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The three-component, palladium/norbornene-catalysed re-
action of 1, haloamides 2 and properly substituted olefins 3
performed in DMF/water at 80 °C selectively gave 5 and 6
through three- and four-bond-forming reactions, respec-

Introduction
The rapid creation of molecular complexity in a regio-

and stereodefined manner from simple substrates, combin-
ing economical and environmental aspects, represents a
great challenge in modern organic chemistry.[1] In this field,
multicomponent reactions (MCRs) involving a metal – in
particular palladium-catalysed sequential processes – have
emerged as powerful tools in diversity-oriented synthesis.[2]

They have found multiple applications in the discovery of
new bioactive small molecules. Of special interest are het-
erocyclic compounds containing a ring system found in nat-
ural products and drug-like molecules.[3]

As recently reported in the literature, a three-component
reaction combining the Catellani reaction[4] and aza-
Michael addition led to tetrahydroisoquinoline derivatives
5 (Z = CH2, CH-alkyl; R4 = Cbz) in a single synthetic oper-
ation producing three sequential bonds (Scheme 1).[5] The
reaction of o-iodotoluene 1, 2-Br and olefin 3 in the pres-
ence of Pd(OAc)2/2-trifurylphosphane (TFP) and nor-
bornene as catalysts, Cs2CO3 as a base, and in DMF at
80 °C gave 4 as the intermediate, which subsequently under-
went an intramolecular aza-Michael addition under the re-
action conditions.

Considering the great interest in the 1,2,3,4-tetrahydro-
isoquinoline nucleus as the structural motif of many alka-
loids, we further explored the potential of this reaction,
which provides a straightforward entry to the heterocyclic
ring commonly synthesised through Pictet–Spengler-type
cyclisations.[6]

Here, we evaluated the use of readily accessible haloam-
ides 2 [Z = CO; X = Br, Cl; R4 = H, PMB, Ph, (�)-α-
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tively. The presence of water was crucial to obtain products
in fair to good yields.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Scheme 1. Proposed synthesis of isoquinolinones 5 and 6 (Z = CO).

methylbenzyl, allyl] as the starting alkyl halides in the MCR
outlined in Scheme 1. Interestingly, the reaction could selec-
tively lead to structurally diverse isoquinolin-3-ones 5 and
6. Such compounds are attractive synthetic targets both as
precursors and analogues of bioactive compounds.[7]

Results and Discussion

We initially found that the reaction of o-iodotoluene 1,
haloamides 2 and alkenes 3 under the above-mentioned
conditions gave quite a complex mixture, which included no
trace of the expected product. An NMR analysis of the
crude mixture[8] showed that it mainly consisted of byprod-
ucts deriving from undesired transformations of 2, which
was rapidly consumed under the reaction conditions (ca.
20 min at 80 °C by TLC analysis). Control experiments
proved that byproduct formation took place in the presence
of base. Amides bearing a leaving-group (X) in the α posi-
tion can undergo base-promoted self-condensation reac-
tions.[9]

We then examined the model reaction of 1 (R1 = Me), 2-
Cl (R4 = PMB) and 3 (R5 = CO2Me) using different bases
and solvents (Table 1).[10]



R. Ferraccioli, A. ForniFULL PAPER
Table 1. Optimisation of reaction conditions.[a]

Entry Solvent Base Time 5/4[b] % Isolated
[h] yield

1 DMF Cs2CO3 6 – –[c]

2 DMF K2CO3 10 100:0 25
3 DMF KHCO3 10 – –[c]

4 DMF K2HPO4 18 0:100 15[d]

5 DMF K3PO4 10 traces/– traces
6 MeCN Cs2CO3 6 – –[c]

7 DME Cs2CO3 6 100:0 26
8 1,4-dioxane Cs2CO3 22 73:27 44
9 THF Cs2CO3 10 100:0 43
10 DMF/water Cs2CO3 6 100:0 62[e]

11 DMF/water Cs2CO3 6 100:0 76[f]

12 DMF/water Cs2CO3 12 72:28 45[g]

13 DMF/water K2CO3 23 100:0 70[f]

14 DMF/water K3PO4 23 20:80 47[f]

15 MeCN/water Cs2CO3 22 100:0 32[f]

16 THF/water Cs2CO3 26 24:76 46[f]

[a] Conditions: 1 (1 equiv., 0.05 ), 2 (2 equiv.), 3 (2 equiv.),
Pd(OAc)2 (10 mol-%), TFP (20 mol-%), norbornene (2.2 equiv.),
base (2 equiv.), 80 °C. [b] 1H NMR analysis of the crude. [c] No
trace of 5 was observed. [d] 3 equiv. of K2HPO4 were used. [e] 5%
water (v/v). [f] 10% water (v/v). [g] 20% water (v/v).

The reaction performed in the presence of K2CO3 or
K2HPO4 gave 25% of 5 and 15% of 4, respectively (Table 1,
Entries 2 and 4). We observed no product or just traces of
it with KHCO3 and K3PO4 (Table 1, Entries 3 and 5). Car-
rying out the reaction in less coordinating solvents such as
DME, THF and 1,4-dioxane with Cs2CO3

[11] led to 5 in
26–44% yield (Table 1, Entries 7–9). The reaction in MeCN
did not give the expected product (Table 1, Entry 6).

We achieved a significant improvement when we carried
out the reaction in a homogeneous solution of DMF and
10% (v/v) water in the presence of Cs2CO3 or K2CO3. Un-
expectedly, under these conditions, we isolated 5 in 76–70%
yield (Table 1, Entries 11 and 13).[12,13] Also, the overall re-
action yield improved with K3PO4 in the presence of water
(47%), even if the reaction was less selective, affording a
mixture of 5 and 4 (5/4, 20:80, Table 1, Entry 14).

The amount of water added to DMF appeared to be crit-
ical for the selectivity of the reaction. As reported above,
we obtained the best result using a DMF/water mixture
containing 10% (v/v) water. A lower (5%, v/v) and a higher
(20%, v/v) water content produced lower yields of product

Scheme 2. Proposed reaction mechanism.
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in both cases (Table 1, Entries 10 and 12). In the last one,
the base-catalysed conversion of 4 was slower (Table 1, En-
try 12).

Comparing data obtained in anhydrous and aqueous
conditions showed that water exerted a beneficial effect on
selectivity when added to polar, coordinating solvents
(Table 1, Entries 1, 11, 6 and 15). On the contrary, the over-
all reaction yields obtained in anhydrous and aqueous THF
remained almost unchanged (Table 1, Entries 9 and 16).
Under the conditions in the final entry of Table 1, we ob-
served that the base-catalysed conversion to 5 remained in-
complete even after prolonged heating.

A few palladium-catalysed transformations (e.g., Heck,
Suzuki, and Buchwald–Hartwig reactions) have been re-
ported to proceed more efficiently in aqueous organic sol-
vents than in anhydrous conditions.[14] As previously re-
ported,[5] our reaction occurred through an ordered se-
quence of steps (Scheme 2, L = TFP): (a) Sequential C–I
and C–H bond activation[4,15] of 1 through the formation
of palladacycle 7, (b) PdII/IV-catalysed aromatic alkylation,
followed by norbornene expulsion leading to PdII complex
8, (c) Vinylation of 8 to give the intermediate 4, thus com-
pleting the catalytic cycle and (d) Intramolecular aza-
Michael addition delivering 5.

While the base-promoted cyclisation of 4 proved to be
slower in aqueous DMF (water = 10%, v/v),[16] we verified
that palladium-catalysed aromatic alkylation/vinylation oc-
curred rapidly under the same conditions. After heating at
80 °C for 10 min, the reaction gave 4 in 49% yield, and we
recovered the unreacted 2-Cl in 37% yield. In addition to a
stabilising effect on the substrate, water could exert a posi-
tive effect on the rate of the catalytic cycle (rate acceleration
of the terminating Heck reaction[14a] or catalyst acti-
vation[14]).

We used optimised conditions (Table 1, entries 11 and
13) to study the scope of the reaction with respect to
haloamides, o-substituted iodoarenes and olefins. We ob-
tained the best results, in terms of selectivity, by carrying
out the reactions in the presence of Cs2CO3 (Table 2).

The reaction of o-iodotoluene, methyl acrylate and pri-
mary or secondary amides 2 (X = Br, Cl) bearing aliphatic
and aromatic substituents, afforded 5 in fair to good yields.
When we used less reactive 2-Cl (Table 2, entries 1–5), we
obtained at least two-fold higher yields than those with the
corresponding 2-Br (Table 2, entries 2–5). We rationalised
these results in terms of different substrate stability. Under
the reaction conditions, 2-Br derivatives could undergo de-
composition faster, a bromine atom being recognised as a
better leaving group than a chlorine. The use of a chiral
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Table 2. Scope of the reaction leading to 5.[a]

Entry R1 R2 R3 X R4 R5 % Yield
of 5[b]

1 Me H H Cl H CO2Me 46
2 Me H H Cl(Br) PMB CO2Me 76(35)
3 Me H H Cl(Br) Ph CO2Me 52(18)
4 Me H H Cl(Br) (�)-α-methyl- CO2Me 73(36)[c]

benzyl
5 Me H H Cl(Br) allyl CO2Me 32(16)
6 MeO H H Cl PMB CO2Me 62
7 2,3-benzo H Cl PMB CO2Me 64[d]

8 Me H Me Cl PMB CO2Me 60
9 Me H H Cl PMB CN 58
10 Me H H Cl PMB COMe –[e]

[a] Conditions: 1 (1 equiv., 0.05 ), 2 (2 equiv.), 3, (2 equiv.),
Pd(OAc)2 (10 mol-%), TFP (20 mol-%), norbornene (2.2 equiv.),
Cs2CO3 (2 equiv.), DMF/water (water = 10% v/v), 80 °C, 6 h; PMB
= 4-MeOC6H4CH2. [b] Isolated yields. [c] 12 h; dr = 70:30 (1H
NMR analysis of the crude). [d] 4 equiv. of norbornene were used.
[e] No trace of 5 was observed in the crude (NMR analysis).

amide containing the (�)-phenylethylamine unit gave a
mixture (ca. 70:30) of two diastereomers (Table 2, Entry 4).
With R4 = allyl, we obtained 5 in only moderate yield; the
decomposition of 2 was a competing side reaction (Table 2,
Entry 5).

We found a good tolerance towards a variety of electron-
rich iodoarenes (Table 2, entries 2 and 6–8), while we ob-
served low selectivity (less than 20% yield) with iodoarenes
ortho-substituted by electron-withdrawing groups (e.g.,
CF3, Cl).

Surprisingly, we observed a change in product selectivity
upon varying the substituent (R5) of olefin 3. As shown in
Table 2, the use of methyl acrylate or acrylonitrile (Table 2,
Entry 9) as the Heck acceptor gave the corresponding iso-
quinolin-3-one derivative, whereas we observed no trace of
5 using methyl vinyl ketone (Table 2, Entry 10). The reac-
tion of 1, secondary 2-Cl and 3 (R5 = COMe) delivered
diastereomeric mixtures of 1,4-ethanoisoquinolin-3-ones 6
(Scheme 3, Table 3, entries 1–3). This reaction generates

Scheme 3. Synthesis of 1,4-ethanoisoquinolin-3-ones 6.
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four new bonds and two new rings in a single operation,
giving access to an interesting class of bridged heterocy-
cles.[7c–7d]

Table 3. Scope of the reaction leading to 6 with respect to chlo-
roamides 2.[a]

Entry R4 % Yield of 5 % Yield of 6[c] dr[b]

1 PMB –[d] 55 65:35
2 Ph –[d] 61 70:30
3 (�)-α-methylbenzyl –[d] 53 53:27:12:8
4 H 50 traces –

[a] Conditions: 1 (1 equiv., 0.05 ), 2 (2 equiv.), 3, (2 equiv.),
Pd(OAc)2 (10 mol-%), TFP (20 mol-%), norbornene (2.2 equiv.),
Cs2CO3 (2 equiv.), DMF/water (10% water, v/v), 80 °C, 4 h. [b] 1H
NMR analysis of the crude. [c] Isolated yields. [d] No evidence of
the formation of 5 (NMR analysis of the crude).

The reaction likely proceeded through the same mecha-
nism as that which led to 5. Subsequently, a base-catalysed,
intramolecular addition of the C-4 to C-1 substituent oc-
curred, generating the fourth C–C bond and the second ring
(Scheme 3). Apparently, the COMe group possessed the
requisite properties to favour the cyclisation from the elec-
tronic and steric point of view.

The use of a primary amide appeared to prevent the for-
mation of 6. The reaction with chloroacetamide led to 5
(R4 = H) as the almost exclusive product (Table 3, Entry
4), as the corresponding aza-anion was stable under the re-
action conditions.

We confirmed the structure assigned (by NMR analysis)
to the major diastereomer by the X-ray analysis of 6a (R4

= PMB, Figure 1).

Figure 1. ORTEP plot of 6a (R4 = PMB) with atom-numbering
scheme. Displacement ellipsoids are drawn at the 30% probability.

Conclusions

Structurally different isoquinolinon-3-ones were selec-
tively obtained through the three-component, palladium/
norbornene-catalysed reaction of 1, 2 (Z = CO) and 3.
Interestingly, using haloamides as the starting halides al-
lowed us to incorporate functionality that promoted in situ,
sequential cyclisations, leading to products with increased
molecular complexity. We found an important beneficial ef-
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fect of water as co-solvent, which led to the development
of conditions for successfully performing the reaction.

Experimental Section
General: The palladium-catalysed reactions were performed under
nitrogen using standard Schlenk and vacuum line techniques. 1H
and 13C NMR spectra were recorded at room temperature in
CDCl3 with a 300-AMX spectrometer at 300 and 75 MHz, respec-
tively. Chemical shifts are reported in ppm. High-resolution mass
spectra were obtained with an FT-ICR mass spectrometer. Infrared
spectra were recorded with an FT-IR spectrophotometer. Melting
points are uncorrected.

General Procedure for the Synthesis of Tetrahydroisoquinolin-3-ones
(5) and 1,4-Dihydro-1,4-ethanoisoquinolin-3(2H)-ones (6): A
Schlenk-type flask was charged under nitrogen with Cs2CO3

(108.0 mg, 0.33 mmol), Pd(OAc)2 (3.6 mg, 0.0165 mmol), TFP
(7.7 mg, 0.033 mmol) and norbornene (34.0 mg, 0.36 mmol) in
DMF (1.0 mL). The mixture was stirred at room temp. for 10 min
and then treated with 2 (0.33 mmol), 1 (0.165 mmol), 3
(0.33 mmol), DMF (1.97 mL) and water (0.33 mL). The homogen-
eous solution was heated at 80 °C whilst stirring for the time re-
ported (Table 2 and Table 3) and then cooled to room temp. Satu-
rated aqueous nBu4NCl (40 mL) was added, the mixture was ex-
tracted with AcOEt (2 � 20 mL), the combined organic phases
were dried (Na2SO4), and the solvent was evaporated under vac-
uum. The residue was purified by flash chromatography on silica
gel (eluent: hexane/AcOEt). The isolated 6 [31 mg, 55%, R4 =
PMB; 29.5 mg, 61%, R4 = Ph; 28 mg, 53%, R4 = (rac)-α-meth-
ylbenzyl] turned out to be mixtures of diastereomers (by NMR
analysis). In the case of R4 = PMB or Ph, the major one (6a) could
be isolated as a diastereomerically pure compound by crystallisa-
tion (AcOEt).

Methyl (8-Methyl-3-oxo-1,2,3,4-tetrahydroisoquinolin-1-yl)acetate
(5, R1 = Me; R2 = R 3 = R4 = H; R5 = CO2Me): 18 mg, 46% as a
white solid, m.p. 140–141 °C (AcOEt). 1H NMR (300 MHz,
CDCl3, 25 °C): δ = 2.35 (s, 3 H), 2.60–2.73 (m, 2 H), 3.57 (d, J =
19.5 Hz, 1 H), 3.65 (d, J = 19.5 Hz, 1 H), 3.79 (s, 3 H), 5.04 (m, 1
H), 6.06 (br. s, 1 H), 7.05 (d, J = 7.4 Hz, 1 H), 7.12 (d, J = 7.2 Hz,
1 H), 7.23 (t, J = 7.5 Hz, 1 H) ppm. 13C NMR (75 MHz, CDCl3,
25 °C): δ = 18.6, 36.5, 40.3, 50.3, 52.1, 126.2, 128.1, 129.1, 131.9,
133.2, 171.1, 171.3 ppm. IR (nujol): ν̃ = 3182, 2926, 1731, 1676
cm–1. HRMS (ESI): m/z [M + Na]+ calcd. for C13H15NNaO3:
256.09441; found 256.09472.

Methyl [2-(4-Methoxybenzyl)-8-methyl-3-oxo-1,2,3,4-tetrahydroiso-
quinolin-1-yl]acetate (5, R1 = Me; R2 = R3 = H; R4 = PMB; R5 =
CO2Me): 44 mg, 76%; pale yellow, viscous oil. 1H NMR
(300 MHz, CDCl3, 25 °C): δ = 2.04 (s, 3 H), 2.52 (dd, J = 15.3,
4.5 Hz, 1 H), 2.73 (dd, J = 15.3, 9.0 Hz, 1 H), 3.59–3.76 (m, 2 H
overlapped with two singlets at δ = 3.68 and 3.74), 3.68 (s, 3 H),
3.74 (s, 3 H), 3.98 (d, J = 12.0 Hz, 1 H), 5.04 (dd, J = 4.5, 9.0 Hz,
1 H), 5.42 (d, J = 12.0 Hz, 1 H), 6.77 (d, J = 8.7 Hz, 2 H), 6.99 (t,
J = 6.9 Hz, 2 H), 7.07–7.15 (m, 3 H) ppm. 13C NMR (75 MHz,
CDCl3, 25 °C): δ = 18.3, 38.0, 39.0, 48.0, 52.1, 53.6, 55.2, 114.0,
125.5, 127.8, 128.7, 128.7, 129.3, 132.4, 132.5, 134.3, 159.0, 169.8,
171.2 ppm. IR (neat): ν̃ = 2994, 2952, 2838, 1733, 1658, 1513 cm–1.
HRMS (ESI): m/z [M + Na]+ calcd. for C21H23NNaO4: 376.15193;
found 376.15228.

Methyl (8-Methyl-3-oxo-2-phenyl-1,2,3,4-tetrahydroisoquinolin-1-
yl)acetate (5, R1 = Me; R2 = R3 = H; R4 = Ph; R5 = CO2Me):
27.5 mg, 54%; yellow, viscous oil. 1H NMR (300 MHz, CDCl3,
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25 °C): δ = 2.43 (s, 3 H), 2.70 (dd, J = 14.7, 4.2 Hz, 1 H), 2.90 (dd,
J = 14.7, 8.7 Hz, 1 H), 3.43 (s, 3 H), 3.75 (d, J = 18.9 Hz, 1 H),
3.95 (d, J = 18.9 Hz, 1 H), 5.56 (dd, J = 8.7, 4.2 Hz, 1 H), 7.11–
7.49 (m, 8 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ = 18.6,
38.3, 39.5, 51.7, 60.1, 125.7, 127.3, 128.2, 129.0, 129.2, 132.5, 132.8,
133.4, 141.5, 169.1, 170.2 ppm. IR (neat): ν̃ = 2951, 2924, 2852,
1733, 1667, 1599 cm–1. HRMS (ESI): m/z [M + Na]+ calcd. for
C19H19NNaO3: 332.12571; found 332.12547.

rac-Methyl [8-Methyl-3-oxo-2-(1-phenylethyl)-1,2,3,4-tetrahydroiso-
quinolin-1-yl]acetate [5, R1 = Me; R2 = R3 = H; R4 = (rac) α-Meth-
ylbenzyl; R5 = CO2Me, major diastereomer]: 41 mg, 73%; pale yel-
low, viscous oil. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 1.72 (d,
J = 7.5 Hz, 3 H), 1.74 (s, 3 H), 2.71 (dd, J = 15.0, 7.5 Hz, 1 H),
2.87 (d, J = 15.0, 5.1 Hz, 1 H), 3.64 (s, 3 H), 3.64–3.84 (m, 2 H),
4.87 (dd, J = 7.5, 5.1 Hz, 1 H), 6.04 (quartet, J = 7.5 Hz, 1 H),
6.90–7.29 (m, 8 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ =
16.9, 17.8, 39.0, 41.1, 50.4, 51.7, 51.8, 125.4, 127.3, 127.4, 127.6,
128.4, 128.5, 132.5, 135.8, 139.7, 170.3, 170.9 ppm. IR (neat): ν̃ =
2950, 1734, 1656, 1538 cm–1. HRMS (ESI): m/z. [M + Na]+ calcd.
for C21H23NNaO3: 360.15701; found 360.15744.

Methyl [2-Allyl-8-methyl-3-oxo-1,2,3,4-tetrahydroisoquinolin-1-yl]-
acetate (5, R1 = Me; R2 = R3 = H; R4 = Allyl; R5 = CO2Me):
14 mg, 32%; colourless oil. 1H NMR (CDCl3, 25 °C): δ = 2.35 (s,
3 H), 2.62 (dd, J = 15.0, 4.2 Hz, 1 H), 2.79 (dd, J = 15.0, 8.7 Hz,
1 H), 3.58–3.8 (m, 3 H overlapped with a singlet at δ = 3.74 ), 3.74
(s, 3 H), 4.79–4.86 (m, 1 H), 5.10–5.18 (m, 3 H), 5.68–5.80 (m, 1
H), 7.04–7.23 (m, 3 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C):
δ = 18.5, 37.9, 39.2, 48.1, 52.1, 54.5, 117.3, 125.6, 127.9, 128.9,
132.5, 132.6, 132.8, 134.2, 169.6, 171.1 ppm. IR (neat): ν̃ = 2947,
2926, 1735, 1659, 1599 cm–1. HRMS (ESI): m/z [M + Na]+ calcd.
for C16H19NNaO3: 296.12571; found 296.12587.

Methyl [8-Methoxy-2-(4-methoxybenzyl)-3-oxo-1,2,3,4-tetrahydro-
isoquinolin-1-yl]acetate (5, R1 = MeO; R2 = R3 = H; R4 = PMB; R5

= CO2Me): 38 mg, 62%; yellow, viscous oil. 1H NMR (300 MHz,
CDCl3, 25 °C): δ = 2.69 (dd, J = 14.4, 5.6 Hz, 1 H), 2.78 (dd, J =
14.5, 5.6 Hz, 1 H), 3.65 (s, 3 H), 3.67 (d, J = 19.0 Hz, 1 H), 3.76–
3.82 (m, 1 H), 3.77 (s, 3 H), 3.79 (s, 3 H), 4.20 (d, J = 14.7 Hz, 1
H), 5.18 (t, J = 5.6 Hz, 1 H), 5.32 (d, J = 14.7 Hz, 1 H), 6.73–6.85
(m, 4 H), 7.19–7.30 (m, 3 H) ppm. 13C NMR (75 MHz, CDCl3,
25 °C): δ = 37.0, 38.6, 47.8, 51.7, 52.4, 55.2, 55.4, 108.3, 113.9,
119.6, 123.1, 128.8, 129.2, 133.8, 154.4, 158.9, 169.4, 170.9 ppm.
IR (neat): ν̃ = 2951, 2838, 1735, 1650, 1600, 1513 cm–1. HRMS
(ESI): m/z [M + Na]+ calcd. for C21H23NNaO5: 392.14684; found
392.14769.

Methyl [2-(4-Methoxybenzyl)-3-oxo-1,2,3,4-tetrahydrobenzo[h]iso-
quinolin-1-yl]acetate (5, R1 = R2 = benzo; R3 = H; R4 = PMB; R5

= CO2Me): 41 mg, 64%; colourless, viscous oil. 1H NMR (CDCl3,
25 °C): δ = 2.72 (dd, J = 15.3, 4.6 Hz, 1 H), 2.84 (dd, J = 15.3,
7.3 Hz, 1 H), 3.63 (s, 3 H), 3.72 (s, 3 H), 3.8 (d, J = 19.5 Hz, 1 H),
3.9 (d, J = 19.5 Hz, 1 H), 4.15 (d, J = 14.9 Hz, 1 H), 5.45 (d, J =
14.9 Hz, 1 H), 5.68 (dd, J = 7.3, 4.6 Hz, 1 H), 6.75 (d, J = 8.7 Hz,
2 H), 7.18 (d, J = 8.6 Hz, 2 H), 7.27 (m, 1 H), 7.43–7.51 (m, 2 H),
7.70–7.85 (m, 3 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ =
37.7, 40.0, 48.1, 52.1, 53.6, 55.2, 114.1, 121.7, 125.6, 125.7, 127.1,
128.3, 128.6, 128.8, 129.0, 129.2, 130.0, 130.2, 132.6 ppm. IR (nu-
jol): ν̃ = 1732, 1651, 1513 cm–1. HRMS (ESI): m/z [M + Na]+ calcd.
for C24H23NNaO4: 412.15193; found 412.15187.

Methyl [2-(4-Methoxybenzyl)-6,8-dimethyl-3-oxo-1,2,3,4-tetrahydro-
isoquinolin-1-yl]acetate (5, R1 = R3 = Me; R2 = H; R4 = PMB; R5 =
CO2Me): 36 mg, 60%; colourless, viscous oil. 1H NMR (300 MHz,
CDCl3, 25 °C): δ = 2.01 (s, 3 H), 2.26 (s, 3 H), 2.52 (dd, J = 15.2,
4.3 Hz, 1 H), 2.72 (dd, J = 15.2, 8.6 Hz, 1 H), 3.59 (d, J = 19.2 Hz,
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1 H), 3.69 (s, 3 H), 3.75 (s, 3 H), 3.69–3.75 (m, 1 H overlapped
with two singlets at δ = 3.69 and 3.75), 3.97 (d, J = 14.8 Hz, 1 H),
4.99 (dd, J = 8.5, 4.3 Hz, 1 H), 5.42 (d, J = 14.8 Hz, 1 H), 6.78 (d,
J = 8.2 Hz, 2 H), 6.80 (s, 1 H), 6.82 (s, 1 H), 7.09 (d, J = 8.2 Hz,
2 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ = 18.2, 20.9, 37.9,
39.1, 47.9, 52.0, 53.5, 55.2, 113.9, 126.1, 128.8, 129.2, 129.5, 131.3,
132.3, 137.5, 158.9, 169.9, 171.2 ppm. IR (nujol): ν̃ = 1733, 1656,
1614 cm–1. HRMS (ESI): m/z [M + Na]+ calcd. for C22H25NNaO4:
390.16758; found 390.16736.

[2-(4-Methoxybenzyl)-8-methyl-3-oxo-1,2,3,4-tetrahydroisoquinolin-
1-yl]acetonitrile (5, R1 = Me; R2 = R3 = H; R4 = PMB, R5 = CN):
31 mg, 58%; pale yellow, viscous oil. 1H NMR (300 MHz, CDCl3,
25 °C): δ = 2.18 (s, 3 H), 2.67–2.69 (m, 2 H), 3.73 (d, J = 19.4 Hz,
1 H), 3.83 (s, 3 H), 3.98 (d, J = 19.4 Hz, 1 H), 4.45 (d, J = 15.0 Hz,
1 H), 4.87 (t, J = 6.0 Hz, 1 H), 5.33 (d, J = 15.0 Hz, 1 H), 6.88 (d,
J = 8.5 Hz, 2 H), 7.10 (d, J = 7.6 Hz, 2 H), 7.20 (d, J = 8.5 Hz, 2
H), 7.26 (t, J = 7.6 Hz, 1 H) ppm. 13C NMR (75 MHz, CDCl3,
25 °C): δ = 18.6, 22.5, 37.6, 48.3, 53.5, 55.2, 114.3, 116.9, 126.1,
128.1, 128.7, 129.2, 129.3, 131.4, 132.6, 132.9, 159.3, 169.4 ppm.
IR (neat): ν̃ = 2952, 2932, 2837, 2248, 1731, 1658, 1613 cm–1.
HRMS (ESI): m /z [M + Na]+ calcd. for C2 0H2 0N2NaO2:
343.14170; found 343.14210.

rac-(1R*,4R*,9S*)-1,4-Dihydro-9-hydroxy-2-(4-methoxybenzyl)-
8,9-dimethyl-1,4-ethanoisoquinolin-3(2H)-one (6a, R1 = Me; R2 =
R3 = H; R4 = PMB): Major diastereomer; white solid, m.p. 202–
203 °C (AcOEt). 1H NMR (300 MHz, CDCl3, 25 °C): δ = 1.17 (s,
3 H), 1.55 (dd, J = 13.2, 1.5 Hz, 1 H), 1.96 (s, 3 H), 2.23 (dd, J =
13.2, 3.6 Hz, 1 H), 3.23 (br. s, 1 H), 3.81 (s, 3 H), 3.92 (s, 1 H),
4.44 (d, J = 14.8 Hz, 1 H), 4.64 (dd, J = 3.6, 1.5 Hz, 1 H), 4.80 (d,
J = 14.8 Hz, 1 H), 6.83 (d, J = 8.3 Hz, 2 H), 6.96 (d, J = 7.4 Hz,
1 H), 7.05 (d, J = 8.4 Hz, 2 H), 7.08–7.19 (m, 2 H) ppm. 13C NMR
(75 MHz, CDCl3, 25 °C): δ = 17.4, 29.1, 43.2, 47.2, 53.5, 55.3, 62.0,
73.3, 113.9, 123.6, 127.1, 128.2, 128.5, 129.5, 129.9, 136.5, 138.0,
159.0, 173.2 ppm. IR (nujol): ν̃ = 3245, 1644, 1599, 1512 cm–1.
HRMS (ESI): m/z [M + Na]+ calcd. for C21H23NNaO3: 360.15701;
found 360.15697.

rac-(1R*,4R*,9S*)-1,4-Dihydro-9-hydroxy-8,9-dimethyl-2-phenyl-
1,4-ethanoisoquinolin-3(2H)-one (6a, R1 = Me; R2 = R3 = H; R4 =
Ph): Major diastereomer; white solid; m.p. 216–217 °C (AcOEt).
1H NMR (300 MHz, CDCl3, 25 °C): δ = 1.18 (s, 3 H), 1.72 (dd, J
= 13.9, 1.0 Hz, 1 H), 2.39 (s, 3 H), 2.49 (dd, J = 13.9, 3.9 Hz, 1
H), 3.96 (s, 1 H), 4.35 (br. s, 1 H), 5.26 (m, 1 H), 7.03–7.22 (m, 4
H), 7.28–7.36 (m, 4 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C):
δ = 18.0, 29.2, 43.6, 58.5, 62.6, 73.0, 124.0, 124.4, 126.2, 127.6,
128.8, 129.1, 130.0, 136.4, 137.4, 140.2, 172.4 ppm. IR (nujol): ν̃ =
3304, 1660, 1594 cm–1. HRMS (ESI): m/z [M + Na]+ calcd. for
C19H19NNaO2: 316.13080; found 316.13066.

rac-1,4-Dihydro-9-hydroxy-8,9-dimethyl-2-(1-phenylethyl)-1,4-ethano-
isoquinolin-3(2H)-one [6, R1 = Me; R2 = R3 = H; R4 = (rac)-α-
methylbenzyl]: 1:1 Mixture of the two major diastereomers; white
solid. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 1.17 (s, 3 H), 1.54
(s, 6 H), 1.57–1.61 (m, 2 H overlapped with a singlet at δ = 1.63),
1.63 (s, 3 H), 1.64 (d, J = 6.9 Hz, 3 H), 1.74 (d, J = 6.9 Hz, 3 H),
2.18–2.25 (m, 2 H), 2.3–2.8 (br. s, 2 H), 3.85 (s, 1 H), 3.89 (s, 1 H),
4.48–4.50 (m, 1 H), 4.54–4.57 (m, 1 H), 5.73 (quartet, J = 6.9 Hz,
1 H), 5.80 (quartet, J = 6.9 Hz, 1 H), 6.88–6.93 (m, 2 H), 6.99–
7.30 (m, 14 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ = 16.2,
16.5, 16.8, 29.2, 44.6, 46.1, 49.3, 49.5, 49.6, 49.9, 62.3, 72.1, 73.5,
123.4, 124.5, 126.9, 127.2, 127.3, 127.4, 128.1, 128.3, 128.4, 128.5,
130.0, 130.5, 134.8, 136.2, 137.8, 138.1, 139.0, 139.6, 171.1, 172.0
ppm. IR (nujol): ν̃ = 3400, 3243, 1650, 1600 cm–1. HRMS (ESI):
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m/z [M + Na]+ calcd. for C21H23NNaO2: 344.16210; found
344.16257.

8-Methyl-1-(2-oxopropyl)-1,4-dihydroisoquinolin-3(2H)-one (5, R1 =
Me; R2 = R3 = R4 = H; R5 = COMe): 18 mg, 50%; white solid;
m.p. 177–178 °C (AcOEt). 1H NMR (300 MHz, CDCl3, 25 °C): δ
= 2.02 (s, 3 H), 2.10 (s, 3 H), 2.60 (dd, J = 18.6, 2.7 Hz, 1 H), 2.71
(dd, J = 18.6, 10.2 Hz, 1 H), 3.37, (d, J = 18.0 Hz, 1 H), 3.50 (d,
J = 18.0 Hz, 1 H), 4.94 (dt, J = 10.5, 3.3 Hz, 1 H), 6.63 (br. s, 1
H), 6.87 (d, J = 7.5 Hz, 1 H), 6.96 (d, J = 7.2 Hz, 1 H), 7.05 (t, J
= 7.5 Hz, 1 H) ppm. 13C NMR (CDCl3, 25 °C): δ = 18.6, 30.1,
36.2, 49.1, 49.2, 126.0, 127.9, 129.1, 131.6, 132.0, 133.0, 171.2,
206.2 ppm. IR (nujol): ν̃ = 3323, 3295, 1710, 1677, 1595 cm–1.
HRMS (ESI): m/z [M + Na]+ calcd. for C13H15NNaO2: 240.09950;
found 240.09969.

General Procedure for the Synthesis of 2: The preparation is modi-
fied from a reported procedure.[17] A solution of amine (8.25 mmol)
and dry Et3N (9.05 mmol) dissolved in dry dichloromethane
(12 mL) was cooled to –5 °C with an ice bath. Chloroacetyl chlo-
ride (or bromoacetyl bromide, 8.25 mmol) dissolved in dichloro-
methane (3 mL) was added dropwise to the stirred solution, and
the temperature was maintained between –2 °C and –5 °C. The re-
action mixture was stirred for 30 min at 0 °C and then allowed to
return to room temperature and stirred for an additional 30 min.
During this time, a precipitate formed in the case of 2 [X = Cl,
Br; R4 = Ph, PMB, (rac)-α-methylbenzyl]. The precipitate was then
filtered and washed with dichloromethane. The filtrate was washed
with HCl (2 , 1�5 mL) and brine (1�15 mL). The organic phase
was separated and dried (Na2SO4), and the solvent was evaporated
under vacuum. The solid residue was crystallised from an appropri-
ate solvent. In the case of 2 (X = Cl; R4 = allyl) an orange oil was
obtained, which was used without further purification. Data for 2-
Cl and 2-Br (R4 = PMB) are not reported in the literature.

2-Chloro-N-phenylacetamide (2-Cl): 1.24 g, 76%; beige solid; m.p.
123–124 °C (lit.[18] 122–125 °C).

2-Bromo-N-phenylacetamide (2-Br): 1.09 g, 62%; beige solid; m.p.
130–131 °C (isopropyl ether) (lit.[19] 129–131 °C).

N-Allyl-2-chloroacetamide (2-Cl): 0.90 g, 82%; yellow-orange oil.
Spectroscopic data are consistent with those reported in the litera-
ture.[20]

N-Allyl-2-bromoacetamide (2-Br): 1.0 g, 69%; white solid; m.p. 28–
29 °C (isopropyl ether/hexane) (lit.[17] 27 °C).

rac-2-Bromo-N-(α-methylbenzyl)acetamide (2-Br): 1.7 g, 85%; white
solid; m.p. 90–91 °C (isopropyl ether). Spectroscopic data are con-
sistent with those reported in the literature.[21]

rac-2-Chloro-N-(α-methylbenzyl)acetamide (2-Cl): 1.47 g, 90%;
white solid; m.p. 76–77 °C (isopropyl ether). Spectroscopic data are
consistent with those reported in the literature.[22]

2-Chloro-N-(4-methoxybenzyl)acetamide (2-Cl): 1.42 g, 81%; light
brown solid; m.p. 104–105 °C (isopropyl ether). 1H NMR
(300 MHz, CDCl3, 25 °C): δ = 3.74 (s, 3 H), 4.01 (s, 2 H), 4.35 (d,
J = 5.5 Hz, 2 H), 6.72 (br. s, 1 H), 6.82 (d, J = 8.5 Hz, 2 H), 7.15
(d, J = 8.5 Hz, 2 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ =
42.5, 43.3, 55.2, 114.2, 129.2, 129.3, 159.2, 165.5 ppm. IR (nujol):
ν̃ = 3281, 1656, 1617 cm–1. C10H12ClNO2 (213.66): calcd. C 56.21,
H 5.66, N 6.56; found C 56.30, H 5.77, N 6.54.

2-Bromo-N-(4-methoxybenzyl)acetamide (2-Br): 1.51 g, 71%; pale
yellow solid; m.p. 120–121 °C (AcOEt). 1H NMR (300 MHz,
CDCl3, 25 °C): δ = 3.84 (s, 3 H), 3.94 (s, 2 H), 4.44 (d, J = 5.5 Hz,
2 H), 6.73 (br. s, 1 H); 6.91 (d, J = 8.4 Hz, 2 H), 7.25 (d, J = 8.4 Hz,
2 H) ppm. 13C NMR (75 MHz, CDCl3, 25 °C): δ = 29.0, 43.6, 55.2,
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113.9, 129.0, 129.4, 159.1, 165.3 ppm. IR (nujol): ν̃ = 3281, 1649,
1613 cm–1. C10H12BrNO2 (258.11): calcd. C 46.53, H 4.69, N 5.43;
found C 46.59, H 4.71, N 5.40.

CCDC-718016 contains the supplementary crystallographic data
for 6a, R4 = PMB. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.cam.
ac.uk/data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Copies of 1H and 13C spectra for new 2, 5, and 6.

Acknowledgments

We thank Consiglio Nazionale delle Ricerche (CNR) for financial
support.

[1] a) L. F. Tietze, Chem. Rev. 1996, 96, 115–136; b) L. F. Tietze,
N. Rackelmann, Pure Appl. Chem. 2004, 76, 1967–1983; c)
Multicomponent Reactions (Eds.: J Zhu, H. Bienaymè), Wiley
VCH, Weinheim, 2005; d) G. Guillena, D. J. Ramòn, M. Yus,
Tetrahedron: Asymmetry 2007, 18, 693–700; e) J. D. Sun-
derhaus, S. F. Martin, Chem. Eur. J. 2009, 15, 1300–1308.

[2] For selected examples on the synthesis of heterocycles through
palladium-catalysed MCRs, see: a) S. Pache, M. Lautens, Org.
Lett. 2003, 5, 4827–4830; b) P. Thansandote, M. Raemy, A.
Rudolph, M. Lautens, Org. Lett. 2007, 9, 5255–5258; c) G.
Balme, D. Bouyssi, N. Monteiro, Pure Appl. Chem. 2006, 78,
231–239; d) D. M. D’Souza, T. J. J. Muller, Chem. Soc. Rev.
2007, 36, 1095–1108; e) A. Pinto, L. Neuville, J. Zhu, Angew.
Chem. Int. Ed. 2007, 46, 3291–3295; f) Z. Zheng, H. Alper,
Org. Lett. 2008, 10, 829–832; g) S. A. Worlikar, R. C. Larock,
J. Org. Chem. 2008, 73, 7175–7180; h) R. Grigg, V. Sridharan,
M. Shah, S. Mutton, C. Kilner, D. MacPherson, P. Milner, J.
Org. Chem. 2008, 73, 8352–8356; i) N. Della Ca’, E. Motti,
M. Catellani, Adv. Synth. Catal. 2008, 16, 2513–2516; j) B. A.
Arndsten, Chem. Eur. J. 2009, 15, 302–313; k) J. Barluenga, A.
Mendoza, F. Rodriguez, F. J. Fananàs, Angew. Chem. Int. Ed.
2009, 48, 1644–1647.

[3] D. A. Horton, G. T. Bourne, M. L. Smythe, Chem. Rev. 2003,
103, 893–930.

[4] a) M. Catellani, P. Frignani, A. Rangoni, Angew. Chem. Int.
Ed. Engl. 1997, 36, 119–122; b) M. Catellani, Top. Organomet.
Chem. 2005, 14, 21–53.

[5] a) R. Ferraccioli, D. Carenzi, M. Catellani, Tetrahedron Lett.
2004, 45, 6903–6907; b) R. Ferraccioli, C. Giannini, G. Mol-
teni, Tetrahedron: Asymmetry 2007, 18, 1475–1480.

[6] For reviews, see: a) J. D. Scott, R. M. Williams, Chem. Rev.
2002, 102, 1669–1730; b) M. Chrzanowska, M. D. Rozwadow-
ska, Chem. Rev. 2004, 104, 3341–3370; c) T. S. Kaufman, Syn-
thesis 2005, 60, 339–360.

www.eurjoc.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2009, 3161–31663166

[7] a) P. Wipf, C. R. Hopkins, J. Org. Chem. 2001, 66, 3133–3139;
b) M. J. Munchhof, A. I. Meyers, J. Org. Chem. 1996, 61, 4607–
4610; c) G. L. Grunewald, D. J. Sall, J. A. Monn, J. Med.
Chem. 1988, 31, 433–444; d) G. N. Walker, D. Alkalay, J. Org.
Chem. 1971, 36, 491–500.

[8] NMR analysis was made on a sample of the crude residue
dried under high vacuum to eliminate unreacted volatile start-
ing components.

[9] a) G. Cavicchioni, P. Scrimin, A. C. Veronese, G. Balboni, F.
D�Angeli, J. Chem. Soc. Perkin Trans. 1 1982, 2969–2972; b) S.
Cesa, V. Mucciante, L. Rossi, Tetrahedron 1999, 55, 193–200.

[10] Change of ligands [TPP = tris(p-methoxyphenyl)phosphane]
and palladium source (PdCl2, Pd2dba3) did not improve the
results.

[11] The reported solvent/base combination gave the best results in
terms of selectivity.

[12] Although the reactions were performed under aqueous basic
conditions, we had no evidence of methoxycarbonyl group hy-
drolysis.

[13] At the end of the reaction, the unreacted haloamide was mostly
transformed into the corresponding hydroxy-amide.

[14] For reviews and selected examples on the effect of water on
palladium-catalysed reactions, see: a) I. P. Beletskaya, A. V.
Cheprakov, Chem. Rev. 2000, 100, 3009–3065; b) R. Lèpine, J.
Zhu, Org. Lett. 2005, 7, 2981–2984; c) B. P. Fors, P. Krattiger,
E. Strieter, S. L. Buchwald, Org. Lett. 2008, 10, 3505–3508; d)
M. Carril, P. SanMartin, E. Domìnguez, Chem. Soc. Rev. 2008,
37, 639–647.

[15] For reviews on palladium-catalysed C–H activation, see: a) G.
Dyker, Angew. Chem. Int. Ed. 1999, 38, 1698–1712; b) M. Mi-
ura, T. Satoh, Top. Organomet. Chem. 2005, 14, 55–83; c) A. R.
Dick, M. Sanford, Tetrahedron 2006, 62, 2439–2463; d) D. Al-
berico, M. E. Scott, M. Lautens, Chem. Rev. 2007, 107, 174–
238; e) M. Catellani, E. Motti, N. Della Ca�, R. Ferraccioli,
Eur. J. Org. Chem. 2007, 4153–4165.

[16] A control experiment performed on the intermediate 4 (R4 =
PMB), in the presence of Cs2CO3 in anhydrous DMF at 80 °C
proved that the conversion of 4 to 5 took place in 2 h. The
same transformation performed in aqueous DMF occurred
within about 4 h.

[17] E. Enholm, L. Low, J. Org. Chem. 2006, 71, 2272–2276.
[18] S. R. Yong, A. T. Ung, S. G. Pyne, B. W. Skelton, A. H. White,

Tetrahedron 2007, 63, 1191–1199.
[19] H. Xie, D. Ng, S. N. Savinov, B. Dey, P. D. Kwong, R. Wyatt,

A. B. Smith III, W. A. Hendrickson, J. Med. Chem. 2007, 50,
4898–4908.

[20] V. Farkas, T. Tòth, G. Orosz, P. Huszthy, M. Hollòsi, Tetrahe-
dron: Asymmetry 2006, 17, 1883–1889.

[21] L. R. Lucas, M. K. Zart, J. Murkerjee, T. N. Sorrell, R.
Douglas, D. R. Powell, A. S. Borovik, J. Am. Chem. Soc. 2006,
128, 15476–15489.

[22] A. Paczal, A. C. Bényei, A. Kotschy, J. Org. Chem. 2006, 71,
5969–5979.

Received: March 10, 2009
Published Online: May 12, 2009


