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Table 1. Hydroformylation of various aromatic olefings with RhH (CO)(PPh;), and (—)-D10P (molar ratio 1/4) (= A) and with
RhCl1(CO)(p1opr) (= B) as catalysts in aromatic hydrocarbons as solvents

Run Olefinic substrate Mol Catalytic = Rhodium H,—CO Reaction Reaction Conversion Aldehydes:

system complex 1:1 mixture temperature time % straight
mmol atm °C (hrs.) ‘branched

1 styrene 0.05 Ba 0.115 82 95 1.3 90 0.13

2 styrene 0.05 Bab 0.130 82 95 2.1 93 0.55

3 a-methylstyrene 0.05 Ba 0.122 86 102 4.6 84 44

4 styrene® 2.20 A 0.500 1 40 192 15 0.46

5 styrene 0.10 A 0.250 1 40 48 25 0.44

6 a-methylstyrene 0.10 A 0.250 1 60 92 15 20

7 a-ethylstyrene 0.04 A 0.095 1 60 864 57 > 20

8 allylbenzene 0.09 A 0.250 1 60 193 68 73

9 trans-f-methylstyrene 0.10 A 0.250 1 60 522 68 7.3d

& In the presence of a stoichiometric amount [with respect to RhC1(CO)(p10P)] of NEt,.

b In the presence of (—)-DI10P (D10P/Rh complex = 3).
¢ In absence of solvent.
d Ratio between 2-phenylbutanal and 2-benzylpropanal.

Table 2. Optical purity and chirality of the asymmetric hydroformylation product obtained in the presence of RhH (CO)(PPhy),

and (—)-p1oP or RhCl(CO)(pI10P) as catalysts

Run Hydroformylation Product on which optical activity and chirality were determined Hydroformylation product,
product considered Product ap (I=1) Chirality minimum optical purity 9,
%
1 2-phenylpropanal 2-phenylpropanoic acid — 0.672 R 0.7b
2 2-phenylpropanal 2-phenylpropanoic acid — 3.49¢ R 3.8b
3 3-phenylbutanal 3-phenylbutanoic acid — 0.964 R 1.7¢
4 2-phenylpropanal 2-phenylpropanal —54.0 f R 25.28
5 2-phenylpropanal 2-phenylpropanal —440 b R 20.58
6 3-phenylbutanal 3-phenylbutanoic acid — 0.93% R 1.6¢
7 3-phenylpentanal 3-phenylpentanoic acid — 0.80! R 1.8
8 2-benzylpropanal 2-benzylpropanol + 1.89» R 15.5¢
9 2-phenylbutanal 2-phenylbutanoic acid —138! R 14.4P

8 Determined on a mixture containing 13.4% of 3-phenylpropanoic acid.

b Calculated taking of the optically pure (—)(R)-2-phenylpropanoic acid [a]} — 91.2 2.

¢ Determined on a mixture containing 52.6 % of 3-phenylpropanoic acid.

d Determined on a mixture containing 16.2% of 2-methyl-2-phenylpropanoic acid.

€ Calculated taking for the optically pure (—)(R)-3-phenylbutanoic acid aj; (I=1) — 56.5 2.

f Determined on a mixture containing 26.9% of 3-phenylpropanal.

8 Calculated taking for the optically pure (—) (R)-hydratropaaldehyde [a]}; — 213 3.

b Determined on a mixture containing 26.9% of 3-phenylpropanal.

i Determined on a mixture containing 3.4% of 2-methyl-2-phenylpropanoic acid.

I Neat.

m Calculated taking for the optically pure (—)(R)-3-phenylpentanoic acid [a]}; — 44.0 14

2 Determined on a mixture containing 82% of 4-phenylbutanol.

° Calculated taking for the optically pure (+ ) (R)-2-benzylpropanol [a]} + 12.2 15,
P Calculated taking for the optically pure (—) (R)-2-phenylbutanoic acid a}; (I=1) — 96.1 ¢,
9 Possible razemization during the work up of the reaction mixtures has not been taken into account.

(R) enantiomer being the prevailing one. The asymmetric
induction is larger in the case of styrene carrying out
the hydroformylation in the presence of an excess of
(—)-p1op (p1op/Rh complex = 3); the optical purity
of hydratropaaldehyde, thus obtained, was in fact 3.8%
(table 2, run 2).

Better results have been obtained using RhH (CO)
(PPh,),® as catalyst and adding to the solution an
excess of (—)-DI10P (DI0P/Rh complex = 4)%*.

Working at 40°C and 1 atm of CO and H,, an asym-
metric induction of about 25% was obtained in the case
of styrene in the absence of solvent (table 2, run 4) and of

about 20% in benzene solution (run 5)&*. The optical
yields obtained in the cases of allylbenzene and of
trans-$-methylstyrene are comparable with that of
styrene, while even in the best conditions the optical
yield in the case of vinylidene aromatic olefines do not
reach 2%.

5 It seems, however, that a ratio p1oP/Rh complex = 2 is suffi-
cient to achieve the highest optical yields for this catalytic
system.

6% These optical yields should be regarded as minimum values; in
fact a racemization of hydratropaaldehyde during the reaction
is very likely 10,
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According to the generally accepted mechanism?® the
first step of the hydroformylation reaction is assumed
to be the s-complexation of the olefinic substrate to a
metal atom (in our case Rh atom) of the catalytic com-
plex. This step is assumed to be followed by a cis-addition
of carbon monoxide and hydrogen to the complexed
double bond?*. If it is tentatively assumed that the
asymmetric induction phenomena occur in the first step
of the reaction, it appears that the prochiral olefine face
preferentially complexed to the metal atom is different
in the case of vinyl and vinylidene olefines (Scheme).
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Further experiments are in progress to ascertain the
influence of the different reaction variables as well as

7* The cis-type addition of carbon monoxide and hydrogen to the

double bond in the rhodium catalyzed hydroformylation has been

recently experimentally proved in our laboratory!!,
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of substrate and ligand on the extent of the asymmetric
induction in the hydroformylation reaction.

We wish to thank Professor H.B.KacAN, Université de
Paris-Sud, 91-Orsay, for sending us a sample (—)-D10P for the
first experiments.
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