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Abstract

The interaction of [Ir(COD)CHwith chiral tetradentate diaminodiphosphine ligands gave chiral diaminodiphosphine-Ir(lI) complexes, which
were characterized by IR, NMR and CD. The new chiral iridium(l) complex catalysts were applied to asymmetric transfer hydrogenation
of various aromatic ketones using 2-propanol as a source of hydrogen. The results showed that the corresponding chiral alcohols could be
obtained with high activity (up to 99.4% yield) and excellent enantioselectivities (up to 99.0% ee) under mild conditions. Propiophenone was
a preferred substrate with respect to catalytic activity and enantioselectivity in the presence of base. The catalytic turnover reached 4780 mol
product/mol iridium and the turnover frequency was as high as 159855 C.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction nitrogen donor atoms. These polydentate ligands have the
ability to stabilize metal center and provide special chi-
For the past 10 years, the catalytic asymmetric transfer ral coordination environments, easily modifying the steric
hydrogenation of prochiral ketones to optically active sec- and electronic properties of the resulting complexes. There-
ondary alcohols has been developed with great successefore, the metal complexes with these ligands improved the
[1-11] The design and synthesis of new chiral ligands for catalytic activity and selectivity. Based on these ligands, a
transition metals have played a significant role in the devel- new type of chiral Ru(ll) and Rh(l) complexes containing
opment of the asymmetric transfer reactions. Chiral biphos- PNNP ligands were prepared, characterized and tested in
phine and\,N-chelation ligands have attracted considerable the asymmetric transfer hydrogenation of aromatic ketones
attention as chiral ligands for metal-catalyzed asymmetric with high enantioselectivity8,19-21] As an extension of
transfer reactions. Recently, the synthesis and application ofthis work, we have investigated the synthesis of new chiral
chiral phosphine and nitrogen ligands have been further ex-iridium—PNNP complexes and discovered the complexes to
tended by a combination phosphorous centers and nitrogerbe very effective catalysts for enantioselective transfer hy-
donor atoms in PN12], NPN [13], PNP[14,15] or PNNP drogenation of ketones using propan-2-ol as hydrogen donor
[16—18] mixed type ligands. In the past several years, we with up to 99% ee and the molar ratio of ketone to catalyst
have been interested in the construction and their applica-up to 5000:1 $chemes 1 and)2
tion of chiral tetradentate PNNP ligands possessing the dual
property of two “soft” phosphorus atoms and two “hard”
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I G QR G |

2
Scheme 2. Asymmetric transfer hydrogenation of ketones.
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[IrCI-CgP,(NH);]
KOH /'ProH

and purified according to the standard methods before use,,
IR spectra were recorded on a PE-Spectroy 2000 spectrophoy,
tometer. NMR spectra were recorded on a Varian Unity-500

spectrometet:H NMR chemical shifts were reported in ppm
relative to TMS 31P spectra were referenced to 85%Rdy

as an external standard. The element analyses were carriegj
out on a Fisons EA 1110. All melting points were measured
in sealed tubes and were not corrected. CD spectra wer

measured with a JASCO J-810 spectrophotometer.

2.1. Synthesis and characterization of chiral
diaminodiphosphine-iridium(l) complexes

The chiral ligands § 9-1 and § S-2 were synthe-
sized as in our previous work. The chiral diiminodiphos-
phine ligand § S-1 was prepared by the condensation
of o-(diphenylphosphino)benzylaldehyde an8 ©)-dia-
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2.2. Experimental procedure for asymmetric transfer
hydrogenation of ketones catalyzed by chiral
diaminodiphosphine-Ir(I) complexes

Typical procedure for asymmetric transfer hydrogenation
of ketones was as follows: the catalyst (0.0025 mmol) was
added to a Schlenk tube and 2-propanol and K&HPrOH
solution were introduced under nitrogen. After the mixture
was stirred for 20 min, substrate was added. The solution
was stirred at the desired temperature for the required reac-
tion time. The chemical yield and ee of products were deter-
mined by GLC (Chrompack CP-cyclodextf$3236-M-19
column).

2.3. Preparative experiment using propiophenone as
typical substrate

A preparative experiment using 12.5 mmol of propiophe-

none ($C = 5000) was performed as follows: the cata-
lyst [IrCI-(R, R)-2] (2.2 mg, 0.0025 mmol) was added to a
Schlenk tube and 2-propanol (250 ml) and K@&/PrOH
solution were introduced under nitrogen. The mixture was
tirred for 20 min, 1.7 ml of propiophenone was added. The
olution was stirred at 5% for 3 h, neutralized with 0.1 M
acetic acid and concentrated in vacuo. The residue was puri-

Sied by column chromatography (ethyl acetate/hexane as elu-

ent) to afford §)-1-phenylpropyl alcohol. Yield: 1.5 g (90%,
88% ee).

3. Results and discussion
The interaction of [Ir(COD)CH with two equivalents$,

9-2 or (R, R-2 in a 1:1 mixture of benzene-methanol for
24 h at room temperature gave chiral diaminodiphosphine-

minocyclohexane in dichloromethane using anhydrous Ir(I) complexes [IrCI-§ §-2] and [IrCI-(R, R)-2], respec-

NaSO, as a dehydrating agent. Reduction of the ligand
[(S 9-1] with excess NaBl was carried out in refluxing
ethanol to afford the corresponding chiral diaminodiphos-
phine ligand [§, 9-2].

To a mixture of § 9-2 (1.32g, 2.0mmol) and
[Ir(COD)Cl], (0.67g, 1.0mmol) were added benzene
(20 ml) and methanol (20 ml). The mixture was stirred at
room temperature for 24 h. After removal of the solvent,

the residue was dissolved in dichloromethane and precipi-

tated by addition oh-hexane. The precipitate was further

tively. The complexes are yellow solids, and are stable with
respect to air and water. THéP NMR spectrum exhibited
multiplet peaks a$ 33.97, 32.39, 16.51, 13.22, 5.65, which
indicated that the phosphino groups of the complexes were
coordinated to iridium center (tf&P NMR spectrum of the
diaminodiphosphine ligand appears as a singlét.69),

but suggested that this complex was a mixture of several iso-
mers. Recently, Stoop et al. also prepared a mixture of the
trans andcisisomers by reacting [RuglPPh)3] and chiral
tetradentate PNNP ligands in GEl, at room temperature

purified by column chromatography (acetone as eluent) [22]. The CD spectra of chiral diaminodiphosphine ligands

to afford [IrCI-(S §-2] as a yellow solid (0.98g, 56%
yield). m.p. 258-259C (dec.). IR (KBr pellety (cm™1)):

3412m, 3054m, 2932m, 2859w, 1629m, 1593w, 1480m,

1436s, 1162w, 1072s, 751m, 698vs, 524vs, 468R.NMR
(CDCls): 8§ 33.97, 32.39, 16.51, 13.22, 5.65. Anal. Calc.
for C44H44C|N2P2|I’Z C, 55.95; H, 5.35; N, 2.97; found C,
55.80; H, 5.30; N, 2.98.

The complex [IrCI-R, R)-2] was also synthesized by a
similar procedure.

and corresponding Ir(l) complexes have been measured in
methanol as solvenf{gs. 1 and 2 It can be seen that the
CD spectra of§ 9-2 and R, R)-2 bear a mirror-image rela-
tionship with Aemax at 235 nm. Similarly, the CD spectra of
chiral iridium complexes also exhibit the mirror-image re-
lationship, while theAemax is shifted toward about 250 nm,
indicating the center metal chelated with the chiral ligands.
The chiral diaminodiphosphine-Ir(l) complexes as cata-
lyst precursors for the asymmetric transfer hydrogenation
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20 Table 1
Asymmetric transfer hydrogenation of aromatic ketones catalyzed by
chiral diaminodiphosphine-Ir(l) complexes

(S,S}-{CGPZ(NH)Z

Entry  Substrate Catalyst Time Yield ee

e R )y )P (%)
TU 0‘ Teseees
s | < 1 Irc(s 921 2.0 96.8 826
w i /
< o0y / (R,R)-C,P,(NH),
- 2 [IIC(R, R-2] 4.5 973 937
250 300 350
A (nm)
Fig. 1. The CD spectra of chiral diaminodiphosphine ligands. 3 (rCH(R R)-2] 4.0 86.1 99.0
4 [IICH(R R)-2] 2.0 263 819

of aromatic ketones have been examined and typical results
are summarized iable 1 It can be seen from the data
that the chiral iridium complexes can efficiently catalyze 5
the asymmetric reduction of several aromatic ketones under
mild conditions. Very good enantioselectivities (81.9-99.0%
ee) have been observed. As the bulkiness of the alkyl g
group increases from methyl to isopropyl, the extent of the
enantioselectivity is increasing (entries 1-3). Reaction of
tert-butyl phenyl ketone possessing a bulky alkyl substituent -, CH30
proceeded rather slowly with somewhat lower enantios-
electivity (entry 4). Notably, for 1,1-diphenylacetone the
corresponding chiral alcohols could be obtained with 99.4% g
yield and 99.0% ee (entry 9).

This new catalyst is characterized by high reactivity.
Table 2outlines the results of asymmetric reduction with
propiophenone as a typical substrate and the chiral irid- 9
ium complex [IrCI-R, R)-2] as the catalyst. The catalytic
turnover reached 4780 mol product/mol iridium and the —; , . . .

. . The reaction was carried out at 25 using 0.0025 mmol catalyst in
turnover frequency was as high as 1593 twith 88.4% 10ml 2-propanol. Ketone:catalyst:KOH 200:1:2.
ee at 55C (entry 6). These results would provide a use- b g|c analysis.
ful index for further designing practical chiral catalytic ¢ Capillary GLC analysis wusing a chiral Chrompack
systems. CP-cyclodextring-236-M-19 column.

When other dialkyl ketones were used as substrates, chi-
ral diaminodiphosphine-Ir(l) catalyst did not give a similar _
high enantioselectivity as found for aromatic ketones. In the for different substrates: cyclohexyl methyl ketone (20.5%

presence of base, the enantiomeric excesses were obtaine@€» 32-4% conversion); cyclohexyl ethyl ketone (27.4%
ee, 42.5% conversion); isopropyl methyl ketone (10.3%

ee, 41.7% conversion); isobutyl methyl ketone (28.3% ee,
83.6% conversion). The results show that the activity and

[IrCHR R-2] 3.0 417  99.0

IrC-(R R)-2] 3.0 941 849

133333

IIC-(R, R-2] 4.0 939 825

=

[IrC(S 9-2] 40 988 981

!

[IrC(s 9-21 4.0 99.4  99.0

&
O

15 enantioselectivity of the chiral iridium catalyst are very
101 sensitive to the substrate structure.
= The chiral iridium(l) complex containing diiminodiphos-
s 7] (rCLRB-C PN phine ligand was also prepared. The asymmetric transfer
s 04 - = hydrogenation of acetophenone catalyzed by [I€IS)-1]
g 51 [i;CI-(S,;‘)-CP(NH)] proceeded very slowly. Under the same conditions as in
/ N Table 1 (R)-1-phenylethnnol was obtained in only 39.8%
-104 yield and in 39.5% ee after 48 h. These results are similar to
154 those of earlier studigg,8,23] indicating that the NH func-

250 300 350 400 tions in the ligands are responsible for the high activity and
A (nm) . . . . .
the NH linkage possibly can stabilize a catalytic transition
Fig. 2. The CD spectra of chiral iridium complexes. state[24,25]
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Table 2

Asymmetric transfer hydrogenation of propiophenone catalyzed by chiral diaminodiphosphine-Ir(l) cofplexes

Entry S:C:KOH (mole ratio) Solvent (ml) TemperatureC) Time (h) TOF (1) Yield (%)° ee (%y
1 200:1:2 10 25 4.5 43.2 97.3 93.7
2 400:1:2 20 28 3.0 128.4 96.3 92.4
3 1000:1:3 50 28 4.0 212.0 84.8 92.7
4 2000:1:4 100 28 4.0 479.0 95.8 89.7
5 5000:1:3 250 28 2.0 1535.0 61.4 91.0
6 5000:1:3 250 55 3.0 1593.3 95.6 (96.0) 88.4

@ Reaction conditions: catalyst [IrCR(R)-2], 0.0025 mmol; S:C:KOH= [ketone]:[Ir]:[KOH].
b GLC analysis.

¢ Capillary GLC analysis using a chiral Chrompack CP-cyclodext:236-M-19 column.
d |solated vyield.
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