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The catalytic activity in asymmetric transfer hydrogenation of ketones using octahedral and half-sand-
wich (g5-indenyl and g6-arene) ruthenium(II) complexes containing the chiral ligand (4S)-2-[(Sp)-2-
(diphenylphosphino)ferrocenyl]-4-(isopropyl)oxazoline (FcPN) has been explored. Catalytic studies with
complex fac-[RuCl2{g2(P,N)-FcPN}(PMe3)2] (1) show excellent TOF values (9600 h�1). Experiments in the
presence of free FcPN, which lead to an increase in conversion rates and ee values when the catalyst is
complex [Ru(g5-C9H7){j2(P,N)-FcPN}(PPh3)][PF6] (4) have been carried out. The characterization of the
new complexes mer–trans-[RuCl2{P(OMe)3}2{j2(P,N)-FcPN}] and of the water-soluble complexes
fac- and mer–trans-[RuCl2(PTA)2{j2(P,N)-FcPN}] is also reported.

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

Metal catalyzed asymmetric reduction of prochiral ketones has
emerged as a very valuable synthetic tool to obtain optically pure
substances [1,2]. Ruthenium complexes are among the most effi-
cient catalysts in transfer hydrogenation of ketones [2] displaying
excellent performances and asymmetric inductions [3–5]. In par-
ticular, ruthenium complexes containing phosphinoferrocenylox-
azoline ligands (Fig. 1) featuring substituents in the oxazoline
group close to the N donor atom, are especially attractive since
they easily allow subtle modifications in the asymmetric induction
of the ligand [6].

Besides the outstanding performance of Noyori’s catalysts [5]
containing chiral ligands with N–H functionalities, the five-coordi-
nate complex [RuCl2(PPh3){j2-(P,N)-FcPN}] bearing the chiral
ligand (4S)-2-[(Sp)-2-(diphenylphosphino)ferrocenyl]-4-(isopro-
pyl)oxazoline (FcPN) (Fig. 1) has proven to be one of the best
catalysts displaying high ee values and excellent conversions
[7].

We have recently reported the diastereoselective synthesis of a
number of ruthenium complexes containing the chiral ligand
(Sp,S)-FcPN of two different types (Fig. 2): (a) six-coordinate com-
plexes [8] of general formula [RuCl2L2 {j2-(P,N)-FcPN}] (L = PMe3
All rights reserved.

+34 985103446.
(1), PMe2Ph (2), dppm (3)) and (b) chiral at metal g5-indenyl and
g6-arene ruthenium(II) complexes [Ru(g5-C9H7)(PPh3){j2(P,N)-
FcPN}][PF6] (4), [RuCl(g5-C9H7){j2(P,N)-FcPN}] (5) and [RuX(g6-
arene){j2(P,N)-FcPN}][PF6] (X = Cl (6), H (7); arene = p-cymene,
1,2,3,4-tetramethylbencene (8)) which have been isolated as single
diastereoisomers (SRu for g5-indenyl complexes and RRu for g6-
arene complexes) [9].

Herein, we describe the synthesis of new six-coordinate ruthe-
nium(II) complexes mer–trans-[RuCl2{P(OMe)3}2{j2(P,N)-FcPN}]
(9), mer–trans-[RuCl2(PTA)2{j2(P,N)-FcPN}] (10a) and fac-[RuCl2(P-
TA)2{j2(P,N)-FcPN}] (10b) (PTA = 1,3,5-triaza-7-phosphadaman-
tane). The catalytic activity of these complexes in asymmetric
transfer hydrogenation of ketones along with that of six-coordinate
1–3 and half-sandwich 4–8 ruthenium(II) complexes previously
reported by us [8,9], is also described.
2. Results and discussion

2.1. Synthesis of mer–trans-[RuCl2{P(OMe)3}2{j2(P,N)-FcPN}] (9),
mer–trans-[RuCl2(PTA)2(j2(P,N)-FcPN)] (10a) and fac-[RuCl2(PTA)2-
(j2(P,N)-FcPN)] (10b)

Complex 9 has been prepared (85% yield) stereoselectively from
the reaction of the five-coordinate complex [RuCl2(PPh3){j2(P,N)-
FcPN}] [11] with a light excess of P(OMe)3 in CH2Cl2 at room
temperature (Eq. 1):
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PðOMeÞ3

CH2Cl2 ;rt
mer—trans-½RuCl2fPðOMeÞ3g2fj2ðP;NÞ-FcPNg� ð1Þ

Complex 9 is isolated as a yellow solid and has been character-
ized by elemental analyses and 1H, 31P{1H} and 13C{1H} NMR spec-
troscopy which confirm the proposed formulation and
stereochemistry. Thus, the 31P{1H} NMR spectrum displays three
set of signals expected for a ABX system at 5.6 (2JPP = 47 and
547 Hz), 117.8 (2JPP = 65 and 547 Hz) and 136.0 (2JPP = 47 and
65 Hz) ppm. The high 2JPP value (547 Hz) arises from the trans dis-
[RuCl2(PPh3){κ2(P,N)-FcPN}] mer-trans-[RuCl2(PTA)2{κ2(P,N)-FcPN}]
CH2Cl2, rt

P

N
N

N

+  PTA

  PTA =

(10a)

fac-[RuCl2(PTA)2{κ2(P,N)-FcPN}]

CH3OH

(10b)

ð2Þ
position of one of phosphite ligands with respect to the PPh2 group
of the FcPN ligand and is in accordance with a mer disposition of
the phosphorus atoms. Although these data are consistent with
three mer stereoisomers (Fig. 3A–C), we tentatively assign the
structure mer–trans C in analogy with that found in the related
complex mer–trans-[RuCl2(dppm){j2(P,N)-FcPN}] which has been
determined by X-ray crystallography [10].

Following the same synthetic route of 9, the complex mer–
trans-[RuCl2(PTA)2{j2 (P,N)-FcPN}] (10a) has been obtained stere-
oselectively. Thus, the reaction of complex [RuCl2(PPh3){j2(P,
N)-FcPN}] [11] with the water-soluble phosphine 1,3,5-triaza-7-
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Fig. 2. Six-coordinated and half-sandwich ruthenium(II) complexes.
phosphaadamantane (PTA) in CH2Cl2 at room temperature affords
complex 10a isolated as an orange solid in 60% yield (Eq. 2):
Complex 10a has been characterized by elemental analyses and
1H, 31P{1H} and 13C{1H}NMR spectroscopy. The 31P{1H} NMR spec-
trum of 10a, which is similar to that of 9, also exhibits a three set of
signals (ABX system), namely, a triplet at 43.6 (2JPP = 28 Hz) and
two doublet of doublets at �54.8 and �72.7 (2JPP = 319 and
28 Hz, respectively) ppm. As for complex 9, the formation of the
mer–trans isomer can be proposed (Fig. 4).

A solution of complex 10a in methanol affords the isomer
fac-[RuCl2(PTA)2{j2(P,N)-FcPN}] (10b) (Fig. 4) [12]. Elemental anal-
ysis and spectroscopic data are consistent with the proposed for-
mulation and stereochemistry (see Section 4 for details). In
particular,31P{1H} NMR spectrum is very informative showing res-
onances expected for a ABX system i.e. a doublet of doublets for the
PPh2 group at 37.1 ppm (2JPP = 34 and 33 Hz), and two triplets for
the PTA phosphorous atoms at �30.8 (2JPP = 33 Hz) and �35.0
(2JPP = 34 Hz) ppm. These coupling constant values are consistent
with a fac- disposition of the phosphorus atoms of the ligands.
All other signals in the 1H and 13C{1H} NMR spectra are also in
accordance with the proposed structure.

2.2. Catalytic transfer hydrogenation of acetophenone

The reduction of acetophenone by propan-2-ol was used as a
model. In a typical experiment, NaOH was added to a iPrOH solu-
tion of the ruthenium catalyst precursor (0.2 mol%) and the ketone
at 82 �C and the reaction was monitored by gas chromatography.

Table 1 shows the catalytic activity of the studied complexes
under optimized reaction conditions.

Octahedral complexes are, in general, better catalysts than half-
sandwich complexes. The most remarkable features are (i) very
rapid conversions are achieved with catalysts fac-[RuCl2(P-
Me3)2{j2(P,N)-FcPN}] (1) and fac-[RuCl2(PMe2Ph)2{j2(P,N)-FcPN}]
(2) (TOF 9600 and 7275 h�1, respectively). The reaction becomes
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Fig. 4. Ruthenium(II) complexes containing FcPN and PTA ligands.
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notably slower as the temperature decreases with no enhancement
of the enantioselectivity [13]; (ii) the catalytic activity is depen-
dent on the basicity of the phosphines i.e. fac-[RuCl2(PMe3)2-
{j2(P,N)-FcPN}] (1) (entry 1) > fac-[RuCl2(PMe2Ph)2{j2(P,N)-FcPN}]
(2) (entry 2) > mer–trans-[RuCl2{P(OMe)3}2{j2(P,N)-FcPN}] (9)
(entry 4). It is worth to note the relatively lower activity of the
complex fac-[RuCl2(dppm){j2(P,N)-FcPN}] (3) (entry 3), a fact
probably arising from the chelate effect of dppm which is reluctant
to generate the required coordination site; (iii) complex 9 featuring
a mer–trans stereochemistry gives rise to the highest asymmetric
induction (ee 94%) (entry 4). This is probably related to the position
Table 1
Catalytic transfer hydrogenation of acetophenonea

R

O
+

OH

NaOH, 82

[Ru] (0.2 

Complex

1 fac-[RuCl2(PMe3)2{j2(P,N)-FcPN}] (1)b

2 fac-[RuCl2(PMe2Ph)2{j2(P,N)-FcPN}] (2)b

3 fac-[RuCl2(dppm)]{j2(P,N)-FcPN} (3)
4 mer–trans-[RuCl2{P(OMe)3}2{j2(P,N)-FcPN}] (9)
5 fac-[RuCl2(PTA)2(j2(P,N)-FcPN)] (10b)
6 [Ru(g5-C9H7)(PPh3){j2(P,N)-FcPN}][PF6] (4)
7 [RuCl(g5-C9H7){j2(P,N)-FcPN}] (5)
8 [RuCl(g6-p-cymene){j2(P,N)-FcPN}][PF6] (6)
9 [RuH(g6-p-cymene){j2(P,N)-FcPN}][PF6] (7)
10 [RuCl(g6-1,2,3,4-tetramethylbenzene){j2(P,N)-FcPN}][PF6] (8)

a 0.2 mol% catalyst, 0.1 M acetophenone in 50 ml iPrOH, 4.8 mol% NaOH.
b 2.0 mol% NaOH.
c Conversion calculated by GC analyses.
d Turnover frequency (mol product/mol Ru/time), calculated at the time indicated in e

Table 2
Catalytic transfer hydrogenation of acetophenone in the presence of free phosphinea

Entry Cat. FcPN (mol%) PPh3 (mol%)

1 1b

2 1b 0.2

3 2b

4 2b 0.2

5 4
6 4 0.2
7 4 0.4
8 4 0.2
9 4 0.4

10 5
11 5 0.2

12 6
13 6 0.2

a 0.2 mol% catalyst, 0.1 M acetophenone in 50 mL iPrOH, 4.8 mol% NaOH.
b 2.0 mol% NaOH.
c Conversion calculated by GC analyses.
d Turnover frequency (mol product/mol Ru/time), calculated at the time indicated in e
of the vacant site resulting from the dissociation of the chloride
ligand.

Although complex 10b containing the hydrosoluble ligand PTA
is an active catalyst (entry 5) all attempts to perform the catalysis
using water as solvent and sodium formate as hydrogen source
[14], failed (3% conversion and no ee was observed after 40 min).

All half-sandwich complexes are active catalysts performing al-
most quantitative conversion in 40–120 min albeit with moderate
ee values (31–76%). (entries 6–10).

Although no mechanistic study was carried out, we believed of
interest to find out whether the required coordination vacancy [15]
to bind the entering ketones is generated through ligand dissocia-
tion. To this regard, a set of experiments in the presence of free
phosphines were carried out. Table 2 shows the results in the pres-
ence of either the chiral FcPN ligand or PPh3.

For octahedral 1, 2 and half-sandwich 5, 6 catalysts (entries 1–4
and 10–13) no significative change in the ee was observed in the
presence of free FcPN. This seems to indicate that no dissociation
of the coordinated FcPN ligand takes place. However, the reac-
tion rate decreases due probably to a competition of the added
ligand FcPN with the incoming ketone for the vacant coordina-
tion site of the catalyst. In contrast, for the cationic complex
R

OH
+

O

 °C

mol%)

t (min) Conv.c (%) Ee (%) TOF (h�1)d

3 96 72 (R) 9600
4 97 81 (R) 7275

150 92 47 (R) 184
120 96 94 (R) 240

10 54 23 (R) 1633
120 92 76 (R) 230

90 92 31 (R) 307
50 93 47 (R) 560
60 91 41 (R) 455
40 97 43 (R) 724

ach case.

t (min) Conv.c (%) Ee (%) TOF (h�1)d

3 92 72 (R) 9600
10 94 73 (R) 2820

4 97 81 (R) 7275
15 93 82 (R) 1860

120 92 76 (R) 230
20 93 86 (R) 1395
20 96 86 (R) 1440
80 94 81 (R) 352
80 94 82 (R) 352

90 92 31 (R) 307
120 90 29 (R) 225

50 93 47 (R) 560
70 91 46 (R) 390

ach case.
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[Ru(g5-C9H7)(PPh3){j2(P,N)-FcPN}][PF6] (4), both the reaction rate
and the ee values increase upon addition of FcPN (0.2–0.4 mol%)
(entries 6 and 7 vs. entry 5). For instance, a conversion of 96%
and 86% ee is achieved after 20 min (entry 7) when 0.4 mol% of
FcPN is added to the reaction mixture, vs. a conversion of 92%
and 76% ee after 120 min in the absence of the free FcPN. Thus,
the indenyl complex 4 in the presence of free FcPN is among the
most efficient half-sandwich ruthenium(II) catalytic systems
reported to date [2,4].

This behaviour is also observed adding PPh3. This fact is consis-
tent with the liberation of free coordination sites by the indenyl
ligand favoured by the well-known ability to undergo a haptotro-
pic g5-g3-g1 slippage [16]. It seems that the added phosphines
can favour the stabilization of the coordinatively unsaturated hy-
dride intermediate which is able to induce more rapid conversions
(120 vs. 80–20 min) and better asymmetric induction (76% vs. 81–
86% ee) (entries 5–9).

2.3. Catalytic transfer hydrogenation of methyl-aryl ketones

The catalytic transformations of a series of methyl-arylketones
have also been studied. The results are collected in Table 3.

The following features are noteworthy: (i) In general, reactions
are slower than those shown in Table 1 for acetophenone; (ii) for
all the ketones, the best ee values are obtained using complex
mer–trans-[RuCl2{P(OMe)3}2{j2(P,N)-FcPN}] (9) as catalyst, obtain-
ing ee values up to 92% for 2-acetylanisole and 94% ee for 3-acet-
ylanisole (entries 8 and 18, respectively); (iii) except for the
ortho-substituted 20-methylacetophenone (entries 11–15), which
undergoes relatively faster conversions (15–60 min), the para-sub-
Table 3
Catalytic transfer hydrogenation of methyl-arylketonesa

Ketone Entry Cat. t (m

O

Br

1 1b 15
2 2b 10
3 9 600
4 4 360
5 6 300

O

OMe

6 1b 60
7 2b 75
8 9 240
9 4 240

10 6 90

O

Me

11 1b 30
12 2b 40
13 9 60
14 4 15
15 6 30

O

OMe

16 1b 10
17 2b 5
18 9 240
19 4 90
20 6 40

O

Br

21 1b 15
22 2b 7
23 9 5
24 4 300
25 6 70

O

MeO

26 1b 5
27 2b 10
28 9 60
29 4 390
30 6 180

a 0.2 mol% catalyst, 0.1 M acetophenone in 50 mL iPrOH. 4.8 mol% NaOH.
b 2.0 mol% NaOH.
c Conversion calculated by GC analyses.
d Turnover frequency (mol product/mol Ru/time), calculated at the time indicated in e
stitution (entries 21–30) leads to relatively faster conversions com-
pared with the ortho substitution (entries 1–10) due probably to
the steric effects involved in the coordination to the active catalytic
species.
3. Conclusions

Herein we describe the catalytic activity of six-coordinate and
half-sandwich ruthenium(II) complexes containing the chiral
ligand (4S)-2-[(Sp)-2-(diphenylphosphino)ferrocenyl]-4-(isopro-
pyl)oxazoline (FcPN) in the asymmetric transfer hydrogenation of
methyl-aryl ketones with propan-2-ol affording the corresponding
sec-alcohol. Six-coordinate complexes [RuCl2L2{j2(P,N)-FcPN}] are
the most active catalysts with fairly high TOF values (9600 and
7675 h�1 for fac isomers L = PMe3(1), and PMe2Ph (2), respectively)
and moderate ee values (up to 94% using complex mer–trans-
[RuCl2{P(OMe)3}2{j2(P,N)-FcPN}] (9)). Half-sandwich complexes
are relatively less active catalysts, best performances being
achieved by the cationic complexes [Ru(g5-C9H7)(PPh3){j2(P,
N)-FcPN}][PF6] (4) and [RuCl(g6-p-cymene){j2(P,N)-FcPN}][PF6] (6).

The influence of free phosphines PPh3 and FcPN on the catalytic
activity has been investigated. In particular, a significant increase of
conversion rate is observed in the presence of both phosphines leading
to excellent TOF values (up to 1440 h�1 by using the indenyl complex 4
as catalyst) and ee values up to 86%. These results seem to indicate that
(i) the formation of the required coordination vacant is favoured by the
indenyl ring and (ii) the coordinatively unsaturated hydride intermedi-
ate is stabilized in the presence of the free phosphines allowing a
favourable transition state where the substrates are coordinated. In
in) Conv.c (%) Ee (%) TOF (h�1)d

42 44 (R) 840
28 52 (R) 840
93 73 (R) 47

7 7 (R) 6
31 0 31

95 63 (R) 475
94 73 (R) 376
97 92 (R) 121
97 75 (R) 121
96 28 (R) 320

98 50 (R) 975
99 63 (R) 744
98 83 (R) 491
97 86 (R) 1032
98 37 (R) 978

87 71 (R) 2610
93 78 (R) 5580
92 94 (R) 115
94 80 (R) 313
92 32 (R) 690

93 69 (R) 1860
93 73 (R) 3986
97 84 (R) 5820
94 63 (R) 94
96 22 (R) 411

64 32 (R) 3857
78 65 (R) 2341
86 66 (R) 430
90 52 (R) 69
86 11 (R) 144

ach case.
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such conditions, the indenyl complex 4 is among the most efficient
half-sandwich ruthenium(II) catalysts reported to date.
4. Experimental

4.1. General procedures

All manipulations involving organoruthenium complexes were
performed under inert atmosphere on nitrogen, using standard
Schlenk techniques. Solvents were dried by standard methods and
distilled under nitrogen before use. The compounds fac-[RuCl2-
(PR3)2{j2(P,N)-FcPN}] (PR3 = PMe3 (1), PMe2Ph (2)) [8],
fac-[RuCl2(dppm){j2(P,N)-FcPN}] (3) [8], [Ru(g5-C9H7){j2(P,N)-
FcPN}(PPh3)][PF6] (4) [9], [RuCl(g5-C9H7){j2(P,N)-FcPN}] (5) [9]
and [RuX(g6-arene){j2(P,N)-FcPN}][PF6] (g6-arene = p-cymene,
X = Cl (6), H (7); g6-arene = 1,2,3,4-tetramethylbenzene, X = Cl (8))
[9] were prepared by previously reported methods. [RuCl2(PPh3)-
{j2(P,N)-FcPN}] [11] and PTA [17] phosphane were prepared accord-
ing to the literature procedure. All other chemicals were obtained
from Aldrich Chemical Co. and Acros Organics and used without fur-
ther purification. The C, H, and N analyses were carried out with a
Perkin–Elmer 240-B microanalyzer. NMR spectra were recorded
on a Bruker AC-400 instruments at 400.1 MHz (1H), 161.9 (31P) or
100.6 MHz (13C) using SiMe4 or 85% H3PO4 as standards. DEPT
experiments were carried out for all the compounds. Abbreviations
used: br, broad signal; d, doublet; dd, double doublet; m, multiplet;
sept, septuplet; s, singlet; t, triplet. Gas chromatographic measure-
ments were made on Hewlett–Packard HP6890 equipment using a
Supelco Beta-Dex 120 (30 m, 250 lm) column.

4.2. Synthesis of mer–trans-[RuCl2{P(OMe)3}2{j2(P,N)-FcPN}] (9)

P(OMe)3 (28 lL, 0.24 mmol) was added to a solution of
[RuCl2(PPh3){j2(P,N)-FcPN}] (0.100 g, 0.11 mmol) in dichlorometh-
ane (10 mL). The mixture was stirred for 1.5 h at room temperature
and then concentrated under vacuum to a volume of approx.
0.5 mL. Addition of hexane afforded a yellow precipitate. The sol-
vents were decanted and the solid was washed with hexane
(3 � 20 mL) and dried under reduced pressure to afford complex
9. Yield: 90 mg (85%). 31P{1H} NMR (CD2Cl2, 273 K, d) 5.6 (dd,
PPh2, 2JPP = 47, 547 Hz), 117.8 (dd, P(OMe)3, 2JPP = 65, 547 Hz),
136.0 (dd, P(OMe)3, 2JPP = 47, 65 Hz) ppm. 1H NMR (CD2Cl2,
293 K, d) 8.71 (m, 2H, Ph), 7.13–7.47 (m, 8H, Ph), 4.94 (m, 1H,
C5H3), 4.68 (m, 2H, C5H3), 4.40 (m, 1H, OCH2), 4.28 (m, 1H,
OCH2), 4.03 (br, 11 H C5H5 P(OCH3)3), 3.97 (br, 3H, P(OCH3)3),
3.83 (t, 1H, CHN, 3JHH = 9.8 Hz), 3.25 (br, 3H, P(OCH3)3), 3.20 (br,
3H, P(OCH3)3), 2.93 (m, 1H, CH(CH3)2), 1.16 (d, 3H, CH3,
3JHH = 6.2 Hz), 0.91 (m, 6H, CH3 y P(OCH3)3). 13C{1H} NMR (CD2Cl2,
293 K, d) 168.5 (d, COCH2, 3JCP = 3 Hz), 143.9–126.2 (Ph), 77.1 (br,
C5H3), 76.2 (d, CPPh2, 2JCP = 22 Hz), 75.7 (m, C5H3), 74.1 (d, CPPh2,
JCP = 32 Hz), 73.4 (CHN), 72.9 (d, C5H3, 2JCP = 7 Hz), 72.1 (C5H5),
67.3 (OCH2), 54.9 (br, P(OCH3)3), 54.8 (br, P(OCH3)3), 53.3 (m, 2C,
P(OCH3)3), 53.2 (m, 2C, P(OCH3)3), 28.2 (CH(CH3)2), 19.4 (CH3),
16.0 (CH3) ppm. Anal. Calc. for [RuCl2{P(OMe)3}2(FcPN)]: C,
45.30; H, 5.14; N, 1.55. Found: C, 45.73; H, 5.20; N, 1.65%.

4.3. Synthesis of mer–trans-[RuCl2(PTA)2{j2(P,N)-FcPN}] (10a)

PTA (0.033 g, 0.21 mmol) was added to a solution of [RuCl2
(PPh3){j2(P,N)-FcPN}] (0.100 g, 0.10 mmol) in dichloromethane
(10 mL). The mixture was stirred for 2 h at room temperature and then
concentrated under vacuum to a volume of approx. 0.5 mL. Addition of
hexane afforded an orange precipitate. The solvents were decanted and
the solid was washed with hexane (4� 10 mL) and dried under re-
duced pressure to afford complex 10a. Yield: 60 mg (62%). 31P{1H}
NMR (CD2Cl2, 273 K, d) 43.6 (t, PPh2
2JPP = 28 Hz), �54.8 (dd, PTA,

2JPP = 319, 28 Hz), �72.7 (dd, PTA, 2JPP = 319, 28 Hz) ppm. 1H NMR
(CD2Cl2, 293 K, d) 8.00–6.33 (m, 10H, Ph), 5.12 (AB spin system, 3H,
PTA, JHAHB = 12 Hz), 4.92 (AB spin system, 3H, PTA, JHAHB = 12 Hz),
4.83–4.36 (m, 18H, C5H3, OCH2, CHN and PTA), 4.18 (s, 5H, C5H5), 3.83
(AB spin system, 3H, PTA, JHAHB = 16 Hz), 3.69 (AB spin system, 3H,
PTA, JHAHB = 16 Hz), 2.36 (m, 1H, CH(CH3)2), 1.08 (d, 3H, CH3, 3JHH =
7 Hz), 0.92 (d, 3H, CH3, 3JHH = 7 Hz) ppm. 13C{1H} NMR (CD2Cl2, 293 K,
d) 169.5 (COCH2), 146.1–127.4 (Ph), 86.8 (d, CPPh2, JCP = 37 Hz), 75.9
(C5H3), 73.5 (C5H3), 72.9 (m, CCPPh2), 72.7 (br, 6C, NCH2N), 71.9
(C5H5), 71.0 (C5H3), 69.8 (CHN), 67.3 (OCH2), 50.6 (br, 3C, NCH2P),
49.8 (br, 3C, NCH2P), 27.3 (CH(CH3)2), 19.7 (CH3), 14.9 (CH3) ppm. Anal.
Calc. for [RuCl2(PTA)2(FcPN)] � 1.5CH2Cl2: C, 45.52; H, 5.06; N, 8.95.
Found: C, 45.01; H, 5.52; N, 9.27%.

4.4. Synthesis of fac-[RuCl2(PTA)2{j2(P,N)-FcPN}] (10b)

A solution of mer–trans-[RuCl2(PTA)2{j2(P,N)-FcPN}] (100 mg,
0.1 mmol) in CH3OH (5 mL) was stirred at room temperature for
10 min. The solvent was then removed at reduced pressure and
the resulting solid extracted with dichloromethane. The resulting
solution was concentrated under vacuum to a volume of approx.
0.5 mL. Addition of hexane afforded an orange precipitate. The sol-
vents were decanted and the solid was washed with hexane
(2 � 10 mL) and dried under reduced pressure to afford complex
10b. Yield: 87 mg (85%). 31P{1H}-NMR (CD3OD, 293 K, d) 37.1 (dd,
PPh2

2JPP = 34, 33 Hz), �30.8 (t, PTA, 2JPP = 2JPP = 33 Hz), �35.0 (t,
PTA, 2JPP = 2JPP = 34 Hz) ppm. 1H NMR (CD2Cl2, 293 K, d) 8.82–7.02
(m, 10H, Ph), 5.50 (s, 1H, C5H3), 4.91 (s, 1H, C5H3), 4.79–3.96 (m,
24H, C5H3, OCH2, CHN, PTA), 4.11 (s, 5H, C5H5), 3.76 (AB spin sys-
tem, 3H, JHAHB = 16 Hz, PTA), 3.31 (m, 1H, CH(CH3)2), 3.11 (AB spin
system, 3H, JHAHB = 16 Hz, PTA), 1.10 (d, CH3, 3JHH = 4 Hz), 0.98 (d,
CH3, 3JHH = 4 Hz) ppm.13C{1H}-NMR (CD3OD, 293 K, d) 168.8
(COCH2), 146.4 - 127.7 (Ph), 78.1 (d, CPPh2, JCP = 40 Hz), 74.4
(C5H3), 74.3 (d, OCCCPPh2, 2JCP = 17 Hz), 74.0 (d, CHN, 3JCP = 4 Hz),
73.6 (C5H3), 72.8 (d, CCPPh2, 2JCP = 16 Hz), 72.3 (d, 3C, NCH2N,
3JCP = 5 Hz), 72.1 (C5H5), 71.5 (d, 3C, NCH2N, 3JCP = 6 Hz), 68.4
(OCH2), 54.5 (d, 3C, NCH2P, JCP = 17 Hz), 52.7 (d, 3C, NCH2P,
JCP = 16 Hz), 28.6 (CH(CH3)2), 18.3 (CH3), 15.1 (CH3) ppm. Anal. Calc.
for [RuCl2(PTA)2(FcPN)]: C, 49.65; H, 5.42; N, 10.13. Found: C,
49.21; H, 5.03; N, 9.78%.

4.5. Transfer hydrogenation of ketones ? General procedure

The samples were typically prepared as follows: the ketone
(5 mmol), ruthenium catalyst precursor (0.01 mmol, 0.2 mol% of
Ru) and propan-2-ol (47 mL) were introduced into a Schlenk tube
fitted with a condenser and heated at 82 �C for 15 min in an inert
atmosphere. NaOH was then added (3 mL of a 0.08 M solution in
propan-2-ol, 4.8 mol%) and the reaction monitored by gas chroma-
tography. The corresponding alcohol and acetone were the only
products detected in all cases. The identity of the alcohol was as-
sessed by comparison with commercially available (Aldrich Chem-
ical Co. or Acros Organics) pure samples.
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