, S. J. M.; Andersson, PJGAm. Chem.
Soc 1999 121, 9580. (c) Rautenstrauch, V.; Hoang-Cong, X.; Churlaud,
R.; Abdur-Rashid, K.; Morris, R. HChem. Eur. J2003 9, 4954.
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stituent in the 6-position of the pyridine ring, using 6-bromopi-
colylaldehydé?® or 2,6-dibromopyridingas starting compounds.

The optically active ligand Elhas been obtained in high yield
by trifloroacetic acid-mediated hydrolysis of the recently de-
scribed &s,R)-N-(p-toluenesulfinyl)-2,2-dimethyl-1-(6-phenylpy-
ridin-2-yl)propylamine, in turn accessible in 98% de via dia-
stereoselective reduction of the related enantiopisgtolu-
enesulfinylpyridyl ketiminé* (eq 1).

P
p-Tolyl-S_
NH CF3COOH HoN
N - N (1
| NaOH |
= =
Hc

CNN Ruthenium(ll) Chloride Complexes. It is well known
that cyclometalated CN and CNN ruthenium complexes involv-
ing the 2-phenylpyridine and the 6-phenyl-2@yridine motifs

Organometallics, Vol. 25, No. 19, 200613

the two N-methyl groups give a relatively sharp singletaat
1.77. Upon cooling, the latter signal broadens, revealing a
coalescence temperature of abetB0 °C and leading at-90

°C to two resonances at1.79 and 1.29 for two nonequivalent
methyl groups, indicating that the dynamic process involving
the methyl groups can be frozen out. The approximation to the
Eyring equationAG* = RTJ22.96 + In(TJ/Av)]Y” (Av = 100

Hz) affords a relatively low value foAG* 3 (10.5 4+ 0.2
kcal/mol) of the fluxional process. TREC{'H} NMR spectrum

at room temperature shows one signal for the,@Hd 70.7

and one single resonance for the two Me group® &0.7,
shifted downfield ofé 4.1 and 5.0, respectively, compared to
the free ligand, and indicating that the Npgroup is coordi-
nated to the metal center. Conversely, tH€{*H} NMR
spectrum at-90 °C reveals two signals @t 50.6 and 50.0 for
two N-methyl groups, whereas the orthometalated carbon
resonance appears at low fi€ld'®at 6 174.6 as a doublet of
doublets {J(CP) = 17.8 and 7.5 Hz}? Addition of [PPh]CI

to 1in CD.Cl,, aiming to prevent a possible chloride dissociation
from the complex, does not affect thed and3!P NMR spectra.
Therefore, these data suggest tHatxhibits a hemilabile
terdentate CNN ligand with the NMgroup that undergoes an
easy pyramidal inversion at the nitrogen atom through decoor-
dination from the Ru metal center, favored by the presence of
the aryl group, exerting a strong trans influed€&espite the
fact the N-alkyl substituents are expected to increase the
o-donating properties of the N atom, it is generally accepted
that the metatnitrogen bond is intrinsically weaker for tertiary
amine ligands, compared to the primary or secondary ones. This

have been prepared through direct metalation in the ortho has been ascribed to different factors, such as elongation due

position of the aryl group, resulting in stable five-membered
chelate rings> Alternatively, some CN complexes have also
been obtained in high yield via transmetalation usingH&y.1
We have found that when the functionalized pyridineg,H
displaying a NMe group, is allowed to react with RugPPh)-
(dppb) in 2-propanol at reflux and in the presence of triethyl-
amine, the orthometalated ruthenium(Il) compleis easily ob-
tained by displacement of PPand elimination of HCI (eq 2).

RoN
RUCly(PPh3)(P-P) +

R' |

P-P = dppb

+ PPhy + NHEtCI @

In the solid state the yellow, thermally stable derivative
can be kept in air, but in solution it is fairly oxygen sensitive
and decomposes if air is admitted. THB{*H} NMR spectrum
of 1 in CD,Cl, shows two doublets ai 50.8 and 35.5 with
2)J(PP)= 37.3 Hz, and these data do not change significantly
in the range of temperatures betweeB80 and—90 °C. In the
IH NMR spectrum at room temperature the protons of the NCH
moiety are ab 3.50 and 3.09 witRJ(HH) = 13.6 Hz, whereas

to the steric hindrance and elimination of intra- or intermolecular
M—N—H---X hydrogen bonds with a decrease of the outer
sphere solvation energy of the compféx.

Reaction of RuG(PPh)(dppb) with the ligand Id, showing
a NH, group instead of NMg leads to comple®, which was
isolated in high yield (eq 2). By comparison withthe reaction
for 2 requires a shorter time (2 h) to be completed, suggesting
that orthometalation occurs more easily. The VW NMR
measurements d (CDCI,CDCL) show that the broad reso-
nance ab 3.41 (at 20°C), attributable to one Njfroton, which
undergoes H/D exchange in basic (NaOHYDis still distinct
at 60°C, indicating that decoordination of the Michoiety in2
is more hindered compared to that of the NiMgoup in 1.
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1998 120, 4228. (c) Bardwell, D. A.; Cargill Thompson, A. M. W.; Jeffery,
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Table 1. Crystal Data and Details of Structure Refinements

of 3
formula CGiaH47CIN2P;RU
fw 802.30
cryst syst orthorhombic
space group P 212:2;
a(A) 12.047(3)
b (A) 15.900(3)
c(A) 21.476(5)
V (A3) 4113.7(16)
z 4
Deaic (g € 3) 1.295 @
u(Mo Ka) (mm~1) 0.555
F(000) 1664
6 range 1.59-29.66
no. of reflns collected 47 070
no. of unique refins 10 978 = 0.0360]
28- g]f ggf;g’:?e;ie:g‘;> 20(1) 931561 Figure 3. Molecular structure o8 (ORTEP drawing, thermal
) Ve . -
Flack parameter ~0.020(19) ellipsoids at 40% probability level).
goodness-of-fitF2) 0.975 )
R1( > 20(l)2 0.0340 (2.055(2) A) compared to the corresponding values measured
WR2 . 0.0832 in cis-RuCk(diphosphine)(ampy) complexes (2.138(2)148-
Ap (e A7) 0.685,-0.311 (2) A).5c This fact may be ascribed to the geometrical constraints

AR1= F|IFol — IFcll/ZIFol, WR2 = [FW(Fo? — FA)2 T w(Fo?)? Y2
Table 2. Selected Bond Distances (A) and Angles (deg) for 3

Ru-C(1) 2.047(3) RerP(1) 2.251(1)

Ru-N(1) 2.055(2) Ru-P(2) 2.295(1)

Ru-N(2) 2.221(2) Ru-Cl(1) 2.498(1)
C(1)~Ru—N(1) 80.97(10)  N(1}Ru—CI(1) 82.86(6)
C(1)-Ru-N(2)  154.71(9) N(2}-Ru—P(1) 103.37(6)
C(1)-Ru—P(1) 86.70(7) N(2)}Ru—P(2) 96.86(6)
C(1)-Ru-P(2)  105.54(7) N(2Ru—CI(1) 79.15(6)
C(1)-Ru—CI(1) 88.95(7) P(1yRu—P(2) 94.36(3)
N(1)—Ru—N(2) 75.50(9) P(I¥Ru-CI(1)  174.23(3)
N(1)~Ru—P(1) 92.70(6) P(2yRu—CI(1) 90.46(2)
N(1)-Ru-P(2)  170.64(6) C(I2N(@2)-Ru  109.63(16)

The 13C{H} NMR resonance of the terdentate ligand f
presents a signal at 52.5 for the NHCH, moiety, shifted
downfield by abou® 4.3 compared to the free ligand, similarly
to 1. The resonance of the orthometalated carbon ds1:81.8,
strongly shifted downfield with respect to the free ligan(h\o
54.8) and coupled with two phosphorus atoms Wi{CP) =
16.3 and 7.8 Hz, as fat.

According to eq 2, the chiral compleX can be prepared
by reaction of RuGKPPh)(dppb) with the ligand id. The
31IP{1H} NMR spectrum displays two doublets similar to those
of 2, indicating that3 is present in solution as a single
stereoisomer with chirality at the metal certéiThe *H and
13C NMR data are related to those »fand are in agreement
with the formation of a terdentate CNN complex. The molecular
structure of3 was confirmed by X-ray analysis carried out on
a single crystal. Crystallographic data are summarized in Table

1, and selected bond distances and angles are reported in Tabl

2. The ruthenium center o8 is in a pseudo-octahedral
environment with the orthometalatedigand bound to the metal

in a terdentate fashion, forming two five-membered chelate rings
(Figure 3).With respect to the terdentate ligand plane !Ble
group bound to the chiral carbon atorR ¢onfiguration) is
pointing to the side of the chloride, away from the phosphine
phenyl groups. The solid-state structural feature3arke closely
related to those described f@rf The Ru-N1 bond length of
the pyridine trans to the phosphorus atom is significantly shorter

(22) (a) Cyr, P. W.; Patrick, B. O.; James, B.Ghem. Commur2001,
1570. (b) Fogg, D. E.; James, B. Rorg. Chem.1997, 36, 1961. (c)
Schlinken, C.; Esteruelas, M. A.; Lahoz, F. J.; Oro, L. A.; Werner, H.
Eur. J. Inorg. Chem2004 2477. (d) Pinto, P.; Marconi, G.; Heinemann,
F. W.; Zenneck, UOrganometallic2004 23, 374.

of the terdentate ligand, showing narrow C{Ru—N(1) and
N(1)—Ru—N(2) bond angles (80.97(1Q)75.50(9)). In addi-
tion, the Ru-N amino bond distance (2.221(2) A) is similar to
that of 2 (2.246(3) A) and significantly longer than that found
in the aforementioned ampy complexes (2.104@)116(2) A)
that display the NH group trans to a chloride, in agreement
with the higher trans influence of the aryl compared to the
chloride ligand. The carbon bearing 821 group and the amino
nitrogen N(2) are displaced by0.059(4) and—0.647(4) A,
respectively, from the best-fit plane through the terdentate
ligand. This arrangement leads one-N bond to be almost
parallel to the Ru-Cl bond (H-N(2)—Ru—ClI dihedral angle
of about 8.2, with a H-+-Cl distance of 2.62 A), suggesting a
possible intramolecular hydrogen bond interacfidAs for 2,
there is also a relatively short contact between the pyridine
nitrogen atom and the ipso carbon atom C(21) of the phosphine
phenyl (3.12 A), indicating a stacking between the pyridine and
phenyl rings. Similar features have also been observ@dimd
in cissRuCk(diphosphine)(ampy) complexes. Consequently,
solid-state studies and NMR data in solution fbr3 are
consistent with the relatively weak-donation of the amino
group to the ruthenium center in the CNN ligands, because of
the trans influence of the aryl group, with the R\NH, bond
being stronger than the RUNMe; one.

CNN Ruthenium(ll) Hydride Complexes. The chemistry
of transition metal hydrides continues to attract a great deal of
attention because of the unique-¥ bonding properties (e.g.,
insertion reactions, acidic vs hydridic character, hydrogen-
bonding interactions) that allow the use of these species in
gtoichiometric reactions and cataly3tsAmong the different
procedures for obtaining late transition metal hydride complexes,
a method generally employed entails the reaction of halide
precursor complexes with sodium or potassium alkoxides
displaying a hydrogen in th@-position. The resulting covalent
metal alkoxides are generally reactive intermediates that undergo
a facile -hydrogen elimination reaction, affording hydride
complexes (alkoxide rout&}.When the ruthenium complek

(23) (a) Steiner, TAngew. Chem., Int. E@2002 41, 48. (b) Brammer,
L. Dalton. Trans.2003 3145. (c) Peris. E.; Lee, G. C.; Rambo, J. R;;
Eisenstein, O.; Crabtree, R. H. Am. Chem. Sod995 117, 3485. (d)
Yap, G. P. A;; Rheingold, A. L.; Das, P.; Crabtree, R.|Horg. Chem.
1995 34, 3474. (e) Aullm, G.; Bellamy, D.; Brammer, L.; Bruton, E. A;
Orpen, A. G.Chem. CommuriL998 653.

(24) Jacobsen, H.; Berke H. Recent Adances in Hydride Chemistry
Peruzzini, M., Poli R., Eds.; Elsevier: Amsterdam, 2001; Chapter 4, p 89.
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Scheme 2

is treated with 1.5 equiv of Na@r in 2-propancttoluene at
room temperature, the solution quickly turns red, affording an
intermediate alkoxide, as inferred BYP{H} NMR spectros-
copy (© 46.4 and 35.8J(PP)= 32.5 Hz, GDs (10% in volume)
as inside lock) (Scheme 2).

As will be described in a further part of this work, all

reaction is carried out in a single solvent, slow or poor
conversion is observed. It is likely that the favorable effect of
2-propanol, which displays good polarity favoring the dissocia-
tion of the chloride, for the ruthenium alkoxide formation may
be due to an acid/conjugate base metathesis approach, according
to the route suggested by Bergman for the preparation of late

ruthenium alkoxides of this type assume a red-orange color andtransition metal amido complexes using NaNHRIthe presence

are characterized byZ(PP) of about 3234 Hz, which differ
significantly from those of the chloride and hydride complexes.
Heating of this solution above 5T results in the slow and
irreversible formation of the hydride comples through
elimination of acetone. Thé'P{*H} NMR spectrum of4 in
CsDe at room temperature exhibits two doublets da62.5

of its conjugate acid Nklin THF .28 Employment of potassium
isopropoxide with2 leads the reaction to be completed at room
temperature in a few minutes, suggesting that the reactivity is
affected by the different ion pairing of potassium vs sodium
isopropoxide in 2-propandP. We want to point out that, by
contrast to4, heating the ruthenium isopropoxide solution re-

and 30.4, the latter being trans to the hydride as proven by asults in the reversible formation of the hydri8eas inferred

1H-coupled3'P NMR measurement, with a significantly small
phosphorus phosphorus coupling constaff(PP)= 15.5 Hz),
compared to that of the chloride analogé#(PP)= 37.3 Hz).
The 'H NMR signal for the hydride appears as a doublet of
doublets atdé —5.79 with 2J(HP) = 87.7 and 28.6 Hz, in

by 31P{1H} NMR spectroscopy. As a matter of fact, a solution
prepared fron2 and NaOH (molar ratie= 1/2) in 2-propanct

CsDgs shows the presence of the Ru-isopropoxide as essentially
the only product at 20C, whereas at higher temperatures the
Ru-H/Ru-alkoxide ratio increases (i.e., about 1:2 at°€),

agreement with the data reported for other ruthenium hydride indicating that the formation of the hydride is an endothermic
complexes bearing the phosphorus atoms trans and cis to theprocess. Due to the lability of this system, the hydride complex

hydride, respectivel§® At room temperature the GNMe;
moiety presents two doublets at3.25 and 2.61%0(HH) =

5 can be isolated from the reaction mixture by shifting the
equilibrium reaction to the right, removing acetone through

13.3 Hz) for the nonequivalent methylene protons, whereas theevaporation of the 2-propanetoluene media (Scheme 2). The

methyl groups show two resonancesda®.13 and 2.10, at
variance withl. This clearly indicates that replacement of

IH NMR spectrum of5 shows the hydride signal &t —5.58
(dd, 2J(HP) = 89.1, 26.4 Hz), close to that of the NMe

the chloride with a hydride leads to a stronger coordinated derivative4, with two broad resonances @2.75 and 1.02 for
NMe, amino group, and this is likely to be ascribed to the lesser the nonequivalent Niiprotons. AlH—1H NOESY experiment

steric hindrance of H vs Cl. In addition, for the chloride deriv-
ative azr-donation of the adjacent lone pairs of the halide can

also promote the opening of the arm trans to the aryl group,

shows contacts of the Ru-H with two different ortho phenyl
protons and with both N-H protons, but no exchange has been
apparently observed. The Ru-H stretching bands afid4 are

destabilizing the six-coordinate complex vs the corresponding 1743 and 1811 cmi, respectively, and these low wavelengths

16-electron specieX.

Reaction of2 with NaOPr in 2-propancttoluene gives at
50 °C a red solution containing a ruthenium alkoxide species
as the main product, as inferred B{1H} NMR spectroscopy
(0 54.3 and 44.62)(PP)= 34.2 Hz, GDs lock) (Scheme 2).
The use of a mixture of 2-propaneioluene (1:1 in volume) is
necessary for the solubilization of both the ruthenium chloride
2 and sodium isopropoxide, leading quickly to the ruthenium
alkoxide and formation of NaCl. As a matter of fact, when the

(25) (a) Nolan, S. P.; Belderrain, T. R.; Grubbs R.®tganometallics
1997 16, 5569. (b) Esteruelas M. A.; Sola. E.; Oro L. A.; Werner H.; Meyer
U. J. Mol. Catal.1988 45, 1. (c) Chaudret, B. N.; Cole-Hamilton, D. J.;
Nohr, R. S.; Wilkinson, GJ. Chem. Soc., Dalton Tran$977, 1546.

(26) (a) Bianchini, C.; Frediani, P.; Masi, D.; Peruzzini, M.; Zanobini,
F. Organometallics1994 13, 4616. (b) Hsu, G. C.; Kosar, W. P.; Jones,
W. D. Organometallics1994 13, 385. (c) Drouin, S. D.; Amoroso, D.;
Yap, G. P. A,; Fogg, D. EOrganometallic2002 21, 1042.

(27) Caulton, K. GNew J. Chem1994 18, 25.

are in agreement with the presence of a phosphine trans to
hydride. Furthermore, the significantly lower value fér
compared t@l can be ascribed to a possible ResHIN hydrogen
bonding interaction. Comple% can be easily protonated by
weak acids, such as GHOOH, leading to the corresponding
acetate derivative via elimination of dihydrogen, as will be
described elsewhere. Dissolution 6fin CHCl; or CH,Cl,
results in the fast conversion into the chlor@endicating that
the hydride5 is highly active and halogenated solvents cannot
be employed. Examination of the reactivity of the hydrides
and5 with acetone in €Dg in the presence of 2-propanol shows

(28) Kaplan, A. W.; Ritter, J. C. M.; Bergman, R. G Am. Chem. Soc.
1998 120, 6828.

(29) (a) Bradley, D. C.; Mehrotra, R. C.; Rothwell, I. P.; Singh, A. In
Alkoxo and Aryloxo Deriatives of Metals Academic Press: New York,
2001; Chapter 2. (b) Bagno, A.; Montanari, S.; Paradisi, C.; Scorrano, G.

Eur. J. Org. Chem200Q 1953. (c) Crampton, M. R.; Gibson, B.; Gilmore,
F. W.J. Chem. Soc., Perkin Trans.1®79 91.
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Scheme 3

¢ HOCHPh;

that the two complexes have a substantially different behavior. alkoxide 7. Furthermore, the doublet &t = 5.50 GJ(HH) =
As a matter of fact, the presence of the Nifloup in5 leads to 7.6 Hz) is for one proton of the pyridine in the position 5, as
the thermodynamically stable and kinetically labile isopropoxide established via @dH—!H COSY experiment, shifted upfield
species, with respect to the hydridacetone system. For the compared to those idand5 and which may be due to a possible
NMe;, derivative4 the -hydrogen elimination is a relatively  interaction between the pyridine ring and a phenyl of the
slow and irreversible process, the reaction being completely alkoxide. The!3C NMR spectrum of the complex in benzene-
shifted to the right. The stability of the isopropoxide bearing a ds displays a signal at 80.1, shifted downfield compared to
NH, group can be tentatively ascribed to the lesser steric benzhydrol Ad = 4.0). This value can be compared with those
bulkiness of the H vs Me, in combination with the possible of other transition metal alkoxide complexes, which show a
formation of a O--H hydrogen bond. similar trend®2 Addition of benzhydrol in about 1:1 molar ratio
Similarly to 2, treatment of the chiral precurs@ with results in the formation of a new specie}, which can be
potassium isopropoxide in 2-propandbluene at room tem-  ascribed to an alkoxidealcohol adduct, in equilibrium with
perature affords a mixture of the ruthenium isopropoxide speciesthe original alkoxide7.3334 Interestingly, this new compleg
(3*P{1H} NMR: 6 53.6 and 46.2 witBJ(PP)= 34.6 Hz, GD¢ displays two doublets in th&P NMR spectrum at = 55.0
lock) and the ruthenium hydridg (3'P{H} NMR: & 64.8 and and 42.8 with &@J(PP)= 34.2 Hz, a value identical to that of
35.3 with2J(PP) = 16.5 Hz) in 4:1 molar ratio, respectively. the alkoxide7. Addition of alcohol leads to the increase of the
Likewise to the alkoxide prepared frofy heating the solution  signals for8, with a high-field resonance that shifts progressively
results in shifting the equilibrium toward the hydride complex, to lower field © up to 45.0). In théH NMR spectrum the signal
with a Ru-isopropoxide/Ru-H molar ratio of about 1.5:1 and at o = 5.45 is for the benzhydrol OCH moiety, which is in
1:3 at 50 and 70C, respectively. The hydridgéshows a doublet ~ rapid exchange with the coordinated OCH group at 4.80, as
of doublets atd —5.59 (dd,2J(HP) = 89.8, 26.1 Hz), which revealed through & 1D sel-NOESY experiment. As a matter
are values very close to those of the hydridesd5. Attempts of fact, the latter signal is converted into that of benzhydrol in
to isolate6 by removing acetone failed, leading to a mixture of 70 ms (plateau, 40% conv.), following an exponential behavior.
6 (about 70%) and the isopropoxide as main products. This clearly indicates that the alkoxide in Ru(amine)(alkoxide)
Reaction of the Ruthenium Hydride 5 with Ketones. exchanges rapidly with alcohol, and this process can be possibly
Insertion of unsaturated compounds into a mefgidrogen bond ~ mediated via a RUORHOR hydrogen bond, according to the
is a fundamental step of stoichiometric and catalytic transforma- studies of Bergman and other auth&tsBy increasing the
tions39 However, insertion of ketones into a Rul bond is temperature to about 5 the two OCH signals (and also the
sparingly documente#l,whereas the revergehydrogen elimi- low-field NH resonance) disappear in the baseline, leading at
nation is a well-exploited procedure for the synthesis of ruthen- 70 °C to only one broad signal @ = 5.10. The NCH group
ium hydrides?® Reaction of the hydridg with an equimolar shows a singlet ai = 3.22 for the two protons, apparently not
amount of different ketones, such as acetone or benzophenonegoupled with the NH protons, probably because of their fast
results in no formation of the corresponding alkoxides, as exchange, whereas the carbon signal is) at 52.0, almost
observed by NMR measurements. By contrast when complex identical to that of7, indicating that the nitrogen is coordinated
5 in dg-toluene is treated with benzophenone, insertion of the as amine to ruthenium. At room temperature thez@rbups
carbonyl group into the RuH bond occurs promptly, as  of the tolyl moiety of7 and8 are atd = 2.28 and 2.35, while
depicted in Scheme 3. at higher temperature they broaden, leading to a singlét=at
The3P NMR spectrum of shows two doublets &t = 57.0 2.29 at 70°C. Also in the3!P NMR spectra the signals af
and 37.3, showing #(PP)= 34.2 Hz, which is similar to those ~ and8 broaden when the temperature is increased, and at about
of the ruthenium isopropoxide intermediates obtained fiom 70 °C the two species lead only to two resonances at57.2
and2. In the!H NMR spectrum the resonance at 4.80 is for the and 39.5, indicating that these complexes are involved in a fast
alkoxide CH group, and by cooling af@ it turns into a doublet  exchange process. Furthermore, at temperatures higher than 70
with a “)(HP) = 3.7 Hz, as inferred through %4{31P} NMR °C, the spectra show the signals of the hydrilewhich
experiment, which indicates that the alkoxide is directly bound equilibrates with the speciésand8. The reversible insertion
to ruthenium. The broad signal &t= 5.30 is for one proton of ~ of a ketone into the metahydride bond has been described
the amine group at low field, compared to the other amine proton previously by Hoffmann on a rhenium isopropoxide systém.
(6 = 1.45), and this large difference may be consistent with a On the other hand, there are only a few reports on stable
NH:-:-O hydrogen bond interaction, which could stabilize the ruthenium alkoxides obtained through Ru-H insertion of ketones,
namely, those containing electron-withdrawing group, such as

(30) (a) Espinet, P.; Albgz, A. C. In Fundamentals of Molecular

Catalysis Current Methods in Inorganic Chemistry Vol. 3; Kurosawa, H., (32) (a) Sanford, M. S.; Henling, L. M.; Day, M. W.; Grubbs, R. H.

Yamamoto, A., Eds.; Elsevier: Amsterdam, 2003; Chapter 6, p 293. (b) Angew. Chem., Int. EQR00Q 39, 3451. (b) Liang, F.; Schmalle, H. W.;

Koga, N.; Morokuma, KChem. Re. 1991, 91, 823. Fox, T.; Berke, HOrganometallic2003 22, 3382. (c) Chen, Z.; Schmalle,
(31) (a) Hayashi, Y.; Komiya, S.; Yamamoto, T.; YamamotoChem. H. W.; Fox, T.; Berke, HDalton Trans.2005 580.

Lett. 1984 1363. (b) Daley, C. J. A.; Bergens, S. Bl. Am. Chem. Soc. (33) Fulton, J. R.; Holland, A. W.; Fox, D. J.; Bergman, R.Agc. Chem.

2002 124, 3680. Res.2002 35, 44.
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CRs,3'20r ketoesters, which can lead to bidentate alkoxfdes. Table 3. Catalytic Transfer Hydrogenation of Methyl-Aryl

Although it has been well established that NH hydrogens Ketones with Complex 3 . i
increase the activity of ruthenium catalysts in hydrogenation, —Complex Ketone Alcohol C,;J“(‘;:gfl';;" TOF (7Y ee (%)

far less is known about the role of these hydrogen in stabilizing

Ru-O species, such as alkoxides or carboxylates. Interestingly, 3 [ & 98(s)  93x10° T1S
Koike and Ikariya have reported that the presence of NH )\Q /\O
hydrogens allows insertion of carbon dioxide into the-RRu
bond3¢ Furthermore, these authors and Morris have given 3 o o 99.(5) 68%10° 708
evidence of the formation of ruthenium alkoxic@mine spe- )t© /Ij
cies®’ o a

Addition of acetophenone to the hydriéen CsDg leads to 3 0 oH 96 (5) 54x10° 888
the corresponding alkoxide Ru(OCHMeP#®){fppb) with31P é@ /j©
NMR data ¢ = 56.1 and 37.9%)(PP)= 34.3 Hz) that resemble m MeO
those of7, whereas addition of 1-phenylethanol (2 equiv) leads 3 0 o M . O 14x10° 718
to a new alcohol adduct &t = 54.5 and 41.6 with 8J(PP)= )\O/ /\@/
33.8 Hz in equilibrium with the alkoxide. By addition of
subsequent amounts of alcohol the latter resonance shifts to o oH
lower field (to 46.2) as foB, the four doublets being relatively in situ ¢ J\@ : 9%(10)  66x10° 72§
broad Av1,~ 70 Hz), indicating that a rapid exchange process /\Q
occurs between the alkoxide and the alkoxidécohol adduct.

Therefore, our NMR data show that the Ru alkoxides of the o on
type Ru(OR)(CNN)(PP) are in rapid exchange with alcohols ~ sin* )j@ /j© 98 (5) 68x10° 708
(<0.1 s) and also with the corresponding hydrides, allowing o o
very fast equilibration of the alcohol and ketone species. This o oH
represents a central point for the transfer hydrogenation catalysis situ? it@ : 95 (5) 60x10° 88§
in which Ru-alkoxides are effective key species. Since the " :;@

exchange between the alkoxidand the corresponding alcohol a Conditions: . . .

- A . onditions: reactions were carried out at 82, ketone 0.1 M in
adduct8 is very fast compared to th@hydrogen elimination 5 hropanol, ketone/Ru/NaOiRF 20000/1/400P The conversion and ee
reaction, we cannot rule out that the presence of alcohol could were determined by GC analysisTurnover frequency (moles of ketone
be fundamental in facilitating the formation of the hydrigle converted to alcohol per mole of catalyst per hour) at 50% conversion.
This point has been raised by Milstein for tinans-HIr(OCHs)- ¢ Complex3 was prepared in situ by treatment of R@®Ph)(dppb) with
(CeHs)(PMey)s system, which leads to the corresponding dihy- the ligand H (1:2 molar ratio) in 2-propanol at reflux for 10 min.
dride without requiring a vacant cis coordination site and
possibly through a hydrogen-bonding network with meth&fol.

Catalytic Transfer Hydrogenation with 1 —3. The catalytic
precursor2 has been shown to be extremely active for the
selective reduction of a large number of ketones to alcohols in
2-propanol and in the presence of Na®Mhus, acetophenone
has been quantitatively converted in 5 min using 0.005% mol

of 2 in refluxing 2-propanol, with a remarkable speed (TOF of fast transfer hydrogenation and suggests that the effectiveness

1 :
11 x 306 ht )- Thetrcl)bust frartmle of?llo(\j/\./s th%.rf?actltntnktci[ be of complexes containing an amino NH group could be related
carried out even at fower catalyst loading. DITIErent KEIONEs, 1 yqjr ability to favor the formation of ruthenium alkoxides.

such as acetophenone and benzophenone, have been easi hen the chiral comple® is used, again fast reduction of

reduced using 0.001 mol % & indicating that this protocol different methyl-aryl ketones is observed under the same experi-

can be applied for the mgdmm-scalg prepqratlon 9f qlcohols mental conditions employed f&; and the results are reported
and, therefore, may be of interest for industrial applications. It in Table 3

is noteworthy that most of the described hydrogen-transfer The values of the rate of reduction are comparable to those

Fat3|¥3t.s work \lN'tth reIanver h'g?er Iga;dlr;go.t?lo/oﬂznol) and ¢ fof 2, leading to the corresponding alcohols in a few minutes
ead to Incomplete conversion of substrate when the amount ot ror i the range 5.4 10° to 1.4 x 10° h~%) and with fairly

cata_lyst_ IS .r(_educed. . good to good enantiomeric excess {88%), the best result

_ Itis significant that complex, which shows a NMggroup being obtained with 2-methoxyacetophenone. These data indi-
instead of NH, displays a much lower catalytic activity for  c4te thag can be employed for the fast enatioselective reduction
the reduction of ketones. Under identical catalytic conditions prochiral ketones using very low catalyst loading (substrate/
catalyst up to 20 000). Furthermore, the same catalytic perfor-

(34) (&) Kim, Y. J.; Osakada, K.; Takenaka, A.; Yamamoto JAAM. mance can be obtained generating the catalyst in situ, by reaction
Organomeialice 1961, 10, 400. (&) Kegley, 5. E.- Sehaverien, €. 2. 0f RuCL(PPR)(dppb) with the ligand d (2 equiv) in 2-propanol
Freudenberger, J. H.; Bergman, R. G.; Nolan, S. P.; Hoff, CJ.DAm. at reflux, showing that the formation 8fis quite straightforward
Chem. Soc1987, 109, 6563. (Table 3).

(35) (a) Hoffman, D. M.; Lappas, D.; Wierda, D. A. Am. Chem. Soc. : :
1089 111 1531. (b) Hoffman, D. M.; Lappas, D.: Wierda, D. A. Am. As regards the mechanism of the transfer hydrogenation of

used for2, complex1 (0.005 mol %, NaOH 2 mol %) leads
only to 30% conversion of acetophenone after 3 h. As re-
ported in the previous part, whef reacts with sodium
isopropoxide, the hydridd is easily formed, but this species
does not give insertion of ketones and no formation of ruthenium
alkoxides has been observed by NMR measurements. This
provide additional evidence for the key role of alkoxides in the

Chem. Soc1993 115 10538. ketones mediated by RuX(CNN)(PP) complexes, the first step
g% FC))i}lée,,kT.;lealrliyq, T'Ardoyl Synth. Celllt_algzggé 23:%23;17'@) Abd is the reaction of the chloride catalytic precursor with alkaline
a) Koike, I.; Ikarlya, rganometa IC. ) . ur- i i i i i i i 1
Rashid, K.; Clapham, S. E.; Hadzovic, A.; Harvey, J. N.; Lough, A. J.; |so_propox_|des,_ affording the r.Uthemum ISOpI’QpOXIde denvatlv?'
Morris, R. H.J. Am. Chem. So@002 124, 15104. This species gives the ruthenium hydride, which then reacts with

(38) Blum, O.; Milstein, D.J. Organomet. Chen200Q 593594, 479. the ketone substrate, affording the corresponding ruthenium
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alkoxide3® Subsequent reaction with 2-propanol, which is 52.3 mol). The solution was stirred at room temperature for 3 days
present in large excess, leads to the formation of the rutheniumand then heated under reflux for 9 h. After cooling, a 10% solution
isopropoxide, which closes the cycle. This route is supported of K;CO; was added and stirring continued for 15 min. The organic
by stoichiometric reactions that show that the ruthenium Phase was separated and dried A3, the solvent was evapo-
isopropoxide CNN complexes, formed by chloride displacement, rated, and the residue was purified by flash chromatography
are in equilibrium with the hydrides (such 8s5), when a NH (petroleum etherEtOAc, 95:5). Yield: 9.23 g (96%). Mp: 131
group is present. This shows that for the above complexes thel32 °C. Anal. Calcd for GHigNy: C, 80.39; H, 5.19; N, 14.42.
alkoxide B-elimination and the insertion of ketones into the FO‘;'”d: C,80.52;H,5.17; N, 14.4% NMR (200.1 MHz, CDC},
Ru—H bond is a relatively easy and rapid process. Furthermore, 20°C): 0 734_7'91 (m, 3H), 7.88 (t)(HH) = 9-6_HZ' 1H), 7.59

the fast exchange of the alkoxide with alcohol, as observed for (Zdl—?)‘ 32('12)(; ?%Hzélj Hz, 1H), 7.31 (dd)(HH) = 0.6, 0.6 Hz,

5, which is likely to occur via hydrogen bond interactions, PoTE A =D o

indicates that the last step of the catalytic cycle also takes place_ Synthesis of 2-Aminomethyl-6-(4-methylphenyl)pyridine (Ha).
rapidly. Therefore, these studies show that the Ru(OR)(CNN)- 2-Cyano-6-(4-methylphenyl)pyridine (0.970 g, 5.00 mmol) was
(PP) complexes bearing a NH donor group display rapid hydride/ added portionwise to a solution prepared by mixing anhydroy3 Et

alkoxide and alkoxide/alcohol equilibrium processes as well as (10 mL) with al MSOIUt'On Of LIAIH, in THF (6.92 mL, 6.92
fast catalytic transfer hydrogenation. mmol). The mixture was stirred at room temperature fdr and

then heated at 40C for 3 h. After cooling, a 40% aqueous solution
of NaOH (5 mL) was cautiously added, and stirring continued for
1 h. The organic phase was separated and driegS®g and the

In summary, we have described a novel class of terdentatesolvent was evaporated. _The residue was purified by flash chro-
complexes of formula RUCI(CNN)(dppb) also with a chiral CNN  Matography (methanol). Yield: 0.46 g (46%). Mp: -580°C. Anal.
moiety that are extremely active catalysts for transfer hydro- Calcd for GsHiNa: C,78.75,H,7.12; N, 14.13. Fo‘j“d: C, 78.66;
genation in basic conditions. Reaction of these complexes with M, 7.14; N_' 14.14°H NMR (200.1 MHZ'_CDC!’ 20°C): 6 7.92
MO'Pr (M = Na, K) leads to the corresponding isopropoxides, ,(]d|’-|J|-EHE) 7_58'|_}ZH21'H2H)7' 27%68(1(5']'5"'_'_:_')__87'15:22’21;')’ ;fg (g'
which, when a NH group is present, are in equilibrium with JEHH; _ 7'5 1H’) 4 ())’1 (é 2|(_|, ((35 )220 ('S 3H" CHg’ 1.86 ((s’
the hydrides. These complexes react with ketones with formation 2H: NHy) - t e T T T ’
of alkoxides, which are in rapid exchange with the alcohol. i . .

Because the new highly active catalysts RUCI(CNN)(PP) can Synthesis ofN,N-Dimethyl-2-aminomethyl-6-(4-methylphen-
be easily prepared combining 6-aryl-2-aminomethylpyridines yhpyridine (Hb). 2-Am|nomethyl-6-(4-methylphenyl)pyondlne(:)I
with a large number of commercially available diphosphines, (030 g, 1.5 mmol) was slowly added to a cooled*(®) 90%

. S agueous solution of formic acid (0.460 g, 9.0 mmol). Then a 35%
this new group of complexes appears to be Very promising for aqueous solution of formaldehyde (0.283 g, 3.3 mmol) was added,
appllcatlo_n n hor_nogeneogs ca_taIyS|s. Work IS In Progress to and the resulting mixture was heated at@or 4 h. After cooling,
extend this chemistry to chiral diphosphines for obtaining very o mixture was basified with a 10% aqueous solution of NaOH

Concluding Remarks

fast enantioselective catalysts. (10 mL) and then extracted with GBI, (3 x 20 mL). The
. . combined organic phase was dried {N@&), the solvent was
Experimental Section evaporated, and the residue was purified by flash chromatography

(CH.CI,—MeOH, 9:1), affording a pale yellow oil. Yield: 0.197 g
(58%). Anal. Calcd for @HigN,: C, 79.61; H, 8.02; N, 12.38.
Found: C, 79.93; H, 8.05; N, 12.3%4 NMR (200.1 MHz, CDC},
20°C): ¢ 7.90 (d,J(HH) = 8.1 Hz, 2H), 7.68 (t)(HH) = 7.5 Hz,
1H), 7.55 (d J(HH) = 7.5 Hz, 1H), 7.32 (dJ(HH) = 7.5 Hz, 1H),

All reactions were carried out under an argon atmosphere using
standard Schlenk techniques. The solvents were carefully dried by
standard methods and distilled under argon before use. The
ruthenium complex Ru@PPh)(dppb)° and &s,R)-N-(p-toluene-
sulfinyl)-2,2-dimethyl-1-(6-phenylpyridin-2-yl)propylamifevere
prepared according to literature procedures, whereas all other7'25 (d, J(HH) = _8'1 Hz, 2H), 3.67 (s, 2H; CH, 2.39 (s, 3H;
chemicals were purchased from Aldrich and used without further CHy), 2.34 (s, 6H; NMeg).
purification. NMR measurements were recorded on a Bruker AC ~ Synthesis of R)-2,2-Dimethyl-1-(6-phenylpyridin-2-yl)pro-

200 spectrometer and a Bruker AVANCE 400 spectrometer Pylamine (Hc). Trifluoroacetic acid (1.4 g, 12.2 mmol) was added
equipped wit a 5 mmmultinuclear z-gradient probe. 2D COSY, dropwise to a cooled (2C) solution of &,R)-N-(p-toluenesulfinyl)-

2D HSQC, and 1D sel-NOESY experiments were performed using 2,2-dimethyl-1-(6-phenylpyridin-2-yl)propylamine (1.12 g, 2.96
the standard pulse sequences from the Bruker library. Chemicalmmol, 98% de) in CHOH (12 mL). After 24 h stirring at room
shifts, in ppm, are relative to TMS foH and 13C{!H}, whereas  temperature, kD (10 mL) was added and the MeOH was
85% HPO; was used for!P{IH}. Infrared measurements were evaporated under vacuum. The aqueous residue was taken up in
obtained using a Brucker Vector 22 FT-IR spectrometer. Elemental CHzCl2 (100 mL), and the resulting solution was washed with 10%
analyses (C, H, N) were carried out with a Carlo Erba 1106 NaOH (3x 10 mL). The organic phase was dried over anhydrous
elemental analyzer. N&SQy, and the solvent was evaporated under vacuum. The residue

Synthesis of 2-Cyano-6-(4-methylphenyl)pyridine2-(4-Meth- was purified by flash chromatography (methanol), obtaining a
ylphenyl)pyridine was converted into theoxide by oxidation with ~ Yellow oil. Yield: 0.67 g (94%). ¢]*% = —39.4 € 0.13, CHC}).

30% hydrogen peroxide in glacial acetic acid at°Tfor 13 h Anal. Calcd for GeHzoN2: C, 79.96; H, 8.39; N, 11.66. Found: C,
according to Ochidt (84% vield, mp 119-120°C). To a solution ~ 79.65; H, 8.41; N, 11.64H NMR (200.1 MHz, CDC}, 20 °C):
of theN-oxide (9.21 g, 49.7 mmol) in anhydrous @&, (130 mL) 0 8.03 (d,J(HH) = 7.2 Hz, 2H), 7.66-7.58 (m, 2H), 7.497.37
were added dropwise in sequence dimethylcarbamyl chloride (5.35(M, 3H), 7.10 (dJ(HH) = 7.2 Hz, 1H), 3.72 (s, 1H; CHN), 1.99
g, 4.58 mL, 49.7 mol) and trimethylsilyl cyanide (5.19 g, 6.97 mL, (S, 2H; NH), 0.97 (s, 9H; CMe).

Synthesis of 1.To a suspension of RugPPh)(dppb) (0.400

(39) (a) Aranyos, A.; Csjernyik, G.; Szapi. J.; Backvall, J. E.Chem. g, 0.465 mmol) in 2-propanol (4 mL) were added the ligartd H
Commun1999 351. (b) Martin-Matute, B.; Edin, M.; Bogar, K.; Kaynak,  (0.148 g, 0.654 mmol) and triethylamine (0.9 mL, 6.46 mmol). The
F. ab)BJaﬁﬁ\éa"C‘_Jwﬁ'é;\r{gucgégi a%ﬁ%%i 1F2>.7’Ffmc7e{unon Kli@rg. mixture was refluxed overnight, and the orange precipitate was
Chem.1984 23, 726. ' ' ' ' ' filtered, washed with methanol, and dried under reduced pressure.

(41) Ochiai, E.J. Org. Chem1953 18, 548. Yield: 0.260 g (71%). Anal. Calcd for gH4sCIN,P,Ru: C 65.52;




Terdentate RuX(CNN)(PP) (> ClI, H, OR) Complexes

H, 5.75; N 3.55. Found: C, 65.21; H, 5.68; N, 3.33.NMR (200.1
MHz, CD,Cl,, 20°C): 6 8.19-6.60 (m, 24H; aromatic protons),
6.19 (t,J(HH) = 8.0 Hz, 2H; m-Ph), 3.50 (dJ(HH) = 13.6, 1H;
CHN), 3.09 (d,J(HH) = 13.6 Hz, 1H; CHN), 3.24-0.90 (m,
8H; CHy), 2.20 (s, 3H; CH), 1.77 (s, 6H; N(CH)y). 13C{H} NMR
(50.3 MHz, CDQCl,, 20°C): 164.2 (s; NCC), 157.6 (s; NCCHy),
150.2-116.5 (m; aromatic carbons), 70.7 (EH:N), 50.7 (s,
N(CHz),), 34.5 (d,J(CP)= 23.3 Hz;CH,P), 32.5 (d J(CP)= 32.0
Hz; CH,P), 27.1 (s; CH), 21.8 (s; CH), 21.6 (s, CH).3'P{1H}
NMR (81.0 MHz, CBQCl,, 20 °C): 6 50.8 (d,J(PP)= 37.3 Hz),
35.5 (d,J(PP)= 37.3 Hz).

Synthesis of 2.The synthesis o was carried out in a way

similar to that described fol, using Ha instead of Hb. To a
suspension of Rug@PPh)(dppb) (1.17 g, 1.36 mmol) in 2-propanol
(15 mL) were added the ligandad(0.300 g, 1.51 mmol) and
triethylamine (1.9 mL, 13.6 mmol). The mixture was refluxed for
2 h, and the yellow precipitate was filtered, washed with methanol,
and dried under reduced pressure. Yield: 810 mg (78%). Anal.
Calcd for GiH4:CIN,P,Ru: C, 64.77; H, 5.44; N, 3.68. Found:
C, 64.36; H, 5.52; N, 3.70H NMR (200.1 MHz, CQCl,, 20°C):
0 8.10-6.57 (m, 24H; aromatic protons), 6.00 J(HH) = 8.1 Hz,
2H; m-Ph), 4.12 (ddJ(HH) = 15.5, 4.4 Hz, 1H; CEN), 3.72 (td,
J(HH) = 15.5, 4.1 Hz, 1H; CEN), 3.41 (m, 1H; NH), 3.05 (m,
2H; CH,P), 2.46-0.90 (m, 7H; NH and Ch), 2.23 (s, 3H; CH).
13C{*H} NMR (50.3 MHz, CQCl,, 20°C): 6 181.8 (dd J(CP)=
16.3, 7.8 Hz; CRu), 163.2 (s;®C), 155.9 (s; NCCH,), 149.2-
116.0 (m; aromatic carbons), 52.5 @CP)= 2.7 Hz;CH,N), 33.4
(d, J(CP) = 26.3 Hz;CH,P), 30.7 (d,J(CP)= 31.6 Hz;CH,P),
26.8 (s; CH), 22.1 (s; CH), 21.8 (s, CH). 3*P{*H} NMR (81.0
MHz, CD,Cl,, 20°C): 6 57.3 (d,J(PP)= 38.3 Hz), 42.6 (dJ(PP)
= 38.3 Hz).

Synthesis of 3.The synthesis o8 was carried out in a way
similar to that described fol, using H instead of Hb. To a
suspension of RugPPh)(dppb) (1.35 g, 1.57 mmol) in 2-propanol
(20 mL) were added the ligandd40.470 g, 1.96 mmol) and
triethylamine (2.20 mL, 15.8 mmol). The mixture was refluxed
overnight, and the light brown precipitate was filtered, washed
with methanol, and dried under reduced pressure. Yield: 1.07 g
(85%). Anal. Calcd for GuH47CIN,P,Ru: C 65.87; H, 5.90; N
3.49. Found: C, 65.61; H, 5.78; N, 3.3tH NMR (200.1 MHz,
CD,Cly, 20°C): ¢ 8.16-6.57 (m, 25H; aromatic protons), 5.93 (t,
J(HH) = 8.6 Hz, 2H; m-Ph), 3.40 (d)(HH) = 13.1, 1H; CHN),
3.22 (dd,J(HH) = 13.2, 9.5 Hz, 1H; NH), 3.04 (m, 2H; PCH),
2.30-1.05 (m, 7H; PCH, CH, and NH,), 0.95 (s, 9H; C(Ch)s).
13C{*H} NMR (50.3 MHz, CQCl,, 20 °C): 183.6 (dd,J(CP)=
16.3, 7.7 Hz; CRu), 165.1 (s;®C), 156.5 (s; NCCH,), 150.2-
116.5 (m; aromatic carbons), 72.2 (d, J(GP)2.53 Hz; CHN),
35.1 (s,CCHg), 33.3 (d,J(CP) = 24.8 Hz;CH,P), 30.6 (d,J(CP)
= 32.0 Hz;CH,P), 27.2 (s; OCH3)3), 26.9 (s; CH), 21.8 (s; CH).
31P{1H} NMR (81.0 MHz, CRQCl,, 20°C): 56.8 (d,J(PP)= 38.8
Hz), 43.7 (d,J(PP)= 38.8 Hz).

Synthesis of 4Complex1 (0.200 g, 0.254 mmol) was suspended
in toluene (4.0 mL), and 4.0 mL of a solution 0.1 M of N&Din
2-propanol (0.4 mmol) was added. Afte h at 60°C the solution
was concentrated, stirred at room temperature for 30 min, and
filtered on Celite (fine frit). The solvent was eliminated under
reduced pressure, and the solid was extracted with pentane
affording an orange product, which was dried under reduced
pressure. Yield: 0.099 g (52%). Anal. Calcd foiz846N2P.RU:

C, 68.51; H, 6.15; N, 3.72. Found: C, 68.33; H, 6.02; N, 3151.
NMR (200.1 MHz, GDg, 20°C): 6 8.50-6.10 (m, 26H; aromatic
protons), 3.25 (dJ(HH) = 13.3 Hz, 1H; CHN), 2.83 (m, 2H;
PCH,), 2.61 (d,J(HH) = 13.3 Hz, 1H; CHN), 2.23-0.90 (m, 6H;
CHy), 2.18 (s, 3H; CH), 2.13 (s, 3H; N(CH),), 2.10 (s, 3H;
N(CHs)2), —5.79 (dd,J(HP) = 87.7, 28.6 Hz, 1H; RuH)-3C{H}
NMR (50.3 MHz, GDs, 20 °C): 6 184.5 (s br; CRu), 163.6
(s; NCC), 154.3 (s; NCCHy), 148.7114.8 (m; aromatic carbons),
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72.9 (s,CH:N), 33.4 (d,J(CP)= 18.1, 5.0 Hz; CHP), 31.6 (d,
J(CP) = 22.5 Hz;CH,P), 27.0 (s; CH), 23.1 (s; CH), 22.1 (s;
CHa). 31P{H} NMR (81.0 MHz, GDs, 20 °C): ¢ 62.5 (d,J(PP)
= 15.5 Hz), 30.4 (dJ(PP)= 15.5 Hz). IR (Nujol): 1811 cm!
(br, Ru—H).

Synthesis of 5Complex2 (516 mg, 0.679 mmol) was suspended
in toluene (10 mL), and 10 mL of a solution of N&® (0.1 M,
1.00 mmol) in 2-propanol was added. Afteh at 60°C the solution
was concentrated, stirred at room temperature, and after addition
of toluene filtered on Celite (fine frit). The filtrate was evaporated,
and the solid was precipitated from toluene and filtered, affording
a bright orange product, which was dried under reduced pressure.
Yield: 395 mg (80%). Anal. Calcd for £H4N.P,Ru: C, 67.85;

H, 5.83; N, 3.86. Found: C, 66.80; H, 5.63; N, 3.8A NMR
(200.1 MHz, GDs, 20 °C): 6 8.55-5.90 (m, 26H; aromatic
protons), 3.16-:0.9 (m, 12H; CH and NH,), 2.30 (s, 3H; CH),
—5.58 (dd,J(HP)= 89.1, 26.4 Hz, 1H; RuH):3C{'H} NMR (50.3
MHz, CsDg, 45°C): ¢ 189.1 (s; CRu), 163.0 (s; L), 154.8 (s;
NCCH,), 149.2-113.2 (m; aromatic carbons), 52.1 @CP) =
2.8 Hz; CH2N), 32.5 (d,J(CP) = 13.8 Hz;CH,P), 30.0 (d,J(CP)
= 21.3 Hz;CH,P), 27.0 (s; CH), 22.8 (s; CH), 22.0 (s; CH).
S1P{'H} NMR (81.0 MHz, GDe, 45 °C): ¢ 65.7 (d,J(PP) =
17.2 Hz), 34.6 (dJ(PP)= 17.2 Hz). IR (Nujol): 1743 cmt (br,
Ru—H).

Synthesis of 7.To a suspension d (160 mg, 0.220 mmol) in
toluene (2 mL) was added benzophenone (45 mg, 0.247 mmol),
and the solution was stirred for 15 min. The solution was
concentrated and addition of pentane afforded a dark orange
precipitate, which was filtered and dried under reduced pressure.
Yield: 140 mg (70%). Anal. Calcd for £Hs,N,OP,Ru: C, 71.43;

H, 5.77; N, 3.09. Found: C, 70.51; H, 5.39; N, 2.8 NMR
(200.1 MHz, GDg, 20 °C): ¢ 8.40-5.80 (m, 35H; aromatic
protons), 5.58 (dJ(HH) = 7.2 Hz, 1H; aromatic proton), 5.35 (br
s, 1H; NH,), 4.86 (s, 1H; OCH), 3.262.60 (m, 5H), 2.25 (s, 3H;
CHg), 2.10-0.9 (m, 6H).13C{*H} NMR (50.3 MHz, GDs, 20
°C): 6 187.6 (s; CRu), 163.8 (s;BL), 157.4 (s; NCCHy), 155.7
112.4 (m; aromatic carbons), 80.1 (s; OCH), 52.00:N), 31.6
(d, J(CP) = 29.2 Hz; CH,P), 30.9 (d,J(CP) = 26.7 Hz;CH.P),
27.0 (s; CH), 22.6 (s; CH), 22.1 (s; CH). 3*P{'H} NMR (81.0
MHz, CsDg, 20°C): ¢ 57.0 (d,J(PP)= 34.2 Hz), 37.3 (dJ(PP)
= 34.2 Hz).

Typical Procedure for the Catalytic Transfer Hydrogenation.

The ruthenium comple8 (3.2 mg, 4.0umol) was dissolved in 8
mL of 2-propanol. The ketone (2 mmol) was dissolved in 19 mL
of 2-propanol, and the solution was heated to reflux under argon.
By addition of NaCPr (0.1 M, 0.4 mL) and the solution containing
the ruthenium complex (0.2 mL) the reduction of the ketone starts
immediately 8 0.005 mol %, Na@r 2 mol %), and the yield was
determined by GC analysis using a MEGADEX-ETTBDMS-
chiral column.

X-ray Structure Determination of 3. Data collection foi3 was
carried out at 293(2) K on a Nonius DIP-1030H system, with
graphite-monochromatized ModKradiation. A total of 30 frames
were collected, each with an exposure time of 20 min, over a half
of reciprocal space with a rotation of 8boutg, the detector being
at 80 mm from the crystal. Cell refinement, indexing, and scaling
of the data set were carried out using the programs Denzo and

'Scalepack? The structure was solved by Patterson and Fourier

analyses and refined by the full-matrix least-squares method based
onF2 with all observed reflection§ Anisotropic temperature factors
were obtained for all non-H atoms of the complex. The contribution
of hydrogen atoms at calculated positions was included in the final
cycles of refinements. All the calculations were performed using

(42) Otwinowski Z.; Minor, W. InProcessing of X-ray Diffraction Data
Collected in Oscillation ModeCarter, C. W., Jr., Sweet, R. M., Eds.;
Methods in Enzymology, Volume 276: Macromolecular Crystal-lography,
Part A; Academic Press: New York, 1997; p 307.
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the WinGX System, Ver 1.70.00 Details of the X-ray experiment,  measurements and Mr. P. Polese for carrying out the elemental
data reduction, and final structure refinement calculation are analyses.
summarized in Table 1.
Supporting Information Available: Tables of crystal and data
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