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A novel, cylindrically chiral air-stable ferrocenyldiphosphine ligand has been synthesized and its rhodium
plexes have been applied to asymmetric hydrogenation. High reactivity and selectivity have been realized
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drogenation of various dehydroamino acid derivatives. © 1998 Elsevier Science Lid. All rights reserved.
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Catalytic asymmetric synthesis is one of the most powerful and economically promising
methods for the synthesis of enantiomerically ennched compounds.’ Optically active dlphosphmes
of various ingeniously designed topography play a significant role as the chiral ligands in
various transition metal-catalyzed asymmetric reactions and numerous chiral C,-symmetric
dip'nosphines have been designed and synthesized over the past three decades since the cornerstone

AT Los T o 101 3 YT mcren I TR B Loals -L_J_L,_q_L:_

prepar ion of DIOP by Kagan m 1¥71. nOWEVEI, €ven uwugu these cunyl SuDSUtuted pnospines
are prone to be OX'dize" by air, relatively less attention has been paid to optically active
12

y
air-stable triaryl-substituted diphosphines except for the cases of BINAP,* BIPHEP‘“’ d others,
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Even wi h limitation, perhaps more comnellmg d[ld mtelle(,tuallv fdb(,mdtmg to chermsts
are the qhane and electronic aspects of the hgands The air-stable hgands mentioned above are
cleverly demgned so that the axially chiral backbones of the arylene systems are used as
scaffolds for the arrangement of the diphenylphosphinyl groups. While exceedlngly high
selectivity was obtained in many reactions employing the axially-chiral ligands,' there are a
variety of reactions where these ligands are not very efficient in their activity and selectivity.
Certainly, fine tumng is sometimes necessary for a g1ven reaction, but we feel that introduction
of mgner symmetry by uuuzmg cylindrical cmramy may help selectivity if additional steps
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uLI'a.l, air-staoic ierroceny
errocene 1 (abbreviated as (S,S)-F

) which is PYnP(‘fed fn hp an g.f ective chiral ligand for several types o 181

1l ta]_yz,ed asymmetric reactions. Herein, we wish to report a practical preparation of our

new chiral ligand an and its application to rhodium(I)-catalyzed enantioselective h /dr rogenation of
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some de‘nydroamino acid derivatives.®
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27 in the presence of mol% thiazazincolidine catalyst’® derived from 3 provided the desired
diol (R.R)4 in hioh vield and aver Q0 Q0 ap? with cantamination of a emall amannt nf the
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meso-diol (R.S)-4 (1-2%) (Scheme 1) (cf other nossible routes!®. The resultine diol (R.R)-4
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was subsequently transformed into the diamino diphosphine 7 in 3 high-yielding steps following

J1,

e
: The chiral diol 4 was acetylated (Ac,0, EtLN, DMAP) to the diacetate
S, which, without isolation, was aminated with 50% aq dlmethvlamme in EtOH to furnish the
desired bis(dimethylamino)ferrocene 6 in quantitative yield and also Wlthout loss of the original
configurations.'"'> Subsequent two-fold diastereoselective lithiation'? of 6 with n-BuLi (2.5
equiv, 23 °C, 3 h) followed by slow addition of chlorodiphenylphosphine in THF afforded the
bis(phosphine) compound 7 in 55% isolated yield, which was treated with acetic anhydride (20
equiv) and a catalytic amount of DMAP under oxygen-free condition to give the diacetate 8 in
78% yield."" This was followed by treatment with triethylaluminum (5 equiv)"” to give the new
cylindrically chiral and air-stable triaryl ferrocenyl ligand," (S,S)-FerroPHOS (1), in 45% yield
after recrystallization from hot EtOH."
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Et,Zn. 3 (5 mol%) X Y
ether, 0°C, 12 h Bt n an . — \E!
@—CHO 95% @ i) n-Bull, ether, 11, 3 h @‘Pth
re ~ Fe Fe
. g PR CHa Ny i) CIPPhy, 35 °C, 12 h I, _PPh,
=" """ s/_\ = Et 55% \_S/Et
H
2 3/ j
\ / 4: X=0OH ﬁACgO, Et3N, DMAP 7: Y-"—NMez —IACQO, DMAP
5: X=OAc <— CHzClz, 11,16 h,100%  g.v_a. . |100°C, 20 h, 78%
Me,NH, EtOH, rt Et3Al, CH,Cl,
6: X=NMe2__ |62 h, 98% 1:Y=Et  __ |.20°C, 20 min, 45%

The outstanding structural feature of our new ligand is the introduction of bulky alkyl
groups (3-pentyl group) as a face-blocker on the planar chiral platform with bis(phosphine)
moieties, which may be represented by a quadrant diagram devised by Knowles (Figure 1).%1¢
Additionally, it should be noted that the triaryl-substituted bls(phosphme) 1 neither changed
nor did lose its react1v1ty and select1v1ty in nydrogenatlon even after long exposure to atmospnerlc

condition: In a *'P-NMR study, no detectable air-oxidation of 1 was observed even after a long
exposure (3 weeks) to atmospheric environment.
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Figure 1. (S,S)-FerroPHOS (1)
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Rhodium(I)-catalyzed asymmetric hydrogenation of a-(acylamino)acrylic acids and esters
to produce the correspondlng amino acid derivatives has been studied extensively due to its
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appiication in commercial Jprocesses, a fact which is good for comparison for effectiveness of a
new chiral uganu system. To this end, the uucuytlc efficiency and selectivity of our new ugaﬁu
1 was examined in enantioselective hydrogenation reaction of the dehydroamino acid derivatives.
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In the first, asymmetric hydrogenation of a-acetamidocinnamic acid was employed in the
presence of the catalyst prepared in siru from [Rh(COD),]BF, (1.0 mol%) and 1 (1.1 mol ._)
(Table 1). The hydr og«:naf'o reaction proceeded comnletclv under mild condition (2 atmr

1 Wlth [ Rh( COD),]BF, to form an orange colored complex, it gave a slightly increased selectivity.
At constant initial pressure (2 atm), reaction temperature (20-23 °C) and concentration (0.3 M),
the choice of solvents varied the enantiomeric selectivities. The best selectivity (98.9% ee) was
obtained, when EtOH was used as a solvent. But similar results were observed in other solvents
such as THF and MeOH (97.5 and 97.7% ee, respectively).

These resuits with o-acetamidocinnamic acid compare tavorably with the reportea ee values

of th asymmemc nyarogenauon of o-acetamidocinnamic acid with other air-stable [I‘lal‘y1-
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substituted ugdnu BINAP, 84%™; {2.2]PHANEPHOGS, 98%.
Table 1. [Rh(1)]'-Catalyzed Asymmetric Hydrogenation of o-(Acylamino)acrylic Acids and Esters®
H/\l/cozp" e | R/{:‘}COEP\'
NHP NHP
Entry R R’ P Solvent % Ec’ Config’
1 Ph H Ac EtOH 98.7 (99.8) R
2 Ph H Ac EtOH 98.9 R
3 Ph Me Ac EtOH 97.6 R
4 Ph Me Cbz MeOH 85.3 R
5 H H Ac MeOH 98.2 R
6 H Me Ac MeOH 97.5 R
7 2-Np H Ac MecOH 95.7 R

‘Reaction at 20-23 °C until complete consumption of substrate (3-12 h) with initial H, pressure of 2 atm employing 1 mol% of
[(I)Rh(COD)]BF as a catalyst (substrate concentration: 0.3 M). *Determined by chiral capillary GC using a 25 m Chrompack
Chiralsil-L-Val column on the corresponding methyl ester. ‘Confirmed by comparison of sign of optical rotation and chiral GC elution
order. “In situ catalyst, [Rh(COD),]BF, (1.0 mol%) and 1 (1.1 mol%), was stirred for 30 min prior to introduction of H,. “After

recrystallization from 5% E.A /n-hexane.

Similar high selectivity was also obtained in hydrogenation of other dehydroamino acid
derivatives under optimized conditions. Slightly decreased (less than 1%) selectivity was obtained
in reduction of the corresponding methyl ester of dehydroamino acid derivatives. For example,
while the asymmetric hydrogenation of 2-acetamidoacrylic acid gave the corresponding N-

rier
acetylalanine in 98.2% ee, reduction of the corresponding methyl ester resulted in 97.5% e
under similar condition. Th asymmetric hydrogenation of amino acid precursor bearing easily
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otecting group, N- Cbz was also examined (entry 4). Unfortunatelv, relatlvely low
1e of 85.3% ee was obtained under higher initial pressure of H, (3 atm).

In summary, we have prepared a new cylmdrzcally chiral, air-stable ferrocenylbis(phosphine)
ligand, ( S,NS) 1,1’-bis(diphenylphosphino)-2.,2’-di-3-pentylferrocene 1 ((S,S)-FerroPHOS))
employmg a highly enantioselective (>99.9% ee) catalytic method avoiding the tedious and
rather unpredlctable resolution operations. The cylindrically chiral ligand 1 gave high
enantioselectivity in the rhodium-catalyzed asymmetric hydrogenation of various dehydroamino
acid derivatives. Due to high stability of our new ligand towards air, it can be used in commercial
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processes Further extension of this cnlranty, nyarogenauon reaction and other transition metal-
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catalyzea asymmetm, reactions are in active progress s in our laboratories.
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