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Reactions in the Synthesis of Functionalized 
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Abstract: We report the Pd(0)-catalyzed intramolecular α-arylation 
of sulfones to give tetrahydroisoquinolines. The combination of this 
Pd-catalyzed reaction with intermolecular Michael and aza-Michael 
reactions allowed us to develop two- and three-step domino 
processes to synthesize diversely functionalized scaffolds from 
readily available starting materials. 

The sulfone is a ubiquitous organic structural motif often used as 
an auxiliary group in important synthetic methodologies, 
especially those devoted to the formation of carbon-carbon 
bonds, in which the sulfonyl group usually acts as an electron-
withdrawing moiety facilitating the deprotonation of a 
neighboring carbon atom.[1] Moreover, sulfones are also present 
in a large number of synthetic biologically active compounds[2] 
as well as in some natural products.[3] Due to their significance, 
the development of new and efficient methods for the synthesis 
of sulfones is today an interesting challenge. 

In recent years, the palladium-catalyzed arylation of acidic 
C─H bonds has received a great deal of attention.[4] However, 
despite the popularity of this type of reaction, examples of 
palladium-catalyzed α-arylation of sulfones are scarce, probably 
due to the higher pKa’s of the sulfonyl α-C─H acid, and they are 
limited to intermolecular processes.[5,6,7] 

As part of our ongoing program on the development of 
efficient methodologies for the synthesis of nitrogen 
heterocycles,[8] we have been studying the palladium-catalyzed 
intramolecular coupling of amino-tethered aryl halides with 
enolate-type nucleophiles.[9] To further generalize the application 
of the α-arylation reaction to the synthesis of azaheterocycles, 
we decided to explore the use of sulfones as the nucleophilic 
counterpart. Additionally, we envisaged that the potential of this 
palladium-catalyzed reaction could be dramatically improved if, 
in one pot, the α-arylation product undergoes further reaction 
with an electrophile such as a Michael acceptor. 

To test our proposal, we focused on the synthesis of 
tetrahydroisoquinolines, given that this heterocyclic system is a 
common structural motif in pharmaceuticals and natural 
products.[10] A general approach to this type of compound, using 
a tandem palladium-catalyzed α-arylation and Michael addition 
strategy, would complement existing methodologies and in some 
cases provide a more attractive option.[11,12] Herein, we report 

our studies on the intramolecular palladium-catalyzed α-arylation 
of β-aminosulfones, and present new domino processes based 
on this reaction, which allow the straightforward synthesis of 
diversely functionalized tetrahydroisoquinolines (Scheme 1). 
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Scheme 1. Proposed tandem Pd(0)-catalyzed α-arylation/Michael addition of 
sulfones to access tetrahydroisoquinolines. 

The first challenge in developing our project was to identify 
a suitable combination of base, catalyst and solvent for the 
intramolecular α-arylation of β-aminosulfones. The sulfone 1a 
was chosen as a model to optimize the reaction conditions for 
the α-arylation (Table 1). The intermolecular α-arylation of 
unactivated sulfones usually requires the presence of strong 
bases such as LiN(SiMe3)2 or LiOtBu,[5c-e] but in our case this 
was precluded by the retro-Michael degradation of the β-
aminosulfone moiety (vide infra). On the other hand, treatment 
of 1a with Pd(PPh3)4 as the catalyst and K3PO4 in DMF at high 
temperature, an effective combination for the α-arylation of 
amino acid esters,[9e] resulted in the recovery of the starting 
material (entry 1). A similar result was obtained when using dtpf 
instead of PPh3 (entry 2). The use of the ligand BINAP (entry 3) 
promoted the total consumption of sulfone 1a to give a complex 
reaction mixture, from which the major product, disulfone 3a, 
was isolated in 22% yield. This compound is generated by the 
conjugated addition of the initially formed α-arylation product 2a 
to phenyl vinyl sulfone, which arises from the partial retro-
Michael fragmentation of 1a under the reaction conditions. 

The use of either Cs2CO3 or K2CO3 as the base instead of 
K3PO4, maintaining the BINAP ligand, mainly resulted in the 
decomposition of the starting material (entry 4), while the use of 
Et3N exclusively promoted the hydrodehalogenation of the aryl 
iodide (entry 5). Performing the α-arylation of 1a using xantphos 
as the ligand and K3PO4 as the base afforded the desired 
tetrahydroisoquinoline 2a in 59% yield, together with a small 
amount of disulfone 3a (entry 6). Under the same reaction 
conditions, changing the base to Cs2CO3 resulted in a slightly 
lower yield (entry 7), but gratifyingly, changing the solvent for 
either THF or toluene increased the yield up to 90% (entries 8-9). 

Before embarking on our final challenge, the development 
of a tandem process, we decided to further explore the scope of 
α-arylation, extending our studies to methyl sulfones and 
substrates bearing a phenyl or a methyl group at the nitrogen 
atom (Table 2). 

[a] Prof. Dr. D. Solé, F. Pérez-Janer, Dr. R. Mancuso 
Laboratori de Química Orgànica, Facultat de Farmàcia 
Universitat de Barcelona 
Av. Joan XXIII s/n, 08028 Barcelona, (Spain) 
E-mail: dsole@ub.edu 

 Supporting information for this article is given via a link at the end of 
the document. 



COMMUNICATION          

 
 
 
 

 
Table 1. Optimization of the α-arylation conditions.[a] 

 
Entry [Pd] [mol %] 

ligand [mol %] 
Base Solvent t [h] Products 

(yield [%])[b] 

1 Pd(PPh3)4 (10) K3PO4 DMF 48 1a[c] 

2 Pd2(dba)3 (5) 
dtpf (10) 

K3PO4 DMF 24 1a[c],[d] 

3 Pd2(dba)3 (5) 
BINAP (10) 

K3PO4 DMF 72 3a (22)[e] 

4 Pd2(dba)3 (5) 
BINAP (10) 

Cs2CO3 DMF 72 ---[f],[g] 

5 Pd2(dba)3 (5) 
BINAP (10) 

Et3N (3) DMF 72 ---[h] 

6 Pd2(dba)3 (7.5) 
xantphos(15) 

K3PO4 DMF 43 2a (59) 
3a (10) 

7 Pd2(dba)3 (7.5) 
xantphos(15) 

Cs2CO3 DMF 72 2a (50) 
3a (9) 

8 Pd2(dba)3 (7.5) 
xantphos(15) 

K3PO4 THF 68 2a (90)[i] 

9 Pd2(dba)3 (7.5) 
xantphos(15) 

K3PO4 toluene 72 2a (89) 

[a] Reaction conditions: 1a (0.2 mmol), [Pd] and ligand (see table), and base 
(3 equiv.) in the indicated solvent at 120 ºC in a sealed tube. [b] Isolated yield 
by flash chromatography. [c] Not quantified. [d] Minor amounts of 2a were 
observed in the reaction mixture. [e] Minor amounts of 2a and the 
hydrodehalogenation product were observed in the reaction mixture. [f] 
Complex reaction mixture. [g] The use of K2CO3 as the base afforded a similar 
result. [h] Significant amounts of the hydrodehalogenation compound were 
observed in the reaction mixture. [i] The use of 5 mol % of Pd2(dba)3 resulted 
in the recovery of 10% of 1a after 62 h of reaction. 

Methyl sulfone 1b was less efficient than phenyl sulfone 1a 
in the annulation reaction. The lower acidity of the α-C─H bonds 
of the methyl sulfone made its α-arylation more troublesome and 
resulted in the formation of significant amounts of the 
hydrodehalogenation compound 4b (entries 1-3). Nevertheless, 
the yield of the α-arylation compound 2b remained reasonably 
high at 66% when using THF as the solvent. In contrast, 
sulfones 1c-d, which bear a phenyl substituent at the nitrogen, 
were less amenable to undergoing α-arylation. While compound 
2c was obtained in an acceptable 45% yield starting from phenyl 
sulfone 1c (entry 5), the annulation reaction from methyl sulfone 
1d leading to 2d proceeded more slowly and was accompanied 
by an increase of the hydrodehalogenation reaction (entries 7-8). 
Finally, the α-arylation from sulfone 1e, which bears a methyl 
group at the nitrogen, afforded isoquinoline 2e in 52% yield 
(entry 9). As can be seen in Tables 1 and 2, the α-arylation of β-
(2-iodobenzylamino) sulfones seems to be somewhat substrate-
dependent, the best results being obtained when using phenyl 
sulfones. Although the reaction tolerates the presence of the 
phenyl and methyl groups at the nitrogen atom, the N-benzyl 

substituted substrates afforded the highest yields. Finally, the 
best solvents were the polar THF and DMF. 
 
Table 2. Substrate scope in the α-arylation reaction.[a] 

 
Entry Sulfone Solvent Products (yield [%])[b] 

1 1b DMF 2b (63) 4b (10) 

2 1b THF 2b (66) 4b (11) 

3 1b toluene 2b (38) 4b (24) 

4 1c DMF 2c (14)[c]  

5 1c THF 2c (45)[d]  

6 1c toluene 2c (19)[c]  

7 1d DMF 2d (31) 4d (10) 

8 1d THF 1d/2d/4d (2:1.7:1)[e] 

9 1e DMF 2e (52)  

[a] Reaction conditions: Pd2(dba)3 (7.5 mol%), xantphos (15 mol%), K3PO4 
(3 equiv.), and solvent at 120 ºC for 72 h in a sealed tube. [b] Isolated yield 
by flash chromatography. [c] Complex mixture. [d] Traces of the 
hydrodehalogenation compound (≤5%) were also observed in the crude 
reaction mixture. [e] 1H NMR ratio, yields not quantified. 

With this information in hands, without further optimization, 
we centered our efforts on the development of a tandem 
intramolecular α-arylation/Michael addition process to give 
access to more functionalized tetrahydroisoquinolines (Table 3). 
The unexpected formation of significant amounts of disulfone 3a 
in the α-arylation reactions of 1a when using DMF as the solvent 
(Table 1, entries 3 and 6), was a promising starting point. 
Gratifyingly, treatment of 1a with a catalytic amount of the 
couple Pd2(dba)3/BINAP and K3PO4 in the presence of phenyl 
vinyl sulfone[13] in DMF afforded disulfone 3a in 71% yield (Table 
3, entry 1). The use of xantphos as the ligand improved the yield 
to 85% (entry 2). However, changing the solvent to either THF or 
toluene failed to promote the tandem process, and led to the 
formation of mixtures of the α-arylation compound 2a and the 
Heck product 5a (Scheme 2). While 2a (52%) was the major 
product with THF, 5a was isolated in 59% yield when the 
reaction was run in toluene. 

 

Scheme 2. Formation of Heck-type product 5a. 
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Table 3. Tandem α-arylation/Michael addition.[a] 

 
Entry Sulfone Michael Acceptor Ligand Product (yield [%])[b] 

1 1a 
 

 

 
BINAP 

 

3a (71) 

2 1a  
Xantphos 

 
3a (85) 

3 1a 
 

 

 
Xantphos 

 

6 (65)[c] 

4 1b 
 

 

 
Xantphos 

 

3b (56)[d] 

5 1b  
Xantphos 

 
3b (51)[e] 

6 1b 
 

 

 
Xantphos 

 

7 (62)[f] 

7 1c 
 

 

 
BINAP 

 

3c (68) 

8 1d 
 

 

 
BINAP 

 

3d (42) 

9 1e 
 

 

Xantphos 

 

3e (54) 

10 1a 
 

 

 
Xantphos 

 

8 (63) 

11 1a 
 

 

 
Xantphos 

 

9 (40) 

12 1a 
 

 

 
Xantphos 

 

10 (35) 

13 1b 
 

 

 
Xantphos 

 

11 (45) 

[a] Reaction conditions: Pd2(dba)3 (7.5 mol%), BINAP or xantphos (15 mol%), Michael acceptor (1.3-1.5 equiv.), and K3PO4 (3 equiv.) in DMF at 120 ºC for 72 h in 
a sealed tube. [b] Isolated yield by flash chromatography. [c] 3b (7%) was also isolated. [d] Trace amounts (<5%) of 2b and 4b were also isolated. [e] Cs2CO3 (3 
equiv.) was used as the base. [f] 2.5 equiv. of Michael acceptor were used. 

CO2Bn
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Sulfone 1b afforded inferior results in the tandem reaction 
with methyl vinyl sulfone due to the lower acidity of the methyl 
sulfone α-C─H bond as well as the lower electrophilicity of 
methyl vinyl sulfone as the Michael acceptor (entries 4-5). 
Interestingly, “crossed” tandem processes leading to the 
orthogonally-substituted disulfones 6 and 7 were also promoted 
when starting from 1a and 1b, respectively (entries 3 and 6). 

On the other hand, sulfones 1c and 1d, which bear a phenyl 
substituent at the nitrogen atom, failed to undergo the tandem 
process when using the ligand xantphos (results not included in 
the table). While 1c afforded a complex reaction mixture due to 
readily decomposing by retro-Michael fragmentation, the lower 
acidity of the methyl sulfone 1d resulted in the exclusive 
formation of the Heck-type product 5d, which was isolated in 
71% yield (Scheme 3). However, changing the ligand for BINAP 
allowed 1c and 1d to readily undergo the tandem processes, 
leading to 3c (68%) and 3d (42%), respectively (entries 7-8). 

 

Scheme 3. Formation of Heck-type product 5d. 

Finally, the α-arylation/conjugated addition tandem process 
was also extended to the use of acrylic acid esters as Michael 
acceptors, which allowed the preparation of γ-sulfonylesters 8-11 
in acceptable yields when using xantphos as the ligand (entries 
10-13). 

As it was desirable to simplify the synthesis of symmetrically 
substituted disulfones (i. e. 3a-e), we also attempted a domino 
aza-Michael addition/α-arylation/Michael addition process 
starting from the readily available N-alkyl-2-iodobenzylamines 
(Scheme 4). The development of such a three-step domino 
process would generate a high level of molecular complexity in 
one operation, minimising the expenditure of solvents, reagents, 
time, and energy.[14] 
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Scheme 4. Proposed domino aza-Michael addition/Pd(0)-catalyzed α-
arylation/Michael addition to access tetrahydroisoquinolines. 

The results shown in Table 4 demonstrate the viability of our 
proposal. To our delight, the reaction of N-benzyl-2-
iodobenzylamine with 2.2 equiv. of phenyl vinyl sulfone in the 
presence of K3PO4, and using the couple Pd2(dba)3/xantphos as 
the catalyst in DMF, afforded disulfone 3a in 83% yield. When 
methyl vinyl sulfone was used as the Michael acceptor in the 
domino process, 3b was obtained in 49% yield. Under the same 
reaction conditions and using phenyl vinyl sulfone as the 
Michael acceptor, N-methyl-2-iodobenzylamine afforded 
disulfone 3e in 64% yield. The yields of these domino processes 
are similar to those obtained in the corresponding tandem 
reactions (see Table 3, entries 2, 4 and 9), which indicates that 
the initial aza-Michael addition takes place without any 
interference from the competitive Heck reaction.[14] In this 
context, it should be noted that although one-pot aza-Michael 
addition/Pd(0)-catalyzed α-arylation processes using acrylates 
have been reported,[11b] it has been impossible to develop a real 
domino process[15] because, in the presence of the Pd catalyst, 
the Heck reaction with the acrylate takes precedence over the 
aza-Michael addition.[12,16] The success of the present domino 
process with vinyl sulfones may be due to the poor behaviour of 
sulphur-substituted olefins in the Heck reaction.[17] 

 
Table 4. Domino aza-Michael addition/α-arylation/Michael addition 
process.[a] 

 

 
[a] Reaction conditions: Pd2(dba)3 (7.5 mol%), xantphos (15 mol%), vinyl 
sulfone (2.2 equiv.), and K3PO4 (3 equiv.) in DMF at 120 ºC for 72 h in a 
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sealed tube. 

The scope of the domino aza-Michael addition/α-
arylation/Michael addition reaction for the synthesis of diversely 
functionalized disulfones was then examined. Overall, as also 
observed in the tandem processes (Table 3), phenyl sulfones 
afforded better results than methyl sulfones in the three-step 
domino reaction. The higher acidity of the α-C─H bonds of the 
phenyl sulfone favors both the α-arylation and the Michael 
addition, while the higher electrophilicity of phenyl vinyl sulfone 
benefits the Michael addition reactions. 

The domino reaction also proceeded smoothly from 2-
iodobenzylamines bearing either electron-donating (Me, OMe) or 
electron-withdrawing groups (Cl, F) on the aromatic ring, the 
latter affording higher yields. Considering that the yields of the 
domino process essentially reflect the yield of the α-arylation 
reaction, these results seem to indicate that the 2-
iodobenzylamines with electron-withdrawing groups show better 
behaviour in the palladium-catalyzed reaction than those bearing 
electron-donating groups. Finally, naphtho-fused heterocycles 
(18 and 19) and tetrahydroisoquinolines bearing aryl groups on 
the nitrogen atom (20a-c) were accessible through the domino 
reaction. 

In summary, we have developed efficient synthetic methods 
toward diversely functionalized tetrahydroisoquinolines based on 
the intramolecular Pd(0)-catalyzed α-arylation of sulfones. The 
combination of the Pd-catalyzed reaction with intermolecular 
Michael and aza-Michael reactions allowed us to develop two- 
and three-step domino processes to synthesize diversely 
functionalized scaffolds from readily available starting materials. 
Further exploration to expand the scope of these domino 
processes to other heterocyclic systems is underway in our 
laboratory and will be reported in due course. 

Experimental Section 

General procedure for the three-step domino reactions 

A mixture of N-benzyl-2-iodobenzylamine (65 mg, 0.20 mmol), Pd2(dba)3 
(14 mg, 0.015 mmol), xantphos (17 mg, 0.03 mmol), phenyl vinyl sulfone 
(74 mg, 0.44 mmol), and K3PO4 (127 mg, 0.60 mmol) in DMF (8 mL) was 
stirred at 120 ºC in a sealed tube for 72 h. The reaction mixture was 
poured into water and extracted with Et2O. The organic extracts were 
washed with brine, dried, and concentrated. The residue was purified by 
flash chromatography (SiO2, from CH2Cl2 to CH2Cl2-MeOH 1%) to give 
disulfone 3a (88 mg, 83%). 
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