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Abstract

Afluorinated analog of the 2:bis(diphenylphosphino)-1/binaphthyl (BINAP) ligand was synthesized with O&$ubstitution of the aryl
groups in BINAP skeletonptOCR—BINAP). Ruthenium complexes of both BINAP (Ru—BINAP) amd@CFR;)-BINAP (Ru—[{-OCFR;)—
BINAP]) were also synthesized and investigated as catalysts for hydrogenation of tiglic acid in methanol. Typicalp/JR)-BINAP]
had lower activity but had higher enantioselectivity at high hydrogen pressures than Ru—BINAP at the same condition. The effgct of OCF
groups on the catalytic properties was discussed on the basis of NMR spectra and kinetic dappOREHBINAP] was found to have
sufficiently high solubility in dense C{for homogeneous catalytic reactions and was investigated for hydrogenation of tiglic acid.in CO
The results showed that G@ad a great influence on both activity and enantioselectivity. Addition of methanol tev@©found to increase
the enantioselectivity.
© 2003 Published by Elsevier B.V.
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1. Introduction liquids [4] and liquid biphasic systenis] are being inves-
tigated for chiral catalysis. For example, Pozzi et[6].
Chiral chemistry is a rapidly growing field since chiral reported the first chiral fluorous biphasic catalysis in 1998
compounds play a key role in many fields such as agri- by using G nitrogen-based ligands. Subsequently, several
culture, biology, materials science and life sciences. For promising results with different fluorous catalysts were
example, the worldwide sales for chiral drugs are growing described[7-9]. Francio et al[10] showed that by using
at an annual rate of 13%, and the sales are expected to reacrhodium complexes of the perfluoroalkyl-substituted ligand,
US$ 200 billion in 200g1]. Over the past several decades, (RS)-3-H’F—BINAPHOS, a large variety of substrates
catalysis by chiral organometallic complexes has emergedcould be hydroformylated in scGQwith rates and enan-
as one of the most attractive approaches in the production oftioselectivities comparable to those obtained in a benzene
chiral chemicals. This method can multiply chirality with a solution with the conventional catalyst.
catalytic amount of chiral source contained in the catalysts. An important issue that needs to be addressed in develop-
Despite its advantages and efficiency, industrial appli- ment of fluorinated complexes is the effect of highly elec-
cations of chiral catalysis are limited partly due to the tron withdrawing property of fluorous groups on catalytic
difficulties associated with recovery and recycle of the ex- activity and selectivity. A few studies have been reported in
pensive catalysts from reaction mixtures. Therefore, novel the literature on this effect for fluorinated catalysts. It was
reaction media for organometallic chemistry, which include found that the activity of fluorinated rhodium complexes
supercritical fluids (SCFs|2], ionic liquids [3], fluorous in the hydroformylation of olefins in scCQOncreased with
decreasing basicity of phosphinfdl,12] Further investi-
mspondmg author. Tels 1-860-486-4601: gation by in-situ FTIR spegtrqscopy sh.o_wgd thgt this en-
fax: +1-860-486-2959. hancement was due to a shift in the equilibrium distribution
E-mail address: cerkey@engr.uconn.edu (C. Erkey). of the catalytically active intermediat¢$3]. On the other
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Scheme 1. Tiglic acid hydrogenation reaction.

hand, Horvath et al[14] found that arylphosphine ligands mixture was cooled under ice bath and 10% hydrochloric
gave more reactive rhodium catalysts than alkylphosphine acid (48 ml) was added slowly. The ether layer was ex-
ligands, and the fluorine substituents in the ligands further tracted with 2% hydrochloric acid (200 ml), and the whole
retarded the reaction rate in the hydroboration of norbornenewas dried by NaSOs and evaporated, giving yellowish
in the fluorous solvent G€gHs. These studies indicate that  bis (4-triflouromethoxy)benzene phosphine oxide(13.9g,
there is a need to study the influence of the fluorous groups79%). The spectral properties of the product are as fol-
on activity and enantioselectivity of chiral organometallic lows: 1H NMR (400 MHz, CDC}) §: 8.48 ppm (d, 1H,
catalysts for a wide variety of reactions. 1Jup = 4958Hz), 8.08ppm (dd, 4H3Jyp = 8.4Hz,
The ruthenium complexes containing 2is(diphenyl-  3Jyp = 13.2Hz), 7.63ppm (d, 4H3 /4y = 7.8 Hz). 3P
phosphino)-1,t+binaphthyl (BINAP) are the most exten- NMR (162 MHz, CDC}) §: 20.43 ppm (s, decoupled).
sively used catalysts in many enantioselective reacfitbls
Among those, the enantioselective hydrogenation of unsat-2.3. Synthesis of 2b
urated acids such as tiglic aci8c¢heme 1is of significant
interest because of the unique efficacy of the Ru—BINAP  Trichlorosilane (2.7 ml) was added slowly with stirring
complexes in these reactions and the high economic valueto 1b (to 2.25g, 6.64 mmol), triethyl amine (3.84 ml) and
of the products, which afford useful building blocks for the toluene (30 ml) under ice bath, and heated under reflux for
synthesis of non-steroidal anti-inflammatory agdagj. In 4 h. After cooling, 2N sodium hydroxide solution (133 ml)
this article, we report the synthesis of a fluorinated BINAP was added slowly under ice bath. The organic layer was
ligand and its ruthenium complex, as well as our results on combined with ether and evaporated under vacuum, giving
the hydrogenation of tiglic acid in methanol and in dense the yellow liquid (1.86 g, 87%). The spectral properties of
CO, catalyzed by this new complex and the conventional 2 are as follows*H NMR (400 MHz, CDCb) §: 7.53 ppm
ruthenium—BINAP complex. (dd, 4H 3y = 6.8 Hz,3Jy p = 6.6 Hz), 7.24 ppm (d, 4H,
8Ju.n = 7.6 Hz), 5.30 ppm (d, 1H /4 p = 2197 Hz). 3P
NMR (162 MHz, CDC}) §: —41.67 ppm (s, decoupled).
2. Experimental section
2.4. Synthesis of 3b
2.1. General methods for preparation of Ru—BINAP and
Ru- (p-OCF3)-BINAP] complexes To a solution of NiCdppe (355 mg) in DMF (10 ml) at
room temperature was addad (2.5 g, 7.74 mmol). The so-
All phosphine compound syntheses were carried out un- lution was heated to 11 and kept at this temperature for
der a nitrogen atmosphereR)¢(—)-1,1-Bi-2-naphthol bis 30min. ®)-(—)-1,1-Bi-2-naphthol bis (trifluoro methane-
(trifluoro methanesulfonate), 1-bromo-4-(triflouromethoxy) sulfonate) (3.6 g, 6.55 mmol) and DABCO (2.9 g) in DMF
benzene, diethyl phosphite, trichlorosilane, triethyl amine (20 ml) was added slowly to the above solution. Three addi-
were purchased from Aldrich and magnesium turnings were tional equal portions d2b were added after 1, 3and 7 h. The
obtained from Acros. All the chemicals were used as re- reaction was kept at 1@ until (R)-(—)-1,1-Bi-2-naphthol
ceived. The synthetic scheme for fluorinated BINAP and bis (trifluoro methanesulfonate) was completely consumed

Ru-BINAP type complexes is shown 8cheme 2 (3 days).3b (3.29, 43%) was obtained by recrystallizion
from a mixture of methanol and DMF. The spectral prop-
2.2. Yynthesis of 1b erties of3b are as followsH NMR (400 MHz, CDC}) &:

7.98 ppm (d, 2H/J = 8.3 Hz), 7.89 ppm (d, 2HJ = 8.0 Hz,
1-bromo-4-(triflouromethoxy)benzene (259, 0.104mol) 3J4p = 132Hz), 7.43ppm (M, 4H), 7.15ppm (m, 4H),
was added slowly with stirring to magnesium turnings 7.07 ppm (m, 8H), 6.97 ppm (m, 6H), 6.75 ppm (d, 2H=
(2.749, 0.115mol) and ether (25 ml), and heated under re-8.8 Hz).31P NMR (162 MHz, CDC}) §: —14.89 ppm (s, de-
flux for 30 min. To the cooled reagent, diethyl phosphite coupled). Elemental analysis:4§H2gF1204P> requires C:
(7 ml, 0.052mol) in ether (5ml) was added slowly with 60.12%; H: 2.93%; F: 23.80%, found C: 59.87%; H: 2.49%;
stirring, and the whole heated under reflux for 60 min. The F: 24.80%.
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Scheme 2. Synthetic procedure for BINAP apdQCF;)-BINAP and their complexes with ruthenium.

2.5. Yynthesis of RU-BINAP type complexes

A solution of (COD)Ru(methylallyh (168 mg, 0.527
mmol) and 3b (501 mg, 0.523mmol) or3a (325mg,
0.523mmol) in toluene (20ml) was heated under reflux

NMR (162 MHz, CDC}) §: 65.06 ppm (s, decoupled). The
spectral properties of Ru#{OCFR3)-BINAP] are as fol-
lows: TH NMR (400 MHz, CDC}) &: 7.84 ppm (m, 4H),
7.55ppm (t, 4HJ = 8.9 Hz), 7.32 ppm (m, 8H), 7.14 ppm
(m, 4H), 7.00 ppm (t, 2HJ = 8.4Hz), 6.67 ppm (d, 2H,

for 4h and the toluene was evaporated under vacuum. AJ = 8.4Hz), 6.18ppm (d, 4HJ = 10.8Hz). 3P NMR

solution of acetic acid (2ml) in ether (15ml) was added
at room temperature and the resulting solution was stirred
for 10-14h. Ru-BINAP complexes (402mg, 91%) and
Ru—[({p-OCR3)-BINAP] (527 mg, 86%) were obtained as
yellow-brown solid. The spectral properties of Ru—BINAP
are as follows:'H NMR (400 MHz, CDC}) §: 7.84 ppm

(m, 4H), 7.45ppm (m, 12H), 7.21ppm (t, 2H]
7.2Hz), 7.09 ppm (m, 4H), 6.89 ppm (t, 2H, = 8.4 Hz),
6.63ppm (d, 2H,/ = 8.7Hz), 6.50ppm (m, 6H)3'P

(162 MHz, CDC¥) 6: 64.88 ppm (s, decoupled).

2.6. General procedure for investigation of the tiglic
acid hydrogenation reactions

The experimental set-up is shown kilg. 1 The reactor
is a custom manufactured, 54 ml stainless steel vessel fitted
with two sapphire windows (1in. i.d., Sapphire Engineer-
ing), polyether—ether—ketone o-rings (Valco Instruments),
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Fig. 1. Experimental set-up. (1) Hydrogen cylinder, (2) syringe pump, (3)
windowed reactor, (4) stir plate, (5) thermocouple assembly, (6) pressure
transducer, (7) vent line, (8) solvent reseryoir, (_9) rupture disk assembly, Fig. 2. Hydrogen pressure effect on the tiglic acid hydrogenation
(10) sample loop, and (11) sample collection vial. reactions in methanol catalyzed byp{OCFs)-BINAP]RU[O,CCHs]o
{[tiglicacid]p = 0.125 M, [catalyst]= 0.3mM, T = 25°C}.
a T-type thermocouple assembly (Omega Engineering,
DP41-TC-MDSS), a pressure transducer (Omega ENgi- The results also show that the reaction rate with Ru-BINAP
neering, PX300-7.5KGV), a vent line, and a rupture disk \as much higher than that with RupfOCFs)-BINAP] at
assembly (Autoclave Engineers). When methanol was usedihe same hydrogen pressure. The hydrogen pressure effect
asa sol_vent, a certain amount of tiglic acid and catalyst was o enantioselectivity is given ifig. 4 and shows that the
placed into the reactor. Then the reactor was sealed and thgnantioselectivity did not change with pressure for hydrogen
air was removed by flushing with nitrogen several times. A pressures less than 13.6 bar. However, the enantioselectivity
certain amount of degassed methanol was charged into thejecreased with further-increasing hydrogen pressure.
reactor, and the vessel was heated to the desired tempera- Tne effect of the tiglic acid concentration on reaction rate
ture. The reaction was started by charging the reactor with a5 also investigated in methanol in the range & 4
hydrogen. When C@was used as a solvent, the procedure 500 mM. In all cases, the catalyst concentration was kept
was the same as above except that the catalyst was isolategonstant as 0.3 mM. The data are listedigs. 5 and &nd
in an ampoule, and the air was removed by flushing with show that the reaction rate increased with increasing tiglic
hydrogen several times. Subsequently, a certain amountacid concentration. As shown ifable 1 the initial tiglic
of hydrogen was charged, followed by charging with.CO  4¢id concentration had no appreciable effect on enantiose-
using a high-pressure syringe pump (ISCO 260D). During lectivity.
this period, the ampoule broke and the reaction started. The rate expression was developed on the basis of above

The samples were taken periodically using the sampling inetic data. The experimental reaction rate at each data
system shown irFig. 1 The valve between high-pressure

sample loop and the reactor was opened periodically to take

Time / hr

samples. The sample was then depressurized into a sample
vial. Subsequently, the sample loop was flushed with a small o Saba
amount of acetone from a reservoir. The sample loop was  0-20 1 v 12.6bar
further dried with compressed air. The collected samples = v 252bar
were analyzed by gas chromatography (HP 6890) equipped% 0.15 A
with a CP-Chiralsil-DEX CB column. el

2]

= 0.10 -

)
3. Results

0.05 -
The effect of hydrogen pressure on reaction rate for hy-

drogenation of tiglic acid in methanol was investigated in 0.00 : : : :

the pressure range of B~ 95.3 bar and 3 ~ 25.2 bar with 0 1 2 3 4 5
fluorinated and conventional Ru—BINAP complexes, respec- Time / hr

tively. In all cases, the catalyst c_:once_:ntratlon was I_<ept con- Fig. 3. Hydrogen pressure effect on the tiglic acid hydrogenation reactions
stant as 0.3 mM. The data are giverFigs. 2 and 3ndicate in methanol catalyzed by [BINAP]RUKEZCHs] {[tiglic acid]o = 0.25 M,

that the rate increases with increasing hydrogen pressurelcatalyst]= 0.3mM, T = 25°C}.
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Fig. 4. Hydrogen pressure effect on the enantioselecti{ftiglic acid]o
= 0.125M, [catalystl= 0.3mM, T = 25°C}.
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Fig. 5. Tiglic acid concentration effect on the tiglic acid hydrogena-

tion reactions in methanol catalyzed bp{DCFRs)-BINAP]RuU[O,CCHg]»
{Hz = 953 bar, [catalyst= 0.3mM, T = 25°C}.
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Fig. 6. Tiglic acid concentration effect on the tiglic acid hydrogena-
tion reactions in methanol [BINAPJRUKZCHs], {H, = 95.3bar,
[catalyst]= 0.3mM, T = 25°C}.

lated from the solubility of hydrogen in methar{dl7] and

the reaction stoichiometry) were used to determine the rate
expression by using the Polymath software. The rate expres-
sion for the reactions catalyzed by Ru-BINAP in methanol
was:

—r = 5.672x €388

where the rate is given in units of moldmh~! and the
concentrations are expressed in moltdC, represents the
concentration of tiglic acid an@, represents the concen-
tration of hydrogen. Similar kinetic features were also ob-
served with Ru—[§-OCR3)-BINAP] complex and the rate
expression was found to be:

—r = 0.875x €39%9Cp%%

The degree of fit for the rate expressions is illustrated in
Figs. 2, 3, 5 and &vhere the solid curves represent the pre-
dicted values that were calculated using the rate expression
and the dots represent the experimental data.The reaction

point was calculated by differentiating the concentration of was also studied at different temperatures. The experimen-
tiglic acid versus time curves. These experimental reaction tal data are provided ifigs. 7 and 8 The data were used
rate data together with the experimental concentration datato determine the activation energy of the reaction from the
(the concentration of hydrogen at each data point was calcu-slope of the plot of Irk versus 1T. The calculated activation

[T‘I?}g:i?: :;cid]o and temperature effect on enantioselectivity in methanol
Catalyst ee (%)

Temperature°C) [Tiglic acid]lp (M)

0 8.6 105 22.3 235 35.1 36.2 0.125 0.250 0.500
Ru—BINAP - 82.9 - - 83.8 84.0 - 83.8 83.I° 84.5
Ru—[(p-OCFs3)-BINAP] 76.0 - 75.% 77.8 - - 75.% 77.8 78.6 80.¢°

a8 H, = 13.8bar, catalyst= 0.3 mM, [tiglic acid]y = 0.25M.
b H, = 96.5bar, catalyst= 0.3mM, [tiglic acidp = 0.125 M.
¢ Hy = 13.8bar, catalyst= 0.3mM, T = 25°C.

d H, = 96.5bar, catalyst 0.3mM, T = 25°C.
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0.14 Table 2
® 223°C Variation of enantioselectivity in C9
[e]
v Conditions ee (%)
°
= [H2]o (bar} 0.7 57.3
- 30 54.0
= 50 55.1
=
P [Tiglic acid]o (mM)? 37.0 51.6
=0 92.5 56.6
= 185.5 62.5
[Catalyst] (mMY¥ 0.08 55.3
0.24 56.6
0.37 53.2

a [Tiglicacid]o = 92.5 mM, [catalyst]= 0.24 mM, P (total) = 166 bar,
T = 25°C, methanok= 1 ml.
Time / hr b [Hy]o = 30bar, [catalystl= 0.24mM, P (total) = 166bar, T =
) o . . . . 25°C, methanok= 1 ml.
Fig. 7. Temperature effect on the tiglic acid hydrogenation reactions in ¢ [Hz]o = 50bar, [tiglic acid]= 925mM, P (total) = 166bar, T =
methanol catalyzed by¢OCR;)-BINAP]Ru[O,CCH;], {H2> = 95.3 bar, 25°C, methanok= 1 ml,
[catalyst]= 0.3 mM, [tiglic acid]p = 0.125 M}.

temperature), in contrast with high enantioselectivity ob-
energies were 82 + 1.9kJmol* and 801 + 1.4 kJ mott tained in methanol. Therefore, methanol was added as a
for reactions catalyzed by RupHOCFs)-BINAP] and cosolvent or more prpperly, as a promoter, to Fhe .reaction
Ru-BINAP, respectively. The former is slightly higher than System. Not surprisingly, the enantioselectivity jumped
the latter, which is also reflected in the difference in the rate from 25~ 35 to 50~ 60%. Therefore, all of the reactions
constants, as shown Bection 2.6 in CO, were carried out with added methanol (1 ml).

When Ru—[p-OCFs)-BINAP] was subjected to dense Since hydrogen _is miscible with GQin order to com-
COy, it dissolved in CQ and the solution appeared homo- Pare the resu.lts wnh_the _results of hydrogen pressure ef-
geneous and had a yellowish color, in contrast with a col- féct on enantioselectivity in methanol at the same hydro-
orless solution, and lots of solids stacked on the reactor 9N concentration in the catalyst phase, the hydrogen pres-
surface when conventional Ru-BINAP complex was used. SUres used for reactions in G@ere selected to range from
Further investigations showed that Rip-fDCFs)-BINAP] 0.7 to 50bar. Unlike in methanol, enantlos_elecfuvny was
had sufficient solubility for catalysis in GOTherefore, hy- ~ not affected by hydrogen pressure for reactions i Gi3
drogenation of tiglic acid with Ru4¥OCFs)-BINAP] was shown |nTab.Ie 2 Th!s probably results frqm the fact that
also investigated in C9 the surrogndmg environment for th_e reaction mterme_dlates

Preliminary experiments showed that the reactions pro- Was CQ instead of methanol, which changed the ligand
ceeded smoothly in C£ but with a rather low enantiose-  €Xchange step. We also investigated the hydrogen pressure
lectivity (around 25-35%, which depended on the reaction €ffect on reaction rate. As shown Fig. 9, it seems that

0.25 010
® 386°C e 30 bar
020 1y 0091 e e, 0 50 bar
| ©
E | E 0.081 0 .
= 0.15 1\ E 0 [
E voo 8 007 ® o .
2 \ .
ED 0.10 Y oo o
= \ = 0064
K o
0.051 ¥ o
y ) 0051
v 0
0.00 \ ‘ ‘ ‘ 004 . . . . :
0 1 2 3 4 5 0 2 4 6 8 10 12
Time / hr Time / hr

Fig. 8. Temperature effect on the tiglic acid hydrogenation reac- Fig. 9. Hydrogen pressure effect on the tiglic acid hydrogenation reactions
tions in methanol catalyzed by [BINAP]RUfGCHz], {H2 = 95.3 bar, in CO, by [(p-OCR;)-BINAP]RU[O,CCHgz], {[tiglicacid]p = 925 mM,
[catalyst]= 0.3 mM, [tiglic acid]p = 0.125 M}. [catalyst]= 0.24 mM, P (total) = 166 bar, methanck 1 ml, T = 25°C}.
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Fig. 10. Tiglic acid concentration effect on the tiglic acid hydrogenation
reactions in CQ@ by [(p-OCRs)-BINAP]RU[O,CCHz], {H2 = 30bar,
[catalyst]= 0.24 mM, P (total) = 166 bar, methanck 1 ml, T = 25°C}.

high hydrogen pressures speeded up the formation of active

species.

Substrate concentration effects in £®ere investigated
by varying the initial tiglic acid concentration from 37.0 to
186.5mM. The results, as shown litig. 10 and Table 2
indicate that the substrates with 2 carboxyl groups had a
smaller effect on reactions in GQhan those in methanol.

Interestingly, the substrate concentration was found to have

a positive effect on enantioselectivity, which is shown in
Table 2 The effect of catalyst concentration on reaction rate
was also investigated by varying the catalyst concentration
from 0.08 to 0.37 mM. As shown iifrig. 11, conversion
was found to increase with increasing catalyst concentration,

however the increase was not linear as would be expected
90
° [ ]
° ® 0.08 mM
80 1 0 0 0.24 mM
= ° )
i 70 ° o *
=t o
[}
< o]
2 60 1
20 0
e
50 1
0]
0]
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Fig. 11. Catalyst concentration effect on the tiglic acid hydrogenation
reactions in CQ by [(p-OCFRs)-BINAP]RU[O2CCHs]2{H2 50 bar,
[tiglic acid]o 925mM, P (total) 166 bar, methanol= 1ml,

T = 25°C}.

79

The enantioselectivity remained almost the same even the
catalyst concentration was increased by a factor of three,
which is shown inTable 2

4, Discussion

It has been proposed that the tiglic acid hydrogenation
by Ru-BINAP proceeds through a monohydride mecha-
nism [16,18] According to Ashby and Halperfl6], the
reaction is first order in hydrogen at sufficiently low hydro-
gen pressures when the heterolytic split of hydrogen by the
ruthenium—olefin complex is the rate determining step. At
sufficiently high hydrogen pressures, hydrogen will trap ev-
ery molecule of the complex and the reaction of ruthenium
complex with olefin becomes the rate determining step and
the reaction is zero order in hydrogen. At intermediate val-
ues of hydrogen pressure, the order will gradually change
from 1.0 to 0.0. The order of 0.6 observed indicates that
the experiments carried out in this study may fall into this
intermediate region.

A mechanism which includes an additional hydride route
to the olefin route proposed by Ashby and HalpEt8] is

also a possibility and this mechanism is depicteéiop 12
These two routes were also proposed for the hydrogenation
of vinylcarboxylic acid derivatives catalyzed by the conven-
tional Ru—BINAP compleX19]. In this study, the hydride
route was dominant at high hydrogen pressures and con-

sisted of the following elementary steps:

1.
2.

the formation of a ruthenium monohydride intermediate,
the subsequent coordination of tiglic acid to the mono-
hydride intermediate (which is the rate-determining step
under a high hydrogen pressure),

hydride migration to the olefin,

oxidative addition of K and reductive elimination of the
product.

3.
4.

The olefin route, on the contrary, was dominant at low
hydrogen pressures. In this case, the hydrogenation in-
volved first coordination of tiglic acid to form the active
complex by ligand exchange reactions where the carboxy-
late group was replaced by the tiglic acid. Subsequently,
tiglic acid—Ru-hydride intermediate formed which is the
rate-determining step under a low hydrogen pressure. Based
on the referencefl6,18,20] the hydrogen migration step
might be fast and the Ru—-C bond can be cleaved by H
and/or methanol.

It is important to note that there was an induction period
in the reactions in methanol catalyzed by Rp-Q§CFRs)—
BINAP]. The induction period is usually an indication of
expulsion of a ligand in order to provide a catalytically
active site. The occurrence of an induction period indicates
that the bond strength between the ruthenium and the car-
boxylate group increases with modification of the BINAP
ligand, which is in agreement with the analysis of electronic
properties of modified BINAP ligand and parent BINAP
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product product

COOH

Fig. 12. Possible reaction pathway for hydrogenation of tiglic acid using ruthenium—BINAP complex.

ligand P NMR andH NMR spectra indicate that the before the hydrogen migration to the olefin bond. As a re-
OCF; groups withdraw the electrons from the phosphine). sult, the enantioselectivity with Ruf{OCR;)-BINAP] is
Thus, more time is needed to replace the carboxylate groupshigher than that with conventional Ru-BINAP at high hy-
at the beginning of the reaction. Once reaction starts, the re-drogen pressures.
placed carboxylate group will not participate in the catalytic ~ The reaction in C@ might follow a different path. As
cycle. This is in agreement with the proposed mechanism. stated inSection 3 with the addition of a small amount of
Though the effect of hydrogen pressure on enantioselec-methanol such as 1 ml, the increase in enantioselectivity was
tivity for Ru—BINAP is similar for Ru—[p-OCF3)—-BINAP], very sharp (from 30 to 56%). It was also noticed that the
amore detailed comparison between the two systems reveal§ubstrate concentration had no effect on enantioselectivity
some interesting differences. At low hydrogen pressures, in methanol but had a positive effect in @he results can
the enantioselectivities obtained with both of the complexes Probably be attributed to the change of solvent properties.
were similar. However, for Ru—BINAP, the enantioselectiv- Increasing the acid or methanol concentration increases the
ity dropped sharply (from 90 to 50%) when the hydrogen polarity of the CQ and makes it more like a protic solvent.
pressure increased from 3.4 to 95.3 bar, whereas the decreasEhis helps with the dissociation of metal-alkyl intermediate
in enantioselectivity (from 89 to 77%) was much less for bond and changes the equilibrium distribution of the enan-
Ru—[(p-OCFs)-BINAP], as shown irFig. 4 This probably ~ tiomer intermediatefl8,20]
results from the fact that Rug{OCFs)-BINAP] complex
might stabilize the monohydride species much better than
Ru—BINAP complex due to a stronger ruthenium hydride 5. Conclusions
bond. If one considers that the absolute configuration of the
product is determined only by the step associated with the Fluorinated Ru-BINAP catalyst was developed with
formation of five-membered ring of metal-alkyl intermedi- OCRs-substitution of the aryl groups in BINAP skeleton.
ate, the stronger bond strength would provide more time for The properties of the catalyst in the tiglic acid hydrogenation
the coordinated tiglic acid to rearrange to the right position reactions were investigated in the conventional solvent



X. Dong, C. Erkey/Journal of Molecular Catalysis A: Chemical 211 (2004) 73-81 81

methanol as well as in dense carbon dioxide. The effects of Professor Rich Given of the University of Kansas for very
fluorous groups that were incorporated to the conventional helpful discussions.

BINAP on the catalysts were also investigated. The main

conclusions are as follows:
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