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Abstract: Tetrahydroisoquinoline alkaloids with a C1 stereo-
genic center are a common unit in many natural and non-
natural compounds of biological importance. Herein we
describe a novel CuI-catalyzed highly chemo- and enantiose-
lective synthesis of chiral tetrahydroisoquinoline-alkaloid
derivatives from readily available unsubstituted tetrahydroiso-
quinolines, aldehydes, and terminal alkynes in the presence of
the ligand (R,R)-N-pinap. This synthetic operation installs two
substituents in the 1- and 2-positions.

1I,2,3,4-Tetrahydroisoquinolines (THIQs) with a stereogenic
center at the C1 position form a large class of natural and
unnatural compounds with a great diversity of important
biological properties.[1] Representative examples include
(+)-crispine A,[1c] isolated from Carduus crispus, (+)-dysox-
yline,[1d] isolated from Dysoxylum lenticellare, and the drugs
apomorphine,[1e] nascapine,[1f] and solifenacin[1g] (Scheme 1).

Thus, much effort has been devoted to the synthesis of
tetrahydroisoquinoline alkaloids.[2] Traditional synthetic
methods for the preparation of this class of compounds are
the Bischer–Napieralski cyclization/reduction[2b, 3] and the
Pictet–Spengler reaction.[2b, 4] Two further enantioselective
approaches towards such skeletons are the noble-transition-
metal-catalyzed asymmetric hydrogenation of isoquinoline or
dihydroisoquinoline derivatives [Scheme 2, Eq. (1)][5,6] and
asymmetric nucleophilic addition to the preformed C=N+

bond of cyclic precursors [Scheme 2, Eq. (2)].[7–11] During
our recent study on the A3 coupling of tetrahydroisoquinoline
3a, terminal alkynes, and aldehydes, we observed that upon
reduction of the CuI catalyst, besides the normal propargylic
amine of type 5a,[12, 13] a product of tetrahydroisoquinoline a-
alkynylation of type 4a was unexpectedly formed as a by-

product (Table 1), most probably through an in situ iminium-
ion-isomerization process [Scheme 2, Eq. (3)]. If such a reac-
tion is viable, the use of noble-metal catalysts, as in
Equations (1) and (2), may be avoided, and the chemicals
for such a manipulation of tetrahydroquinolines would just be
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Scheme 1. Tetrahydroisoquinoline natural products and drugs.

Scheme 2. Approaches to optically active tetrahydroisoquinolines.
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readily available common reagents, with water as the only by-
product. Herein, we wish to report the realization of such
a copper-catalyzed highly chemoselective a-alkynylation of
tetrahydroisoquinolines with terminal alkynes and aldehydes,
and the further development of an enantioselective procedure
that provides different optically active 1-alkynyl-substituted
tetrahydroisoquinolines with the simultaneous incorporation
of a benzyl group on the nitrogen atom.

We observed that with CuBr (15 mol%) as the catalyst,
the coupling of 1-decyne (1a), benzaldehyde (2a), and 1,2,3,4-
tetrahydroisoquinoline (3a) afforded the normal propargylic
amine 5a in 96% yield as the major product (Table 1,
entry 1).[12] Surprisingly, when 5 mol% of CuBr was used, the
desired propargylic amine 4 a (9%) was obtained together
with the normal propargylic amine 5a (13%; Table 1,
entry 2). When we used CuBr (5 mol%) together with PPh3

(5.5 mol%) as the catalyst, the selectivity of the reaction was
improved in favor of product 4a (Table 1, entry 3), and the
yield of 4a was improved further to 88 % when the reaction
was conducted at 80 8C (Table 1, entry 4). Surprisingly,
a further decrease in the CuBr loading to 2.5 mol% com-
pletely suppressed the formation of 5a (Table 1, entry 5).
Thus, the optimized reaction conditions for further study were
defined as the use of 1a (1 equiv), 2a (1.4 equiv), 3a
(1.4 equiv), CuBr (2.5 mol%), PPh3 (2.75 mol%), and 4 �
MS (50 mgmL�1) in toluene at 80 8C. The reduction in the
loading of CuBr and the addition of PPh3 slowed down the
normal A3 coupling reaction, thus leaving more time for the
isomerization of the iminium intermediate.

The scope of this non-asymmetric a-alkynylation of
tetrahydroisoquinolines was investigated under the optimal
reaction conditions. The reaction proceeded in good to
excellent yield with aromatic aldehydes (Table 2, entries 1–
10) and tolerated a variety of functional groups (Table 2,
entries 3, 4, and 8–10). It was also successful with an indole-
carbaldehyde and an aliphatic aldehyde (Table 2, entries 11

and 12), and could be readily conducted on a 2.7 g scale (with
respect to 1a ; Scheme 3).

Having established this approach, we envisioned the
further development of a catalytic enantioselective alkynyla-
tion by the use of chiral ligands. Interestingly, 4a was obtained
in 97 % yield with 88% ee together with a trace amount of 5a
when (R,R)-N-pinap[13, 14] was used instead of PPh3 (Table 3,
entry 1). When the loading of CuBr was further decreased, 4a
was obtained in 96% yield with 89 % ee ; 5 a was not detected
(Table 3, entry 2). A decrease in the reaction temperature to
60 8C improved the ee value to 92% but led to a lower yield
(Table 3, entry 3). We next sought to optimize the catalyst
system by examining various copper(I) salts together with
(R,S)-N-pinap or (R)-quinap: CuI combined with (R,R)-N-
pinap turned out to be the most efficient catalyst system
(Table 3, entries 4–8). The reaction at a lower temperature
(40 8C) provided the product with a slightly higher ee value of
94% but in much lower yield (Table 1, entry 9). However, the
addition of PhCOOH (5 mol%) improved the yield to 98%
again, and the product was still obtained with 94 % ee
(Table 3, entry 10). The reaction at room temperature was
rather poor in terms of the yield (Table 3, entry 11). Thus, the
optimized reaction conditions for further study were defined
as the use of 1a (1 equiv), 2a (1.4 equiv), 3a (1.4 equiv), CuI

Table 1: Optimization of the catalytic alkynylation of tetrahydroisoqui-
nolines.

Entry x y T [8C] Yield of
4a [%][a]

Yield of
5a [%][a]

1 15 0 RT 1 96
2 5 0 RT 9 13
3[b] 5 5.5 RT 23 1
4 5 5.5 80 88 1
5 2.5 2.75 80 90 N.D.

[a] Yields were determined by 1H NMR spectroscopic analysis with
nitromethane as the internal standard. [b] The reaction was conducted
for 13 h. MS = molecular sieves, N.D.= not determined.

Table 2: Scope of the catalytic alkynylation of tetrahydroisoquinoline 3a.

Entry R1 (1) R2 (2) Yield [%][a]

1 n-C8H17 (1a) Ph (2a) 83 (4a)
2 Cy (1b) Ph (2a) 81 (4b)
3 CH3COOCH2 (1c) Ph (2a) 92 (4c)
4 TBSO(CH2)2 (1d) Ph (2a) 81 (4d)
5 Ph (1e) Ph (2a) 90 (4e)
6 4-FC6H4 (1 f) Ph (2a) 91 (4 f)
7 4-MeOC6H4 (1g) Ph (2a) 93 (4g)
8 n-C8H17 (1a) 4-MeC6H4 (2b) 80 (4h)
9 n-C8H17 (1a) 4-FC6H4 (2c) 93 (4 i)

10 n-C8H17 (1a) 2,6-Cl2C6H3 (2d) 85 (4 j)
11 n-C8H17 (1a) N-Ts-indole-3- (2e) 54 (4k)
12 n-C8H17 (1a) Cy (2 f) 55 (4 l)[b]

[a] Yield of the isolated product. [b] Compound 5 l was isolated in 15%
yield. Cy = cyclohexyl, TBS = tert-butyldimethylsilyl, Ts = p-toluenesul-
fonyl.

Scheme 3. Large-scale synthesis of 4a.
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(1 mol%), (R,R)-N-pinap (2.2 mol%), PhCOOH (5 mol %),
and 4 � MS (50 mgmL�1) in toluene at 40 8C.

To examine the scope of the reaction, we first investigated
diverse alkyne substrates under the optimal reaction con-
ditions (Table 4). Terminal alkynes with n-alkyl (Table 4,
entry 1) or cycloalkyl (Table 4, entry 2) and differently
substituted aryl substituents (Table 4, entries 5–7) all afforded
the corresponding products in good yield with high enantio-
selectivity (up to 95 % ee). Furthermore, functionalized
aliphatic alkynes, such as the TBS ether or acetate of
propargylic or homopropargylic alcohols, also reacted
smoothly to afford the desired products in excellent yield
and enantioselectivity (Table 4, entries 3 and 4), thus provid-
ing opportunities for further attractive synthetic operations.
In all these reactions, the formation of the undesired normal
products of type 5 was not detected. We then investigated the
use of a range of different aldehydes with 1-decyne (1a) and
found that the reaction also showed broad scope with respect
to the aldehyde substrate. Surprisingly, benzaldehyde deriv-

atives with different substituents, such electron-donating p-
Me and electron-withdrawing p-F groups as well as 2,6-
dichloro groups, all afforded the desired products in good
yield with high enantioselectivity (Table 4, entries 8–10).
Interestingly, an aromatic heterocyclic aldehyde was also
readily converted into the desired product in 80 % yield with
92% ee (Table 4, entry 11).

For the purpose of accessing (+)-crispine A[1c] and
(+)-dysoxyline,[1d] we used 6,7-dimethoxy-1,2,3,4-tetrahydro-
isoquinoline, and we were happy to observe that the desired
product 4m was afforded in 92 % yield with 98% ee (85%
yield and > 99% ee after recrystallization; Scheme 4). The
absolute configuration of the products in this study was
determined by X-ray crystallographic analysis of (S)-4m (see
the Supporting Information).[15]

In conclusion, we have succeeded in developing a novel
CuI-catalyzed highly enantioselective synthesis of chiral
tetrahydroisoquinolines through the a-alkynylation of 1,2-
unsubstituted tetrahydroisoquinolines with aldehydes and
terminal alkynes with readily available N-pinap as the chiral

Table 3: Optimization of the catalytic asymmetric a-alkynylation of
tetrahydroisoquinolines.

Entry Catalyst T [8C] Ligand Yield of
4a [%][a]

Yield of
5a [%][b]

ee [%][c]

1[d,e] CuBr 80 L1 97 1 88
2 CuBr 80 L1 96 N.D. 89
3 CuBr 60 L1 76 N.D. 92
4 CuCl 60 L1 96 N.D. 89
5[f ] CuOTf 60 L1 98 N.D. 88
6 CuI 60 L1 97 N.D. 92
7 CuI 60 L2 93 N.D. �83
8 CuI 60 L3 76 N.D. 64
9 CuI 40 L1 84 N.D. 94

10[g] CuI 40 L1 98 N.D. 94
11 CuI RT L1 62 N.D. 95

[a] Yield of the isolated product. [b] The yield of 5a was determined by
1H NMR spectroscopic analysis with nitromethane as the internal
standard. [c] The ee value of 4a was determined by HPLC analysis on
a chiral stationary phase. [d] CuBr (5 mol%) was used. [e] The reaction
was carried out with 5.5 mol% of the ligand. [f ] Commercial copper(I)
trifluoromethanesulfonate toluene complex (2:1) was used. [g] PhCOOH
(5 mol%) was added.

Table 4: Scope of the catalytic alkynylation of tetrahydroisoquinolines.

Entry R1 (1) R2 (2) Yield
[%][a]

ee
[%][b]

1 n-C8H17 (1a) Ph (2a) 98 ((R)-4a) 94
2 Cy (1b) Ph (2a) 94 ((R)-4b) 95
3 MeCOOCH2 (1c) Ph (2a) 91 ((S)-4c) 91
4 TBSO(CH2)2 (1d) Ph (2a) 96 ((R)-4d) 93
5 Ph (1e) Ph (2a) 94 ((S)-4e) 95
6 4-FC6H4 (1 f) Ph (2a) 95 ((S)-4 f) 94
7 4-MeOC6H4 (1g) Ph (2a) 97 ((S)-4g) 93
8 n-C8H17 (1a) 4-MeC6H4 (2b) 95 ((R)-4h) 94
9 n-C8H17 (1a) 4-FC6H4 (2c) 97 ((R)-4 i) 95

10 n-C8H17 (1a) 2,6-Cl2C6H3 (2d) 89 ((R)-4 j) 93
11 n-C8H17 (1a) N-Ts-indole-3- (2e) 80 ((R)-4k) 92

[a] Yield of the isolated product. [b] The ee value was determined by
HPLC analysis on a chiral stationary phase.

Scheme 4. Enantioselective synthesis of (S)-4m.
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ligand. The low catalyst loading, the mild reaction conditions,
the broad scope of the reaction, the efficiency with which the
tetrahydroisoquinoline skeleton can be accessed, and the
potential for straightforward synthetic manipulation of the N-
benzyl group and the C�C triple bond make this method of
very broad interest to organic and medicinal chemists. This
research opens a new and efficient entry to a broad range of
tetrahydroisoquinolines, since, in principle, different nucleo-
philes may be applied instead of terminal alkynes. Further
studies, including investigations into possible nucleophiles
and synthetic applications to natural products (such as
(+)-crispine A and (+)-dysoxyline) and drugs, are being
actively pursued by our research group.

Experimental Section
Synthesis of (R)-4a (Table 4, entry 1): (R,R)-N-pinap (12.8 mg,
0.022 mmol) was placed in a flame-dried Schlenk tube inside
a glove box. CuI (2.0 mg, 0.01 mmol), 4 � MS (299.8 mg), and
toluene (2 mL) were added sequentially under an Ar atmosphere
outside of the glove box. The contents of the Schlenk tube were then
stirred at room temperature for 30 min. PhCOOH (6.1 mg,
0.05 mmol), 2a (147.9 mg, 1.4 mmol) in toluene (1 mL), 3a
(191.0 mg, 98% purity, 1.4 mmol) in toluene (1 mL), and 1a
(140.9 mg, 98 % purity, 1.0 mmol) in toluene (2 mL) were then
added sequentially under an Ar atmosphere. The Schlenk tube was
then placed in a preheated oil bath at 40 8C, and the mixture was
stirred for 12 h. The resulting mixture was cooled to room temper-
ature and filtered through a short pad of silica gel with Et2O (50 mL)
as the eluent. The mixture was concentrated via evaporation, and the
residue was purified by chromatography on silica gel (eluent:
petroleum ether/ethyl acetate 100:1) to afford (R)-4a (351.8 mg,
98%, 94 % ee) as a liquid. HPLC conditions: Chiralcel OD-H
column, hexane/iPrOH (200:1), 1.0 mLmin�1, l = 214 nm, tR-
(major) = 6.6 min, tR(minor) = 7.2 min; a½ �21

D¼�75.6 (c = 0.98,
CHCl3); 1H NMR (300 MHz, CDCl3): d = 7.43 (d, J = 7.5 Hz, 2H,
Ar-H), 7.36–7.23 (m, 3H, Ar-H), 7.21–7.03 (m, 4H, Ar-H), 4.54 (s,
1H, NCH), 3.88 (d, J = 13.2 Hz, 1H, ArCHHN), 3.79 (d, J = 13.2 Hz,
1H, ArCHHN), 3.04–2.87 (m, 2H, ArCH2), 2.81–2.65 (m, 2H,
NCH2), 2.23 (t, J = 6.4 Hz, 2H, CH2), 1.59–1.20 (m, 12H, 6 � CH2),
0.88 ppm (t, J = 6.6 Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3): d =
138.5, 136.3, 133.8, 129.2, 128.8, 128.2, 127.6, 127.0, 126.6, 125.6, 87.2,
77.8, 59.4, 54.0, 45.5, 31.8, 29.2, 29.1, 29.0, 28.94, 28.89, 22.6, 18.8,
14.1 ppm; IR (neat): ~n ¼2924, 2854, 1494, 1453, 1357, 1328, 1289,
1262, 1131, 1105, 1075, 1051, 1028, 1010 cm�1; HRMS: m/z calcd for
C26H34N: 360.2686 [M+H]+; found: 360.2701.
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