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Abstract

Benzyl alcohol reacted with 1-alkene to give the corresponding ketone by in situ generated polystyrene-based
thodium catalyst. The catalytic activity of this polymer-supported rhodium catalyst has not been reduced after
reusing it four times. © 1999 Elsevier Science Ltd. All rights reserved.
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Aldehydic C-H bond activation by transition metal catalyst has been utilized for the direct synthesis of
ketone: hydroacylation.! Chelation-assisted hydroacylation with 2-aminopyridine derivative was devised
in order to evade the decarbonylation frequently occurring in hydroacylation.? Recently, this type of
hydroacylation has been further developed to the direct conversion of benzyl alcohol and 1-alkene to
ketone (Eq. 1).3

R RhCly.xH,0 , PPhy Q R )
R-CHOH + 2 =/ ~Zamino4-picoline =~ g-C~~p + —/

These homogeneous catalytic systems, comprising of the precious rhodium, cannot be reused because
no simple separation method for them exists. There are, however, several separation methods for a
homogeneous catalyst enabling its further use.* One of them involves the polymer-supported catalyst
which is the immobilized homogeneous catalytic species.” In this report, in situ generated polymer-
supported rthodium catalysts were used as the reusable catalyst in the direct conversion of benzyl alcohol
to ketone.

Benzyl alcohol (1a, 0.36 mmol) reacted with 1-hexene (2a, 3.6 mmol) in the presence of RhCl;-xH,0
(3a, 0.018 mmol), polystyrene-based diphenylphosphine (4, 0.054 mmol), and PPh3 (0.018 mmol) with
cocatalyst 2-amino-4-picoline (5, 0.36 mmol) in toluene at 130°C for 72 h (Table 1, entry 1).

After the reaction, the solution phase was decanted and the solid phase was washed with benzene 5-6
times.® The solution was concentrated in vacuo, and it was further purified by column-chromatography

* Corresponding author.
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Table 1
Direct conversion of 1 and 2 to 6 by in situ generated polymer-supported rhodium catalyst

1

5 mol% RhCl3.xH,0 (3a)
R’—@—CH;OH 3-xr2 0
15 mol PPh, (4), 1% PPh. I
mol% @-PPh; (4), 5 mo 3 R'-—@—C\/\ r2

B P O .
Entry Reactants Yields of Product 6®
1(RT) 2RY product 1st  2nd  3rd  4th
1 H- (1a)  n-C4Hg-(2a) 6a 69% 72% T71% T1%
2 F- (1b) 6b 5% T1% 74% 70%
3 CHjs (1¢) 6c 67% 66% 63% 60%
4 CF-(1d) 6d 70% 73% 72%° 68%°
5 CH,0-(1e) 6e 61%9 68%° 59%  58%'
6 H- (1a)  -C Hy- (2b) 6f 50% 52% 52% 48%
7 F- (1b) 6g 53% 55% 53% 48%

3The polystyrene-based diphenylphosphine rhodium catalyst generated in-situ from 3 and 4
was reused, and 5§ and PPh3 removed on decant and washing operation were readded on
each run. P°Additional 3% yield of Tischenko type ester was obtained.9Additional 20% yield
of 4-methoxybenzylamine was isolated.®2% And 8% yield of 4-methoxybenzylamine was
also obtained.

to give heptanophenone in a 69% yield.” After the same amounts of 1a, 2a, 5 and PPh; were added
to the precipitate, in situ generated polymer-supported rhodium catalyst, the reaction was carried out
under the previous reaction conditions to give a 72% isolated yield of 6a. The third and fourth uses
of the recovered polymer-supported rhodium catalyst both afforded 71% isolated yields of 6a. The
activity of the recovered catalyst did not decrease, even after three uses. Benzyl alcohols bearing various
substituents were applied in this reaction. The electron-withdrawing substituents such as the fluoro- (1b)
and trifluoromethyl- (1d) groups (entries 2 and 4) lead to better yields of ketone 6b and 6d than do the
electron-donating substituents like the methyl (1¢) and methoxy (le) groups (entries 3 and 5). In these
reactions, the first use of the catalyst afforded a lower yield of ketone 6 than did the second use. The
reason must be that PPh; is partly used for the synthesis of Rh(I) species from Rh(III) when the first
polystyrene-based diphenylphosphine Rh(I) complex is generated.> When the reaction was carried out
with the sterically hindered olefin, 3,3-dimethylbutene (2b), the corresponding ketone 6f was obtained in
a 50% yield (entry 6), which is a lower yield than the reaction with 2a. This can be explained by the fact
that the polymer-supported rhodium catalyst is very sensitive to the steric hindrance of substrate olefins
due to the difficult binding of the congested polymer-bound rhodium metal center.

This polymer-based Rh(]) catalyst was also generated in situ by the ligand-exchange reaction of Rh(I)
complexes with 4. Catalytic activities were examined, as shown in Table 2.

When (PPh3)3;RhCI was used, the catalytic activity dramatically decreased after the first use: 75% in
the first use, 32% in the second, and 19% in the third (Table 2, entry 1). In this reaction, the rthodium
catalyst might not be impregnated to 4, and the real catalytic species of the first run must be (Ph3P);RhCl,
which is soluble in solvent and is washed away on decanting and washing. This type of leaching was also
observed with [(C2H4)2RhCl]; catalyst in the isolated yield of 6a (entry 3). When [(CgH14)2RhCl], with
PPh; was used as the catalyst precursor, the catalytic activity did not decrease with repeated use in the
yield of 6a: 83% in the first use, 81% in the second, and 81% in the third (entry 5). This result implies
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Table 2
Catalytic activity for various catalytic systems generated from 3 and 4

M(3, catalyst), 15 mol% @—PPh,(4)

1a +
100 mol% 5, toluene, 130°C, 72h
" Yields of Product 6a*
Entry M (catalyst) additive o o ard

1 (PhgP)sRhCI (3b)  PPh; (5 mol%) 73% 32% 19%
2 (PhaP);RhCI (3b) 61% 30% 21%
3 [(C2H4)2RNClz (3¢)  PPh; (5 mol%) 90% 50% 54%
4 [(CzH4)2RNCI]; (3¢) 76% 66% 44%
5  [(CaH14)2RNCI]z (3d)  PPhj, (5 mol%) 83% 81% 81%
6  [(CgHia)2RNCI], (3d) 34% - 12%  15%
7 RhCly xH,O (3a) PPhy(Smol%)  89% 72% 71%
8 RhCly xH,0 (3a) 42% 39% 32%

2The polystyrene-based rhodium catalyst generated in-situ from 3 and 4 was reused,
and 5 and PPh3 removed by decanting and washing operation were readded on each
run.

that the in situ generated polymer-supported catalyst is fairly stable. Additional PPhs is important for the
catalytic activity in this reaction since exclusive polystyrene-based diphenylphosphine rhodium catalyst
may not undergo facile reductive elimination due to the difficult dissociation—coordination process of
polymer-bound phosphine around the metal center.

In conclusion, polymer-supported rhodium complexes, generated in situ by ligand-exchange reaction,
were utilized for the direct synthesis of benzyl alcohol to ketone. The catalytic activity of the recovered
catalyst did not decrease after several uses.
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