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Summary

The cationic rhodium(I) complexes having the general formulas, [Rh(cod)-
(p-p)1Cl and [Rh(p-p)Cl]., were prepared and investigated as homogeneous
catalysts for the hydrogenation of 2-acetamidoacrylic acid: (cod is 1,5-cyclo-
octadiene and p-p is one of bisphosphines such as bis{1,2-diphenylphosphino)-
ethane (diphos), 2,2'-bis(diphenylphosphino)bipheny! (bpbp) and (—)-2,3-0-
isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane ((—)-diop)).
It was found that these catalysts can be used repeatedly in the above hydro-
genations and that the chloride ion plays an important role in the repetitive
utilization because these complexes are probably maintained as [ Rh(p-p)Cl],
during and after the work-up procedures of the product.

Introduction

Rh'-phosphine complexes are useful homogeneous catalysts for the hydrogen-
ation of unsaturated organic compounds containing C=C [1,2], C=N [3] and
C=0 [4] bonds. The complexes containing chiral phosphines have recently
been found to be useful as asymmetric hydrogenation catalysts [1,3,4]. Little
information has, however, been reported on the possibilities of the repetitive
utilization of these catalysts. Heterogeneous catalysts such as insoluble polymer-
supported metal complexes can be employed repeatedly, but they are not as
active as homogeneous catalysts [5,6]. Homogeneous catalysts are, in general,
more active, but they are more difficult to recover. It is therefore worthwhile
to learn something about homogeneous catalysts which are readily recovered
from reaction mixtures and can be used repeatedly.

* Dedicated to Prof. R.C. Mehrotra on the occasion of his 60th birthday (February 16th, 1982).
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We recently found that the chloride of the Rh! complexes having general
formulas [Rh(cod)(p-p)]Cl and [Rh(p-p)Cl],, (cod is 1,5-cyclooctadiene and
p-p is one of the biphosphines such as bis(1,2-diphenylphosphino)ethane
(diphos), 2,2-bis(diphenylphosphino)biphenyl (bpbp) and (—)-2,3-0-isopropyl-
idene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane ((—)-diop)) can be used
repeatedly as homogeneous catalysts for the reduction of 2-acetamidoacrylic
acid to N-acetylalanine.

Experimental

Materials

Rhodium(III) chloride trihydrate (RhCl; - 3H,0), diphos, and (—)-diop were
purchased from Strem Chemicals, Inc., and 2-acetamidoacrylic acid from
Aldrich Chemical Co. bpbp was prepared as described previously [7]. Di-u-
chlorobis(1,5-cyclooctadiene)dirhodium(I) ({Rh(cod)Cl],) was prepared by a
known procedure {8].

Preparatior of optically inactive complexes

[Rh{cod)(diphos)]Cl 493 mg (1 mmol) of [Rh(cod)Cl], and 796 mg
(2 mmol) of diphos were each separately suspended in 10 m! of acetone. The
suspensions were mixed and stirred until no residue remained. After the result-
ing solution stood overnight, a yellow precipitate was obtained. This was col-
lected by filtration, washed with ether, and air-dried. Yield 940 mg (73%).
Recrystallization was carried out by dissolving the precipitate in CH,Cl, and
adding ether.

Found: C, 62.86;H, 5.31; P, 9.67; Cl, 5.37. Calcd. for C;,H;3,P,CIRh: C,
63.32; H, 5.62; P, 9.60; Cl, 5.50%.

[Rh(diphos)Cl], . Hydrogen was bubbled for one hour through a solution of
128 mg (0.2 mmol) of [Rh(cod)(diphos)]Cl in 10 ml of CH,Cl,. Evaporation
of the solution gave a crude product, which was purified by precipitation by
ether (4 ml) from CH,Cl, (2—3 ml). Yield, 50 mg (43%).

Found: C, 57.70; H, 4.71; P, 11.74; Cl, 6.61. Calcd. for Cs.H,:P.Cl.Rh,:

C, b8.18; H, 4.50; P, 11.54; Cl, 6.60%.

[Rh(cod)(bpbp)]Cl. This was prepared as reported previously [7].

[RR(bpbp)Cl].. Hydrogen was bubbled through a solution of 153 mg (0.2
mmol) of [Rh(cod)(bpbp)]Cl in 5 ml of acetone and the solution was evap-
orated to dryness to give a brown, oily product. The oil was diluted with 2—3
ml of acetone, to which 4 ml ether was added dropwise to precipitate a brown
product. Yield 30 mg (11%).

Found: C, 64.65; H, 4.40; P, 9.18; Cl, 5.15. Calcd. for C,,H;,P,Cl,Rh,: C,
65.42;H,4.27;P,9.37;C, 5.36%.

Preparation of optically active complexes
(+)-[Rh(cod)(bpbp)]Cl. This was prepared as reported previously {7].
(+)-[Rh(cod)(—)-diop)] Cl. 493 mg (1 mmol) of [Rh(cod)Cl], was suspended
in 10 ml of acetone and 996 mg of (—)-diop was added. The orange-red solution
was evaporated to dryness. The residue was dissolved in 5 ml of acetone, to
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which b ml of ether was gradually added to precipitate a brown complex. Yield,
620 mg (83%). [d1¥ = 10.2° (in acetone).

Found: C,62.69; H, 5.62; P, 8.34; Cl, 4.78. Caled. for C3H,,0,P,CIRh: C,
62.87; H, 5.95; P, 8.31; Cl, 4.76%.

(+)-[Rh((—)-diop)C!l],. Hydrogen was passed through a solution of 149 mg
(0.2 mmol) of [Rh(cod)((—)-diop)]C! in 5 ml of acetone for 1 h and the solu-
tion was evaporated to dryness. The brown product thus obtained was dissolved
in 2—3 ml of acetone and 5 ml of ether was added to precipitate the pure com-
plex. Yield 20 mg (16%). [d]} = +12.3° (in acetone).

Found: C, 57.96; H, 4.92; P, 9.65; Cl, 5.49. Calcd. for C¢.H¢404P4Cl;Rh4:
C, 58.46; H, 5.06; P, 9.72; Cl, 5.56%.

Apparatus
The same apparatus was used as described earlier [ 7].

Hydrogenation and work-up

To 3—4 mmol samples of 2-acetamidoacrylic acid (AAA) a solution of each
catalyst (0.05—0.1 mmol) in 5 m! of acetone was added (in the case of diphos
catalyst, CH,Cl, was used in place of acetone) and the mixture was hydrogen-
ated [7]. The solutions were evaporated to dryness. The residues were dis-
solved in 10 ml of water and separated from the insoluble catalysts by filtration;
the latter were washed with water (3 X 20 ml), dried over P,0O; and used again.
The organic products were obtained by evaporation of the filtrate and were
identified by their melting points, analytical data, IR spectra, PMR spectra and
optical rotations [7].

Results and discussion

Derivation of [Rh(p-p)Cl], from [Rh(cod)(p-p)]CI

In the previous paper [7], we reported that only the chloride of the com-
plexes [Rh(cod)(bpbp)lA (A = Cl, PF¢, B(CcHs) 4 or dw-bromocamphor-z-
suifonate ion) can be reused as the homogeneous catalyst for the hydrogenation
of 2-acetamidoacrylic acid, probably because the complex would be kept as the
dimer [(bpbp)Rh(Cl),Rh(bpbp)] even during and after the work-up steps. This
is also true for the diphos and (—)-diop complexes. Therefore, various attempts
were made to obtain the complexes [Rh(p-p)Cl], from the following reaction
system, and their catalytic activities were evaluated.

[Rh(cod)(p-p)ICl + 2H, - 1/2 [Rh(p-p)Cl]; + cyclooctane

Catalytic activities of diphos, bpbp and (—)-diop complexes

Table 1 summarizes typical results of catalytic hydrogenation of 2-acetamido-
acrylic acid. New catalysts were used in the 1st run and the recovered catalysts
were used in the 2nd run. The yields at atmospheric pressure were essentially
zero for [ Rh(cod)(diphos)]Cl and [Rh(diphos)Cl], (exps. 1 and 4), but were in
the order of 70 and 90% when 100 and 200 psi were applied (exps. 2, 3, 5 and
6). However, control experiments showed that about 5% and 38% of 2-acet-
amidoacrylic acid are hydrogenated at 100 psi for 120 min and 200 psi for 120
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min even with no catalyst. These results indicate that diphos complexes are not
good catalysts for the hydrogenation of 2-acetamidoacrylic acid. On the other
hand, bpbp and (—)-diop compilexes afford yields of the order of 30% even at
atmospheric pressure (exps. 7 through 11), suggesting that they are very active
for hydrogenation. The comparison of the data for [ Rh(cod)(p-p)ICl and
{Rh(p-p)Cl]; reveals that their catalytic abilities are almost the same. The
chemical yields in the 1st runs and the 2nd runs are comparable in all cases,
indicating that the reuse of the catalysts is quite possible. Optical yields are in
the order of 60 and 11% for (—)-diop and bpbp complexes, respectively (exps.
9 through 11). Optical yields for the 2nd runs are almost the same as those for

the 1st runs.
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