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ABSTRACT

A pair of novel optically pure phosphinite ligandsreveynthesized by ring opening reaction of
chiral amines with R)-styrene oxide or§)-glycidyl phenyl ether oxide using a straightforda

method in high yields and their ruthenium complewese described in detail. The ruthenium
complexes proved to be highly efficient catalysis the enenatioselective hydrogenation of
ketones, affording products up to 99% ee. The tessHowed that the corresponding chiral
alcohols could be obtained with high activity andalent enantioselectivities at the desired
temperature. @-1-{benzyl[(19-1-(naphthalen-1-yl)ethyl]Jamino}-3-phenoxypropay2

diphenylphosphinito[dichIormf-benzene)ruthenium (IN]Jacts an excellent catalyst in the

reduction of ketones, giving the corresponding lad¢ap to 99% ee
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1. INTRODUCTION

An increasing number of chiral compounds and eoargrically pure drugs are prepared
through transition metal-catalyzed asymmetric feast [1]. Since the reactivity and
stereoselectivity of an asymmetric transformatiom laighly dependent on the structure of the
chiral ligand coordinated to the transition methle design and synthesis of efficient chiral
ligands are important in this area and have a#chatgreat deal of attention both from academia
and industry [2]. For many years, a large numbkercldaral monodendate and bidendate
phosphorus containing ligands (B,Rvere widely studied [3,4]. Among the recentlyweleped
transition-metal-based chiral reduction catalyte,C,-symmetric ferrocenyl phosphines were
notably reported [5,6,7,8]. Because of its greatceas in catalytic asymmetric reactions [9],
chiral ferrocenyl-phosphine ligands have attractedsiderable attention in recent years [10,11].
These ligands are very efficient for a wide randgereactions, such as hydrogenation [12],
hydrosilylation [13], allylic alkylation [14], paddium catalyzed cross-coupling reactions
[15,16,17] and cyclopropanation [18]. Although terenyl phosphine ligands have found
widespread applications in transition metal catdlyzasymmetric transfer hydrogenation
[19,20,21], the analogous phosphinites have scarbeken reported, which have different
chemical, electronic and structural advantagesomparison with phosphines. For instance, the
metal-phosphorus bond is often stronger in phosigsicompared to the related phosphine due
to the presence of electron-withdrawing P-OR grdapaddition, the empty*-orbital of the
phosphinite P(OR)Ris stabilized, making the phosphinite a bettereptar [22]. The most
important advantage of chiral phosphinite ligandsrdahe corresponding-based ligands is their
facile preparation, which leads to a substantidgerest to design highly effective chiral

phosphinite ligands for asymmetric catalysis [2284
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Catalytic asymmetric transfer hydrogenation (ATdfiketones has recently emerged as a viable
means of synthesizing chiral alcohols [26]. Dueperational simplicity, the easy availability of
reductants, and the high enantioselectivity, thalgtc enantioselective reduction of ketones has
been extensively studied during the last decad&y. [Particularly, asymmetric transfer
hydrogenation of ketones has recently developedarasalternative method to asymmetric
hydrogenation for the production of chiral alcoh¢®8,29,30]. Because hydrogen transfer
reactions are mild techniques for reduction of ketoin which a substrate-selective catalyst
transfers hydrogen between the substrate and aodgdrdonor or acceptor, respectively.
Additionally, the donor €.g. 2-propanol) and the accepta.q. a ketone) are environmentally
friendly and also easy to handle [31,32].

Chiral p-amino alcohols are useful building blocks for bgitally active compounds [33] as
well as important auxiliaries and ligands in asyrmoesynthesis [34]. Also, amino alcohols
continue to be of importance in modern synthetiencaistry, not only because of their biological
properties, but also due to their wide range otlsstic applications [35]. Hence, the asymmetric
synthesis of enantiomerically enriched amino alt®ihas been extensively studied. Especially,
amino alcohol derivative catalysts have receivedhmattention and used in many asymmetric
catalysis reactions, and they have shown powerfilities in the asymmetric reduction of
prochiral ketones [36,37]. In recent years, weehaported the synthesis and applications of a
number of modified Ru(ll) catalysts for ATH whicbr@ain well designed groups formed by the
reaction of between the chiral ligand component ted®-arene ring [38,39,40,41]. We report
here the synthesis of two novel phosphinite ligaaas their application in the Ru(ll)-catalyzed
Asymmetric Transfer Hydrogenation of various ke®2,43,44]. A comparison of the results

obtained with the newly synthesized ligands ande¢haf the corresponding Ru(ll) complexes is
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also discussed. The comparison concerns the gtalickeatures of ligands, four of their
ruthenium complexes, and the hydrogenation results.

2. RESULTS AND DISCUSSION

2.1. Synthesis and characterization of the amino @hols and phosphinite ligands

First of all the precursor chiral secondary amitkebenzylN-[(S-1-[a-naphthylethyllamineZ)
was readily synthesized by the reaction d)-(¢)-1-[naphthalen-1-yl-ethy]laminewith
benzaldehyde with procedures previously describedshown in Scheme 1 [45,46]. It is well-
known that the regioselective ring opening of edegiby amines is an important way for the
preparation ofp-aminoalcohols [47]Thus, two novel chiral amino alcohol8, and 4, were
synthesized by the ring opening reactioMNdbenzylN-(S-1-[a-naphthylethyllamin& with (R)-
styrene oxide orS)-glycidyl phenyl ether, respectively (Scheme 18][& he products were fully
characterized by several spectroscopic methodsESGIT-TOF MS,'H NMR, **C NMR and
IR as well as elemental analysis. The assignmetitedH chemical shifts was derived from 2D
HH-COSY spectra and the appropriate assignmeriedf€ chemical shifts from APT and 2D
HMQC spectra. The results were giverekperimental section with full details. Furthermdié
NMR, **C NMR, IR and LC-ESI-IT-TOF MS spectra of aminoailols also given in Supporting

Information (SI).

Insert Scheme 1 Here

The synthetic procedure for the preparation ofgghesphinite ligands [49] is shown in Scheme
1. Chiral monodendat€&;-symmetric ligand$ and 6 were synthesized by hydrogen abstraction
from the described chiral amino alcohols byNEtand the subsequent reaction with one
equivalent of P#PCI in anhydrous C¥Cl, under inert argon atmosphere with the hydrolysis
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reaction [50]. Typical spectra of these ligandsilwstrated in supporting information (Sl) and

for details see experimental Section.

Insert Scheme 2 Here

It is well-known that the phosphinite ligands arestty unstable and decompose gradually to
give oxide and the hydrolysis product diphenylphnispus acid, P#P(O)H [51]. Furthermore,
the 3*P-{*H} NMR spectrum displays formation of Pf#Ph and P(O)PsPPh, as indicated by
signals at aboui -15.4 ppm as singlet arsd35.0 ppm and &t -21.6 ppm as doublets wiﬁi(pp)
226 Hz, respectively [52]. These two compoundsvarg stable in ambient atmosphere up to 24
h because of the well-designed structures. Therpssgof preparation reactions of the ligands
was conveniently monitored BYP-{*H} NMR spectroscopy. The signals of the startingerial
PPhCIl at5=81.0 ppm disappeared and new singlets appearedfiégtdvdue to the phosphinite
ligands. The®'P-{*H} NMR spectra of the free ligands are in line witte values previously
observed for similar compounds [53,54]. Typicaldeof these ligands are illustrated in Figure
1. The'H and®C NMR spectra of these ligands are also concludikie.resonance assignments
were made on the basis Ufi-'H COSY, NOESY, andH-*C COSY experiments. Typical
spectra of these ligands are illustrated in suppprinformation (SI) and for details see

experimental Section.

Insert Figure 1 Here

Following a similar procedure described by Sawamiragadec et al. [55], ruthenium(ll)

complexes of the phosphinite ligandsR(:R-{benzyl[(19-1-(naphthalen-1-yl)ethyl]Jamino}-1-

5
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phenylethyl diphenylphosphite5 and (29)-1-{benzyl[(19-1-(haphthalen-1-yl)ethyllJamino}-3-
phenoxypropan-2-yldiphenyl phosphinité, were readily prepared in quantitative yields by
reacting the appropriate ligands with either [iRyg-cymene)@-CI)Cl], or [Ruf®-benzene)(-
CICI]; precursor as outlined in Scheme 1. The abilityiofeds {{[Ru(arene){-Cl)Cl],} to form
mono- or binuclear complexes of general formula(ffarene)CiL] is well-known [56]. For
synthesis of ruthenium(ll) complex&sand9, [Ru(n6-p-cymene)(L-CI)CI]2 was initially chosen
as a starting material, which was prepared fromréaetion of the commercially available
phellandrene(5-isoprophyl-2-methylcyclohexa-1,3adiewith RuC} [57]. The p-cymene ligand
is particularly informative with respect to the ayetry of the three legged fragment [58]. One
of the most available arene ligands in rutheniuenaistry isp-cymene, whose NMR signals are
very sensitive to the symmetry of organometallianpound [59]. Thus, when it i$16-
coordinated to a MiL' metal fragment (€ symmetry), the'H and*°C NMR spectra are very
different from that ohﬁ-coordinated to a MIL,L3fragment (G symmetry) [60]. In this case, the
steric hindrance of amino alcohol phosphinite ldgmseems to prevent free rotatiorpafymene
ligand around the arene-Ru axis [61]. In addititme detailed analysis of NOE interaction
betweerp-cymene and other ligands can give valuable inftionaabout the relative orientation
of different groups in the molecule and thus esthbihe stereochemistry of the compléar (
details see experimental section After the preparation of the second precursou(ff
benzene)(-CI)Cl], by thereaction cyclo-1.3-hexadiene with RyGh aqueous solution, we
synthesized @-1-{[(1 R)-l-phenylethyl]amino}propan-2-y|diphenylphosphmit[dichlorome-
benzene) ruthenium (I)],8 and (H-1-{[(29-2-[(diphenylphosphanyl)oxy]propyl][@)-1-
phenylethyllJamino} propan-2-y|dipheny|phosphinitsbﬂichlorome-benzene) ruthenium (11)],
10 complexes with high yieldScheme 1 The poor solubility of the starting benzene datiixe
causes a decrease in the yields of the comple&esd 10), which are more conveniently

6
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prepared by the reaction of the phosphinites withrhonomeric adduct [Rus{CsHe)(NCCH)]
[62]. Analysis of complexe8 and 10 by 'H NMR exhibits multiplet signals corresponding to
the aromatic rings for at 8.06-7.58 and 7.94-7.pfh@nd the gHg protons as singlets at 4.95
and 5.47 ppm, respectively. The Ru-arene complesas isolated as indicated by singlets in
their **P-{'H} NMR spectra at approximately104-111 ppm, in line with the values previously
observed for similar compoundsigure 1) [63,64].'H NMR spectra of these compounds clearly
exhibit signals corresponding to the aromatic rifidee arene resonances are well resolved, as in
the previously reported for mononuclear arene cexes [59].In the'*C-{*H} NMR spectra of
complexes JC'P3C) coupling constants of the carbons of the pheimgs were observed,
which are in agreement with the literature (forailst see experimental Section) [65]. The
structure of Ru(ll)-complexes were further confiindy IR spectroscopy as well as
microanalysis, and found to be consistent to exgaestructures.
2.2. Catalytic transfer hydrogenation of ketones

The admirable catalytic performance and theaaded structural permutability of phosphinite
based transition metal complexgompted us to improve new Ru(ll) complexes withllwe
shaped ligands [66,67]. We paid particular attentio arene ligands [68], becausg the
spectator ligands automatically occupy three adjaceordination sites of ruthenium in an
octahedral coordination environment, leaving thigaal sites for other functionsii) arene
ligands that are relatively weak electron donory m@vide a unique reactivity on the metallic
center, andiif) the substitution pattern on the ring is flexiblEo take account of these
advantages, complexe&10 were tested as catalysts in transfer hydrogenatiomromatic
ketones in &PrOH solution. First of all, compoundslOwere used as precatalys2rOH/KOH

as a reducing system, and acetophenone as a nubdéiade.



167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

To evaluate the efficiency of our Ru(dpmplexes, we deeply investigated the optimal
conditions starting with acetophenone as a stantimidreaction. Results for the asymmetric
transfer hydrogenation of ketones with catalystslO are collected in Table 1. Catalytic
experiments were carried out under argon usingdatanSchlenk-line techniques. To '‘BmOH
solution of each complex, appropriate amounts efahenone and KOHrOH solution were
added at room temperature. The solution was stiened the reaction was monitored by GC. The
reactions proceeded to giv) (or (§-1-phenyl ethanol in 12-28% conversion with 72-9é&s
after stirring at room temperature for 96 h. Aorease in the reaction time to 144 h resulted in
22-53% conversion with 65-87%egs. Due to the reversibility at room temperatureglgnging
the reaction time led to a slight decrease in eosglectivity. However, when the reactions were
carried out at 82 °C, all complexes showed satisfgccatalytic activity (up to 196 TOF values)
and enantioselectivity (up to 96%g since almost quantitative conversions were oleskrv
(Table 1, entries 9-12). These results clearlycai#i that the reaction temperature plays an
important role on the catalytic activity and enasélectivity.

The ruthenium(ll) complexes were very activeabats, leading to quantitative conversions of
(R) or (9-1-phenyl ethanol with a catalyst/base ratio & ((fable 1, entries 13-16). A control
experiment in the absence of base did not leadidaifisant conversion (Entries 5-8).
Furthermore, replacing KOH with NaOH slightly demsed both the reaction rate and
enantioselectivity (Table 1, entries 9®I Increase or decrease of the base:Cat ratio frdno
9:1 or 3:1 slightly decrease the reaction withighslloss of enantiomeric purity of the product

(Table 1, entries 13-16).

Insert Table 1 Here
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From the results, it can be obviously seen thaegaly complex9 and 10, which include -
CH,OPh instead of —Ph moiety on the phosphinite skelshowed higher catalytic activity than
complexes, 7 and 8. Furthermore, the complexes Rj12-{benzyl[(19-1-(naphthalen-1-
yl)ethylJamino}-1-phenylethyl diphenylphosphinitaftloroi°-benzene)ruthenium (11)]8 and
(29-1-{benzyl[(19)-1-(naphthalen-1-yl)ethyllamino}-3-phenoxypropa+y2diphenylphosphini-

to [dichloromﬁ-benzene) ruthenium (IO which have benzene fragment are more active than
the complexesy and 9 which include more commonly usgdcymene fragment. The good
enantioselectivity obtained for initial reductioh acetophenone led us to keep employing Ru-
benzene complexes. These results clearly inditetethe skeleton of the phosphinite ligands
and the fragment attached to the ruthenium ceméeresponsible for the high conversion (up to
99 %) and enantioselectivity (up to 96 ee %), wWeatehe exact reaction mechanism. The best
results were obtained in the 321-{benzyl[(19-1-(naphthalen-1-yl)ethyllamino}-3-
phenoxypropan-2-yldiphenylphosphinito [dichIm%benzene)ruthenium (IN],10  catalytic
system with up to 96% ee and 98% conversion.

Under optimized conditions, aromatic ketonesere hydrogenated with high
enantioselectivity and the same mode face selecliable 2 illustrates conversions of the
reduction performed in a 0.1 M ofsoPrOH solution containing7-10 and KOH
(Ketone:Cat:KOH = 100:1:5). One can easily see ftbhenresults that a range of acetophenone
derivatives can be hydrogenated with high enanggseities. Electronic properties (the nature
as well as position) of the substituents on thengheng of the ketone caused the changes in the
reduction rate and enantioselectivity. It is welbkvn that the introduction of electron
withdrawing substituents to the aryl ring of thedtee decreases the electron density of the C=0
bond so that the activity was improved resultingasier hydrogenation [69,70,71]. Therefore,
the introduction of electron-withdrawing substittsersuch as GFor NO,, to the aryl ring of the

9
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ketone, led to improved activity with good enangiestivity (Table 2, entries 1-16). On the
contrary, the introduction of an electron-donatigigpup such as methyl or methoxy group
decelerates the reaction with similar enantioseiégt whatever the position of substitution
(Table 2, entries 17-36). It can be seen from T&hlertho-substituted acetophenones can
dramatically increase the enantioselectivity, whmeta and para- substitution to ring of the
ketone caused the changes in the reduction raterentioselectivity. As expected, the lowest
enantioselectivity was observed in transfer hydnagjen of p-methoxyacetophenone, whereas
the highest one was found in that mfémethoxyacetophenone (96% ee). Overall, the chiral
efficiency attains a very high level in the asymmeeteduction of aromatic ketones and

compares well with the recently discovered catadystems [72,73].

Insert Table 2 Here

Complexes7-10 were further investigated in transfer hydrogematba variety of ketones to be
converted to the corresponding chiral alcohols uride optimum conditions. The reaction of
methyl/alkyl or methyl/aryl ketones gave the copmuding chiral alcoholic products in an
acceptable chemical yield and enantiomeric puFisstly, we carried out further experiments to
study the influence of bulkiness of the alkyl greupn the catalytic activity and selectivity
(Table 3, entries 1-16). For this aim, a varietyswhple aryl/alkyl ketones were transformed to
the corresponding secondary alcohols, and it wasdathat the activity and selectivity are
extremely dependent on the steric hindrance oélkg group. Reaction of methyl/alkyl ketones
possessing a bulky alkyl substituent proceedederatluggish and led a decrease in
enantioselectivity. As the bulkiness of the alkgdyp increases from ethyl secbutyl, the level

of enantioselectivity lowers. Indeed, lower acyvaéind enantioselectivity were obtained in case

10
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of methyl secbutyl ketone (Entries 13-16, 61-80% ee) [74,75%, 7B, Furthermore, as seen in
Table 3, the best result in terms of enantioseliggtivas observed with 1-naphtyl methyl ketone
(up to 97% ee, entries 17-20). In that case, tighdst enantioselectivity, up to 98% ee, were
obtained for catalyst @-1-{benzyl[(19-1-(naphthalen-1-yl)ethyllamino}-3-phenoxypropan-2
yIdiphenyIphosphinito[dichlorof-benzene) ruthenium(l1Y[10). Furthermore, the hydrogenation
of ketones including cyclohexyl group was very slamd the enantioselectivities were

remarkable lower (Table 3, entries 25-32).

Insert Table 3 Here

3. Conclusion and Perspectives

This work presents new chiral phosphinite ligandsciv form highly efficient and practical
catalysts with ruthenium precursor for asymmetrams$fer hydrogenation of aryl/alkyl ketones.
High conversion and enantioselectivity were obtaimethe catalytic reaction. The high catalytic
activity and enantioselectivity for this kind oféinds show great potential for further exploring
similar system and achieving outstanding stereoBeiy for a wider scope of ketone substrates.
Furthermore, the simplicity and efficiency cleanhake it an excellent choice of catalyst for the
practical preparation of highly valued alcohols gatalytic asymmetric transfer hydrogenation
of ketones.

4. Materials and Methods

All manipulations were carried out under an atmeselof argon using conventional Schlenk
glassware. Solvents were dried using establishemtepures and distilled under argon
immediately prior to use. Analytical grade and éeatted solvents were purchased from Merck.
The starting materials D-glycine, D-alanine, FBlhand EtN are purchased from Fluka and

11
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were used as received. [RE{p-cymene)-CI)Cl], [78], and [Ru®-benzene)(-CI)Cl], [79]
were prepared according to the literature procedurke IR spectra were recorded on a Mattson
1000 ATl UNICAM FT-IR spectrometer as KBr pellet$d (400.1 MHz),*C NMR (100.6
MHz) and*'P-{*H} NMR (162.0 MHz) spectra were recorded on a Bruk&400 spectrometer,
with ¢ referenced to external TMS and 85%P, respectively. Elemental analysis was carried
out on a Fisons EA 1108 CHNS-O instrument. Melfpaints were recorded by a Gallenkamp
Model apparatus with open capillaries.

GC analyses were performed on a Shimadzu GC 2019 ®4s Chromatograph equipped with
cyclodex B (Agilent) capillary column (30 m x 0.82m 1.D. x 0.25um film thickness). The GC
parameters for asymmetric transfer hydrogenation kefones were as follows; initial
temperature, 50 °C; initial time 1.1 min; solveetay, 4.48 min; temperature ramp 1.3 °C/min;
final temperature, 150 °C; initial time 2.2 minmjgerature ramp 2.15 °C/min; final temperature,
250 °C; initial time 3.3 min; final time, 44.33 mimjector port temperature, 200 °C; detector
temperature, 200 °C, injection volume, gLO

4.1 General procedure for the transfer hydrogenabn of ketones

Typical procedure for the catalytic hydrogen-transfeaction: a solution of the ruthenium
complexes §-8) (0.005 mmol), KOH (0.025 mmol) and the correspongketone (0.5 mmol) in
degassedasoPrOH (5 mL) was refluxed until the reaction cometetA sample of the reaction
mixture was taken off, diluted with acetone andlyred immediately by GC, the conversions
obtained are related to the residual unreactechkefeurthermore’H NMR spectral data for the
resultant products were consistent with previousported results.

4.2. Synthesis and Characterization of Amino Atghols

4.2.1. N-benzyl-N-[(S)-1d-naphthylethyl]amine (2)

12
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(9-(-)-1-[Naphthalen-1-yl-ethylamin& (1.00 g, 5.84 mmol) was dissolved in anhydrous MeOH
(5 mL) and heated to reflux. Benzaldehyde (0.6%5.8§4 mmol) was added dropwise over a
period of 2 min and the mixture was stirred atweftemperature for 3 h. The solution was
allowed to cool to room temperature and sodium kydade (0.24 g, 6.13 mmol) was added
portionwise. The mixture was stirred for furtheth2at room temperature and then heated to
reflux temperature for 30 min. The reaction wasithaenched by the addition of water (5 mL)
and the aqueous phase extracted with DCM (3x10 iTthg. separated organics were dried over
MgSOy and filtered. The solution was concentrated unéduced pressure. The residue was
purified by silica-gel column chromatography (n-ae&/EtOAc = 2/1), to afford product (1.01 g,
66 %) as an oil.d]p*° = +21.3 (c 1, CHCl,)."H NMR (CDCk, ppm):& 8.22 (d, 1H,J =6.7 Hz,
Ar-H), 7.93-7.95 (m, 1H, Ar-H), 7.82-7.84 (m, 2H, B, 7.54-7.59 (m, 3H, AH), 7.30-7.39
(m, 5H, ArH), 4.76 (q, 1HJ = 6.6 Hz -G1CH), 3.75-3.86 (m, 2H, -B,Ph), 1.81 (br, 1H, -
NH), 1.59 (d, 3H,J = 6.6 Hz, -G13); **C NMR (CDCk, ppm):5 23.69 (CHs), 51.92 (CH,Ph),
53.06 (€HCH3), 122.94, 123.04, 125.33, 125.74, 125.79, 12619%.27, 128.24, 128.42,
128.98, 131.41, 134.04, 140.67, 140.99 (Yr-assignment was based on the’*C HETCOR
and'H-'H COSY spectra; IR (ct): v 3051, 3028 (aromatic C-H), 2964, 2925 (aliphatiel)C
cm™; Anal. Calc. for GHigN (261.37 g/mol): C 87.31, H 7.33, N 5.36; foun®T19, H 7.28,

N 5.29. IT-TOF MS ([M+H]); 262.15 g/mol.

4.2.2. (1R)-2-{benzyl[(1S)-1-(naphthalen-1-yl)ethjdmino}-1-phenylethan-1-ol, (3)
(R)-Styrene oxide (0.51 g, 4.21 mmol) was added ® dgblution of N-benzylN-(S-1-[a-
naphthylethyllamin& (1.00 g, 3.83 mmol) in methanol (5 ml). The salotivas heated to 70
and the reaction was followed by TLC (n-hexane/Et0A&A = 80/10/1). After 24 h, the
reaction finished, the solvent was removed. Theemroduct was purified by silica-gel column
chromatography (n-hexane//EtOAc / TEA = 80/10/1afimrd 3 (1.02 g, 70 %) as a white solid.

13



310 M.p =104-106°C. [0]p*° = +16.4 (c 1, CHC}). *H NMR (CDCk, ppm):$ 8.16 (d,J = 9.3 Hz,
311 1H, Ar-H), 7.90 (dJ= 9.5 Hz, 1H, ArH), 7.83 (d,J= 8.1 Hz, 1H, ArH), 7.48-7.60 (m, 4H, Ar-
312 H), 7.15-7.30 (m, 10H, AH), 4.88 (q,J = 6.8 Hz, 1H, -GICHs), 4.03-4.06 (m, 1H, -BPh),
313 3.76 (s, 2H, -€l,Ph), 3.37 (s, 1H, B), 2.95-3.00 (m, 1H, -B:N, (@), 2.79-2.85 (m, 1H, -
314 CH:N, (b)), 1.66 (dJ = 6.8 Hz, 3H, -El3); **C NMR (CDCk, ppm):5 14.76 (-CHCHg), 56.57,
315 56.59 (CH,Ph, CHCH3), 61.31 (CH,N), 70.99 (CHPh), 124.03, 124.53, 125.06, 125.70,
316 125.82,126.11, 127.30, 127.36, 128.25, 128.55,982828.97, 132.25, 134.10, 138.70, 139.92,
317 142.55 (ArC), assignment was based on tHe'*C HETCOR andH-'H COSY spectra; IR (cm
318 1):v 3394 (0-H), 3058, 3030 (aromatic C-H), 2965, 222806 (aliphatic C-H) cfy Anal. Calc.
319 for C,/H,7NO (381.52 g/mol): C 85.00, H 7.13, N 3.67; foud@4.90, H 7.05, N 3.60; IT-TOF
320 MS ([M+H]"): 382.22 g/mol.

321 4.2.3. (2S)-1-{benzyl [(1S)-1-(naphthalen-1-yl)@¢l]amino}-3-phenoxypropan-2-ol, (4)

322 (9-Glycidyl phenyl ether (0.63 g, 4.21 mmol) was eddo the solution dfl-benzylN-(S)-1-[a-
323 naphthylethyllamin& (1.00 g, 3.83 mmol) in methanol (5 ml). The salotivas heated to 70
324 and the reaction was followed by TLC (n-hexane/Et0/&A = 40/8/3). After 24 h, the reaction
325 finished, the solvent was removed. The crude produas purified by silica-gel column
326 chromatography (n-hexane/EtOAc / TEA = 40/8/3) fford 4 (1.44 g, 91 %) as a viscous
327 product. p]p?° = +80.4 (c 1, CHC4). *H NMR (CDCk, ppm): & 7.99 (d,J = 8.6 Hz, 1H, ArH),
328 7.93(d,J=8.1Hz, 1H, ArH), 7.83 (d,J = 8.2 Hz, 1H, ArH), 7.22-7.62 (m, 11H, AH), 6.97
329 (t,J=7.3 Hz, 1H, ArH), 6.45 (d,J = 8.1 Hz, 2H, ArH), 4.83 (q,J = 6.7 Hz, 1H, -GICH),
330 3.90 (s, 2H, ®,Ph), 3.73-3.75 (m, 1H, KICH,), 3.55 (m, 1H, €,OPh a)), 3.02 (m, 1H,
331 CH,OPh b)), 2.82-2.89 (m, AB system, 2HdEN), 2.68 (s, 1H, OH), 1.68 (d,= 6.7 Hz, 3H, -
332 CHCH3). *C NMR (CDCE ppm):5 12.03 (-CHCH3), 53.29 (CH.N), 55.23 (CHCH;), 57.59 (-
333 CH.Ph), 68.02 (€HCH,), 70.46 (CH,OPh), 114.35, 120.70, 124.72, 124.83, 125.07, 125.6
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334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357

125.88, 127.55, 128.23, 128.50, 128.77, 129.30,5829.32.30, 134.14, 138.72, 139.51, 158.55
(Ar-C), assignment was based on the*C HETCOR andH-'H COSY spectra; IR (ci): v
3445 (0-H), 3050, 3029 (aromatic C-H), 2968, 292834 (aliphatic C-H) cit Anal. Calc. for
CogH29NO, (411.54 g/mol): C 81.72, H 7.10, N 3.40; found €6®, H 7.01, N 3.32; IT-TOF
MS ([M+H]"): 412.23 g/mol.
4.3. Synthesis of chiral ruthenium(ll) phosphiniteligands and their complexes
4.3.1.(1R)-2-{benzyl[(1S)-1-(naphthalen-1-yl)ethydjmino}-1-phenylethyldiphenylphosphite,
)
(1R)-2-{benzyl[(19)-1-(naphthalen-1-yl)ethyllJamino}-1-phenylethan-L-q3) (0.100 gr, 0.26
mmol) and EN (0.027 gr, 0.26 mmol) were dissolved in dry L (30 mL) under an argon
atmosphere. Next, PRCI (0.059 gr, 0.26 mmol) was added dropwise withyange to this
solution. The mixture was stirred af®© for 30 min, and the solvent was removed undeuced
pressure. After addition of dry thf, the white ppetate (triethylammonium chloride) was filtered
off under argon and dried in vacuo to produce aewiscous oily compoun8 (Yield: 0.14 g,
94.7 %). pi]p?°= +34.3 (c 1, CBCl,). *H NMR (CDCk, ppm):8 8.16 (d,J = 9.1 Hz, 1H, ArH),
7.17-7.92 (m, 24 H, AH), 7.01 (m, 1H, AH), 6.90 (d,J = 7.6 Hz, 1H, ArH), 4.88 (q,J = 6.9
Hz, 1H, -CGHCH), 4.04-4.06 (m, 1H, BPh), 3.77 (s, 2H, -B,Ph), 2.98 (m, 1H, -B.N (a)),
2.83 (m, 1H, -&,N (b)), 1.66 (dJ = 6.9 Hz, 3H, -CHE&l3); **C NMR (CDCk, ppm): s 14.72
(CHCHs), 56.53, 56.62 GH.Ph, CHCHz), 61.28 CH,N), 70.91 CHPh), 123.96, 124.47,
125.00, 125.75, 126.05, 127.03, 127.69, 128.04,182828.48, 128.86, 129.48, 132.02, 134.03,
138.65, 139.87, 142.50 (aromatic carbons), 12518 £ 4.0 Hz,m-carbons of OPRM 125.63
(s, p-carbons of PR, 127.26 (dJ = 6.0 Hz,o-carbons of OPRH, 135.38 (dJ = 19.1 Hz,i-
carbons of OPRIt *'P-{*H} NMR (CDCls, ppm):5 108.80 (s, O-PRh assignment was based
on the'H-*C HETCOR and'H-'H COSY spectra; IR (ct): v 3054 (aromatic C-H), 2967
15
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361
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363
364
365
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367
368
369
370
371
372
373
374
375
376
377
378
379
380
381

(aliphatic C-H), 1437 (P-Ph), 971 (O-P); Anal. Cdlir CsgH3sNOP (565.69 g/mol): C 82.81, H
6.41, N 2.48; found C 82.69, H 6.35, N 2.43.
4.3.2. (2S)-1-{benzyl[(1S)-1-(naphthalen-1-yl)ethjdmino}-3-phenoxypropan-2-yl diphen-
ylphosphinite, (6)
(29-1-{benzyl[(19-1-(naphthalen-1-yl)ethyllamino}-3-phenoxy proparel, (4) (0.100 gr,
0.24 mmol) and BN (0.025 gr, 0.24 mmol) were dissolved in dry CH (30 mL) under an
argon atmosphere. Next, #CI (0.055 gr, 0.24 mmol) was added dropwise wiyiange to
this solution. The mixture was stirred at room tenapure for 30 min, and the solvent was
removed under reduced pressure. After addition oy ¢hf, the white precipitate
(triethylammonium chloride) was filtered off undengon and dried in vacuo to produce a white
viscous oily compouné (Yield: 0.14 g, 96.8 %).d]o>’= +83.0 (c 1, CkCl,). *H NMR (CDCk,
ppm): & 7.23-7.86 (m, 22H, AH), 7.05 (t,J = 7.8 Hz, 2H, ArH), 6.82 (t,J = 7.3 Hz, 1H, Ar-
H), 5.90 (d,J = 8.2 Hz, 2H, ArH), 4.68 (q,J = 6.6 Hz, 1H, GICHs), 4.10-4.12 (m, 1H,
CHCHy), 3.89 (s, 2H, €.Ph), 3.35 (m, 1H, B,0Ph a)), 2.70-2.74 (m, AB system, 1H§N
a)), 2.79-2.85 (m, AB system, 1HHGN b)), 2.64 (m, 1H, €,0Ph b)), 1.55 (dJ = 6.6 Hz, 3H,
-CHCH3); *C NMR (CDC}): 5 10.34 (-CHCH3), 50.89 (d,J = 5.0 Hz, €H,N), 53.36 CHCH),
57.84 CH.Ph), 69.66 (€H,OPh), 78.32 (dJ = 19.1Hz, CHCH,), 114.11, 119.99, 124.87,
125.42, 127.55, 128.20, 128.30, 128.78, 128.84,282930.07, 130.49, 130.71, 132.13, 133.95,
138.47, 138.76, 158.33 (aromatic carbons), 128104 € 7.0 Hz,m-carbons of OPRJ, 128.41
(s, p-carbons of OPR 130.08 (dJ = 21.2 Hz,0-carbons of OPRM, 142.51 (d,J = 25.2 Hz,i-
carbons of OPRassignment was based on the’*C HETCOR andH-'H COSY spectra®'P-
{*H} NMR (CDCls, ppm): § 113.60 (s, O-PRJt IR (cm?): v 3055 (aromatic C-H), 2965
(aliphatic C-H), 1438 (P-Ph), 971 (O-P); Anal. Cdtir C4oH3sNO-P (595.72 g/mol): C 80.65, H
6.43, N 2.35; found C 80.55, H 6.37, N 2.29.
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4.3.3.(1R)-2-{benzyl[(1S)-1-(naphthalen-1-yl)ethydjmino}-1-phenylethyldiphenyl
phosphinito[dichloro(nﬁ-p-cymene) ruthenium(1] (7)

[Ru(m®-p-cymene)(u-Cl)Cl} (0.05 g, 0.09 mmol) and R)-2-{benzyl[(19)-1-(naphthalen-1-
yhethyllamino}-1-phenylethyl diphenylphosphinit€5) (0.10 g, 0.18 mmol) were dissolved in
30 mL of dry CHCI, under an argon atmosphere and stirred for 30 mnocan temperature.
The volume was concentrated to ca. 1-2 mL undanaed pressure and addition of petroleum
ether (25 mL) gav& as a red solid. The product was collected byatilbn and dried in vacuo
(yield: 0.13 g, 85.8 %; mp: 123-12€); [0]p>° = + 27 (c 1, CHCl,). *H NMR (CDCk, ppm):8
7.88 (t,J = 7.8 Hz, 4H, Ar-H), 7.57 (tJ = 8.3 Hz, 3H, Ar-H), 7.29-7.37 (M2 H, Ar-H), 6.65-
7.07 (m,8H, Ar-H), 5.41 (m, 1H, €&Ph), 5.17 (d,J = 5.8 Hz, 1H, aromatic proton pfcymene),
4.96 (d,J= 6.0 Hz, 1H, aromatic proton pfcymene), 4.84 (d] = 6.0 Hz, 1H, aromatic proton
of p-cymene), 4.47 (d) = 5.8 Hz, 1H, aromatic proton ptcymene), 4.25 (q] = 6.5 Hz, 1H, -
CHCHg), 3.38 (d,J = 13.2 Hz, 1H, -@&,Ph, (a)), 3.20 (dJ = 13.3 Hz, 1H, -El,Ph, (b)), 2.87
(dd (pseudo t)J = 11.6 Hz,J = 11.5 Hz 1H, -EI,N (), 2.59 (m, 1H, -8,N (b)), 2.37 (m, 1H,
—CH- of p-cymene), 1.49 (s, 3H,H3Ph ofp-cymene), 1.20 (d] = 7.9 Hz, 3H, -CHEl3), 1.05
(m, 6H, H3)-.CHPh ofp-cymene);*C NMR (CDCE, ppm):8 10.51 (CHCHs), 17.01 CHsPh of
p-cymene), 21.99 @Hs),CHPh of p-cymene), 29.80 EH- of p-cymene), 52.22 GHCHy),
54.54, 55.39CH,Ph,CH,N), 77.24 CHPh), 87.16, 88.23, 88.56, 89.00 (aromatic carlwdis
cymene), 99.54, 111.76 (quaternary carbong-oymene), 124.63, 124.78, 126.91, 126.97,
127.09, 127.72, 127.82, 130.00, 130.73, 130.83,183232.38, 132.49, 133.67, 138.47, 138.97,
140.13 (aromatic carbons), 124.18 {d&; 4.0 Hz,m-carbons of OPRl) 125.19 (sp-carbons of
PPh), 127.36 (d,J = 6.0 Hz,o-carbons of OPRl) 134.25 (dJ = 11.1 Hz,i-carbons of OPRJx
assignment was based on thé-*C HETCOR and'H-'H COSY spectra®'P-{*H} NMR
(CDCl;, ppm): 6 109.70 (s, O-PRJt IR (cmi'): v 3057 (aromatic C-H), 2963 (aliphatic C-H),
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1435 (P-Ph), 970 (O-P), 531 (Ru-P); Anal. Calc.GaHsoNOPRuUC} (871.89 g/mol): C 67.50,

H 5.78, N 1.61; found C 67.41, H 5.70, N 1.52.

4.3.4. (1R)-2-{benzyl[(1S)-1-(naphthalen-1-yl)ethjdmino}-1-phenylethyldiphenyl
phosphinito [dichloro(n®-benzene)ruthenium (11)] (8)

[Ru(®-benzene)(u-Cl)CY (0.04 g, 0.09 mmol) and R)-2-{benzyl[(19-1-(haphthalen-1-
yhethyllamino}-1-phenylethyl diphenylphosphinitg5) (0.10 g, 0.18 mmol) were dissolved in
30 mL of dry CHCI,under an argon atmosphere and stirred for 30 mioash temperature. The
volume was concentrated to ca. 1-2 mL under redpoeskure and addition of petroleum ether
(25 mL) gaveB as a red solid. The product was collected byafilbn and dried in vacuo (yield:
0.12 g, 83.9 %; mp: 191-198); [0]o® = + 113 (c 1, CHCL,). *H NMR (CDCk, ppm):5 8.06

(t, J = 8.9 Hz, 2H, Ar-H), 7.96 (t) = 8.5 Hz, 2H, Ar-H), 6.73-7.58 (n23H, Ar-H), 5.63-5.70
(m, 1H, CdPh), 4.95 (spH, aromatic protons of benzene), 4.27Jq, 6.6 Hz, 1H, -Gl CHy),
3.39 (d,J = 13.2 Hz, 1H, -El,Ph, (a)), 3.14 (d) = 13.2 Hz, 1H, -E,Ph, (b)), 2.88 (dd (pseudo
t), J=11.5 Hz,J = 11.3 Hz, 1H, -El,N (a)), 2.32 (d,) = 10.0 Hz, 1H, -E5N (b)), 1.17 (dJ =

6.6 Hz, 3H, -CHEl5); **C NMR (CDCE, ppm):5 10.61 (CHCHs), 51.99 CHCHs), 54.98, 55.44
(CH2Ph, CH2N), 77.23 CHPh), 90.13 (dJ = 4.0 Hz, aromatic carbons of benzene), 124.71,
124.82, 126.85, 126.99, 127.16, 127.59, 127.79.9222128.12, 130.06, 130.42, 130.70, 131.48,
133.68, 138.37, 138.72, 140.44 (aromatic carbdi®s),07 (dJ = 7.0 Hz,m-carbons of OPRM)
125.13 (sp-carbons of PP, 127.46 (dJ = 6.0 Hz,o-carbons of OPR}), 135.42 (dJ = 13.1
Hz, i-carbons of OPRJ1 assignment was based on th¢'*C HETCOR and'H-'H COSY
spectra?'P-{*H} NMR (CDCls, ppm):8 104.76 (s, O-PRlt IR (cmi*): v 3049 (aromatic C-H),
2966, 2935, 2888, 2841, 2806 (aliphatic C-H), 1436h), 992 (O-P), 524 (Ru-P); Anal. Calc.

for C4sH42NOPRuUC4 (815.78 g/mol): C 66.26, H 5.19, N 1.72; found &1, H 5.10, N 1.67.
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429 4.35. (2S)-1-{benzyl[(1S)-1-(naphthalen-1-yl)ethjdmino}-3-phenoxypropan-2-yldiphenyl
430 phosphinito[dichloro(n®-p-cymene) ruthenium (11)] (9)

431 [Ru(m®-p-cymene)(u-Cl)CJ (0.05 g, 0.08 mmol) and &-1-{benzyl[(15)-1-(naphthalen-1-
432 yl)ethyllamino}-3-phenoxypropan-2-yl diphenylphospite, (6) (0.10 g, 0.17 mmol) were
433 dissolved in 30 mL of dry C¥Cl, under an argon atmosphere and stirred for 30 mioan
434 temperature. The volume was concentrated to caml-2nder reduced pressure and addition of
435 petroleum ether (25 mL) ga®eas a red solid. The product was collected byafilbn and dried
436 in vacuo (yield: 0.13 g, 85.9 %; mp: 168-100); [¢]p>> = + 56 (c 1, CHCl,). '"H NMR (CDCk,
437  ppm):§ 7.99 (t,J = 8.7 Hz, 2H, Ar-H), 7.11-7.82 (m, 22H, Ar-H), 6.@1.J = 7.3 Hz, 1H, Ar-H),
438 5.98 (d,J=8.0 Hz, 2H, Ar-H), 5.48 (q) = 5.8 Hz, 2H, aromatic protons pfcymene), 5.35 (d,
439 J=5.8 Hz, 1H, aromatic proton gicymene), 5.22 (d) = 5.8 Hz, 1H, aromatic proton @f
440 cymene), 4.75 (br, 1H,ICH,), 4.47 (9,J = 6.6 Hz, 1H, GICHs), 3.71 (d,J = 13.4 Hz, 1H,
441 CH,Ph, (a)), 3.60 (d) = 10.4 Hz, 1H, G,0Ph (a)), 3.41 (d) = 13.4 Hz, 1H, Ei,Ph, (b)), 2.61

442 (t,J=9.3 Hz, 1H, ®&,0Ph (b)), 2.50 (m, 1H, 4g- of p-cymene), 2.30 (m, 2H,K:N), 1.70 (s,

443 3H, CHsPh of p-cymene), 1.26 (dJ = 6.7 Hz, 3H, -CHEls), 1.09 (d,J = 6.9 Hz, 3H,

444  CH3),CHPh of p-cymene), 0.93 (dJ = 6.9 Hz, 3H, &3).CHPh of p-cymene);*C NMR

445 (CDCl): & 8.79 (-CHCH3), 17.00 CHsPh of p-cymene), 21.60, 22.14GH3),CHPh of p-
446 cymene), 29.98 EH- of p-cymene), 49.20GH,N), 51.90 CHCHa), 56.14 CH,Ph), 69.29 (-
447 CH,0OPh), 75.91 (dJ = 6.0 Hz, €HCH,), 86.19 (d,J = 6.0 Hz, aromatic carbon pfcymene),
448 87.94 (d,J = 5.0 Hz, aromatic carbon @fcymene), 89.64 (saromatic carbon op-cymene),
449 92.29 (d,J = 5.0 Hz, aromatic carbon @tcymene), 97.51, 111.20 (quaternary carbonp-of
450 cymene), 113.75, 120.38, 124.73, 125.01, 125.26,412 127.22, 127.33, 127.90, 129.20,
451 130.27,131.96, 132.12, 133.88, 134.17, 138.51,1B3958.26 (aromatic carbons), 127.82)d,
452 = 10.1 Hz,mkarbons of OPPJ), 128.07 (sp-carbons of OPRH) 130.65 (d,J = 15.1 Hz,0-
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carbons of OPRY), (i-carbons of OPRfwere not observed); assignment was based otHtéC
HETCOR and'H-'H COSY spectra®'P-{*H} NMR (CDCls, ppm):$ 111.15 (s, O-PR) IR
(cm™): v 3051 (aromatic C-H), 2963, 2925, 2871 (aliphatiti)z 1435 (P-Ph), 1019 (O-P), 537
(Ru-P); Anal. Calc. for €Hs,NO,PRuUC} (901.92 g/mol): C 66.59, H 5.81, N 1.55; found C
66.42, H 5.75, N 1.49.

4.3.6. (2S)-1-{benzyl[(1S)-1-(naphthalen-1-yl)ethjdmino}-3-phenoxypropan-2-yldiphenyl
phosphinito[dichloro(n®-benzene) ruthenium (11)] (10)

[Ru(®-benzene)(u-Cl)CY (0.04 g, 0.08 mmol) and E-1-{benzyl[(19-1-(naphthalen-1-
yhethyllamino}-3-phenoxypropan-2-yl diphenylphospite, (6) (0.10 g, 0.17 mmol) were
dissolved in 30 mL of dry CKIl, under an argon atmosphere and stirred for 30 mnocn
temperature. The volume was concentrated to canl-Bnder reduced pressure and addition of
petroleum ether (25 mL) gav® as a red solid. The product was collected by fittraand dried

in vacuo (yield: 0.12 g, 85.6 %; mp: 147-1%9); [a]p>° = + 9C (c 1, CHCl,). *H NMR (CDCE,
ppm):& 7.09-7.94 (m, 24H, Ar-H), 6.90 @,= 7.2 Hz, 1H, Ar-H), 5.98 (dJ = 8.0 Hz, 2H, Ar-
H), 5.47 (s,6H, aromatic protons of benzene), 4.94 (m, 1HGCEL), 4.56 (q,J = 6.3 Hz, 1H,
CHCHs), 3.92 (d,J = 13.4 Hz, 1H, Ei,Ph, (a)), 3.65 (d) = 9.6 Hz, 1H, E1,0Ph (a)), 3.49 (d]

= 13.4 Hz, 1H, @,Ph, (b)), 2.68 (tJ = 9.1 Hz, 1H, E,0Ph (b)), 2.39 (dd (pseudo )= 11.8
Hz, J = 11.7 Hz 1H, E.N (@), 2.26 (dJ = 9.5 Hz, 1H, Ei,N (b)), 1.27 (dJ = 6.6 Hz, 3H, -
CHCH5); **C NMR (CDCE): 6 9.09 (-CHCH3), 49.19 CHN), 52.47 CHCHs), 56.40 CH,Ph),
69.04 (€H,OPh), 76.74 (d,) = 3.0 Hz, €EHCH,), 90.32 (d,J = 4.0 Hz, aromatic carbons of
benzene), 113.82, 120.52, 124.71, 125.00, 125.28,44, 127.22, 127.98, 129.21, 130.30,
130.64, 131.18, 132.15, 133.92, 134.62, 138.45,263958.18 (aromatic carbons), 127.46Jd,
= 10.1 Hz,m-carbons of OPR 128.10 (sp-carbons of OPR) 128.28 (dJ = 22.1 Hz,o-
carbons of OPR 140.19 (dJ = 58.4 Hz,i-carbons of OPRIM assignment was based on the
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'H-3C HETCOR andH-'H COSY spectra®'P-{*H} NMR (CDCls, ppm):8 109.59 (s, O-PR

IR (cmi): v 3058 (aromatic C-H), 2966, 2935 (aliphatic C-H)3% (P-Ph), 967 (O-P), 537 (Ru-
P); Anal. Calc. for GsHs4/NO,PRuUC} (845.81 g/mol): C 65.32, H 5.24, N 1.66; foun®®18,
H5.17, N 1.60.
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Captions

Scheme 1 Synthesis of aminoalcohols and phosphinitgsa PhCHO, MeOH, (reflux); b)
NaBH,, (reflux); MeOH equiv. i{) (R)-Styrene oxide, MeOH:;ii() (§-Glycidyl phenyl ether,
MeOH; (v andv) 1/2 equiv. PEPCI, 1/2 equiv. BN, thf.

Scheme 2 Synthesis of aminoalcohols, phosphinites and tbeiresponding Ru(ll)-arene
complexes.i(andiii) 1/2 equiv. [Ru§®-p-cymene)@-CICl], thf; (i andiv) 1/2 equiv. [Rug®-

benzene)(-CI)Cl]3, thf.

Figure 1 The3'P-{*H} NMR spectra of phosphinite8(4) and their Ru(ll)-complexe${g).
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Table 1 Transfer hydrogenation of acetophenone with 2-propeatalyzed by ®)-2-{benzyl[(19)-1-(naphthalen-
1-yhethyllamino}-1-phenylethyl diphenylphosphirjittichloroim®-p-cymene)ruthenium(ll)] ~ (7), (1R)-2-
{benzyl[(19)-1-(naphthalen-1-yl)ethylJamino}-1-phenylethyl dignylphosphinito[dichloraf-benzene) ruthenium
(N (8), (29-1-{benzyl[(19-1-(naphthalen-1-yl)ethyl]amino}-3-phenoxypropaiy2 diphenyl-
phosphinito[dichloraf®-p-cymene)ruthenium (11)]9) and(29)-1-{benzyl[(19-1-(naphthalen-1-yl)ethyl]Jamino}-3-
phenoxypropan-2-yl diphenylphosphinito [dichlagbbenzene) ruthenium (l1)]L0).

Entry Complex S/C/KOH Time Conversion (%) % eeld Conf.M TOF(h™)M
1 78 100:1:5 96h 12 (22) ° 72 (65) ° S <5
2 gl 100:1:5 96h 16 (28) ° 81 (77)° S <5
] gl 100:1:5 96h 21 (34) ¢ 86 (81) ¢ R <5
4 10 100:1:5 96h 28 (53) ¢ 91 (87) ¢ R <5
5 7 E 100:1 1h trace

6 8 100:1 1h trace

7 g bl 100:1 1h trace

8 0™ 100:1 1h trace

9 7 1@ 100:1:5 2h 97 (91) © 78 (70) © S 48
10 g 100:1:5 1h 98 (93) © 87 (79) © S 98
11 gl 100:1:5 1h 99 (93) © 91 (86) © R 99
12 10 100:1:5 1/2h 98 (92) © 96 (91) © R 196
13 10 100:1:3 M 1/2h 94 89 S 188
14 10 100:1:5 © 1/2 h 98 96 S 196
15 10 100:1:7 M 1/2 h 90 90 R 180
16 10 100:1:9 © 1/2 h 87 91 R 174

Reaction conditions:® At room temperature; acetophenone/Cat/KOH, 100:1%  Refluxing in 2-propanol;
acetophenone/Cat., 100:1, in the absence of Kagefluxing in 2-propanol; acetophenone/Cat./KOHQ:15; @ At room
temperature; acetophenone/Cat./KOH, 100:1:5, (J2¢°tRefluxing in 2-propanol; acetophenone/Cat./NaOH):1(5; 1
Determined by GC (three independent catalytic érpants);'¥ Determined by capillary GC analysis using a chisallodex

B (Agilent) capillary column (30 m x 0.32 mm 1.D.0«25um film thickness)" Determined by comparison of the retention
times of the enantiomers on the GC traces witHitbeture values, (S) or (R) configuration wasadhéd in all experiments;
I TOF = (mol product/mol Cat.) x’h™ Refluxing in 2-propanol; acetophenone/Cat.,100:1.



Table 2 Transfer hydrogenation results for substitutedaaetnones with the catalyst systems prepared ft&n (
2-{benzyl[(19)-1-(naphthalen-1-yl)ethyl]Jamino}-1-phenylethyl tipnylphosphinito[dichloraf-p-
cymene)ruthenium(ll)] (1), (1R)-2-{benzyl[(19)-1-(naphthalen-1-yl)ethyllamino}-1-phenylethyl
diphenylphosphinito[dichloref-benzene) ruthenium (n1 (8, (29-1-{benzyl[(19)-1-(naphthalen-1-
yl)ethylJamino}-3-phenoxypropan-2-yl diphenyl- phsnito[dichloro,>-p-cymene)ruthenium (1)]9) and (25)-
1-{benzyl[(19)-1-(naphthalen-1-yl)ethylJamino}-3-phenoxypropand2diphenylphosphinito [dichloref-benzene)
ruthenium (11)](10).?

7 1% OH 45 min 98 77 S
8 ON ON 20 min 97 85 S
9 20 min 99 90 R
10 10 min 99 94 R
7 CF; o CF:  oH 1h 97 79 S
8 30 min 98 87 S
9 30 min 98 92 R
10 20 min 97 96 R
7 o OH 45 min 99 76 R
8 FC FC 20 min 98 85 R
9 20 min 98 90 R
10 10 min 99 94 R
7 o OH 30 min 99 74 S
8 15 min 99 84 S
9 15 min 97 86 R
10 FC Fc 5 min 98 90 R
7 Q OH 13 h 97 81 S
8 H,CO. H,CO. 8h 99 89 S
9 8h 98 92 R
10 5h 98 98 R
7 9 OH 8h 99 66 S
8 5h 99 73 S
9 5h 97 81 R
10 H.CO Hico 3h 99 87 R
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Reaction conditions: @ Catalyst (0.005 mmol), substrate (0.5 mmol), 2sprwl (5 mL), KOH (0.025 mmol %), 82 °C, the concatiin of
acetophenone derivatives are 0.1; Purity of compounds is checked by NMR and GCegtindependent catalytic experiments), yields
are based on aryl ketor®; Determined by capillary GC analysis using a ¢hiyalodex B (Agilent) capillary column (30 m x 0.38m
I.D. x 0.25um film thickness)!® Determined by comparison of the retention timeshe enantiomers on the GC traces with literature

values(S) or (R) configuration was obtained in all experiments.



Table 3 Asymmetric Transfer Hydrogenation results for vasicketones catalyzed byR)t2-{benzyl[(19-1-
(naphthalen-1-yl)ethylJamino}-1-phenylethyl diphdpiyosphinito[dichlorof®-p-cymene)ruthenium(11)X7), (1R)-
2-{benzyl[(19)-1-(naphthalen-1-yl)ethyl]Jamino}-1-phenylethyl tienylphosphinito[dichloraf-benzene)
ruthenium (I)] (8), (29-1-{benzyl[(19-1-(naphthalen-1-yl)ethyllJamino}-3-phenoxypropaiy2 diphenyl-
phosphinito[dichloraf®-p-cymene)ruthenium (11)]9) and (29-1-{benzyl[(19-1-(naphthalen-1-yl)ethylJamino}-3-
phenoxypropan-2-yl diphenylphosphinito [dichlajbbenzene) ruthenium (11(J10).1?

Entry Cat. R1 R2 Time Conv.(%)" ee(%) Conf.
1 7 5/2 h 98 76 S
2 8 CH3 CH,CH3 3/2h 98 87 S
3 9 3/2h 97 90 R
4 10 1/2 h 98 93 R
5 7 4 h 98 73 S
6 8 CH3 CH2CH,CgHs 3h 97 83 S
7 9 3h 99 88 R
8 10 2h 98 91 R
9 7 7h 97 66 S
10 8 CHa CH(CHs), 5h 98 77 s
11 9 5h 98 81 R
12 10 3h 99 87 R
13 7 6h 99 67 s
14 8 CH3 CH2CH(CH3)2 4 h 98 75 S
15 9 4 h 99 82 R
16 10 5/2 h 98 86 R
17 7 2h 99 81 S
18 8 CHa 1-naphthyl 1h 98 85 =
19 9 1h 98 93 R
20 10 1/2 h 99 99 R
21 7 5h 97 66 S
22 8 CH3 n-C4Hg 3h 99 74 S
23 9 3h 98 80 R
24 10 2h 99 85 R
25 7 3h 98 56 S
26 8 CH3 CeH11 3/2h 98 62 S
27 9 3/2h 99 68 R
28 10 1h 98 74 R
29 5 4h 99 60 s
30 6 CeHs CeH11 3h 97 64 S
31 7 3h 98 71 R
32 8 2h 99 78 R

Reaction conditions:® Catalyst (0.005 mmol), substrate (0.5 mmol), 2-prap (5 mL), KOH (0.025 mmol %), 82 °C, the
concentration of acetophenone derivatives are Q.%! MPurity of compounds is checked by NMR and GC (thneependent
catalytic experiments), yields are based on aryoriez ! Determined by capillary GC analysis using a chigdlodex B
(Agilent) capillary column (30 m x 0.32 mm I.D. X286 um film thickness)!®¥ Determined by comparison of the retention
times of the enantiomers on the GC traces withdlitee values,§) or (R) configuration was obtained in all experiments.
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Highlights

s The first modified examples of chiral phosphinite ligands based on amino alcohol

were synthesized.
s We have shown, for thefirst time, preparing of four Ru(l I)-phosphinite complexes.
s They are superb catalyst for the transfer hydrogenation of various ketones.

< Up to 99% ee was gained in 25 min (TOF< 39%h™) for asymmetric transfer

hydrogenation.



