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Iridium catalysed chemoselective alkylation of 20-aminoacetophenone

with primary benzyl type alcohols under microwave conditionsw
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20-Aminoacetophenone was chemoselectively alkylated with a

range of substituted benzyl, heteroaryl alcohols to afford either

the corresponding C- or N- alkylated products in good yield.

To increase the molecular complexity of a simple organic substrate

using efficient (high atom economy), selective, high-yielding, and

environmentally benign methods is one of the contemporary

challenges for synthetic organic chemists.1 C–C and C–N bond

formations are pivotal methods for achieving this goal. Indirect

functionalisation of alcohols using catalytic amounts of a metal

complex and base which generates only water as a by-product is

an attractive green alternative to standard C–C and C–N bond

forming reactions. These cascades are termed as redox-neutral,

hydrogen autotransfer or borrowing hydrogen processes. We and

others have been involved in alkylation of amines and active

methylene compounds with alcohols catalysed by iridium,

rhodium and ruthenium complexes to form new C–N and C–C

bonds.1,2 Cho et al. reported the direct a-alkylation of ketones

with alcohols, using a Ru catalyst, to afford saturated alcohols

via a-alkylated ketones.3 The same reaction can be performed in

the presence of a sacrificial hydrogen acceptor, such as 1-dodecene,

when a-alkylated ketones are obtained.3 Alternative catalysts for

the a-alkylation of ketones with alcohols have been reported

including the use of phosphine free catalyst Ru(DMSO)4Cl4
4

and palladium nanoparticles.5 Ishii et al. reported the direct

a-alkylation of ketones with alcohols using an Ir catalyst.6 As

part of a continuing interest in exploring regioselective alkylation

reactions we report iridium catalysed chemoselective alkylation

of 20-aminoacetophenone with alcohols to form either new C–C

or C–N bonds under microwave irradiation (Scheme 1 path a,

path b respectively).

To best of our knowledge this is the first example of iridium

catalysed chemoselective alkylation of bifunctional compounds

with alcohols.

We initially surveyed a range of catalysts and identified the

iridium chloro-bridged compound 1 [X = Cl, M = Ir(III)] as

an effective catalyst for this transformation (Scheme 1).

Microwave irradiation is reported to dramatically accelerate a

number of metal catalysed reactions.7 Further optimisation

showed that the reaction could be achieved under microwave

conditions (220 psi/300W) and identified potassium hydroxide as

the base of choice (Scheme 1 path a). Initially we carried out the

alkylation reaction of 20-aminoacetophenone (1 mmol) with

benzyl alcohol (2 mmol), KOH (20 mol%) and [Cp*IrCl2]2
(2.5 mol%) in toluene (3 mL) at 110 1C for 30 min in the

microwave which afforded cleanly the monoC-alkylated product

2 in 60% yield (Table 1, entry 1). In the above process the

N-alkylated product,N-, C-dialkylated product, C–C dialkylated

product or dihydroquinolone derivative was not detected. No

reaction took place in the presence of KOH alone, indicating that

the combination of the iridium complex and a base is necessary

for the reaction.

Benzyl alcohols substituted with electron-withdrawing or

donating groups were readily alkylated to afford the corres-

ponding C-alkylated products 3–11 in good yield (63–80%)

(Table 1, entries 2–10). The reaction was not significantly affected

by either the location or the electronic nature of the substituent on

the aryl ring. The heteroaromatic furfuryl alcohol, thiophene-2-

methanol and 4-pyridyl methanol were alkylated to the corres-

ponding C-alkylated products (Table 1 entries 4–6) in good yield.

During all these reactions clean C-regioselectivity was observed

with none of the N-alkylated derivatives.

Next we explored the N-alkylation of 20-aminoacetophe-

none with alcohols using microwave irradiation (Table 2,

entries 1–5). Optimisation showed that the reaction could be

achieved under microwave conditions (220 psi/300 W) and

identified potassium carbonate as the base of choice (Scheme 1,

path b) and the temperature was 140 1C. Initially we carried

out the alkylation reaction of 20-aminoacetophenone (1 mmol)

with benzyl alcohol (3 mmol), K2CO3 (20 mol%) and

Scheme 1
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[Cp*IrCl2]2 (2.5 mol%) in xylene (3mL) at 140 1C for 60 min in

the microwave which afforded the mono N-alkylated product

12 in 73% yield (Table 2, entry 1). Neither the C-alkylated

product nor the dihydroquinolone derivative was detected in

the process. Furfuryl alcohol and 4-methoxy benzyl alcohol

were also alkylated to the corresponding N-alkylated products

(Table 2 entries 3 and 4) in good yield. A trace amount of

reduction of ketone was also observed in these examples. In

the presence of electron-withdrawing benzyl alcohols the

reaction took a little longer in the microwave (2 h) to go

to completion (Table 2, entries 4 and 5). During all these

reactions clean N-regioselectivity was observed with none of

the C-alkylated derivatives.

The proposed mechanism for this transformation involves

dehydrogenation of the primary alcohol (17) to generate an

aldehyde (18) and metal hydride species. Aldol condensation

occurs (19) followed by hydrogenation of the double bond by

the in situ formed metal hydride to give the C-alkylated

product (20) (Scheme 2, path a). However there is potential

for a competing Michael addition process leading to a dihydro-

quinolone derivative (21) (Scheme 2, path c). Alternatively imine

(22) formation occurs followed by hydrogenation of the imine

by the in situ formed metal hydride to give the N-alkylated

product (23) (Scheme 2, path b). In this case there is also

potential for a competing Mannich process leading to the

same dihydroquinolone derivative (21) (Scheme 2, path d).

Normally Brønsted or Lewis acid catalysis is the preferred

option to make dihydroquinolone derivatives (21) via path c or

path d.

Table 1 Ir catalysed C-alkylation of 20-aminoacetophenonea

Entry Alcohol Product Yieldb (%)

1 60

2 76

3 63

4 80

5 74

6 75

7 71

8 73

9 66

10 70

a 20-Aminoacetophenone (1 mmol), alcohol (2 mmol), [IrCp*Cl2]2
(2.5 mol%), KOH (20 mol%), 110 1C, 30–40 min in the microwave.
b Isolated yield.

Table 2 Ir catalysed N-alkylation of 20-aminoacetophenonea

Entry Alcohol Product Yieldb (%)

1 73

2 56

3 50

4 92

5 63

a 20-Aminoacetophenone (1 mmol), alcohol (3 mmol), [IrCp*Cl2]2
(2.5 mol%), K2CO3 (20 mol%), 140 1C, 60 min in the microwave.
b Isolated yield.

Scheme 2
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Crabtree et al. have reported a DFT study on iridium catalysed

alkylation of amines with alcohols and shown that the amine

dissociation is the rate determining step in this process.8 The

ancillary carbonate ligand on iridium is shown to be involved in

the hydrogen transfer. As a result, higher temperatures are required

to achieve good rates for N-alkylation. Complementary to these

results we found that optimum yields ofN-alkylated products were

achieved using elevated temperatures and potassium carbonate as

base. Furthermore, no C-alkylation was observed under optimized

N-alkylation conditions.

In summary 20-aminoacetophenone was successfully alkylated

with a range of substituted benzyl, heteroaryl alcohols to afford

either the corresponding C- or N- alkylated products in good

yield. Further studies to expand the application of the synthetic

strategy using diols are currently underway.

We thank Prof Chris Rayner, Dr Andrew Wilson and Leeds

University for support.
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