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A Borrowing Hydrogen Strategy for Dehydrative Coupling of
Aminoisoquinolines with Benzyl Alcohols in Water
Hidemasa Hikawa,*[a] Rie Tan,[a] Aoi Tazawa,[a] Shoko Kikkawa,[a] and Isao Azumaya*[a]

Abstract: We report a borrowing hydrogen strategy for a palla-
dium-catalyzed dehydrative coupling of aminoisoquinolines
with benzylic alcohols in water. This cascade reaction using the
π-benzylpalladium system can be achieved in an atom-eco-
nomic process without the need for base or other additives,
furnishing the N-benzylated aminoisoquinolines in moderate to
excellent yields along with water as the sole co-product. The
crossover experiment using [D7]benzyl alcohol and 4-methoxy-
benzyl alcohol afforded H/D scrambled products. KIE experi-

Introduction
Isoquinolines are among the most common nitrogen-contain-
ing heterocycles found in bioactive natural products and phar-
maceutical drug candidates (Figure 1). For example, papaverine
hydrochloride is a well-known opium alkaloid used as an anti-
spasmodic drug.[1] Recently, 1-aminoisoquinoline derivatives[2]

have been widely used as a PKA inhibitor,[3] JAK2 inhibitor,[4]

adenosine A3 receptor ligand (VUF8504),[5] topoisomerase I in-
hibitor,[6] and PDE5 inhibitor.[7] Therefore, efficient methods for
the direct introduction of diverse functionalities on isoquinol-
ines are gaining increasing interest in modern drug discovery.
The use of alkyl halides under basic conditions is one of the
conventional protocols for N-alkylation.[7,8] However, the multi-
step and hazardous processes involved in this method must be
improved due to their low atom economy and the production
of stoichiometric amounts of waste. Reductive amination also
has drawbacks such as the use of toxic reagents (oxidizing and
reducing agents) and unstable aldehydes.[9]

The borrowing hydrogen (or hydrogen autotransfer) meth-
odology is recognized as an alternative atom-economic syn-
thetic strategy for straightforward and efficient dehydrative
coupling of amines with alcohols, since this method can be
performed using stable, available, and low-toxic alcohols in-
stead of halides or aldehydes.[10] However, heterocyclic amines
nucleophiles pose a challenging in catalytic borrowing hydro-
gen reactions. In general, these nucleophiles are considered un-
suitable to late-transition metal-catalyzed reactions due to the
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ments showed that benzylic C–H bond cleavage of benzyl alco-
hol was involved in the turnover limiting step (KIE = 4.4). The
coupling reaction was found to be first order in benzyl alcohol
with a kinetic solvent isotope effect (KSIE) of 1.6. These experi-
mental results are consistent with a borrowing hydrogen mech-
anism in water. Notably, the water-soluble Pd0/TPPMS system
can be applied to the more challenging catalytic benzylic amin-
ation with aminoisoquinoline nucleophiles despite the possible
deactivation of PdII species.

Figure 1. Representative biologically active isoquinolines.

poisoning effects. Indeed, Lindlar's catalyst is a palladium cata-
lyst poisoned with traces of lead and quinoline, which is used
for reduction of alkynes to alkenes. Recently, transition metal
catalysts such as Mn,[11a] Co[11b] and Fe[11c] were shown to be
highly effective for dehydrative coupling of 8-aminoquinoline
with benzyl alcohol (Scheme 1A). However, these methods also
suffer from disadvantages such as the use of strong base and
hazardous organic solvents with high temperatures and long
reaction times under exclusion of moisture conditions. There-
fore, a greener process under base-free aqueous conditions
would satisfy the goal to minimize environmental impacts in
chemical production. In 2008, Milstein et al. reported the selec-
tive synthesis of primary amines directly from alcohols and
aqueous ammonia using pincer-type Ru complexes.[12] Encour-
aged by this pioneering study, several researchers have re-
ported new greener borrowing hydrogen protocols for sustain-
able C–N bond formation without a base in water.[13–15] How-
ever, to the best of our knowledge, there are no examples of
the borrowing hydrogen reactions of aminoisoquinolines with
benzyl alcohols.

We have been developing a unique strategy for dehydrative
benzylation by the π-benzylpalladium(II) species[16] generated
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Scheme 1. Borrowing hydrogen methodology.

from Pd0/sodium diphenylphosphinobenzene-3-sulfonate
(TPPMS) and benzyl alcohol in water.[17] We recently developed
a new environmentally benign borrowing hydrogen methodol-
ogy for dehydrative coupling of 2-aminopyridines under base-
free aqueous conditions.[18] However, we could not provide
enough support for the catalytic pathway and the scopes of
the pyridine nucleophiles were limited. In this paper, we de-
scribe new insights into the chemistry of the palladium-cata-
lyzed N-benzylation pathway via π-benzylpalladium(II) com-
plexes in water and the development of a borrowing hydrogen
process as a new synthetic route for series of N-benzylated
aminoisoquinolines (Scheme 1B). Notably, our highly efficient
Pd0/TPPMS system is successfully applied to the more challeng-
ing catalytic dehydrative benzylic amination with aminoiso-
quinoline nucleophiles using water as a reaction medium de-
spite the possible deactivation of PdII species. Furthermore, wa-
ter molecules dramatically accelerate dehydrogenation of
benzyl alcohol followed by dehydrative C–N bond formation
due to their unusual chemical and physical properties such as
strongly polar hydrogen bonds.[19] This base-free protocol can
achieve the dehydrogenation of benzyl alcohols under mild
conditions, whereas strong bases are generally used in hydro-
gen-transfer reactions using organic solvents.[20]

Results and Discussion

1. Optimization of Reaction Conditions

Initially, 1-aminoisoquinoline (1a) and benzyl alcohol (2a) were
chosen as the model compounds to optimize the dehydrative
C–N bond formation. The reaction of amine 1a with alcohol 2a
(5 equiv.) using Pd(OAc)2 (5 mol-%) and TPPMS L1 (10 mol-%)
in water at 120 °C for 18 h gave the desired N-monobenzylated
product 3a selectively in 84 % yield despite the possibility of
forming the corresponding N,N-dibenzylated product (Table 1,
entry 1). The reaction proceeded to completion when using
10 mol-% of Pd(OAc)2 and 20 mol-% of L1 (entry 2). No reaction
occurred in the absence of phosphine ligand L1 (entry 3) or
when using a Brønsted acid such as TsOH·H2O (entry 4), exclud-
ing an SN2 type reaction mechanism in the formation of 3a.
With regard to the palladium(II) catalysts, Pd(OAc)2 gave the
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best result (entry 1 vs. entries 5–7). The use of zero-valent palla-
dium, Pd2(dba)3, also afforded the product 3a in good yield
(78 %, entry 8). No reaction occurred when using other salts
such as FeII, CuII and IrIII (entries 9–11). Other water-soluble
phosphine ligands L2–5 resulted in lower yields (entries 12–15).
Replacing water with polar organic solvents such as DMSO, 1,4-
dioxane and EtOH resulted in no reaction (entries 16–18).

Table 1. Comparison of solvents for the Pd-catalyzed reaction.[a]

Entry Catalyst Ligand Solvent Yield [%][b]

1 Pd(OAc)2 L1 H2O 84
2[c] Pd(OAc)2 L1 H2O 95
3 Pd(OAc)2 None H2O 0
4 TsOH·H2O None H2O 0
5 PdCl2 L1 H2O 56
6 PdBr2 L1 H2O 63
7 Pd(OCOCF3)2 L1 H2O 13
8 Pd2(dba)3·CHCl3 L1 H2O 78
9 FeCl2 L1 H2O 0
10 CuCl2 L1 H2O 0
11 IrCl3·xH2O L1 H2O 0
12 Pd(OAc)2 L2 H2O 29
13 Pd(OAc)2 L3 H2O 29
14 Pd(OAc)2 L4 H2O 20
15 Pd(OAc)2 L5 H2O 48
16 Pd(OAc)2 L1 DMSO 0
17 Pd(OAc)2 L1 1,4-dioxane 0
18 Pd(OAc)2 L1 EtOH 0

[a] Reaction conditions: 1-aminoisoquinoline 1a (1 mmol), catalyst (5 mol-%),
TPPMS (10 mol-%), benzyl alcohol 2a (5 equiv.), solvent (4 mL), 120 °C, 18 h
in a sealed tube under air. [b] The conversion was determined by 1H NMR
analysis of the crude product using 1,3,5-trimethoxybenzene as an internal
standard. [c] 10 mol-% of Pd(OAc)2 and 20 mol-% of TPPMS L1 were used.

2. Reaction Scope

With the optimized conditions in hand, we examined the sub-
strate scope of the dehydrative coupling reaction (Scheme 2A).
A series of isoquinolines 1 with amino groups at different posi-
tions could be employed with benzyl alcohol 2a to give the
corresponding N-benzylated products 3a–g in moderate to ex-
cellent yields (54–98 %). The use of benzyl alcohols with elec-
tron-donating methyl, methoxy and ethoxy groups resulted in
good yields (67–95 %). Significantly, hydrophobic butoxy and
pentyloxy groups were also tolerated well to produce the corre-
sponding products 3j–k in water. A sterically demanding
methyl group at the ortho position was tolerated in the direct
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substitution (3n, 70 %). 2-Naphthalenemethanol led to desired
product 3p in 71 % yield. Legros et al. reported that the loss of
resonance energy for the formation of the (η3-naphthalene-
methyl)palladium is less important than for the π-benzylpalla-
dium.[21] In contrast, the N-benzylation using 4-nitrobenzyl alco-
hol did not occur since the electron-deficient π-benzylpalla-
dium(II) cation species was not formed. Additionally, phenethyl
alcohol resulted in no reaction. We next evaluated the utility of

Scheme 2. N-Benzylation of various aminoisoquinolines with benzylic alco-
hols. Yield of isolated product. [a] 10 mol-% of Pd(OAc)2 was used for 18 h.
[b] 10 mol-% of Pd(OAc)2 was used at 140 °C for 18 h.
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this method for dehydrative couplings of aminoquinolines. The
coupling reaction of several aminoquinolines with benzylic al-
cohols proceeded smoothly to afford the desired products in
moderate to excellent yields (3q–u).

To determine the reactivity of amino groups at different sub-
stitution positions of the isoquinoline structure under these
conditions, a competitive reaction using 1a, 1b and 1g
(0.25 mmol each) was carried out (Scheme 2B). The coupling
reactions of amines 1b and 1g proceeded completely in just
2 h, while amine 1a was converted into 3a in only 15 % yield.
This result clearly shows the low reactivity of 1-aminoisoquin-
oline 1a due to steric and electronic effects.

3. Crossover Experiment

To rule out the nucleophilic substitution pathway for C–N bond
formation in our catalytic system, a crossover experiment was
carried out between deuterium-labeled alcohol 2a-d2 and para-
methoxybenzyl alcohol 2t. As expected, a mixture of 3t and
deuterated 3t-d as the H/D scrambling products was obtained
in 28 % isolated yield (Scheme 3). The deuterium incorporation
at the methylene position of 3t-d was indicated by NMR analy-
sis. In the 13C NMR spectrum, the methylene carbon is a 1:1:1
triplet at 45.0 ppm for 3t-d but a singlet at 45.3 ppm for 3t
(see SI). In the 1H NMR spectrum, the ratio of the integration
values of the methylene doublet at 4.6 ppm to the doublet at
6.6 ppm is 1.8:1.0, yielding 20 % D incorporation in 3t-d (see
SI).

Scheme 3. Crossover experiment. Reaction conditions: 2-aminoquinoline 1
(1 mmol), Pd(OAc)2 (5 mol-%), TPPMS (20 mol-%), [D7]benzyl alcohol 2a-d2

(2.5 mmol) and 4-methoxybenzyl alcohol 2t (2.5 mmol), H2O (4 mL), 120 °C,
18 h in a sealed tube under air.

4. Kinetic Isotope Effect (KIE) and Rate Law Measurements

First, to determine whether benzylic C-H bond cleavage is in-
volved in the turnover limiting step of the catalytic cycle, a
kinetic isotope effect (KIE) study was performed employing the
intermolecular competition between alcohol 2a and its deuter-
ium-labeled analog 2a-d. The competition reaction yielded a
KIE = 4.4 on the basis of 1H NMR analysis (Scheme 4). Spitzer
et al. reported a KIE value of 9.4 in the aqueous sodium di-
chromate oxidation of benzyl alcohol.[22]

Next, the reaction progress for dehydrative coupling of
amine 1a (1 mmol) with alcohol 2a (5 mmol) at 110 °C was
monitored by 1H NMR spectroscopy. The time course of the
reaction showed the formation of benzaldehyde (4a) as a key
intermediate along with N-benzylated product 3a (Figure 2A).
Subsequently, the experimental rate laws were determined us-
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Scheme 4. Kinetic isotope effect.

ing the method of initial rates (up to 20 % conversion), provid-
ing insight into the turnover limiting step of the catalytic reac-
tion. The initial rate was independent of the substrate concen-
tration of 1a in the examined range (Figure 2B). This zero-order
behavior with respect to amine 1a eliminated reductive amin-
ation as the turnover limiting step. In contrast, the initial rates
followed a linear relationship with the concentration of 2a over
the range between 0.75 and 1.5 M (Figure 2C and D). Therefore,
the first-order dependence of 2a was consistent with the turn-
over limiting dehydrogenation of alcohol 2a in the catalytic cy-
cle.

Figure 2. (A) Reaction time course. Reaction conditions: 1-aminoisoquinoline
1a (1 mmol), Pd(OAc)2 (0.1 mmol), TPPMS (0.2 mmol), benzyl alcohol 2a
(5 mmol), H2O (4 mL), 110 °C in a sealed tube under air. (B) Initial rates
obtained when amine 1a (0.75–1.25 mmol) was varied. (C) Initial rates ob-
tained when alcohol 2a (3–6 mmol) was varied. (D) First-order dependence
of the initial rate of the formation of 3a on the concentration of alcohol 2a.

The coupling of 1a with 2a proceeded smoothly in H2O com-
pared to D2O (Figure 3A). Furthermore, the reaction rate was
significantly slower under neat conditions.[23] The first-order
plot clearly shows a faster rate in H2O than in D2O with a kinetic
solvent isotope effect (KSIE) of 1.6 (Figure 3B),[24] suggesting
that hydrogen bonding activation plays an important role in
our catalytic system.[25]
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Figure 3. (A) Reaction time course in H2O, D2O and neat condition. (B) Com-
parison of reaction rates in H2O and D2O. Reaction conditions: 1-aminoiso-
quinoline 1a (1 mmol), Pd(OAc)2 (0.1 mmol), TPPMS (0.2 mmol), benzyl alco-
hol 2a (5 mmol), H2O or D2O (4 mL), 110 °C in a sealed tube under air.

5. Disproportionation of Benzyl Alcohol

To better understand the dehydrogenation step, disproportion-
ation of alcohol 2a was examined. If the dehydrogenation of
alcohol 2a to aldehyde 4a occurs, toluene (5a) should be
formed through �-hydride elimination of the palladium hydride
species. We were delighted to observe the formation of alde-
hyde 4a (25 %) and toluene 5a (21 %) in the reaction mixture
(Figure 4). In contrast, in the absence of the water-soluble phos-
phine ligand or under neat conditions, lower yields resulted.
Furthermore, the reaction kinetics were faster in H2O than in
D2O with a KSIE of 2.3.[26] This is consistent with the results of
Figure 4 right, which show that the water molecules signifi-
cantly affect the reactivity for the dehydrogenation of benzyl
alcohol.

Figure 4. Disproportionation of benzyl alcohol (2a). Reaction conditions:
benzyl alcohol 2a (5 mmol), Pd(OAc)2 (0.05 mmol), TPPMS (0.1 mmol), H2O
or D2O (4 mL), 100 °C, 2 h in a sealed tube under air.

6. Mechanistic Considerations

On the basis of these results and our previous report,[18] we
propose a catalytic mechanism for the dehydrative coupling of
1-aminoisoquinoline (1a) with benzyl alcohol (2a) in water as
illustrated in Scheme 5. First, oxidative addition of hydrated al-
cohol 2a to the water-soluble Pd0/TPPMS catalyst affords the
cationic π-benzylpalladium(II) complex A (step 1). This process
should be favored by electron-donating groups on intermediate
A, since these will stabilize the positive charge on PdII. The re-
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sulting cationic charge of complex A would also be stabilized
by water molecules. Next, the PdII-catalyzed dehydrogenation
of alcohol 2a generates the benzaldehyde (4a) through �-
hydride elimination (step 2). After the coordination of alcohol
2a to A, benzylic C-H cleavage and deprotonation of 2a would
proceed synchronously to form the aldehyde 4a along with pal-
ladium(II) hydride B. The KIE of 4.4 indicates that the C-H cleav-
age in TS is involved in the turnover-limiting step (see
Scheme 4). Furthermore, the KSIEs of 1.6 (Figure 3 right) and
2.3 (Figure 4) suggest that water molecules accelerate the de-
hydrogenation of alcohol 2a in water. The acetoxy anion would
act as a base to remove the acidic proton of the cationic alco-
hol–PdII intermediate, whereas the use of strong bases is essen-
tial in traditional protocols. Finally, reductive amination of
amine 1a with aldehyde 4a catalyzed by palladium(II) hydride
B affords the N-benzylated product 3a and regenerates the
π-benzylpalladium(II) species A (step 3).

Scheme 5. Proposed mechanism.

Control experiments were performed to exclude the possibil-
ity of other reaction pathways and support the proposed mech-
anism (Scheme 6). In the presence of a radical scavenger (BHA:
3-tert-butyl-4-hydroxyanisole, 1 equiv.) or under an Ar atmos-
phere, the yield of the desired product 3a remained un-
changed, suggesting that a radical pathway based on a single
electron transfer (SET) is not included in our catalytic system,
nor is oxygen essential to the oxidation (dehydrogenation) step.

Scheme 6. Control experiments.

To compare our π-benzylpalladium system with other effi-
cient catalytic systems for dehydrative C–N bond formation, the
reaction of substrate 1a with alcohol 2a at 120 °C for 18 h was
carried out (Scheme 7). While our catalytic system proceeded
smoothly to give desired product 3a in 84 % yield, the prior
borrowing hydrogen methods using [Cp*IrCl2]2/K2CO3

[27a]

RuCl2(PPh3)3/KOtBu[27b] or Pd(OAc)2/CsOH[27c] resulted in lower
yields (15–37 %). Furthermore, no reaction occurred when using
FeBr2 catalyst with KHSO4 system for the direct nucleophilic
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substitution of 2a in toluene,[27d] clearly showing the superior-
ity of the π-benzylpalladium(II) system for the direct dehydra-
tive coupling of 1a. Notably, our simple protocol could be
achieved under neutral aqueous conditions, which should be
advantageous for organic synthesis.

Scheme 7. Comparison of catalytic dehydrative N-benzylation of substrate 1a
with alcohol 2a.

7. Late-Stage N-Benzylation in Bioactive Molecule

To demonstrate the power of the efficient C–N bond formation,
we applied the late-stage direct modification of a drug mole-
cule (Scheme 8).[28,29] The dehydrative coupling of Imiquimod
with alcohol 2a proceeded smoothly in water, then crude prod-
uct could be purified simply by recrystallization from hexane
and EtOAc to give the desired product 3v in 72 % isolated yield.
Notably, the developed process avoids using column chroma-
tography.

Scheme 8. Late-stage direct modification of a drug molecule.

Conclusions

In summary, we have developed an environmentally benign
borrowing hydrogen strategy for dehydrative coupling of
aminoisoquinolines or aminoquinolines with benzylic alcohols
using a water-soluble palladium(0)/TPPMS system in water. This
catalytic system provides rapid access to valuable N-benzylated
products as a common structural motif found in pharmaceuti-
cals. To the best of our knowledge, this is the first example of
direct modification of aminoisoquinolines with benzylic alco-
hols in water. Notably, the water-soluble π-benzylpalladium sys-
tem promotes the reactions without the need for strong bases
or other additives, whereas strong bases are generally used in
hydrogen transfer strategies using organic solvents. Further-
more, water molecules significantly accelerate the dehydrogen-
ation of alcohols followed by C–N bond formation. A borrowing
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hydrogen pathway was proposed based on kinetic studies and
crossover experiments.

Experimental Section
General Procedure I: A mixture of amines 1 (1 mmol), palladium(II)
acetate (12 mg, 0.05 mmol), sodium diphenylphosphinobenzene-3-
sulfonate (TPPMS, 72 mg, 0.2 mmol) and benzylic alcohols 2
(5 mmol) in H2O (4 mL) was heated at 120 °C for 43 h in a sealed
tube under air. After cooling, the reaction mixture was poured into
water and extracted with EtOAc. The organic layer was washed with
brine, dried with MgSO4 and concentrated in vacuo. The residue
was purified by flash column chromatography (silica gel, hexane/
EtOAc) to give desired product 3.

General Procedure II: A mixture of amines 1 (1 mmol), palla-
dium(II) acetate (24 mg, 0.1 mmol), sodium diphenylphosphino-
benzene-3-sulfonate (TPPMS, 72 mg, 0.2 mmol) and benzylic alco-
hols 2 (5 mmol) in H2O (4 mL) was heated at 120 °C for 18 h in a
sealed tube under air. After cooling, the reaction mixture was
poured into water and extracted with EtOAc. The organic layer was
washed with brine, dried with MgSO4 and concentrated in vacuo.
The residue was purified by flash column chromatography (silica
gel, hexane/EtOAc) to give desired product 3.

General Procedure III: A mixture of amines 1 (1 mmol), palla-
dium(II) acetate (24 mg, 0.1 mmol), sodium diphenylphosphino-
benzene-3-sulfonate (TPPMS, 72 mg, 0.2 mmol) and benzylic alco-
hols 2 (5 mmol) in H2O (4 mL) was heated at 140 °C for 18 h in a
sealed tube under air. After cooling, the reaction mixture was
poured into water and extracted with EtOAc. The organic layer was
washed with brine, dried with MgSO4 and concentrated in vacuo.
The residue was purified by flash column chromatography (silica
gel, hexane/EtOAc) to give desired product 3.

N-Benzylisoquinolin-1-amine (3a):[30] Following the general pro-
cedure I, 3a was obtained as a white solid. Yield 201 mg (85 %);
m.p. 91–93 °C; IR (KBr) /cm–1: ν̃ = 3441, 1621; 1H-NMR (400 MHz,
CDCl3): δ = 4.82 (d, J = 5.3 Hz, 2H), 5.43 (brs, 1H), 6.98 (dd, J = 6.0,
0.7 Hz, 1H), 7.28–7.46 (m, 6H), 7.59 (ddd, J = 8.2, 7.1, 1.1 Hz, 1H),
7.70 (d, J = 8.0 Hz, 1H), 7.74 (d, J = 8.5 Hz, 1H), 8.03 (d, J = 5.7 Hz,
1H); 13C-NMR (100 MHz, CDCl3) δ = 21.1, 45.9, 111.2, 118.0, 121.4,
125.9, 127.2, 128.1, 129.4, 130.0, 136.3, 137.1; MS (FAB): m/z 235 [M
+ H]+.

N-Benzylisoquinolin-3-amine (3b):[31] Following the general pro-
cedure II, 3b was obtained as a pale yellow solid. Yield 172 mg
(73 %); m.p. 170–172 °C; IR (KBr) /cm–1: ν̃ = 3242, 1624; 1H-NMR
(400 MHz, CDCl3): δ = 4.52 (d, J = 2.1 Hz, 2H), 5.19 (brs, 1H), 6.49 (s,
1H), 7.20 (ddd, J = 8.0, 6.4, 1.4 Hz, 1H), 7.27–7.63 (m, 7H), 7.74 (dd,
J = 8.2, 0.9 Hz, 1H), 8.82 (s, 1H); 13C-NMR (100 MHz, CDCl3) δ =
47.2, 96.0, 122.6, 124.9, 127.2, 127.3, 127.8, 128.7, 130.4, 138.8, 139.0,
151.8, 155.4; MS (FAB): m/z 235 [M + H]+.

N-Benzylisoquinolin-4-amine (3c):[32] Following the general pro-
cedure II, 3c was obtained as a white solid. Yield 230 mg (98 %);
m.p. 127–130 °C; IR (KBr) /cm–1: ν̃ = 3264, 1545; 1H-NMR (400 MHz,
CDCl3): δ = 4.52 (m, 3H), 7.30–7.47 (m, 5H), 7.54–7.69 (m, 2H), 7.81
(d, J = 8.5, 1H), 7.91–7.93 (m, 2H); 13C-NMR (100 MHz, CDCl3) δ =
48.5, 119.2, 123.8, 125.9, 127.0, 127.7, 127.9, 128.1, 128.5, 128.9,
129.0, 138.5; MS (FAB): m/z 235 [M + H]+.

N-Benzylisoquinolin-5-amine (3d):[33] Following the general pro-
cedure I, 3d was obtained as a pale yellow solid. Yield 202 mg
(86 %); m.p. 115–117 °C; IR (KBr) /cm–1: ν̃ = 3337, 1579; 1H-NMR
(400 MHz, CDCl3): δ = 4.50 (d, J = 4.4 Hz, 2H), 4.74 (brs, 1H), 6.78
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(d, J = 7.1 Hz, 1H), 7.29–7.50 (m, 7H), 7.58 (dt, J = 6.2, 0.7 Hz, 1H),
8.47 (d, J = 6.0 Hz, 1H), 9.17 (d, J = 0.7 Hz, 1H); 13C-NMR (100 MHz,
CDCl3) δ = 48.3, 108.0, 113.3, 116.4, 125.9, 127.6, 128.0, 128.8, 129.3,
138.4, 142.1, 142.2, 152.9; MS (FAB): m/z 235 [M + H]+.

N-Benzylisoquinolin-6-amine (3e): Following the general proce-
dure I, 3e was obtained as a pale yellow solid. Yield 127 mg (54 %);
m.p. 128–130 °C; IR (KBr) /cm–1: ν̃ = 3284, 1621; 1H-NMR (400 MHz,
CDCl3): δ = 4.45 (d, J = 5.3 Hz, 2H), 4.62 (brs, 1H), 6.68 (d, J = 2.3 Hz,
1H), 6.96 (dd, J = 8.8, 2.3 Hz, 1H), 7.29–7.42 (m, 6H), 7.71 (d, J = 8.9,
1H), 8.30 (d, J = 5.7 Hz, 1H), 8.94 (s, 1H); 13C-NMR (100 MHz, CDCl3)
δ = 47.9, 101.7, 118.9, 123.1, 127.5, 127.6, 128.8, 129.0, 138.2, 143.5,
149.1, 151.4; MS (FAB): m/z 235 [M + H]+. HRMS (FAB): m/z [M + H]+

calcd. for C16H14N2 235.1235, found 235.1236.

N-Benzylisoquinolin-7-amine (3f): Following the general proce-
dure II, 3f was obtained as a pale yellow solid. Yield 146 mg (62 %);
m.p. 142–144 °C; IR (KBr) /cm–1: ν̃ = 3263; 1H-NMR (400 MHz, CDCl3):
δ = 4.39 (brs, 1H), 4.46 (d, J = 5.0 Hz, 1H), 6.88 (d, J = 2.3 Hz, 1H),
7.11 (dd, J = 8.9, 2.3 Hz, 1H), 7.28–7.34 (m, 1H), 7.34–7.44 (m, 4H),
7.47 (d, J = 5.7 Hz, 1H), 7.62 (d, J = 8.7 Hz, 1H), 8.27 (d, J = 5.7 Hz,
1H), 9.00 (s, 1H); 13C-NMR (100 MHz, [D6]DMSO) δ = 48.2, 103.1,
120.2, 122.2, 127.5, 127.6, 128.8, 129.8, 130.6, 138.5, 139.7, 146.7,
150.5; MS (FAB): m/z 235 [M + H]+. HRMS (FAB): m/z [M + H]+ calcd.
for C16H14N2 235.1235, found 235.1235.

N-Benzylisoquinolin-8-amine (3g): Following the general proce-
dure I, 3g was obtained as a pale yellow solid. Yield 212 mg (90 %);
m.p. 126–128 °C; IR (KBr) /cm–1: ν̃ = 3277, 1572; 1H-NMR (400 MHz,
CDCl3): δ = 4.52 (d, J = 5.0 Hz, 2H), 5.21 (brs, 1H), 6.65 (d, J = 7.8 Hz,
1H), 7.14 (d, J = 8.2 Hz, 1H), 7.30–7.68 (m, 7H), 8.47 (d, J = 5.7, 1H),
9.32 (s, 1H); 13C-NMR (100 MHz, CDCl3) δ = 48.2, 105.9, 115.3, 118.6,
120.9, 127.5, 127.6, 128.8, 131.7, 137.0, 138.3, 143.1, 144.3, 145.3;
MS (FAB): m/z 235 [M + H]+. HRMS (FAB): m/z [M + H]+ calcd. for
C16H14N2 235.1235, found 235.1235.

N-(4-Methoxybenzyl)isoquinolin-1-amine (3h):[34] Following the
general procedure III, 3h was obtained as a yellow oil. Yield 222 mg
(84 %); IR (KBr) /cm–1: ν̃ = 3445, 1623; 1H-NMR (400 MHz, CDCl3):
δ = 3.81 (s, 3H), 4.74 (d, J = 4.6 Hz, 2H), 5.36 (brs, 1H), 6.90 (d, J =
8.7 Hz, 2H), 6.97 (d, J = 6.0 Hz, 1H), 7.37 (d, J = 8.7 Hz, 2H), 7.43
(ddd, J = 8.2, 8.0, 0.9 Hz, 1H), 7.58 (t, J = 7.8 Hz, 1H), 7.68 (d, J =
7.8 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 8.03 (d, J = 6.0 Hz, 1H); 13C-NMR
(100 MHz, CDCl3) δ = 45.6, 55.4, 111.2, 114.1, 118.3, 121.7, 126.0,
127.2, 129.5, 129.8, 131.6, 137.2, 141.4, 155.1, 159.0; MS (FAB): m/z
265 [M + H]+.

N-(4-Ethoxybenzyl)isoquinolin-1-amine (3i): Following the gen-
eral procedure III, 3i was obtained as a yellow oil. Yield 213 mg
(76 %); IR (KBr) /cm–1: ν̃ = 3442, 1622; 1H-NMR (400 MHz, CDCl3):
δ = 1.42 (t, J = 6.9 Hz, 3H), 4.04 (q, J = 7.3 Hz, 2H), 4.73 (d, J =
5.0 Hz, 2H), 5.35 (brs, 1H), 6.89 (d, J = 8.7 Hz, 2H), 6.97 (d, J = 6.0 Hz,
1H), 7.35 (d, J = 8.7 Hz, 2H), 7.43 (ddd, J = 8.2, 6.9, 1.4 Hz, 1H), 7.55–
7.61 (m, 1H), 7.69 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 8.7 Hz, 1H), 8.03
(d, J = 6.0, 1H); 13C-NMR (100 MHz, CDCl3) δ = 15.0, 45.6, 63.6, 111.2,
114.7, 118.2, 121.7, 126.0, 127.2, 129.5, 129.8, 131.4, 137.2, 141.5,
155.1, 158.4; MS (FAB): m/z 279 [M + H]+; HRMS (FAB): m/z [M + H]+

calcd. for C18H18N2O 279.1497, found 279.1497.

N-(4-Butoxybenzyl)isoquinolin-1-amine (3j): Following the gen-
eral procedure III, 3j was obtained as a yellow oil. Yield 211 mg
(69 %); IR (KBr) /cm–1: ν̃ = 3448, 1622; 1H-NMR (400 MHz, CDCl3) δ =
0.96 (t, J = 7.8 Hz, 3H), 1.47 (sext, J = 7.3 Hz, 2H), 1.47 (quin, J =
7.3 Hz, 2H), 3.91 (t, J = 6.4 Hz, 2H), 4.70 (d, J = 5.0 Hz, 2H), 5.43 (brt,
J = 4.8 Hz, 1H), 6.85 (d, J = 8.7 Hz, 2H), 6.93 (d, J = 6.0 Hz, 1H), 7.30
(d, J = 8.7 Hz, 2H), 7.36 (ddd, J = 8.2, 6.9, 1.4 Hz, 1H), 7.53 (dt, J =
6.9, 1.4 Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.66 (d, J = 8.2 Hz, 1H), 8.01
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(d, J = 5.5 Hz, 1H); 13C-NMR (100 MHz, CDCl3) δ = 14.0, 19.4, 31.4,
45.7, 67.8, 111.2, 114.8, 118.2, 121.6, 126.0, 127.2, 129.5, 129.8, 131.3,
137.2, 141.5, 155.0, 158.7; MS (FAB): m/z 307 [M + H]+; HRMS (FAB):
m/z [M + H]+ calcd. for C20H22N2O 307.1810, found 307.1809.

N-[4-(Pentyloxy)benzyl]isoquinolin-1-amine (3k): Following the
general procedure III, 3k was obtained as a yellow oil. Yield 214 mg
(67 %); IR (KBr) /cm–1: ν̃ = 3444, 1624; 1H-NMR (400 MHz, CDCl3) δ =
0.91 (t, J = 7.3 Hz, 3H), 1.25–1.50 (m, 4H), 1.74 (quin, J = 6.9 Hz, 2H),
3.87 (t, J = 6.9 Hz, 2H), 4.68 (d, J = 5.0 Hz, 2H), 5.48 (brt, J = 4.6 Hz,
1H), 6.80 (d, J = 8.2 Hz, 2H), 6.90 (d, J = 6.0 Hz, 1H), 7.27 (d, J =
8.7 Hz, 2H), 7.31 (ddd, J = 8.2, 6.9, 0.9 Hz, 1H), 7.49 (ddd, J = 8.2,
6.9, 0.9 Hz, 1H), 7.61 (d, J = 8.2 Hz, 1H), 7.64 (d, J = 8.2 Hz, 1H), 8.00
(d, J = 6.0 Hz, 1H); 13C-NMR (100 MHz, CDCl3) δ = 14.2, 22.6, 28.4,
29.1, 45.7, 68.1, 111.2, 114.8, 118.2, 121.6, 126.0, 127.2, 129.5, 129.8,
131.3, 137.2, 141.5, 155.1, 158.7; MS (FAB): m/z 321 [M + H]+; HRMS
(FAB): m/z [M + H]+ calcd. for C21H25N2O 321.1967, found 321.1966.

N-(4-Methylbenzyl)isoquinolin-1-amine (3l): Following the gen-
eral procedure II, 3l was obtained as a brown oil. Yield 186 mg
(75 %); IR (KBr) /cm–1: ν̃ = 3310, 1623; 1H-NMR (400 MHz, CDCl3):
δ = 2.36 (s, 3H), 4.76 (d, J = 5.0 Hz, 2H), 5.39 (brs, 1H), 6.96 (dd, J =
6.0, 0.5 Hz, 1H), 7.18 (d, J = 7.8 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.43
(ddd, J = 8.5, 7.1, 1.4 Hz, 1H), 7.58 (ddd, J = 8.0, 6.9, 1.1 Hz, 1H),
7.69 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 8.04 (d, J = 6.0 Hz,
1H); 13C-NMR (100 MHz, CDCl3) δ = 21.1, 45.9, 111.2, 118.0, 121.4,
125.9, 127.2, 128.1, 129.4, 129.7, 136.3, 137.1, 141.4, 154.9; MS (FAB):
m/z 249 [M + H]+. HRMS (FAB): m/z [M + H]+ calcd. for C17H16N2

249.1392, found 249.1392.

N-(4-Methylbenzyl)isoquinolin-8-amine (3m): Following the gen-
eral procedure I, 3m was obtained as a white solid. Yield 236 mg
(95 %); m.p. 120–121 °C; IR (KBr) /cm–1: ν̃ = 3269, 1568; 1H-NMR
(400 MHz, [D6]DMSO): δ = 2.26 (s, 3H), 4.47 (d, J = 5.5 Hz, 2H), 6.45
(d, J = 7.3 Hz, 1H), 7.02 (d, J = 7.8 Hz, 1H), 7.12 (d, J = 7.8 Hz, 2H),
7.30 (d, J = 8.2 Hz, 2H), 7.38 (t, J = 8.2 Hz, 1H), 7.54 (t, J = 6.0 Hz,
1H), 7.60 (d, J = 5.5 Hz, 1H), 8.39 (d, J = 5.5 Hz, 1H), 9.63 (s, 1H);
13C-NMR (100 MHz, [D6]DMSO) δ = 21.2, 46.4, 105.6, 113.6, 118.8,
120.8, 127.4, 129.5, 132.2, 136.2, 136.9, 137.0, 143.3, 145.3, 147.4;
MS (FAB): m/z 249 [M + H]+. HRMS (FAB): m/z [M + H]+ calcd. for
C17H16N2 249.1392, found 249.1392.

N-(2-Methylbenzyl)isoquinolin-1-amine (3n):[34] Following the
general procedure II, 3n was obtaine as a yellow solid. Yield 174 mg
(70 %); m.p. 77–80 °C; IR (KBr) /cm–1: ν̃ = 3251, 1623; 1H-NMR
(400 MHz, CDCl3): δ = 2.41 (s, 3H), 4.78 (d, J = 4.8 Hz, 2H), 5.24 (brs,
1H), 6.98 (d, J = 6.0 Hz, 1H), 7.16–7.25 (m, 3H), 7.38 (d, J = 7.1 Hz,
1H), 7.43 (ddd, J = 8.2, 6.8, 1.1 Hz, 1H), 7.58 (ddd, J = 8.0, 6.9, 1.1 Hz,
1H), 7.69 (d, J = 4.4 Hz, 1H), 7.71 (d, J = 5.0 Hz, 1H), 8.05 (d, J =
6.0 Hz, 1H); 13C-NMR (100 MHz, CDCl3) δ = 19.1, 44.3, 111.1, 118.0,
121.4, 125.9, 126.2, 127.2, 127.7, 129.0, 129.7, 130.6, 137.0, 141.4,
154.8; MS (FAB): m/z 249 [M + H]+.

N-(4-Isopropylbenzyl)isoquinolin-1-amine (3o): Following the
general procedure III, 3o was obtaine as a yellow oil. Yield 206 mg
(75 %); IR (KBr) /cm–1: ν̃ = 3447, 1623; 1H-NMR (400 MHz, CDCl3):
δ = 1.23 (d, J = 7.3 Hz, 6H), 2.88 (sep, J = 6.9 Hz, 1H), 4.74 (d, J =
5.0 Hz, 1H), 5.46 (brs, 1H), 6.91 (d, J = 5.5 Hz, 1H), 7.18 (d, J = 7.8 Hz,
2H), 7.28–7.36 (m, 3H), 7.50 (dd, J = 7.8, 6.9 Hz, 1H), 7.62 (d, J =
8.2 Hz, 2H), 8.01 (d, J = 6.0 Hz, 1H); 13C-NMR (100 MHz, CDCl3) δ =
24.2, 34.0, 46.0, 111.3, 118.2, 121.6, 126.0, 126.9, 127.3, 128.4, 129.8,
136.9, 137.2, 141.6, 148.2, 155.1; MS (FAB): m/z 277 [M + H]+; HRMS
(FAB): m/z [M + H]+ calcd. for C19H20N2 277.1705, found 277.1705.

N-(Naphthalen-2-ylmethyl)isoquinolin-1-amine (3p): Following
the general procedure III, 3p was obtained as a white solid. Yield
202 mg (71 %); m.p. 134–136 °C; IR (KBr) /cm–1: ν̃ = 3417, 1619; 1H-

Eur. J. Org. Chem. 0000, 0–0 www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim7

NMR (400 MHz, [D6]DMSO): δ = 4.93 (d, J = 6.0 Hz, 2H), 6.91 (d, J =
5.5 Hz, 2H), 7.40–7.50 (m, 2H), 7.53 (ddd, J = 8.2, 6.9, 1.4 Hz, 1H),
7.57 (dd, J = 6.9, 1.8 Hz, 1H), 7.64 (ddd, J = 8.2, 6.9, 1.4 Hz, 1H), 7.72
(d, J = 7.3 Hz, 1H), 7.78–7.92 (m, 5H), 8.12 (d, J = 5.5 Hz, 1H), 8.36
(d, J = 7.8 Hz, 1H); 13C-NMR (100 MHz, [D6]DMSO) δ = 44.6, 110.3,
118.4, 123.6, 125.5, 125.9, 126.2, 126.5, 126.6, 127.1, 128.0, 128.2,
130.3, 132.6, 133.5, 137.2, 139.1, 142.0, 155.7; MS (FAB): m/z 285
[M]+; HRMS (FAB): m/z [M]+ calcd. for C17H16N2 284.1313, found
284.1313; Anal. Calcd for C20H16N2·0.1H2O: C, 83.95; H, 5.64; N, 9.79;
found C, 83.94; H, 5.57; N, 9.74.

N-Benzylquinolin-2-amine (3q):[35] Following the general proce-
dure II, 3q was obtained as a white solid. Yield 192 mg (82 %); m.p.
100–102 °C; IR (KBr) /cm–1: ν̃ = 3265, 1622; 1H-NMR (400 MHz,
CDCl3): δ = 4.73 (d, J = 5.7 Hz, 2H), 5.03 (brs, 1H), 6.62 (d, J = 8.9 Hz,
1H), 7.22 (ddd, J = 8.0, 6.9, 1.1 Hz, 1H), 7.27–7.42 (m, 5H), 7.54 (ddd,
J = 8.5, 7.1, 1.6 Hz, 1H), 7.59 (dd, J = 1.4, 8.0 Hz, 1H), 7.71 (dd, J =
8.4, 0.7 Hz, 1H), 7.81 (d, J = 8.9 Hz, 1H); 13C-NMR (100 MHz, CDCl3)
δ = 45.9, 111.4, 122.2, 123.6, 126.3, 127.4, 127.5, 127.8, 128.7, 130.0,
137.5, 139.4, 148.0, 156.7; MS (FAB): m/z 235 [M + H]+.

N-Benzylquinolin-3-amine (3r):[36] Following the general proce-
dure II, 3r was obtained as a yellow solid. Yield 187 mg (79 %); m.p.
96–100 °C; IR (KBr) /cm–1: ν̃ = 3344, 1615; 1H-NMR (400 MHz, CDCl3):
δ = 4.43 (m, 3H), 7.02 (d, J = 2.8 Hz, 1H), 7.29–7.47 (m, 7H), 7.58
(dd, J = 6.0, 3.7 Hz, 1H), 7.94 (dd, J = 6.2, 3.4 Hz, 1H), 8.49 (d, J =
2.8 Hz, 1H); 13C-NMR (100 MHz, CDCl3) δ = 48.0, 110.5, 125.0, 126.0,
127.0, 127.5, 127.6, 128.9, 129.1, 129.4, 138.2, 141.4, 142.2, 143.3;
MS (FAB): m/z 235 [M + H]+.

N-Benzylquinolin-6-amine (3s):[37] Following the general proce-
dure II, 3s was obtained as a yellow solid. Yield 214 mg (91 %); m.p.
124–125 °C; IR (KBr) /cm–1: ν̃ = 3316, 1622; 1H-NMR (400 MHz,
CDCl3): δ = 4.44 (m, 3H), 6.72 (d, J = 2.8 Hz, 1H), 7.13 (dd, J = 9.2,
2.5 Hz, 1H), 7.25 (dd, J = 8.4, 4.4 Hz, 1H), 7.28–7.52 (m, 5H), 7.89 (d,
J = 8.7 Hz, 2H), 8.61 (dd, J = 4.1, 1.6 Hz, 1H); 13C-NMR (100 MHz,
CDCl3) δ = 48.3, 103.3, 121.3, 121.4, 127.4, 127.5, 128.7, 130.1, 130.3,
133.9, 138.6, 143.3, 145.9, 146.3; MS (FAB): m/z 235 [M + H]+.

N-(4-Methoxybenzyl)quinolin-2-amine (3t):[38] Following the
general procedure II, 3t was obtained. Yield 176 mg (66 %) as a
yellow oil; IR (KBr) /cm–1: ν̃ = 3285, 1608; 1H-NMR (400 MHz, CDCl3):
δ = 3.80 (s, 3H), 4.65 (d, J = 3.9 Hz, 2H), 5.05 (brs, 1H), 6.62 (d, J =
8.7 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 7.22 (ddd, J = 8.0, 7.1, 1.4 Hz,
1H), 7.34 (d, J = 8.7 Hz, 2H), 7.54 (ddd, J = 8.5, 6.9, 1.6 Hz, 1H ), 7.59
(dd, J = 7.7, 1.4 Hz, 1H), 7.71 (d, J = 8.5 Hz, 1H), 7.81 (d, J = 8.5 Hz,
1H ); 13C-NMR (100 MHz, CDCl3) δ = 45.5, 55.4, 111.4, 114.1, 122.2,
123.6, 126.2, 127.5, 129.2, 129.7, 131.4, 137.5, 156.8, 159.0; MS (FAB):
m/z 265 [M + H]+.

N-(3-Methylbenzyl)quinolin-2-amine (3u): Following the general
procedure II, 3u was obtained as a colorless oil. Yield 152 mg (62 %);
IR (KBr) /cm–1: ν̃ = 3277, 1619; 1H-NMR (400 MHz, CDCl3): δ = 2.34
(s, 3H), 4.67 (d, J = 5.0 Hz, 2H), 5.07 (brs, 1H), 6.61 (d, J = 9.2, 1.4 Hz,
1H), 7.09 (d, J = 7.3 Hz, 1H), 7.15–7.30 (m, 4H), 7.53 (dd, J = 8.2,
6.9 Hz, 2H), 7.58 (d, J = 7.8 Hz, 1H), 7.71 (d, J = 8.7 Hz, 1H), 7.80 (d,
J = 8.7 Hz, 1H); 13C-NMR (100 MHz, CDCl3) δ = 21.5, 46.0, 111.4,
122.2, 123.6, 124.9, 126.3, 127.5, 128.2, 128.6, 128.7, 129.7, 137.5,
138.4, 139.3, 148.1, 156.9; MS (FAB): m/z 249 [M + H]+; HRMS (FAB):
m/z [M + H]+ calcd. for C17H16N2 249.1392, found 249.1391.

N-Benzyl-1-isobutyl-1H-imidazo[4,5-c]quinolin-4-amine (3v):[39]

A mixture of Imiquimod (240 mg, 1 mmol), palladium(II) acetate
(24 mg, 0.1 mmol), sodium diphenylphosphinobenzene-3-sulfonate
(TPPMS, 72 mg, 0.2 mmol) and benzyl alcohol (2) (515 μL, 5 mmol)
in H2O (4 mL) was heated at 140 °C for 18 h in a sealed tube under
air. After cooling, the reaction mixture was poured into water and
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extracted with EtOAc. The organic layer was washed with brine,
dried with MgSO4 and concentrated in vacuo. The residue was puri-
fied by recrystallization from hexane and EtOAc to give the desired
product 3v as a white solid. Yield 228 mg (72 %); m.p. 162–164 °C;
IR (KBr) /cm–1: ν̃ = 3295, 1597; 1H-NMR (400 MHz, [D6]DMSO): δ =
0.92 (d, J = 6.9 Hz, 6H), 2.17 (sept, J = 6.9 Hz, 6H), 4.40 (d, J = 7.3 Hz,
2H), 4.79 (d, J = 6.0 Hz, 2H), 2.17 (sept, J = 6.9 Hz, 6H), 7.19 (tt, J =
7.3, 1.4 Hz, 1H), 7.24–7.32 (m, 3H), 7.40–7.46 (m, 3H), 7.60 (t, J =
6.4 Hz, 1H), 2.17 (sept, J = 6.9 Hz, 6H), 7.64 (dd, J = 8.2, 0.9 Hz, 1H),
7.99 (dd, J = 6.9 Hz, 1H), 8.19 (s, 1H); 13C-NMR (100 MHz, [D6]DMSO)
δ = 19.8, 29.0, 43.6, 54.0, 115.4, 120.9, 121.8, 126.9, 127.3, 127.4,
128.0, 128.6, 128.9, 131.8, 141.5, 143.8, 145.4, 151.0; MS (FAB): m/z
331 [M + H]+.

((PM: Der Autor hat einige Abbildungen in mehreren Teilen gelief-
ert: Bitte o201901606_figure2_TOP, o201901606_figure2A,
o201901606_figure2B, o201901606_figure2C und o201901606_fig-
ure2D nach der Grafik im Original.PDF kombinieren. Auch
o201901606_figure3_TOP, o201901606_figure3A und o201901606_
figure3B genauso kombinieren, und noch o201901606_figure4LEFT
und o201901606_figure4RIGHT bitte auch.))

Acknowledgments
This work was supported by JSPS KAKENHI Grant Number
19K07003.

Keywords: Isoquinoline · Borrowing hydrogen ·
Palladium · Reaction mechanisms · Benzyl alcohol

[1] J. K. Liu, W. T. Couldwell, Neurocrit. Care 2005, 2, 124–132.
[2] a) S. H. Yang, H. T. M. Van, T. N. Le, D. B. Khadka, S. H. Cho, K.-T. Lee, H.-

J. Chung, S. K. Lee, C.-H. Ahn, Y. B. Lee, W.-J. Cho, Bioorg. Med. Chem. Lett.
2010, 20, 5277–5281; b) J. B. M. Rewinkel, H. Lucas, P. J. M. Van Galen,
A. B. J. Noach, T. G. Van Dinther, A. M. M. Rood, A. J. S. M. Jenneboer,
C. A. A. Van Boeckel, Bioorg. Med. Chem. Lett. 1999, 9, 685–690.

[3] M. J. Buskes, K. L. Harvey, B. Prinz, B. S. Crabb, P. R. Gilson, D. J. D. Wilson,
B. M. Abbott, Bioorg. Med. Chem. 2016, 24, 2389–2396.

[4] T. Siu, E. S. Kozina, J. Jung, C. Rosenstein, A. Mathur, M. D. Altman, G.
Chan, L. Xu, E. Bachman, J.-R. Mo, M. Bouthillette, T. Rush, C. J. Dinsmore,
C. Gary Marshall, J. R. Young, Bioorg. Med. Chem. Lett. 2010, 20, 7421–
7425.

[5] J. E. Van Muijlwijk-Koezen, H. Timmerman, R. Link, H. Van der Goot, A. P.
IJzerman, J. Med. Chem. 1998, 41, 3994–4000.

[6] W.-J. Cho, S. Y. Min, T. N. Le, T. S. Kim, Bioorg. Med. Chem. Lett. 2003, 13,
4451–4454.

[7] T. Sakamoto, Y. Koga, M. Hikota, K. Matsuki, M. Murakami, K. Kikkawa, K.
Fujishige, J. Kotera, K. Omori, H. Morimoto, K. Yamada, Bioorg. Med. Chem.
Lett. 2014, 24, 5175–5180.

[8] J. W. Liebeschuetz, W. A. Wylie, B. Waszkowycz, C. W. Murray, A. D. Rim-
mer, P. M. Welsh, S. D. Jones, J. M. E. Roscoe, S. C. Young, P. J. Morgan,
N. P. Camp, A. P. A. Crew, WO 9911657, 1999.

[9] a) B. Lu, H. Cao, J. Cao, S. Huang, Q. Hu, D. Liu, R. Shen, X. Shen, W. Tao,
H. Wan, D. Wang, Y. Yan, L. Yang, J. Zhang, L. Zhang, L. Zhang, M. Zhang,
Bioorg. Med. Chem. Lett. 2016, 26, 819–823; b) D. Delorme, Z. Zhou, US
Pat., US2004/0142953, 2004.

[10] Review see: a) T. Irrgang, R. Kempe, Chem. Rev. 2019, 119, 2524–2549; b)
A. Corma, J. Navas, M. J. Sabater, Chem. Rev. 2018, 118, 1410–1459.

[11] a) V. G. Landge, A. Mondal, V. Kumar, A. Nandakumar, E. Balaraman, Org.
Biomol. Chem. 2018, 16, 8175–8180; b) S. P. Midya, J. Pitchaimani, V. G.
Landge, V. Madhu, E. Balaraman, Catal. Sci. Technol. 2018, 8, 3469–3473;
c) M. Minakawa, M. Okubo, M. Kawatsura, Bull. Chem. Soc. Jpn. 2015, 88,
1680–1682.

[12] C. Gunanathan, D. Milstein, Angew. Chem. Int. Ed. 2008, 47, 8661–8664;
Angew. Chem. 2008, 120, 8789.

Eur. J. Org. Chem. 0000, 0–0 www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim8

[13] Cp*iridium, see: a) M. Huang, Y. Li, J. Liu, X.-B. Lan, Y. Liu, C. Zhao, Z. Ke,
Green Chem. 2019, 21, 219–224; b) A. Wetzel, S. Wöckel, M. Schelwies,
M. K. Brinks, F. Rominger, P. Hofmann, M. Limbach, Org. Lett. 2013, 15,
266–269; c) Y. M. A. Yamada, H. Ohta, Y. Yuyama, Y. Uozumi, Synthesis
2013, 45, 2093–2100; d) R. Kawahara, K.-I. Fujita, R. Yamaguchi, Adv.
Synth. Catal. 2011, 353, 1161–1168; e) H. Ohta, Y. Yuyama, Y. Uozumin,
Y. M. A. Yamada, Org. Lett. 2011, 13, 3892–3895; f ) R. Kawahara, K.-I.
Fujita, R. Yamaguchi, J. Am. Chem. Soc. 2010, 132, 15108–15111; g) O.
Saidi, A. J. Blacker, G. W. Lamb, S. P. Marsden, J. E. Taylor, J. M. Williams,
Org. Process Res. Dev. 2010, 14, 1046–1049.

[14] Gold nanoparticles, see: D. Ye, R. Huang, H. Zhu, L.-H. Zou, D. Wang, Org.
Chem. Front. 2019, 6, 62–69.

[15] Iron-catalyzed direct alkylation of amines with alcohols without a base
in CPME as a green solvent has been developed. see: T. Yan, B. L. Feringa,
K. Barta, Nat. Commun. 2014, 5, 5602.

[16] a) S. Zhang, A. Ullah, Y. Yamamoto, M. Bao, Adv. Synth. Catal. 2017, 359,
2723–2728. Reviews see: b) B. M. Trost, L. C. Czabaniuk, Angew. Chem.
Int. Ed. 2014, 53, 2826–2851; Angew. Chem. 2014, 126, 2868; c) R. Kuw-
ano, Synthesis 2009, 1049–1061.

[17] a) H. Hikawa, R. Ichinose, S. Kikkawa, I. Azumaya, Green Chem. 2018, 20,
1297–1305; b) H. Hikawa, R. Ichinose, S. Kikkawa, I. Azumaya, Asian J.
Org. Chem. 2018, 7, 416–423; c) H. Hikawa, T. Koike, K. Izumi, S. Kikkawa,
I. Azumaya, Adv. Synth. Catal. 2016, 358, 784–791.

[18] H. Hikawa, H. Imamura, S. Kikkawa, I. Azumaya, Green Chem. 2018, 20,
3044–3049.

[19] Review see: a) T. Kitanosono, K. Masuda, P. Xu, S. Kobayashi, Chem. Rev.
2018, 118, 679–746; b) B. H. Lipshutz, S. Ghorai, M. Cortes-Clerget, Chem.
Eur. J. 2018, 24, 6672–6695; c) R. N. Butler, A. G. Coyne, Org. Biomol.
Chem. 2016, 14, 9945–9960; d) A. Chanda, V. V. Fokin, Chem. Rev. 2009,
109, 725–748.

[20] a) Y. Qiu, Y. Zhang, L. Jin, L. Pan, G. Du, D. Ye, D. Wang, Org. Chem. Front.
2019, 6, 3420–3427; b) W. Hu, Y. Zhang, H. Zhu, D. Ye, D. Wang, Green
Chem. 2019, 21, 5345–5351; c) X. Hu, H. Zhu, X. Sang, D. Wang, Adv.
Synth. Catal. 2018, 360, 4293–4300; d) Z. Xu, X. Yu, X. Sang, D. Wang,
Green Chem. 2018, 20, 2571–2577; e) L. Rakers, F. Schaefers, F. Glorius,
Chem. Eur. J. 2018, 24, 15529–15532; f ) Z. Xu, D.-S. Wang, X. Yu, Y. Yang,
D. Wang, Adv. Synth. Catal. 2017, 359, 3332–3340. Borrowing hydrogen
reactions in water have been well-established without a base. See g) O.
Saidi, A. J. Blacker, M. M. Farah, S. P. Marsden, J. M. J. Williams, Chem.
Commun. 2010, 46, 1541–1543.

[21] J.-Y. Legros, J.-C. Fiaud, Tetrahedron Lett. 1992, 33, 2509–2510.
[22] D. G. Lee, U. A. Spitzer, Can. J. Chem. 1975, 53, 3709–3711.
[23] Borrowing hydrogen under solvent-free conditions, see: a) C. Li, K.-f. Wan,

F.-y. Guo, Q.-h. Wu, M.-l. Yuan, R.-x. Li, H.-y. Fu, X.-l. Zheng, H. Chen, J.
Org. Chem. 2019, 84, 2158–2168; b) A. Charvieux, J. B. Giorgi, N. Duguet,
E. Metay, Green Chem. 2018, 20, 4210–4216; c) J. J. A. Celaje, X. Zhang,
F. Zhang, L. Kam, J. R. Herron, T. J. Williams, ACS Catal. 2017, 7, 1136–
1142; d) D. Wang, K. Zhao, C. Xu, H. Miao, Y. Ding, ACS Catal. 2014, 4,
3910–3918.

[24] The result showed that rate constants for the reaction of 2a in H2O vs.
in D2O were measured to be 0.0014 min–1 and 0.0009 min–1, respec-
tively, yielding kH/kD = 1.6.

[25] a) K. D. Beare, C. S. P. McErlean, Org. Biomol. Chem. 2013, 11, 2452–2459;
b) S. Mellouli, L. Bousekkine, A. B. Theberge, W. T. S. Huck, Angew. Chem.
Int. Ed. 2012, 51, 7981–7984; Angew. Chem. 2012, 124, 8105; c) J. K.
Beattie, C. S. P. McErlean, C. B. W. Phippen, Chem. Eur. J. 2010, 16, 8972–
8974.

[26] The result showed that rate constants for the reaction of 2a in H2O vs.
in D2O were measured to be 0.0051 min–1 and 0.0022 min–1, respec-
tively, yielding kH/kD = 2.3.

[27] a) K. Fujita, Z. Li, N. Ozeki, R. Yamaguchi, Tetrahedron Lett. 2003, 44,
2687–2690; b) S. Manojveer, S. Salahi, O. F. Wendt, M. T. Johnson, J. Org.
Chem. 2018, 83, 10864–10870; c) A. Martínez-Asencio, M. Yus, D. J. Ra-
món, Synthesis 2011, 3730–3740; d) O. S. Nayal, M. S. Thakur, M. Kumar,
N. Kumar, S. K. Maurya, Adv. Synth. Catal. 2018, 360, 730–737.

[28] a) Y. Dou, K. Kenry, J. Liu, J. Jiang, Q. Zhu, Chem. Eur. J. 2019, 25, 6896–
6901; b) O. Abdulla, A. D. Clayton, R. A. Faulkner, D. M. Gill, C. R. Rice,
S. M. Walton, J. B. Sweeney, Chem. Eur. J. 2017, 23, 1494–1497; c) A. M.
Haydl, B. Breit, Angew. Chem. Int. Ed. 2015, 54, 15530–15534; Angew.
Chem. 2015, 127, 15750.



Full Paper

[29] A. Walter, M. Schafer, V. Cecconi, C. Matter, M. Urosevic-Maiwald, B. Bel-
loni, N. Schonewolf, R. Dummer, W. Bloch, S. Werner, H.-D. Beer, A. Knuth,
M. van den Broek, Nat. Commun. 2013, 4, 1560.

[30] W.-Z. Bi, K. Sun, C. Qu, X.-L. Chen, L.-B. Qu, S.-H. Zhu, X. Li, H.-T. Wu, L.-K.
Duan, Y.-F. Zhao, Org. Chem. Front. 2017, 4, 1595–1600.

[31] T. Zdrojewski, A. Jonczyk, Tetrahedron 1995, 51, 12439–44.
[32] D. Ma, W. Zhou, M. Fan, H. Wu, J. Yin, S. Xia, WO 2017012379, 2017.
[33] M. Pilania, A. Velladurai, M. P. Tantak, D. Kumar, ChemistrySelect 2016, 1,

6368–6373.
[34] T. H. Brown, R. J. Ife, C. A. Leach, EP 393926, 1990.

Eur. J. Org. Chem. 0000, 0–0 www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim9

[35] S. Cacchi, A. Carangio, G. Fabrizi, L. Moro, P. Pace, Synlett 1997, 1400–
1402.

[36] M. Vellakkaran, K. Singh, D. Banerjee, ACS Catal. 2017, 7, 8152–8158.
[37] See ref.[27d].
[38] J. Renault, J. Berlot, S. Renault, Comptes Rendus des Seances de l′Academie

des Sciences, Serie C: Sciences Chimiques 1975, 280, 1041–1043.
[39] D. Gutman, W. Baidossi, S. Chernyak, WO 2005033049, 2005.

Received: November 1, 2019



Full Paper

Borrowing Hydrogen Strategy

H. Hikawa,* R. Tan, A. Tazawa,
S. Kikkawa, I. Azumaya* ............... 1–10

A Borrowing Hydrogen Strategy for
Dehydrative Coupling of Aminoiso-
quinolines with Benzyl Alcohols in
Water

A borrowing hydrogen strategy for the quinolines with benzylic alcohols by
palladium-catalyzed dehydrative cou- a water-soluble π-benzylpalladium(II)
pling of aminoisoquinolines or amino- system has been developed.

DOI: 10.1002/ejoc.201901606

Eur. J. Org. Chem. 0000, 0–0 www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim10


