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ABSTRACT

Ro R
Rh Catalyst 2
Ph""OH - RB(OH)p ———2n  pp\g
R, lonic liquid, R
50 °C, 2hrs 1

The direct coupling of aryl- and vinylboronic acids with allylic alcohols has been achieved in ionic liquids using a rhodium catalyst.

lonic liquids, especially ambient-temperature ionic liquids of atom economy, the ability to use allylic alcohols in
consisting of 1,3-dialkylimidazolium cations, have shown allylation reactions would be highly beneficial. However,
great promise as environmentally benign reaction mediathey are rarely used because hydroxide is a poor leaving
because of their negligible vapor pressure, as well as theirgroup. A few approaches have been reported, but they require
excellent chemical and thermal stabilittdSurthermore, their ~ either severe reaction conditions or unique ligahds.
compatibility with transition-metal catalysts and limited Boronic acids are widely used reagents in organic synthesis
miscibility with common solvents simplifies catalyst recy- because they are commercially available, stable, generally
cling. nontoxic, and compatible with a variety of functional groups.
Transition-metal-catalyzed allylic alkylation usingallyl Coupling reactions of boronic acids with allyl halideand
complexes represents an important carboarbon bond- ester.éc are WeII'-known, bu'g to the bgst of our knowledge,
forming reaction that is widely used for constructing complex the direct coupling of boronic acids with allylic alcohols has
organic molecule3 Allylic halides3 carboxylated, carbon- not been reported. In a continuation of our studies of boron

ates® phosphate8,and related compounds are generally chemi_stry in_ionic liquids, we Wish to re_port_the direct
utilized as allylation reagents. On the basis of the viewpoint llylation of cinnamyl alcohols using boronic acids catalyzed
by ligandless rhodium catalysts (Scheme 1).
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Table 1. Effect of Catalysts and Solvents on the Reaction of Cinnamyl Alcohol psttolylboronic Acid

B(OH
ONOH +©/ (OH), O
HyC CH,

entry catalyst? reaction media T (°C) reaction time (h) isolated yield (%)

1 RhC|3'XH20 CH2C|2 50 5 10

2 RhCl3-xH>0 toluene 50 12 10

3 RhCl3-xH>0 BmimBF, 50 5 trace

4 RhCl3-xH>0 BmimPFg 50 2 62

5 RhCl3z-xH>0 BmimPFg rt 12 0

6 Rh(acac)(1,5-cyclooctadiene)Cl BmimPFg 50 2 62

7 Rh(PPh3)sClI BmimPFg 50 2 61

8 RhCl3-xH20 and KOAc (10 mol %) BmimPFg 50 2 0

9 RhCl3-xH>0 and CH3COOH (10 mol %) BmimPFg 50 15 66
10 RhCl3-xH,0 and HFP BmimBF. 50 2 59
11 RhCl3-xH20, Cul (10 mol %) BmimPFg 50 2 67
12 RhCl3-xH20, Cu(OACc)2 (10 mol %) BmimPFg 50 2 72

a3 mol % of Rh catalyst used.One equivalent of aqueous HF (48%) used.

alcohol as model substrates (Table 1). Dramatic differencesboronic acids. Sterically hindered alcohols (Table 2, entries
in yields were observed (Table 1, entries4)). 1-Butyl-3- 12 and 13) also led to lower yields. Aliphatic alcohols were
methylimidazolium hexafluorophosphate (BmimjpPkvas

found to be the most effective solvent. No reaction was _
observed in polar solvents such as water and DMF. ThreeTalole 5 counling of Oraancboronic Acids with Allviic

common rhodium catalysts were evaluated (Table 1, entries Alcohol§ piing 9 y

4-T7), and both Rh(l) and Rh(lll) were found to be effective.

Although bases are commonly used in transition-metal- yield®
catalyzed coupling reaction&they inhibited this reaction ~ €ntry boronic acid alcohol (%)
(Table 1, entry 8). However, acids increased the reaction 1  p-tolyl cinnamyl 72
rate (Table 1, entries 9 and 10). The addition of copper salts 2  phenyl cinnamy!l 65
such as cupric acetate enhanced reaction yields by ap- 3  p-methoxyphenyl  cinnamyl 76
proximately 10%. This effect has been observed previdisly. 4 P-chlorophenyl cinnamyl 41
The highest yields were obtained using a mixture of RhClI 2 p:;':etlhf]::":phenyl z:::zmy: 7(8)
xH0 (3 mol %) and Cu(OAe)(10 mol %) in BmimPF at 7 taneperenyl  cinnamyl 5
50°C for 2 h. 8  2-thiophene cinnamyl 33
To enhance the utility of the reaction, we evaluated a 9  o-tolyl cinnamyl 55
variety of organoboronic acids (aryl, alkenyl, heteroaryl) and 10  m-tolyl cinnamyl 61
allylic alcohol$? (Table 2). Electron-rich boronic acids 11 l-naphthyl a-methylcinnamyl 52
generated higher yields than electron-deficient boronic acids. 12  P-tolyl 1.3-diphenyl-2-propen-1-ol 60

Steric factors also affected the yield. Ortho- and meta- 13  P-methoxyphenyl — 1,3-diphenyl-2-propen-1-ol 65

substituted arylboronic acids (Table 2, entries 9 and 10) =Reactions were carried out using Rb&H,O (3 mol %) and Cu(OAe)
typically gave lower yields than the para-substituted aryl- (10 Mol %) in BmimPR at 50°C for 2 h.>Isolated yields.
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Table 3. Reaction ofp-Tolylboronic Acid with Cinnamyl
Alcohol Using Recycled Catalytic Systém

entry isolated yield (%)
first cycle 70
second cycle 72
third cycle 73
fourth cycle 71
fifth cycle 68

aCatalyst was recovered by filtration and utilized in subsequent
experiment (cycle).

to rhodium would generate-allylrhodium intermediatel.
The formation of intermediat® drives the reaction by
elimination of water in the presence of HF that is present in
BmimPF; due to the relatively facile decomposition of PF
anion in the presence of trace amounts of wat&ubse-
quently, the transmetalation @fby boronic acid produces
intermediate3. Reductive elimination of rhodium then
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generates the product. It is noteworthy that the reaction does

not occur in BmimBE (Table 1, entry 3) unless HF is added
to the reaction media (Table 1, entry 10). At this time, it is

protocol is applicable to aryl, vinyl, and heteroarylboronic
acids and aromatic allyl alcohols. The catalyst system and

not possible to rule out a mechanism involving the conversion the ionic liquid can be recycled several times without

of the allylic alcohol to the corresponding halide or phos-
phate. However, control experiments in which cinnamyl
alcohol was heated in BmimRFt 50 °C for 2 h led to
recovery of only the alcohol. In addition, an experiment
carried out using toluene (which would obviate the formation
of a halo or phosphate intermediate) in place of Bmig\PF
produced a 10% yield of the coupled product.

In summary, the coupling reactions of a wide variety of

boronic acids with cinnamyl alcohols have been studied. The

(13) Dupont, J.; Silva, S. M.; de Souza, R.Gatal. Lett.2001,77, 131.

Org. Lett., Vol. 5, No. 6, 2003

significant loss in product yield.
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