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Pictet–Spengler reactions catalyzed by Brønsted
acid-surfactant-combined catalyst in water or aqueous media
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Abstract—Perfluorooctanesulfonic acid (PFOSA), Brønsted acid-surfactant-combined catalyst, efficiently catalyzes the Pictet–Spen-
gler reactions of b-arylethyl carbamate derivatives with aldehydes in water. The present reaction is accelerated by the addition of
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP).
� 2006 Elsevier Ltd. All rights reserved.
Recently, water and aqueous reaction media attract
much interest not only for the viewpoint of green chem-
istry, but also for unique physical and chemical proper-
ties of water.1 A variety of efficient catalytic systems in
water has been developed and, in particular, Lewis acid-
or Brønsted acid-surfactant-combined catalyst (LASC2

or BASC3,4) is notable for playing a concomitant role
in activation and solubilization of organic substrates.
For example, n-dodecylbenzenesulfonic acid (DBSA)
as BASC was found to work well for dehydration reac-
tions such as the esterification and etherification in
water as well as three-component Mannich-type reac-
tions including dehydrative formation of imine deriva-
tives.3 It could be explained that the inside of emulsion
droplets composed of substrate and DBSA is hydropho-
bic enough to exclude water molecules. Thus, surfactant
catalyzed organic reactions in water have become one of
the most challenging research topics.

The Pictet–Spengler reaction provides us with a conve-
nient method for synthesis of tetrahydroisoquinoline
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and b-carboline derivatives,5,6 which are found in many
natural and synthetic alkaloids possessing important
biological activities.7 The Pictet–Spengler reaction
involves the cyclization of imines or iminium ions formed
by the dehydration reaction of b-arylethylamine deriva-
tives with aldehydes (Scheme 1). In nonaqueous solvent,
the catalytic reactions have been achieved by the use
of Lewis acid,8 Brønsted acid,9 organocatalyst10 or
zeolite-type reagent.11 Although the reactions in water
or aqueous media have been known, they require large
excess of strong Brønsted acid or have the limitation in
reactants.12 In this letter, we report the perfluorooctane-
sulfonic acid (PFOSA)-catalyzed Pictet–Spengler reac-
tion in water.

About the Pictet–Spengler reactions of b-arylethylamine
in water, it has been reported that the hydrochloride salt
of 3,4-dimethoxyphenethylamine (1) gave no cyclized
product.12a,13 The reaction of 3,4-dimethoxy-phenethyl-
amine carbamate 2, which was expected to form a reac-
tive N-acyl iminium intermediate,14,15 ended with the
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Figure 1. Additive effect of alcohol (3 equiv to 2) in the PFOSA
(20 mol %)-catalyzed reaction of 2 with n-heptanal (1.2 equiv) at rt for
4 h in water (1 mL). (Yield of 3a was determined by 1H NMR. TFE;
2,2,2-tirfluoroethanol, HFIP; 1,1,1,3,3,3-hexafluoro-2-propanol).
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recovery of 2 in water even in the presence of hydrochlo-
ric or sulfuric acid (1 equiv). Screening of miscellaneous
Brønsted acid catalysts for the reaction of carbamate 2
with n-heptanal in water at rt (Table 1), the use of
20 mol % n-dodecyl-benzenesulfonic acid (DBSA),
which is known as BASC,3 gave the desirable cyclized
product 3a in 27% yield, while 2 was recovered in 69%
(entry 1). Although Brønsted acids such as trifluoroace-
tic acid (TFA), p-toluenesulfonic acid (TsOH) and tri-
fluoromethanesulfonic acid (TfOH) have been reported
to be good catalysts for the Pictet–Spengler reactions in
organic solvents,15,16 they were not effective catalysts
in water (entries 2–4). n-Perfluorooctanesulfonic acid
(PFOSA),17,18 however, significantly accelerated the
cyclization of 2 giving rise to 3a in 90% yield (entry 6).

Since an addition of alcohol to aqueous surfactant has
been known to show changes in the properties of surfac-
tant,19 we investigated the additive effect of alcohol
(3 equiv to substrate) in the reaction of 2 with n-hepta-
nal (1.2 equiv) in the presence of PFOSA (20 mol%) at
rt for 4 h (Fig. 1). Compared with hydrocarbon alco-
hols, the fluorinated alcohol, in particular, 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) exerted a marked effect
on the formation of 3a. In the presence of HFIP as an
additive, 2 was consumed at rt within 4 h to give 3a in
99% yield, in which the concentration of HFIP in water
corresponds to 11.5 v/v% (Table 1, entry 10). HFIP
showed its efficiency for the use of DBSA as well (entry
11), while the reaction with TfOH was only slightly
accelerated (entry 12). The sole use of HFIP did not
yield 3a in the absence of the catalyst (entry 13).
Although it is expected that the additive effect of HFIP
takes part in the enhancement of acidity of catalyst,
Table 1. Screening of Brønsted acid catalysts in watera

MeO

MeO
HN

1; R = H
R

2; R = CO2Me

n-C6H13CHO (1.2 e

catalyst, additiv

H2O

Entry Catalystb (mol %) Additiveb (equiv)

1 DBSA (20) —
2 TFA (20) —
3 TsOH (20) —
4 TfOH (20) —
5 TfOH (20) SDS (0.2)
6 PFOSA (20) —
7 NaPFOSA (30) —
8 PFOSA (20) i-PrOH (3)
9 DBSA (20) i-PrOH (3)

10 PFOSA (20) HFIP (3)
11 DBSA (20) HFIP (3)
12 TfOH (20) HFIP (3)
13 — HFIP (3)
14 PFOSA (10) HFIP (3)
15 PFOSA (5) HFIP (3)

a Reaction concentration: 2/water = 0.42 mmol/1 mL.
b Equivalent to 2.
c Yield was determined by 1H NMR with toluene as an internal standard, a
there has been a marked difference in pH for each cata-
lyst (PFOSA, DBSA or TfOH) solution in HFIP–
water.20 The addition of i-PrOH was inferior to that
of HFIP even in the reaction with hydrocarbon surfac-
tant (entry 9).21 It should be mentioned that HFIP-
water concentration profile in Figure 2 leads to 10–
20 v/v% as the optimum concentration for PFOSA-cat-
alyzed reaction of 2 with n-heptanal.22 The use of less
amount of PFOSA (5 or 10 mol %) as a catalyst
required a prolonged reaction time and higher tempera-
ture to afford product 3a in an excellent yield (entries 14
and 15).

As shown in Table 2, regardless of the presence of
HFIP, water-soluble aldehydes (R = Et, H, i-Pr) showed
N

n-C6H13

MeO

MeO CO2Me

3a

quiv)

e

Temperature, time (h) Yieldc (%)

3a 2

rt, 18 27 69
rt, 18 — 99
rt, 18 2 97
rt, 18 4 92
rt, 18 11 89
rt, 18 90 (84) —
rt, 18 3 95
rt, 4 25 75
rt, 4 14 85
rt, 4 99 (97) —
rt, 4 99 (95) —
rt, 4 21 75
rt, 4 — 99
rt, 24 99 (97) —
60, 24 99 (99) —

nd yield in parentheses was an isolated yield.



Figure 2. HFIP-water concentration profile for the PFOSA (20 mol %)-
catalyzed reaction of 2 with n-heptanal (1.2 equiv) at rt for 1.5 h.
(Yield of 3a was determined by 1H NMR.)
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the inferior reactivities to that of water-insoluble alde-
hydes (R = n-hexyl, n-dodecyl, Cy). A similar observa-
tion has been reported in the DBSA catalyzed
esterification of carboxylic acids with alcohols in
water.3b It has been suggested that hydrophobic carb-
oxylic acid and/or alcohol readily assemble together
with DBSA through hydrophobic interactions to form
emulsion droplets and the hydrophobicity of substrates
as well as DBSA facilitate the dehydration in water.3b

In the present reaction, hydrophobic substrates and
PFOSA in the absence of HFIP would be considered
to form an analogous hydrophobic area enough to
exclude water molecules. Although the role of HFIP is
unclear,23 the hydrophobic fluorinated alcohol might
have a beneficial effect for the aggregation of substrates
and PFOSA in water.
Table 2. Pictet–Spengler reactions of 1 with various aldehydesa

MeO

MeO
HN

2

CO2Me

PFOSA (20 mo
RCHO (1.2 eq

HFIP  (0 or 3 eq

H2O

Entry R–CHO HFIP (equiv)

1 CH3(CH2)5CHO 3
2 CH3(CH2)5CHO —
3 CH3(CH2)10CHO 3
4 CH3(CH2)10CHO —
5 EtCHO 3
6 EtCHOc —
7 Formaline (37%) 3
8 Formaline (37%) —
9 PhCHO 3

10d PhCHO —
11 i-PrCHOe 3
12 CyCHOe 3
13 t-BuCHO 3

a Reaction concentration: 2/water = 0.42 mmol/1 mL.
b Isolated yield.
c 2.5 equiv.
d PFOSA:1.2 equiv.
e 1.8 equiv.
The effect of substituent on the aromatic ring was
examined (Table 3). When m-tyramine derivative 4
was employed, the reactions with both n-heptanal
and benzaldehyde proceeded smoothly, and the corre-
sponding para-cyclized products 5a and 5e were ob-
tained as a major isomer, respectively (entries 3 and
4). Likewise, 3-MeO substituted derivative 6 afforded
good results (entries 5 and 6). On the other hand,
carbamate 8, which has no activating substituent,
was not engaged in the cyclization reaction (entries
7 and 8).

To gain a better understanding whether intermolecular
Friedel–Crafts type reaction of aryl core of substrate
with aldehyde prior to the formation of the N-acyl imin-
ium intermediate takes part in the present reaction, we
attempted the reaction of 3,4-dimethoxybenzene 9 with
n-heptanal (Scheme 2). Under the similar condition to
2 (Table 1, entry 6), the presumed product 10 was not
obtained even at 90 �C for 40 h. By taking into consid-
eration of N-acyl iminium ion-activated Pictet–Spengler
or Mannich reaction,14,15 the present process involves
N-acyl iminium intermediate as shown in Scheme 1
rather than the intermolecular Friedel–Crafts type
reaction.

In conclusion, we demonstrated that efficient PFOSA
catalyzed Pictet–Spengler reactions of b-arylethyl car-
bamate derivatives with various aldehydes in water.
The addition of HFIP was found to accelerate the
catalytic reaction remarkably. Further studies on the
scope of substrates and the detail effect of HFIP are
underway.
N

R

MeO

MeO CO2Me

3

l%)
uiv)

uiv)

Condition 3b (%)

(�C) (h)

rt 4 3a 97
rt 18 3a 84
rt 4 3b 90
60 18 3b 92
rt 10 3c 95
60 5 3c 99
rt 8 3d 86
60 2 3d 93
90 19 3e 94
90 18 3e 81
90 20 3f 96
90 4 3g 99
90 18 3h —
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9 10 (not formed)

PFOSA (20 mol%)
CH3(CH2)5CHO (1.2 equiv)

HFIP (3 equiv)

H2O, 90 °C, 40 h

Scheme 2.

Table 3. Pictet–Spengler reactions of various carbamatesa

Ar =
R1

R2

R1

R2 HN N

R

R1

R2 CO2Me

2, 4, 6, 8 3, 5,7

CO2Me

PFOSA   (20 mol%)
RCHO (1.2 equiv)

HFIP (3 equiv)

H2O

Entry Ar R–CHO Condition Productb (%)

(�C) (h)

1

MeO

MeO
2

CH3(CH2)5CHO rt 4 3a 97
2 PhCHO 90 19 3e 94

3

HO

4

CH3(CH2)5CHO rt 4 5a 90
(7.6:1)c

4 PhCHO 90 18 5e 84
(16:1)c

5

MeO

6

CH3(CH2)5CHO rt 10 7a 95
(14:1)c

6 PhCHO 90 5 7e 99
(16:1)c

7

8

CH3(CH2)5CHO 90 8 —
8 PhCHO 90 2 —

a Reaction concentration: substrate/water = 0.42 mmol/1 mL.
b Isolated yield.
c Regioisomer ratio (para/ortho cyclized product).
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