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Abstract: The chiral positioning array (P/M-chirality) of four phenyl rings in the
rhodium-chiral bisphosphine catalyst has been revealed to play an important role
in determining the absolute configuration of the asymmetric hydrogenation product.

Many reports on the asymmetric hydrogenation of prochiral olefinic and ketonic substrates catalyzed by
rhodium complexes of chiral bisphosphine ligands have been published2. Especially, the asymmetric
hydrogenation of (Z)-o—acetamidocinnamic acid was carried out with most of chiral bisphosphine-rhodium
catalysts, and the mechanism of this asymmetric hydrogenation was clearly elucidated by Halpern34. From these
experimental results, Knowles et al. examined the correlation of the X-ray crystal structures of chiral
bisphosphine-rhodium catalysts and the absolute configuration of the N-acetylphenylalanine produced with
assumption that the edge-face array of four phenyl groups around the rhodium center is more important for
determining the stereochemistry of the product than the positioning array of four phenyl groups in pseudo-axial
or equatorial position in a chelate ring5.

In this communication, we wish to discuss that the positioning array of four phenyl rings in pseudo-axial or
equatorial mannersS is sufficient to explain the observed stereochemical effect.

Now we wish to suggest new concept of P/M-chirality’ in order to distinguish two species of the
positioning arrays of four phenyl groups in the chiral bisphosphine-rhodium catalysts as shown in Chart 1.

Chart 1. P/M Chiralty of Chiral Bisphosphine-Metal Catalysts
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Brown and his coworkers already proposed the concept of P/M-chirality to distinguish two chiral
conformers of seven membered chelate ring, the chair and the twist-boat form3.9. However, our concept of P/M-
chirality can apply to all bisphosphine ligand-Rh complexes, regardless of the size of chelate ring. The X-ray
crystal structures of the rhodium complexes with chiral bisphosphines((S,S)-DIOP10a, (R,R)-DIPAMP10b,
(R,R)-CHIRAPHOS!%, (R)-BINAP10d, (R)-PROPHOS0¢, (R)-CYCPHOS!0!, (2R ,4R)-BPPM 102, and
(R)(S)-BPPFAI0h) indicated to have P-chirality in the positioning array of their four pheny! groups.

The reported and present data of the asymmetric hydrogenation of (Z)-o-acetamidocinnamic acid and 2-

aminoacetophenone hydrochloride catalyzed by several typical chiral bisphosphine-Rh complexes are listed in
Table 1 and 2.
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Table 1. Asymmetric Hydrogenation of (2)-x-Acetamidocinnamic acid

COOH Wy PnL . /coou
Ph NHGOCH3  L*: chiral bisphosphine Ph NHCOCH;
enlry chiral bisphosphine P/M-chirality confign. Y%ee
1 (5.8)-DIOP P s B2
2? (A, F)-DIPAMP P s 94
3© {S.5)-CHIRAPHOS M R 89
i {S)-BINAP M R 84
57 {R)-PROPHOS 4 s 20
4 (R)-CYCPHOS P s 88
7 {25.45)-BPPM M R 91
8* (S){M)-BPPFA M s 93
o (A)(S)-BPPFOH P A 65
1w {S)-BPPEF P R 16
ahyrel, 11 § andj ) presem work :ref 12

Table 2. Asymmetric Hydrogenation of 2-Aminoacetophenone Hydrochloride

Ph N, Ha AR N e
HCt
o in MeOH OH O .. chiral bisphosphine
ontry catalyst condition _
chival bisphosphing  P/M-chirality | confign. convn,  %ee [subst RN} atmveCh,
1 (A,R-MOD-DIOP M R 100 190 10 B50/50/72
120 {5)-BIMOP M A 78 1.3 10° 50/50/48
13° (A.A-PPCP P s 100 1541 10? 50/50/72
14¢ {25,45)-BCPM M s 100 81 w: 20/50/20
15° (R){S)-BPPFOH P R 100 434 10 50/50/48
18’ {5)(S)-BPPFOH P R 100 46.7 10° 50/50/48
$7¢ (5)-BPPEF P S 100 26.7 10? 50/50/72

a-c) ,o-g) presant work :rel 13 el 14

All C2-symmetric bisphosphine-rhodium catalysts and usual non C2-symmetric bisphosphine-rhodium

catalysts of P(M)-chirality gave the § (R)-products both in the asymmetric hydrogenation of (Z)-o-
acetamidocinnamic acid(entry 1-6)and 2-aminoacetophenone hydrochloride (entry 11,12, and 13), whereas
unusual non-C2-symmetric bisphosphine-rhodium catalysts, pyrrolidine bisphosphine(BPPM, BCPM)and
ferrocenyl bisphosphine(BPPFOH, BPPFA, BPPEF), gave the complex result (entry 7-10,14-17).

In the asymmetric hydrogenation of dehydroalanine, it is widely known that the major enantiomer of the
product aries from the less stable diastereomer of the catalyst-substrate adduct because the less stable
diastereomer is more reactive than the more stable one in the oxidative addition rate of the hydrogen molecule to
the diastereomeric catalyst-substrate adducts3 . The same view was applied to explain the asymmetric
hydrogenation of the aminoketone derivatives.

The X-ray crystal structure of (25 ,4S )-BPPM-Rh complex!08 and (S )-ferrocenyl phosphine-Rh10h
complex indicate that the down-apical position of (25,45 }-BPPM-Rh complex and the upper-apical position of
{($)-ferrocenyl phosphine complex were sterically crowded, respectively. Therefore, the asymmetric
hydrogenation catalyzed by (25,45)-BPPM/(25,45)-BCPM-Rh complex (M-chirality) can proceed to give the
(R)-product, via (A)-adduct in the case of (Z)-a-acetamidocinnamic acid(entry 7) but (S)-product via (B)-adduct
in the case of 2-aminoacetophenone hydrochloride (entry 14), because the transition state energy in the oxidative
addition of the hydrogen molecule to the (A)-adduct from the upper-apical side becomes more higher than the
(B)-adduct from the down-apical side due to the steric hindrance with bending of the P2-Rh-prochiral carbonyt
group moiety to the crowded down-apical position of the rhodium atom as shown in Fig. 116, Similarly, the
asymmetric hydrogenation of (Z)-a-acetamidocinnamic acid catalyzed by (5)-ferrocenyl phosphine-Rh catalyst
can give (R)-product via (D)-adduct (entry 8,9, and 10). Otherwise, in the asymmetric hydrogenation of 2-
aminoacetophenone hydrochloride, (5)-BPPEF-Rh complex gave the (5)-product (entry 17) as expected,
whereas (R)(5)-BPPFOH and (5)(5)-BPPFOH-Rh complexes might be resulted in (R)-product from the
electronic interaction of the rhodium atom with the hydroxy! group of BPPFOH, as shown in Fig. 217,
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Hy Fig. 1  (25,45)-BPPM-Rh-Subaltrate Adduct
(x=0} (Mchiralty) e on
= Ph
Y., Ry |/P" Y. ﬂ(x C<i/
o Rh""'P"; X : Rh“ﬂpm
~—0 >P'mn — >P' D
x U Ph COOC(CHy)s R ™ | COOC(CHala
{X=C<} Ph Ph
He (x-0)
Ha
less stable adduct (A) more stable adduct(8)
(M)-product {S)-product

Fig.2 (S)-BPPF-X-Rh-Substrate Adduct
{P-chiral

Ha
(X=0)
Ph ﬂ(x_w Ph ﬂ
| M pn | M‘/Pn R
.\/Pl/\ "(n H ﬁ/\ x \/>
LI CRT"r"
D R N Rh
= /Pz/ Rh/\y - Pz/(') \XY
P’ | P |
Ph (%=0) Ph =c9
Hz He
fess stable adduct (C) more stable adduct (D)
({S)-product {R)-product

We concluded that the absolute configuration of the products depended on the P/M-chirality of the catalysts
in the asymmetric hydrogenation with all types of chiral gisphosphine—rhodium complexes except the unusual
non-C2-symmetric ijm)lidme and ferrocenyl bisphosphine ligands, because the pyrrolidine and ferrocenyl
bisphosphine ligands formed the unsymmetrically crowded rhodium complexes and furthermore some
ferrocenyl bisphosphines(BPPFOH, BPPFA) donated the unsymmetric neighboring participation of their
hydroxyethyl and aminoethyl groups.
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