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Summary

Two chiral diphosphinites, derived from natural tartaric acid, have been pre-
pared and used as ligands for the preparation of two asymmetric hydrogenation
catalysts, which were isolated in a crystalline state. After several weeks storage,
these catalysts are still effective in the asymmetric hydrogenation of a-aceta-
mido- and «-benzamido-cinnamic acid, citraconic acid, 2-phenyl-1-butene. In
the hydrogenation of amino acid precursors the optical yields ranged from 14
to 44%. Starting from a given substrate, each of the two enantiomers can be
obtained by appropriate choice of one of our two catalysts, which are thus
complementary to each other. The influence on the optical yield of various
factors in the hydrogenations are considered.

Organophosphorus species have commonly been used as ligands in soluble
Wilkinson’s type catalysts which are key reagents in the homogeneous reduction
of double prochiral bonds. Catalysts involving phosphine asymmetric ligands
were first studied, and these complexes, in which the asymmetry arises either
from an asymmetric phosphorus center or a chiral hydrocarbon substituent, in
most cases gave very good optical yields, especially in the hydrogenation of
amino acid precursors. Such soluble rhodium catalysts can also be obtained by
using as ligands diphosphinites which are derived from asymmetric phenols or
alcohols [2—11], the alcohols often being sugar derivatives.

We have now prepared two chiral diphosphinites which are derivatives of
tartaric acid, and from these the corresponding rhodium complexes. We describe
below studies of the use of these compounas in asymmetric hydrogenation of
the carbon—carbon double bond in various substrates.

Results

Synthesis of diphosphinites and derivated rhodium complexes
Starting from natural tartaric acid or ester, we prepared two hydrogenation
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catalysts as follows:
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While a report on this was in the press [12], catalyst A was also mentioned

in the proceedings of a Hungarian sy

mposium on rhodium in homogeneous

catalysis [13], but we have been unable to obtain further details from the

authors concerned.

We made pyrrolidine 6 as a chiral compound (the first such preparation to
our knowledge) from 1 or 8 as follows:
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A third rhodium catalyst, obtained from the corresponding diphosphinite,
gave only poor optical yields and was not further studied.

Catalytic compounds A and B were obtained as chlorides in a crystalline
state. Elementary analyses agree with the empirical formula (Rh(diphosphi-
nite)Cl), but they are probably dimeric species (Rh{diphosphinite)Cl),. as are
the rhodium catalyst precursors [14].

This formulation is not in agreement with the literature reports. Catalysts
with diphosphinite ligands are usually formulated as the (Rh(diphosphinite)-
diene) anion, with rhoaium coordinated to a second dienic ligand. But such
suggested structures usually refer to diphosphine complexes prepared ““in situ”,
and a compound of this type has been isolated in only one case [4]. In our
catalytic complexes, rhodium is not coordinated to a second biaentate ligand
or a diene, and the complexes must be regarded as:

(\/ /

A similar conclusion was drawn by Selke [13] for diphosphinites derived
from carbohydrates.

Asymmetric hydrogenations

Catalysts A and B are very efficient for the hydrogenation of a-acetamido
and a-benzamidocinnamic acids, citraconic acid and 2-phenyl-1-butene. They
are complementary catalysts as for the same substrate, opposite results are ob-
tained from the two catalysts.

Acetophenone and 2-ethyl-1-hexene do not undergo hydrogenation with
these catalysts.

Discussion

The results show that catalyst A is more efficient than catalyst B, in both
chemical reduction and asymmetric induction. The latter feature can be
explained in terms of the greater proximity of both the phosphorous (and thus
of the rhodium atom) to chiral C atoms in the first catalyst, and the more rigid
structure in this case may also contribute.

Catalyst B with its two phosphinite ligands is the analogue of Kagan’s DIOP
with phosphine ligands [15]. Consideration of the distance from the chiral cen-
ters, which are closer to rhodium in DIOP, similarly explains the good optical
yields on use of the latter for the same substrates.

Various experimental conditions have been described for the use of diphos-
phinite rhodium complexes, and their influences on the course of the reaction
are not clearly established. Thus it was of interest to study the effects of vary-
ing the conditions used in the present work.

Reaction time

At 50 atm of hydrogen and room temperature, hydrogenation of acylamido
acid precursors goes to completion after 1 h and in some cases after only 15
min. A similar reaction time was recently reported for a diphosphinite glucose
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TABLE 1
EXPERIMENTAL RESULTS ¢

Substrate Catalyst Molar PHz Reaction Optical Configura-
amount (atm) time yield tion
subs/Rh (%)

Y _~coom A 230 50 15 min 36 s

_c==c¢ 25 60 min
H NH-—C —— CH
GHs i 3B 270 50 60 min 15 R
o
H COOH A 110 10 60 min 44 8
\ /
C —=C \
GHs M= %" s 100 50 60 min 17 R
(o]
H COOH A 230 10 15 min 26 s
~ o e
/C -_—C\
H NH—C-—CH; B 260 55 60 min 14 R
HOOC coou A 100 55 17h 24 s
\C o C/
Hae” u B 100 55 no — —
reaction
C2H5 A 140 50 i5h 37 R
~
/C:_CH2
CeHg B 150 50 15h? 1 s

a 0pt1ca1 vields are calculated on the basis of reported maxlmum-rotanons: N-acetyl-(R)—phenylalanine:
(oz)D =—51.8° (¢ =1, EtOH) [15]; N—acetyl-(S)-phenylalanme (oz) = 146.0° (c=1, EtOH) [16]: N-
benzoyl-(R)-phenylalanine: @)% =—19.8° (c = 8.8, 0.4 N NaOH) [171 ; N-benzoyl~(S)-phenylalanine:
()} =—0. 3° (c = 1. MeOH) {181: N-acetyl-(R)-alanine: (@) = +66.5° (c = 2, H30) [19]: N-acetyl-(S)-
alatne: @3 =—66.2° (c,= 2. H;0) [191: (S)-methylsuccm.lc acid: (@)% =—12.4° (c = 1.3, MeOH) [20];
(R)-phenyl-2-butane: (Q)D =—24.3° (1 dm, neat) [21]. Chemical yield = 40%.

derivative {4]. In most cases with diphosphinite ligands complete chemical
reduction requires 24 hours.

Hydrogen pressure effect

Ojima [22] reports that in the case of phosphine ligands used for the reduc-
tion of 2-benzamidocinnamic acid, the optical yields decrease sharply as the
hydrogen pressure is increased. For the same substrate and catalyst A, we.found
no significant variation in the optical yield with hydrogen pressure ranging from
4 to 60 atm. We observed a longer reaction time only in the case of low pressures.
Similar conclusions have been drawn for other diphosphinites [9].

Effect of the catalyst complex anion
Some authors have reported a significant variation in the optical yield accord-
ing to the nature of the anion of the diphosphinite rhodium complex [4,11]. In
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our work, when ClO,~ or BF,;~ was used in place of Cl™ no significant change in
optical yield was observed in the case of catalyst A.

Effect of the substrate/Rh ratio

All the present hydrogenation reactions were carried out with substrate/Rh
ratios between 100 and 250. We examined the influence of this ratio for the
hydrogenation of acetamidocinnamic acid with catalyst A. No variation in the
optical yield (86%) was observed for molar substrate/Rh ratios ranging from 70
to 350 (10 to 50 mg of catalyst for 1 g substrate). At a ratio of 700 the optical
yield decreases (30%).

Solvent effect

For hydrogenation of aminoacid precursors with catalysts A and B, benzene,
dichloromethane and isopropyl alcohol are poor solvents, and the reaction is
incomplete or does not take place. This is probably related to the poor solubility
of the catalyst in these solvents.

Methanol and ethanol are better solvents for these catalysts. However the
1limit of the catalyst concentration is 0.7 mg/ml: above this value the partly un-
dissolved catalyst is recovered after the reaction.

Although methanol and ethanol were chosen as the only available solvents
for our reactions, we found that they have a negative influence on the asym-
metric induction by the catalysts. Thus when the acetamidocinnamic acid
hydrogenation is monitored by UV spectroscopy for the chemical reduction and
by polarimetry for the asymmetric induction, the rotatory power quickly
reaches a limiting value while the chemical reduction is still far from complete.

A significant part of the substrate is thus reduced without asymmetric induc-
tion. Since no precipitation of metallic rhodium is observed in this intermediate
stage of reaction, we assume that the latter part of the reaction is catalysed by
a modified or new complex. This transformation of the original complex may
involve alcoholysis of a ligand. This is supported by observation that when
diphosphinite 2 is boiled for a short time in absolute alcohol it is transformed
into diol 1.

Experimental section

The *H NMR spectra were recorded on a Perkin-Elmer R-32 spectrometer.
UV spectra were obtained with a Unicam SP 1800 spectrometer. Optical rota-
tions were determined with a Perkin-Elmer 241 automatic polarimeter. Hydro-
genations were performed in a steel bomb purchased from the Paly company,
Vitry (France), Merck methanol was used without further purification. The
new products described gave analyses, which were carried out in the CNRS
microanalysis laboratory.

N-Phenyltartrimide, 1

The product obtainea as described by Barrow and Atkinson [23] was crystal-
lized from nitromethane and then from water. Any tartaric dianilide is thus
removed: yield = 40%. The two products may be distinguished by their differ-
ent IR carbonyl bands: tartrimide: double band 1710 and 1730 cm™!; dianilide:
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1680 cm™'. The identity of N-phenyltartrimide was confirmed by analysis, m.p.
(255°C) (e = +130° (¢ = 1.5, MeOH) (see ref. 23), mass spectra (M = 207) and
'H NMR in CF;COOH, ppm): 7.2—7.7 (m, 5 H) 5.25 (s, 2 H).

(28S,3S)-2,3-0-isopropylidene-1,2,3,4-tetrahydroxybutane, 3
The method reported in ref. 24 was used for the preparation of this com-
pound.

(2R, 3R )-1,4-dichloro-2,3-dihydroxybutane, 5

The product was obtained by treatment of 3 with SOC1, in pyridine and sub-
sequent hydrolysis of the cetal function by warming in 1N H,SO, on the water
bath. Final crystallisation in CHCl;/hexane (2/1) gave a product identical with
that described by Feit [25]. M.p. = 67°C, («)¥ = +16.3° (c = 0.2, MeOH). 'H
NMR (CDCl;, ppm): 3.56—4 (m, 6 H) 2.65 (s, 2 H).

(3S,48S)-3,4-dihydroxy-1-phenyl pyrrolidine, 6

(1) By reduction of 1 by LiAlH, in THF. The initial oil crystallized in CgHj,
yield = 41%.

(ii) Condensation of aniline with 5 as described for the racemic product by
Robert and Ross [26]. White crystals m.p. 154°C; mass spectra: M = 179. Dito-
syl derivative: m.p. = 128°C.

Other characteristic data for 6: (a) = +45° (¢ = 0.2, CHCIl;). 'H NMR
(CsD:sN, ppm): 7.05—7.5 (q, 2 H) 6. 5—6.5 (m, 5 H) 4.7 (s, 2 H), quadruplets
centered to 3.68 and 3.72 ppm, J = 10 Hz (4 H).

(28, 35)-2,3-0-bis(diphenylphosphino j-N-phenyltartrimide, 2

Diol 1 (4.15 g, 0.02 mol) is dissolved in 50 ml of pyridine (Merck) and 9 g of
(C¢Hs),PCl are added stepwise with vigorous siirring. A precipitate is observed at
half addition and then the mixture again becomes fluid. The mixture is then
warmed to 45°C for 3 hours, unaer nitrogen. After cooling and addition of a
further 5 g of (C¢Hs),PCl, the procedure is repeated. The mixture is then set
aside for 12 hours in the cold. The precipitate is collected and washed 3 times
with absolute ethanol to remove pyridinium hydrochloride. The diphosphinite 2
is then dried in the cold and used without further purification. M.p. = 240°C,
yiela: 22% = 2.5 g. Satisfactory C, H, N and P analyses for C3,H,,NO4P, were
obtained.

IR: (CO) = 1710 cm™}; (o) = +106° (¢ = 1.2, pyridine). 'H NMR (CF;COOH;
partial decomposition, ppm): 8—8.8 (m, 25 H) 4.08 (s, 2 H). In some cases
another product, m.p. = 205°C, »(CO) = 1694 cm ™, isolated and this was
identified from its analysis and mass spectra as the monophosphinite.

(28, 35S )-2,3-0-isopropylidene-2,3-dihydroxy-1,4-(diphenylphosphinoxy )butane, 4
Diol 3 (4.2 g) is dissolved under-nitrogen with magnetic stirring in 40 ml of
pyridine. Then 13.2 ml (20% excess) of chlorodiphenylphosphine are added
stepwise during 20 min; a white precipitate of pyridinium hydrochloride appears.
Stirring is continued for 2 hours. The mixture is then filtered under nitrogen and
evaporated, and the residue is distilled under reduced pressure (10™* mmHg).
Diphosphinite 4 is collected between 240 and 250°C; yield: 9 g (56%). Satis-



83

factory C, H, and P analyses for C;;H;,0,P, were obtained. 'H NMR (CDCl,
ppm): 7.31 (m, 20 H) 4.07 (m, 4 H) 3.91 (m, 2 H) 1.32 (s, 6 H). No rotatory
power was recorded because the value varies rapidly in solution.

Catalyst A

Under nitrogen and with magnetic stirring, 0.5 g-[Rh(COD)Cl1], [14] is dis-
solved in a mixture of methanol (5 ml) and isopropanol (7 ml). After 20 min
stirring, 1.27 g diphosphinite 2 is added in one lot and stirring is continued for
20 hours. The colour of the mixture goes from bright yellow to orange-yellow.
The progress of the reaction can be observed for samples under the microscope:
the long needles of the diphosphinite disappear and are replaced by small crys-
tals of the catalyst. The catalyst is filtered off under nitrogen and washed 3
times with 3 ml of methanol/isopropanol (2/3); yield: 1.4 g (97%). M.p. =
170—180°C (dec.). Analysis. Found: C, 57.14; H, 4.42;Cl, 4.85; N, 1.99; P,
8.44. Calced. for RhC;,H,,CINO,P,: C,57.19; H, 3.78;Cl, 4.98; N, 1.96; P,
8.44%. '

Catalyst B

- The complex [Rh(COD)CI1], (0.99 g) is added to 10 ml methanol under
nitrogen with magnetic stirring. To this suspension is added dropwise (30 min)
a solution of 2.2 g diphosphinite 4 in 15 ml isopropanol. The mixture is stirred
in the cola for 12 hours, the colour changing from bright yellow to orange-
yellow. The precipitate is collected under nitrogen, washed 3 times with 1 ml
isopropanol, then dried upon CaCl,. Yield = 1.5 g (56%); m.p. = 138°C (dec.).
Analysis. Found: C, 56.32; H, 5.22; P, 9.09. Calcd. for RhC;,H,,Cl10,P,: C,
55.66; H, 4.79; P, 9.28%.

Hydrogenation procedures

General. Hydrogen pressure, reaction time, and results are indicated in Table
1. Solvent and substrate are introduced into a 250 ml steel bomb equipped with
a magnetic stirrer. The mixture is first purged by nitrogen bubbling and the
reactor atmosphere then purged three times with hydrogen before the final
hydrogen pressure was established.

a) Amino acid precursors: solvent: 40 ml methanol, substrate 0.5 g, catalyst: 6
tc 14 mg, room temperature.

At the end of the reaction, the UV spectra show whether the reaction is com-
plete. The mixture is then boiled with 0.5 g of vegetable charcoal in order to
take up the catalyst and residual traces of its precursor. The solution is evapor-
ated and the solid residue of amino acid dried to constant weight. The rotatory
power is then determined in a suitable solvent.

UV characteristic absorptions: A, (nm):

N-acetylphenylalanine 259
«-acetamidocinnamic acid 278
N-benzoylphenylalanine <240
a-benzamidocinnamic acid 280
N-acetylalanine <230
a-acetamidoacrylic acid 242.
b) Citraconic acid: solvent: 60 ml benzene, substrate: 2 g, catalyst A: 110 mg,
temperature: 75°C.
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At the end of the reaction, the solution is diluted with 40 ml methanol,
filtered through a short silica column and boiled with 0.5 g charcoal. The filtrate
is concentrated and the residual oily methylsuccinic acid distilled under reduced
pressure (B.p. = 66°C, 1 mmHg). A viscous liquid is initially obtained but soon
crystallizes. )

c) 2-Phenyl-1-butane: solvent: 80 ml benzene, substrate: 2 ml, catalyst A: 55 mg,
temperature: 50°C. Completion of the reaction is confirmed by VPC. The cata-
lyst is precipitated with a hexane/ether (3/1) mixture. After filtration through a
short silica column, the solvent is removed and the oily residue distilled (M.p. =
173°C), giving 2-phenyl-1-butane.

References
1 V. Caplar, G. Comisso and V. Sunjic, Synthesis, (1981) 88.
2 R.H. Grubbs and R.A. Devries, Tetrahedron Letters, (1977) 1879.
3 M. Tanaka and 1. Ogata, J. Chem. Soc., (1975) 735.
4 W.R. Cullen and Y. Sugi, Tetrahedron Letters, (1978) 1635.
5 T. Hayashi, M. Tanaka and Y. Ogata, Tetrahedron Letters, (1977) 295.
6 Y. Kawabata, M. Tanaka and Y. Ogata, Chem. Letters, (1976) 1213.
7 R.Jackson and D.V. Thompson, J. Organometal. Chem., 159 (1978) 25.
8 T.H. Johnson, D.K. Pretzer, S. Thomen, V.J.K. Chaffin and G. Rangarajan, J. Org. Chem., 44 (1979)

1878.
9 H. Brunner and W. Pieronczyk, J. Chem. Research, (1980) 1275.

10 R. Selke, React. Kinet. Catal. Lett., 10 (1979) 135.

11 T.H. Johnson and G. Rangarajan, J. Org. Chem., (1980) 62.

12 J. Bourson and L. Oliveros, poster communication, Journées de Chimie Organique de Ia Société chi-
mique de France, Ecole Polytechnique, septembre 1978.

13 R. Selke, G. Pracejus, H. Pracejus, Symp. Rhodium Homogeneous Catal., (Proc.) (1978) 143; Chem.
Abstr., 90 (1979) 97859s.

14 J. Chatt and L.M. Venanzi, J. Chem. Soc., (1957) 4735.

15 H.B. Kagan and T.P. Dang, J. Amer. Chem. Soc., 94 (1972) 6429.

16 T.-P. Dang, J.C. Poulain and H.B. Kagan, J. Organometal. Chem., 91 (1975) 105.

17 W.H. Schuller and C. Niemann, J. Amer. Chem. Soc., 73 (1951) 1644.

18 M.D. Fryzuk and B. Bosnich, J. Amer. Chem. Soc., 99 (1977) 6262.

19 S.M. Birmbaum, L. Levintow, R.B. Kingsley and J.P. Greenstein, J. Biol. Chem., 194 (1952) 455.

20 P.S. Steyn, Tetrahedron, 26 (1970) 51.

21 D.J. Cram, J. Amer. Chem. Soc., 74 (1952) 2138.

22 I. Ojima, T. Kogure and N. Yoda, Chem. Lett_, (1979) 495.

23 F. Barrow and R.G. Atkinson, J. Chem. Soc., (1939) 638.

24 J. Bourson and L. Oliveros, Bull. Soc. Chim. Fr., (1977) 1241.

25 P.W, Feit, Chem. Ber., 93 (1960) 116.

26 J.J. Roberts and W.C.J. Ross, J. Chem. Soc., (1952) 4288.



