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ABSTRACT

An expeditious route to furnish an isoquinoline skeleton via hydride shift mediated C�H bond functionalization was developed. In this process, an
unusual [1,5]-H shift without the assistance of the adjacent heteroatom took place to produce tetrahydroisoquinoline derivatives in good to
excellent chemical yields. The formal synthesis of (()-tetrahydropalmatine was achieved by exploiting this new transformation.

The development of methodology for the direct functio-
nalization of relatively unreactive C�Hbonds has become
a major topic of research.1 Recently, the C(sp3)�H bond
functionalization via the hydride shift/cyclization process,
namely, the “internal redox process”, has attracted much
attention for its unique features (Scheme 1).2 The key
feature of this transformation is the [1,5]-hydride shift of
the C(sp3)�H bond R to the heteroatom. Subsequent
6-endo cyclization to cation species affords heterocycle 2.
Although C�H bond functionalization is promoted by a
transition metal catalyst in most cases, this type of C�H

bond functionalization typically proceeds under thermal
conditions or Brønsted or Lewis acid catalysis.3�6

Whereas a range of related reactions of heteroatom-
containing substrates (X=NR2 orO) have been reported,

(1) For recent reviews on C�H activation, see: (a) Godula, K.;
Sames, D. Science 2006, 312, 67. (b) Bergman, R. G. Nature 2007, 446,
391. (c) Alberico, D.; Scott, M. E.; Lautens, M. Chem. Rev. 2007, 107,
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Aznar, F.; Vald�es, C. Angew. Chem., Int. Ed. 2008, 47, 6594. (e)
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2010, 132, 3543. (i) Zhou, G.; Zhang, J. Chem. Commun. 2010, 46, 6593.
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2011, 133, 2100. (k) Bolte, B.; Gagosz, F. J. Am. Chem. Soc. 2011, 133,
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Balint, A.; Halasz-Dajka, B. Synthesis 2006, 2625.
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the corresponding carbon analogue (X = CH2) had been
overlooked until quite recently.7,8 This is due to the
difficulties posed by the desired [1,5]-hydride shift of the
C�H bond without the assistance of the adjacent heteroa-
tom.Aspart of our recent program todevelopnewcatalytic
C�H bond functionalization methodologies,6 we have
disclosed that the benzylic C�H bond without an
adjacent heteroatom could also participate in this type
of transformation, giving 3-aryltetraline derivatives.7

Quite recently, several other groups also reported the
platinum-catalyzed benzylic C�H bond functionaliza-
tion that led to indene derivatives.8 Stimulated by these
achievements, we turned our attention to the construc-
tion of another important substructure by exploiting
this type of transformation.
We describe herein an expeditious route to an iso-

quinoline skeleton, which is frequently encountered
in numerous biologically active compounds, via the
hydride shift/cyclization sequence.9 In this reaction, three
transformations (imine formation, [1,5]-hydride shift, and

6-endo cyclization) occurred successively to afford isoquino-
line derivatives in good to excellent chemical yields. The
application of this methodology to the formal synthesis of
(()-tetrahydropalmatine is also demonstrated.

We have already reported that the internal redox reac-
tion that employed imine as an electrophilic partner could
be achieved in a one-pot process from aldehyde and amine
(without isolation of the corresponding imine).6a At the
outset, a solution of aldehyde 3awith p-methoxyphenethyl
moiety andTsNH2 inClCH2CH2Clwas exposed to 10mol
% of acid at reflux temperature (Table 1). Various Lewis
acids, such as SnCl4, TiCl4, and BF3 3OEt2, were ineffec-
tive, and only corresponding imine 5a was obtained after
24 h (entries 1�3). Gratifyingly, FeCl3 promoted the two
desired reactions (imine formation and internal redox
reaction) to give isoquinoline 4a in moderate yield (62%,
entry 4). Further screening of the catalyst revealed that
strong Brønsted acids and lanthanoid triflates pro-
moted this transformation efficiently: on treatment with
TsOH 3H2O, 4awas obtained in 39%yield (entry 5). TfOH
was more effective, affording 4a in 78% isolated yield
(entry 6). Sc(OTf)3 was the catalyst of choice, and 4a was
obtained in excellent yield (90%, entry 8). Fortunately, the
catalyst loading of Sc(OTf)3 could be reduced to 5 mol %
without sacrificing the chemical yield (92%, entry 9).
Further examination suggested that the strong electro-

philicity of the imine moiety was crucial for this transfor-
mation: when anilinewas employed in place of TsNH2, the

Scheme 1. C(sp3)�H Bond Functionalizaiton via Internal Re-
dox Process
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(10) Investigation of other solvent systems (toluene, benzene, cyclo-
hexane, and CH3CN) suggested that nonpolar solvents were suitable for
this reaction, and ClCH2CH2Cl was found to be the solvent of choice.
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corresponding imine was solely obtained even in 30mol%
catalyst (entry 10).10�12

The substrate scope of this transformation is illustrated
in Table 2. The position of substituents on the aromatic
ring (R1) significantly affected the reactivity. A substrate
with a methyl or methoxy group at the 3- or 5-position
(3b�d) furnished corresponding isoquinolines 4b�d in good
to excellent chemical yields with 5mol% of catalyst (entries
1�3). On the other hand, substrate 3e having a 4-methyl
group dramatically lowered the reactivity, and an in-
crease of the catalyst loading (20 mol %) was required to
achievemoderate chemical yield (60%, entry 4).Whereas
30 mol % of catalyst was required for 2,3-naphthyl
substrate 3f (entry 5), 1,2-naphthyl product 4g was
obtained in an excellent chemical yield with low catalyst
loading (5 mol %, entry 6).
The electronic and steric factors of the aromatic ring of

the phenethylmoiety strongly affected the reactivity of this
transformation.7b In the case of p-tolyl substrate 3h, which
has low electron-donating ability compared with that of
the p-methoxyphenethyl moiety, desired product 4h was
obtained in as low as 14%yield evenwhen the reactionwas
conducted with 30 mol % of catalyst loading (entry 7).
Simple phenyl-substituted substrate 3i did not furnish

desired product 4i, and only corresponding imine 5i was
observed (entry 8). It is worthy of note that no desired
productwas obtained in the case of 3j that had an electron-
rich 2,4,6-trimethoxyphenyl group (entry 9). Furthermore,
simply changing the position of the methoxy group from
para to ortho dramatically lowered the reactivity. The
chemical yield of 4k was only 16% even with 30 mol %
of catalyst loading (16%, entry 10, cf. entry 9 in Table 1).
These results clearly show that the steric factor is

Table 1. Examination of Reaction Conditionsa

yield (%)

entry catalyst 4a 5ab

1 SnCl4 0 98

2 TiCl4 0 98

3 BF3 3OEt2 0 98

4 FeCl3 62 33

5 TsOH 3H2O 39 44

6 TfOH 78

7 Yb(OTf)3 26 70

8 Sc(OTf)3 90

9c Sc(OTf)3 92

10d,e Sc(OTf)3 0 98

aUnless otherwise noted, all reactionswere performedwith 0.2mmol
of aldehyde 3a and 0.22 mmol of TsNH2 and 10 mol % of catalyst in
ClCH2CH2Cl (2.0mL) at refluxing temperature. bThe combined yield of
corresponding imine 5a and 3a. c 5 mol % of catalyst loading. dAnilline
was employed instead of TsNH2.

e 30 mol % of catalyst loading.

Table 2. Investigation of Substrate Scopea

aUnless otherwise noted, all reactionswere performedwith 0.2mmol
of aldehyde 3 and 0.22 mmol of TsNH2 and a catalytic amount of
Sc(OTf)3 in ClCH2CH2Cl (2.0 mL) at refluxing temperature. b Isolated
yield. The combined yield of 3 and corresponding imine 5 are indicated
in parentheses.

(11) One of the reviewers suggested the intermolecular hydride shift
mechanism. The crossover experiment of d-3a and 3d revealed that the
hydride shift occurred intramolecularly. For more details, see Support-
ing Information. We thank the reviewer for the suggestion of this
experiment.

(12) Attempts to extend the present method to the catalyzed, en-
antioselective reaction with chiral Sc-complex (with several Py-BOX
ligands) were unsuccessful.
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overwhelmingly important compared with the electronic
factor in this reaction.
Another interesting feature of this reaction is that the

reaction proceeds even in the absence of the electronic
assistance of the adjacent aromatic ring, as in the case of
tetraline formation:7a aliphatic product 4l was obtained

in 32% yield even though 30 mol % of catalyst loading
and a prolonged reaction time were required (entry 11).
The formal synthesis of (()-tetrahydropalmatine (6)13,14

was selected to showcase the synthetic potential of the
present transformation. Scheme 2 illustrates the details of
our synthesis. The Sonogashira coupling of triflate 7 with
acetylene 8 gave adduct 9 in 49% yield. Hydrogenation,
reduction of the ester group, and oxidation of the resulting
alcohol afforded aldehyde 10, which was ready for the key
internal redox reaction.
Gratifyingly, the planned reaction worked well and

desired product 11was obtained in excellent chemical yield
with low catalyst loading (93% with 5 mol %).15 The
selective cleavage of isopropyl ether in preference to the
methyl ether by BCl3

16 and subsequent monobromination
by means of chiral phosphoric acid 1617 provided mono-
bromide 12 in excellent yield (92%).18

After the methylation of the phenolic hydroxy group,
the introduction of an oxygen function via aryl boronic
ester19 followed by methylation of the resulting phenol
afforded 14,20 thereby setting the same oxygen function
of the target compound. Finally, treatment of 14 with
LiAlH4 furnished free secondary amine 15, which is
the synthetic intermediate reported by Boudou and
Enders.14c The NMR spectra of 15 coincided with those
of the literature. We have achieved the formal synthesis
of (()-6.
In summary, a concise approach to 3-arylisoquinolines

by Lewis acid catalyzed C(sp3)�H bond functionaliza-
tion was developed. Various substrates could be em-
ployed in this transformation, and the desired quinoline
derivatives were obtained in good to excellent chemical
yields. The application of this methodology to the for-
mal synthesis of (()-tetrahydropalmatine was also de-
monstrated. We hope this method will draw much
attention as a new entry for the expeditious construction
of the isoquinoline skeleton.
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Scheme 2. Formal Synthesis of (()-Tetrahydropalmatine
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(15) Attempts withmost suitable substrate 17 failed. Treatment of 17
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(18) Treatment with simple Brønsted acids (such as AcOH, PPTS,
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For more details, see Supporting Information.
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Angew. Chem., Int. Ed. 2003, 42, 4225.
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