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HIGHLY EFFICIENT ASYMMETRIC HYDROGENATION OF ITACONIC ACID DERIVATIVES
CATALYZED BY A MODIFIED DIOP-RHODIUM COMPLEX!'?®

Toshiaki Morimoto, Mitsuo Chiba, and Kazuo Achiwa*
School of Pharmaceutical Sciences, University of Shizuoka,
2-2-1 Oshika, Shizuoka 422, Japan

Abstract: A modified DIOP analogue bearing 4-methoxy and 3,5-dimethyl groups
on each phenyl group has been synthesized. The rhodium complex of the ligand
has been found to give very high optical yields in the asymmetric hydrogen-
ation of itaconic acid and its derivatives bearing f-aryl groups, the products
of which are the key-intermediates for optically active lignan derivatives.

Although there are many examples of asymmetric hydrogenations of N-acyl-
dehydroamino acids in high enantioselectivities (»>90% ee),?’ only a few chiral
ligands have been reported to be effective for asymmetric hydrogenation of
itaconic acid and its derivatives.?®’

In our previous communications,*+®’ we disclosed that DIOCP (1) bearing a
dicyclohexylphosphino group and DIOP analogues (2) bearing para-dimethylamino
groups enhanced the catalytic activity and enantioselectivity of their rhodium
complex catalysts compared with DIOP (3} in the asymmetric hydrogenations of
ketopantolactone (in the cases of 1 and 2), itaconic acid ,and its ester (in
the case of 2).

XOI:PCyZ XOJ-/\\/P@»NM62> ) XO:CP%Z
0 PPh 0 PAT o PPh
H 2 H 2 H 2
(-)-DIDEP (1) 2a: Ar=@—NMe2 (4R, 5R)-(-)-DIOP (3)
2b: Ar=Ph
2c: Ar=<:§Me

In order to develop highly efficient catalysts for the asymmetric hydro-
genation of itaconic acid and its derivatives, we designed and synthesized on
the basis of our concept®’ a new bisphosphine ligand (5) named MOD-DIOP, a
modified symmetrical DIOF bearing both 4-methoxy and 3,5-dimethyl groups on
each phenyl group. These substituents were expected to enhance the activitiy
and the enantioselectivity of the rhodium complex catalyst by their electron-
donating effects, and in addition, meta-methyl groups to be sterically effec-
tive for higher enantioselection.

Bisphosphine ligand (5) was prepared in the following manner (Scheme 1).
Bis (4-methoxy-3, 5-dimethylphenyl) phosphine was accessible from commercially
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Scheme 1

available 4-bromo-2,6-dimethylphenol. Under an argon atmosphere the phosphine
obtained was converted to a lithium phosphide, which was allowed to react with
ditosylate (4) in THF at -30 °C yielding the bisphosphine, (4R, 5R) - {(+) -MOD-
BIOP (5).°%?

A preliminary asymmetric hydrogenation was carried out with itaconic acid
and dimethyl itaconate in the presence of 0.1 mol% of the rhodium complex of
5 in methanol under the conditions shown in Table 1. The cationi~ rhodium {(Rh*)
complex of 5 was found to show very high enantioselectivity and catalytic
activity, while the rhodium complexes of DIOP (3) were much less effective.®?

H2 %
ROOC —> ROOC
COOR COOR

Rh* (or RhM)-5 (or 3)

Table 1. Asymmetric Hydrogenations®® of Itaconic Acid and Dimethyl Itaconate

substrate B
ligand Rh itaconic acid®? dimethyl itaconate®’
convn.®? (%) ee®’ (%) convn. '’ (%) ee®’ (%)
5 Rh™ 100 86 (8) 100.0 41 (46) (8)
5 Rh* 100»? 91 (8) 100.0 79 (88) (5)
3 Rh™ 7 - 30 7 (8) (8)
3 Rh* 88 62 (5) 44 9{10) (8)

a) All hydrogenations were carried out in the presence of 0.1 mol% of Rh®
{= [Rh(COD) Cl] ,) - or Rh* {(=Rh* (COD)- BF, ") -complex catalysts. b} [NEt,]/[Subst.]=
1.0; 1 atm, 30 °C, 20 h (Rh®) or 1 h (Rh*); MeOH (0.5 M}. <¢) 1 atm, 30 °C,
4 h; MeOH (0.5 M). d) Determined by 'H NMR analysis. e} Calculated on the
basis of the reported value [e],*° +16.88° (c 2.16, EtOH) for pure (R) - (+) -
methylsuccinic acid.”’ f) Determined by GLC analysis. g) Calculated on the
basis of the maximum optical rotation [t],*° +6.86° (neat) determined by HPLC
analysis. The values in parentheses are those estimated by using the reported
value [e]p?® +6.11° (neat).®’ h) 1 atm, 30 °C, 2 h.
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The analogues of itaconic acid and its half-ester bearing f-aryl groups
were also hydrogenated in similar manners as shown in Table 2. The rhodium
complex of 5 showed very high enantioselectivity, giving rise to optically
active arylmethyl-substituted succinic acids and half-esters {(~96% ee). The
itaconic acid half-esters were hydrogenated more smoothly than the dicarbo-
xylic acids. Considerable influence of hydrogen pressure on the enantio-
selectivity was observed; an increase in the pressure caused a decrease of the
optical yield. This is probably because of the formation of the hydride
complex of the catalyst in competition with the complex formation between the
catalyst and the substrate. The obtained optically active half-esters (5-
form) are useful intermediates for the synthesis of the "non-natural” antipode
of lignans. Since the antipode of 5 is easily obtainable, the present method
can provide a simple, efficient, and large scale preparation of the key-inter-
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Table 2. Asymmetric Hydrogenations®’ of f-Aryl-substituted Analogues of
Itaconic Acid and Half-ester

substrate

Ar R ligand Rh convn.b’ (%) ee®’ (%)

<:>% H 5 Rh* ¢’ 79 96 (8}

- H 5 Rh™ ¢ 64 (70) (s}

O ’ H 2a Rh* ¢} 83 (73) 2 (8)

=@ H 5 Rh* 72 90 (8}
v CH, 5 Rh’ 100 90 (86) ** (S)
’ CH, 5 Rh¥ 100 94 (90) ** (5)
CH40.7 CH, 3 Rh* 100 58 (56) ¢ (S)
“°‘© CH, 5 Rh* 100 91 (90) " (8)
m—@ CH, 5 Rh* 100 94 (g)t

a} [Rh]/[Subst.]=2x10"%*, |[NEt,]/[Subst.]|=1.0, MeOH (0.5 M}; 1 atm, 30 °C, 30-
40 h. b) Determined by 'H §M§ analysis. ¢} Determined by HPLC analysis of
its morpholine derivative, QLdﬁCOCH,CH(CHzAr)COOMe on Chiralcel OC (Daicelj.
The values in parentheses are those estimated by using the optical rotation
values reported previously. d} [Rh]/[Subst.}=10"%. e} 5 atm, 30 °C, 20 h.
f) Calculated on the basis of the maximum optical rotation (e}, +27° (c 2.0,
AcOEt} for the pure R-enantiomer.®’ g} Calculated on the basis of the maximum
optical rotation [g],?° -30.5° {(c 1.35, MeOH) for the pure S-enantiomer.!®®’
h) Calculated on the basis of the maximum optical rotation [e]o, -29° (c 1.1,
MeOH} for the pure S-enantiomer.'®®™’ i) The absolute configuration was
considered as S by comparing the optical rotation {-) with that of the other

analogues.



738

mediates for various naturally occurring, optically active lignan deriva-
tives.!??

Thus, we modified DIOP for developing highly efficient asymmetric
catalysts on the basis of our design concept, and found the DIOP analogue
bearing both a para-electron-donating group and meta-methyl groups to be a
very efficient ligand for the asymmetric hydrogenation of electron-deficient
olefins such as itaconic acids. The methodology may be useful for developing
highly efficient chiral bisphosphine ligands other than ones bearing diphenyl-
phosphino groups so far reported . Further studies on the development of new
efficient ligands and application of the present method to natural lignan
synthesis are in progress.
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