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ABSTRACT

Two Novel planar chiral diferrocenylimine (3a) and (3b) were prepared for
the Iridium catalyzed asymmetric transfer hydrogenation of aromatic ke-
tones. The results show that the activity and enantioselectivity of the chiral
iridium catalyst are very sensitive to the substrate structure. Ir(1)-catalyzed
asymmetric transfer hydrogenation of acetophenone resulted in moderate
to good yield and lower enantiosel ectivity; asymmetric transfer hydrogena-
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tion of proopiophenone and 2- benzoylpridine resulted in lower yield and
lower enantioselectivity; as for 4-benzoylpridine, Good results have been

achieved. © 2008 Trade SciencelInc. - INDIA

INTRODUCTION

Inrecent yearschird ferroceneligandsincorporat-
ing both planar and central chirality haveattracted con-
siderableattentions*?. Despitealargevariety of pla-
nar-chira ferrocenederivativesareknowntobehighly
effectiveintheasymmetric cataysis*®, only afew ex-
ampleshavebeen devel oped intoindustria processes.
Thelack of application of homogeneous asymmetric

catalysisis partly dueto the problems of separation
and recycling of theexpensivechira catalyss. Withan
effort to design an efficient and recoverableferrocene
ligand for asymmetrictransfer hydrogenation of ketones,
herein, we designed and synthesized two novel
diferrocenyliiminesligands (3a) and (3b), (SCHEME
1) whichincorporates both planar and central chirdity
and applied themin asymmetric transfer hydrogenation
of ketones. It isexpected that the steric effect of the
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SCHEME 1. Preparation of Chiral diferrocenylphosphine-diiminesligands3
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TABLE 1: Asymmetrictransfer hydrogenation of ketonesin
i-Propanal catalyzed by Chiral Ir () complexes

(@] O O N O
N A
OO0
) (c) (d)

@ (b

al ) Temp Yield” Ee
Entry® Ligand ketones Time/h J°C (%) (%)
1 a 4 50 75 48.9
2 (3a) 4 50 20 417
3 c 6 50 40 13.1
4 d 4 25 >99 19.9
5 a 6 50 60 219
6 b 6 50 20 30.8
7 (D) 6 50 35 4.0
8 d 4 25 80 81.9

a: Reactions were carried out in the presence of 2.0 mmol ac-
etophenone, L:M =1:1(L= Ligand£~"M= Metal); b: Yield was cal-
culated as alcohol after chromatography, c: ee values were de-
termined by HPLC analysis of the isolated alcohol with
Chiralcel OD columns

0 OH
)k [Ir(COD)CII,/L*iPrOH )\
PHh R K OH, reflux Ph R
a R=CHj b: R=CH,CH3 ¢ <Y d: —(_N

SCHEME2

specific microenvironment created by the ferrocene
skel etone structure could modul ate the catal ytic behav-
iorsof thechird diferrocenylimines.

RESULTSAND DISCUSSION

Asymmietric transfer hydrogenation of prochiral ke-
tonesto provide chiral alcoholshasreceived agreat
dedl of attentionin thelast decade or so. Thenew de-
vel oped diferrocenylimineligands(3a and 3b) were
applied to Ir-catalyzed asymmetric transfer hydroge-
nation of various aromatic ketones(acetophenone,
proopiophenone, 2- benzoyl pridine, 4-benzoyl pridine)
using 2-propanol asasource of hydrogen..

Theresultsof asymmetrictransfer hydrogenation
of ketonesby Ir(1)/ 3aandIr(1)/ (3b) areligedin TABLE

1. It can be seen from TABLE 1 that Theresults ob-
tained clearly demonstrate that thetitle compoundshas
moderate catalytic activity and low enantiosel ectivity
Ir(I) towards catalytic transfer hydrogenation. There-

—= Fyll Peper

sultsshow that the activity and enantiosel ectivity of the
chird iridium catalyst arevery sendtiveto thesubstrate
structure. Ir(1)-catal yzed asymmetric transfer hydroge-
nation of acetophenoneresulted in moderateyield and
lower enantioselectivity(entry 1 and 5, TABLE 1, 60-
75%yidd, 21.9-48.9% e.e.); asymmetric transfer hy-
drogenation of proopiophenone(entry 2and 6, TABLE
1, 20%yield, 30.8-41.7% e.e.) and 2- benzoylpridine
resultedinlower yidd and lower enantiosdectivity(entry
3and 7, TABLE 1, 35-40%yield, 4.0-13.1%e.e); as
for 4-benzoylpridine, Good results have been
achieved(entry 4and 8, TABLE 1, 80-99%yield, 19.9-
81.9%ee.).

Chird diferrocenylimine-diolsligand 3bisefficient
ligandin asymmetrictransfer hydrogenationreaction. It
catalyzed asymmetric transfer hydrogenation of 4-
benzoyl pridinewith good enantiosel ectivity (81.9%ex).

EXPERIMENTAL

General procedure

All reactions were carried out under argon and
monitored by thin-layer chromatograph (TLC). Diethyl
ether wasdried using Naunder reflux. Meting point
(uncorrected) was measured with aX T4 melting point
apparatus. 'H NMR spectrawererecorded onaVarian
EM-360 spectrometer, using CDCI, as solvent and
TMSastheinternal standard. Optical rotationswere
measured onaWZZ-3 polarimeter.

Synthesis of planar chiral diferrocenylimines(3a)
and (3b)

Thetitle compounds was prepared according to
SCHEME 1, primary amine 1a ([a] ,2+337 (c 0.9,
CHCI,), mp. 117-118°C) and 1b ([o] ,** 25.0(c 0.667,
CH,Cl,) mp 159-161°C(lit. 162-163°C).were pre-
pared by literature methods®%. Startingwith (1a) and
(1b), diferrocenyphosphine-diimine ligand 3a and
diferrocenylimine-diolsligand (3b) weredesigned and
synthesized.

(3a): (1a)(820 mg, 2.0 mmol) and p-phtha dehyde (560
mg, 4.17 mmol) were dissolved in anhydrous ethanol
and mixed with molecular sieve(5g) refluxed for 4h,
concentrated invacuo washed with hot water (10mlx2),
filtered and evaporated to dryness, the crude material
(2) and (1a) (820 mg, 2.0 mmol) were dissolved in
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anhydrous ethanol refluxed for 2h, filtered, the crude
materia wasrecrystalized from dichloromethane/pe-
troleum ether giving orange crystals(3a) (754mg, 82%).
mp 248-250°C, ([a] ,*°+543.9 (c 0.4, CH,Cl.)). The
IR spectrumindicated the presence of the unsubstituted
cyclopentadienyl ring (1100.9 and 997.6cm-1),
1022.0~1147.6 cm? (single substituted cyclopenta
dienyl), 486.1cm* and 509.9cm*(v, ), 1621 and
1639 cri(N=CH); *H NMR spectrum (CDCl,) §,;:
(ppm) 1.63 (d, J=6.7, 6H, CHCH,), 3.73 (m, 2H,
CHCH,), 4.02 (s, 10H, Fc-unsubst. Ring), 4.23-4.75
(m, 6H, FeCH,), 6.72-6.94 (s, 4H, CH,), 7.24-
7.67(m, 20H, CH,), 7.88(s, 2H, N=CH); *PNMR:
-23.283, HRMS(TOF): 924.4.

(3b): It wasprepared in similar manner to that for the
preparation of (3a), starting with (1b) (803 mg, 86%).
mp 172-174°C, ([o] ,-237.3(c 0.153, CH,Cl,). The
IR spectrumindicated the presence of the unsubstituted
cyclopentadienyl ring (1103.9 and 996.6cm?),
1022.0~1147.6 cm? (single substituted cyclopenta
dienyl), 486.1 cm™ and 509.9 cm-1(v,_ ), 1621 and
1639 ci(N=CH); *H NMR spectrum (CDCl,) §,;:
(ppm) 0.72(d, J=6.7, 6H, CHCH,), 3.48 (s, 2H, OH),
4.10 (s, 10H, Fc-unsubst. Ring), 4.06-4.22 (m, 8H,
FeC.H,CH), 7.22-7.60(m, 40H, C.H,), 8.06 (s, 4H,
CH,), 8.31(s, 1H,N=CH), 8.84(s, 1H, N=CH); Calc.
for C,H,,Fe,N,O,: C, 75.65; H, 5.65; N, 3.04. Anal.
Found: C, 75.60; H, 5.63; N, 2.98; MS (TOF): 920.6.

Application of thesenew chiral ferroceneligands
inlr-catalyzed asymmetrictransfer hydrogenation

The catalyst was generated in situ by refluxing
ligands 3aand 3b (1.0 mmol%) with[Ir(COD)CI],, (1.0
mmol %) in 2-propanol at 50°C under argon for 4h.
After being cooled down to room temperature, ac-
etophenone (2.0 mmol) was added, followed by KOH
(1.5mg, 0.03 mmol) under argon. Thetransfer hydro-
genation was conducted at desired temperature under
argonfor agiventime. Theresulting sol ution was puri-
fied by flash chromatography onaslicagd columneuted
by petroleum ether/ethyl acetate (9/1) and the product
wasanayzed by HPLC.
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