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Abstract - Selective cross-dehydrogenative coupling of
N-phenyltetrahydroisoquinoline with carbon nucleophiles such as dimethyl
malonate, ethyl acetoacetate, and nitromethane was demonstrated in complete
aqueous media using poly(2-methoxyaniline-5-sulfonic acid)/gold nanoparticles

under molecular oxygen.

Catalytic oxidative C—H bond functionalizations, particularly C—C bond forming reactions, have attracted
significant interest® Among them, catalytic cross-dehydrogenative coupling of tert-amines such as
N-phenyltetrahydroisoquinoline (1) with carbon nucleophiles has received much attention.2 Concerning
about the terminal oxidant, molecular oxygen is favorable due to the following reasons: available from
atmosphere, low cost, easy separation, low toxic, ecological, safer than peroxides, and so on. Some
transition metals such as Cu catalyze this reaction effectively under molecular oxygen.2 Recently, it was
revealed that gold nanoparticles (Au NPs) exhibit efficient catalytic activity.? This reaction is considered
to involve the oxidation of tert-amine 1 to produce the iminium cation species 2, and the subsequent
nucleophilic addition, giving the corresponding product. The byproducts of this reaction are just water
and/or hydrogen peroxide when molecular oxygen is employed as a terminal oxidant. Therefore, this
reaction is considered to be atom economic. On the other hand, organic reactions in aqueous media are
required for sustainable chemistry.® From this point of view, the difficulty of this cross-dehydrogenative
coupling is much raised because water can attack to the iminium cationic intermediate 2 and the further

oxidation of 3 leads to the lactam 4 (Scheme 1). In fact, only a few examples have achieved the selective
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coupling reaction in water.®2% So far, we have focused on the aerobic oxidation reactions in aqueous
media using a hybrid catalyst consisting of Au NPs and water-soluble polyaniline,
poly(2-methoxyaniline-5-sulfonic acid) (PMAS).22 The hybrid was revealed to catalyze aerobic oxidation
of alcohols and 2-substituted indolines in water, where PMAS works as both a stabilizer of Au NPs and a
redox mediator.”® Herein, we report the selective cross-dehydrogenative coupling of 1 with carbon
nucleophiles such as dimethyl malonate (5), ethyl acetoacetate, and nitromethane in complete aqueous

media using PMAS/Au NPs under molecular oxygen (Scheme 1).
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Scheme 1. Selective cross-dehydrogenative coupling of N-phenyltetrahydroisoquinoline (1) with a
nucleophile in an aqueous solution using PMAS/Au NPs catalyst and its competitive side reaction to form
the lactam 4 via the iminium cation intermediate 2 and water adduct 3

PMAS/Au NPs were prepared by treatment of PMAS with NyHs-H,O, followed by addition of
NaAuCl,-2H,0.2 The average diameter of particles was 9.6 nm. The thus-obtained aqueous solution of
the PMAS/Au NPs was used for the catalytic reaction.

Cross-dehydrogenative coupling of N-phenyltetrahydroisoquinoline (1) with two molar equivalents of
dimethyl malonate (5) was conducted in an aqueous solution under oxygen atmosphere, where no organic
solvent was used (Table 1). First, the reaction was performed in the presence of 5 mol% PMAS/Au NPs
(based on Au atom) at 80 °C for 12 h. The desired cross-coupling product 6 was prepared in a low yield

(23%). The lactam 4 was mainly obtained in 72% yield with the further dehydrogenated product 7 (1%)
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(entry 1). In the absence of 5, the lactam 4 was obtained in 95% (entry 2). The reaction at 50 °C for 24 h
gave 6 in 82% vyield together with 7% of 4 (entry 3).2%1 Use of one molar equivalent of 5 under the
conditions for entry 3 lowered the yield of 6 (entry 4). The selectivity increased at room temperature
although the reaction was too slow as shown in entry 5. The iminium cation species 2 and its water adduct
3 are likely to be in equilibrium under these reaction conditions. The water adduct 3 seems to be oxidized
slowly at a low temperature. Therefore, the desired cross-coupling reaction proceeded well to give 6 as a
main product. On the other hand, PMAS itself showed the less catalytic activity in the absence of Au NPs
(entry 6). Poly(N-vinyl-2-pyrrolidone) (PVP)/Au NPs were used as a representative catalyst, in which
PVP does not have a redox-active function (the average diameter: 9.4 nm). The yield was lower as
compared with PMAS/Au NPs whereas an average particles’ size is similar (entry 7), indicating that the
reaction was enhanced by the presence of PMAS. Redox mediating effect of PMAS is suggested to be
operative to account for the results as observed with the oxidation of alcohols and 2-substituted

indolines.”8

Table 1. Cross-dehydrogenative coupling of N-phenyltetrahydroisoquinoline (1) with dimethyl malonate

(5) under molecular oxygen

catalyst (5 mol%) N ~
o o aqueous solution, O, MeO OMe

S 0O O 7 °
(2 molar equiv.) 6
) 1 : 0
Temperature  Time H NMR yield (%)
Entr Catalyst
y Y (°C) (h) = 4 7
1 PMAS/Au NPs 80 12 23 72 1
2b PMAS/Au NPs 80 8 b 95 1
3 PMAS/Au NPs 50 24 82 7 0
4° PMAS/Au NPs 50 24 55 15 0
5 PMAS/Au NPs room 72 36 1
temperature
6 PMAS 50 24 9 0 0
. PVP/Au NPs (average 50 24 44 5 0

diameter: 9.4 nm)

® Structure of 6 is assigned depending on reference 3b. ° Reaction was conducted without 5. ¢ Reaction
was conducted with one molar equivalent of 5.
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Table 2 shows some examples for the cross-dehydrogenative coupling. Diethyl malonate worked well as a
nucleophile in this kind of transformation (entry 1). Instead of the malonate, ethyl acetoacetate similarly
reacted to produce the corresponding cross-coupling product 9 (entry 2). Nitromethane selectively
coupled to give the desired product 10 in 91% vyield together with 4% yield of 4 (entry 3). Methoxy group
in the N-aryl moiety resulted in a good yield of 11 (entry 4).

Table 2. Cross-dehydrogenative coupling of N-aryltetrahydroisoquinolines with nucleophiles using
PMAS/Au NPs

PMAS/Au NPs
(5 mol%)
N + Nu-H > N + N
\©\ (2 molar equiv.) . \©\ \©\
aqueous solution,
Nu O
R R

R 50 °C, O,

8-11

'H NMR vyield (%)

Entry R Nucleophile Tlrr]ne 2-Aryl-3,4-
(h) Cross-coupling product® dihydroisoquinolin-
1(2H)-one
EtO OEt Noph
1 H:1 Y Y 19 e~ _oEt 88 7
O O
O O
8
EtO N\ph
2 H1 YU 2 . 70 10
O O
O O
9
N«
3 H1 MeNO, 18 Ph 91 4
O2N
10
4 OMe MeNO, 18 \©\ 87 trace
O2N OMe
11

& Structures of 8, 9, 10, and 11 are assigned depending on references 3b, 3p, 3b, and 30, respectively.
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In  conclusion, we demonstrated the selective cross-dehydrogenative  coupling  of
N-aryltetrahydroisoquinoline with some carbon nucleophiles such as dimethyl malonate (5), ethyl
acetoacetate, and nitromethane in complete aqueous media using the PMAS/Au NPs under molecular
oxygen. PMAS is thought to work as a redox mediator in this reaction. Further investigation of this

catalytic system is now underway.
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The TEM image is shown in reference 8.

A general procedure for the catalytic aerobic dehydrogenative oxidation: PMAS (kindly provided by
Mitsubishi Rayon Co.) was deionised through cation-exchange resins before use. Other reagents
were used as recieved. The water used in the present study is of a milliQ grade. An aqueous solution
(2 mL) of PMAS (0.06 mmol based on the aniline monomer unit, 12 mg) was mixed with 3 mL of
0.5 M B(OH)3;-NaOH (pH 9.0) aqueous solution. An aqueous solution (1 mL) of N2H4-H,O (0.095
mmol, 4.7 uL) was added to the PMAS solution, which was stirred at room temperature under air for
3.5 h. Then, an aqueous solution (1 mL) of NaAuCl4-2H,0 (0.06 mmol, 24 mg) was added to the
stirred solution at 0 °C. The mixture was stirred at room temperature under air for 24 h. UV-vis-NIR
spectrum, XPS analysis, and TEM picture of the thus-obtained PMAS/Au NPs solution are described
in the reference 8. A two-necked flask was evacuated and backfilled with molecular oxygen. Then,
N-phenyltetrahydroisoquinoline (1, 41.9 mg, 0.2 mmol), dimethyl malonate (5, 45.7 uL, 0.4 mmol)
and 1 mL of the PMAS/Au NPs solution (Au: 0.01 mmol, 5 mol%) were added at room temperature.
The mixture was stirred at 50 °C under oxygen atmosphere for 24 h. The reaction mixture was
extracted with EtOAc. The organic layer was evaporated and examined by *H NMR analysis (JEOL
ECS-400, 400 MHz) with 1,3,5-trimethoxybenzene as an internal standard.

Use of the recycled catalyst gave 6 in 73% yield, where the addition of base (NaOH, 0.2 mmol) was

required.
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